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SUMMARY
Indonesia is the largest archipelagic country in the world with a tropical climate. Prolific soils in
this extensive string of islands make this country one of the largest producers of agricultural
products such as palm oil, rice, coconut and cinnamon. More than a fifth of Indonesian (working
people aged 15 years or over) are working in agricultural, plantation, forestry, hunting and
fisheries sectors. One of ecosystem type utilised for generating benefits in these sectors is
peatland.
Despite covering only a small part of Indonesian land surface, peatlands have important roles for
the environment. The expansion of plantation and agricultural activities and the impacts inflicted
to the surrounding ecosystems have drawn the attention of scientists and the government to do
research and better management plans towards a sustainable development in this type of area.
However various information about environmental studies and economic activities in peatland
ecosystem in Indonesia are not integrated in one system. In addition, the scale of available data
differs at local, provincial and national levels. This condition would make the opportunity to
monitor peatland ecosystems in Indonesia is limited. Therefore this study applies ecosystem
accounting framework that is able to give insight to the environmental conditions and human
activities in Indonesian peatlands, with a purpose to provide information for policy makers.
The aim of this study is to develop ecosystem accounts for Indonesian peatlands. SEEA-EEA
framework is selected to summarise the interaction between the environmental aspects and
economic activities in one system. There are five ecosystem accounts assessed in this research,
namely ecosystem extent account, ecosystem condition account, ecosystem services account,
ecosystem asset account, and carbon account (thematic account). With regard to the objective,
this study answers six research questions. The first to the fifth questions discuss the indicators of
mentioned accounts and described their states and changes over time. Finally, the last question
aims to evaluate nine baseline data sources used in this study.
In the purpose to answer the research questions, data were gathered from several sources,
including governmental agencies and related research. Microsoft Excel and ArGIS tools are
applied in estimating the state of the indicators. Tables and maps (hotspots and precipitation
only) are used to present the results of this study.
Ecosystem extent account
Firstly, the characteristics and the activities in peatlands are determined by land cover (LC).
Ecosystem extent account aims to monitor the trend of LCs over time. Eight types of LC (excluding
unidentified area) are classified, which include forest, water, degraded peatland, urban area,
plantation, paddy field, non-rice agriculture, and others (types of LC which are not grouped in
above-mentioned classes). Using data from 1990 to 2014, it is apparent that forest cover in
Indonesian peatlands has significantly decreased. On the other hand, the proportion of degraded
lands and plantation escalated during the same period. It also can be seen that the agriculture
lands and urban areas also expanded. Comparing two conditions, the pattern of LC changes during
two periods, before (1990-2000) and after (2000-2014) political crisis, seems to be changing.
Although peatland conversion in the second period went up, the total deforestation is lower than
the first period. Moreover, a part of the peatland conversion also comes from restored degraded
lands which increased significantly in the second period.
6

Ecosystem condition account
Focussing on the environmental aspects, this study presents this account to explain the physical
condition of Indonesian peatlands based on five indicators, precipitation, burned peatland,
degraded land, forest biomass and carbon loss from converted peat swamp forest.
Precipitation is selected as the indicator to see the climate characteristics in this ecosystem. This
indicator is also considered in this study due to various water functions in peatlands, and
precipitation is one of the water sources for the ecosystem in peatland. This study utilises TRMM
(satellite) data from NASA to estimate the number of rainfall received in Indonesian peatlands.
Generally, the precipitation varies around 1917-2555 mm/year, depends on the astronomical
location and time. Peatlands in the western part of Indonesia tend to receive less rainfall
(generally below 2000mm/year). Looking at the external factor, precipitation in Indonesian
peatlands during El Niño year is lower than during La Niña.
The proportions of burned and degraded peatland are used as the indicators to explain the
environmental state. Hotspots data from MODIS satellite are applied to estimate the total burned
peatland every year. During 2001-2016, the largest burned peatland is found during El Niño years,
on the other hand, during La Niña years, the proportion of burned peatland is much lower. Looking
at the land degradation issue, the percentage of degraded land increased drastically from 1990 to
2009. Afterwards, the trend is slightly inversed. Most of degraded land is found in peatlands with
50-200-metre depth, and around 10-21% of them is drained.
Next, the condition of peatland ecosystem is described using forest biomass and carbon loss from
converted peat swamp forest. Dry biomass (AGB, BGB) and dead organic matters (litter and
woody debris) are selected to express the total biomass of forest (primary dryland forest,
secondary dryland forest, primary swamp forest, secondary swamp forest, primary mangrove
forest and secondary mangrove forest) in peatlands. The proportion of biomass differs in forest
type and region. Kalimantan forests have higher proportion of biomass than the forests in
Sumatera and Papua. The second indicator, carbon loss from the expansion of cultivated and
degraded peatlands in peat swamp forest, increases overtime. The most significant changes are
found in the period of 1997-2000 and 2007-2009.
Ecosystem services account
Peatlands in Indonesia provides considerable benefits. Seven of the main ES from Indonesian
peatlands are selected in this account (timber production, oil palm production, biomass
production (acacia) for pulp, paddy production, CO2 sequestration, nature watching and
biodiversity habitat). Firstly, this study indicates the physical value of the services. Oil palm and
biomass production for pulp were the only services that significantly increased from 2000 to
2014. On the other hand, timber production, CO2 sequestration and biodiversity habitat appeared
to go down. Concerning their monetary values, the results show that regulating and cultural
services had higher values in 2000, however, plantation expansion led to the increase of
provisioning services values, in particular oil palm and biomass production for pulp. The result
finds that oil palm production turns to be the most valuable service since 2012.
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Carbon account
Carbon (CO2 ) emissions is the one of the main environmental problems in peatland. This account
summarises the annual CO2 emissions with regards to its physical and monetary values. Physical
value is estimated using net carbon flux based on LC data, while the monetary value expresses the
social carbon of cost (SCC). Compared to the year 2000, Indonesian peatlands produced 83% more
CO2 emissions in 2014. Consequently the SCC also increased significantly. Oil palm plantation and
degraded land were the main emission sources from peatland that went up drastically from 2000
to 2014. On the other hand, the only source of CO2 sequestration, undisturbed forests, diminished
over time.
Ecosystem asset account
Focussing on the individual asset, this study includes this account to estimate the value of three
assets (paddy fields, oil palm plantation and acacia plantation) in Indonesian peatlands using 20year discount period. The results (both at public and private discount rate) show that each hectare
of paddy field has higher NPV than two other assets. Different discount rates applied indicate
different NPV of asset, where the higher discount rate (private discount rate at 10%), the lower
NPV. Considering the externality cost from the emission produced, NPV shows negative values for
all assets because the carbon costs are higher than the benefits.
Data quality assessment
Australian Bureau of Statistics-Data Quality Framework (ABS-DQF) is applied to assess the quality
of data from several sources (LC data, peatland map, TRMM, MODIS, AGB-BGB of Indonesian
forest, carbon loss from cultivated peatlands, ES (physical values), production cost and paddy
price). This framework is modified into a semi-quantitative approach with a scale range from 1
(very low quality) to 5 (very high quality). From six indicators (relevance, timeliness, accuracy,
coherence, accessibility and interpretability), the individual scores show that the quality of data
is varied from 2 (low quality) to 5 (very high quality) based on data sources and information
available.
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CHAPTER 1 INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Peatlands only cover a small part of the global surface land (approximately 3%) but have
significant roles for the environment. More than 600 gigatonnes of carbon (GtC) are stored in this
type of land, distributed in northern, tropical and southern regions (Yu et al., 2010). Peatland is
also a valuable resource that could provide great benefits for human needs such as for agricultural
and industrial activities. Around 15 million hectares (Mha) of peatland have been used for
commercial forestry globally (Joosten & Clarke, 2002).
Large peatlands in Indonesia also have been converted for generating benefits. High demands for
paper, agricultural and palm oil-based products lead to the increasing of plantation and
agricultural land in Indonesian peatlands (Miettinen & Liew, 2010). As consequence,
environmental problems such as greenhouse gases (GHGs) emission and land degradation
emerged. Indonesian peatlands have released around 82% of the total carbon (CO2) emissions of
drained peatland decomposition in 2006 (Hooijer et al., 2010). Moreover, it was estimated that
approximately a fifth of peatlands in Sumatra and Kalimantan is potentially being an unmanaged
degraded area, and oil palm plantation has contributed to 40% of peatlands degradation in this
country (Carlson et al., 2012; Miettinen & Liew, 2010).
The change of peatland condition and increasing emission from this area are considered by
various stakeholders, in particular the government, as a major issue. In a period of 1997-1998,
Indonesia had faced a political change and economic crisis which resulted in high pressures on
natural resources through agricultural and mining expansions, commercial logging as well as
transmigration (Sunderlin, 1999). It was estimated that about 0.81-2.57 GtC was emitted from
peat and vegetation fires in 1997 (Page et al., 2002). After the decentralisation policy application
since 1999, the forest cover of Indonesia including in peat areas continued being converted
(Abood et al., 2015; Broich et al., 2011; Koh et al., 2011; Margono et al., 2014). In 2011, a NorwayIndonesia partnership about the reduction of GHG emissions was followed by a Presidential
Instruction (inpres) No.10/2011 about a two-year suspension of new licences for primary natural
forest and peatland clearing. This instruction has succeeded in protection of carbon and
biodiversity in 71% or 11.2 Mha of Indonesian highly threatened peatlands (Murdiyarso et al.,
2011).
To avoid the worst scenario and to maintain the balance of the ecosystem benefits, a sustainable
peatland management plan with a link to the economic activities is crucial. In 2014, a Government
Regulation (PP) No.71/2014 about peatland protection and ecosystem management was issued
to protect 30% of Indonesian hydrological unitary peatlands (MoJHRRI, 2014). However, such
regulation could impact on the economic activities within those areas (Barus et al., 2016).
A further regulation from the new government, a peat restoration agency (BRG) has been formed
by the president of Indonesia with a target to restore approximately 2.5 Mha degraded peatlands
by 2020 (SK.05/BRG/Kpts/2016). This is followed by a Presidential Decree (Perpres) No.1/2016
about restoration priority in seven provinces (12.9 Mha of peatlands in Riau, Jambi, South
Sumatera, West Kalimantan, Central Kalimantan, South Kalimantan and Papua provinces). These
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priority areas also include the burned area in 2015, shallow peat with canals (3 Mha), as well as
peat domes with canals and without canals (2.8 Mha and 6.2 Mha) (PRA, 2016).

1.1.1 PROBLEM STATEMENT
Plenty of studies about Indonesian peatlands have been conducted in various institutions either
for national level or particular case studies. Peatland maps for Indonesia, for example, have been
published by several research institution including from the governmental agency, Ministry of
Agriculture. Ministry of Forestry also have published Indonesian land cover maps, in which
Indonesian peatlands are included. Looking at the environmental problem in peatlands, several
research articles have been published for instance about carbon emission by Hooijer et al. (2010),
and ecosystem services by Uda et al. (2017). Related policies as mentioned in the previous section
have also been implemented in order to protect peatland ecosystem. However, the available
information about peatland are not developed in an integrated system and scale for analysing the
environmental states and economic activities in this ecosystem. An integrated database system is
needed to provide structured statistical information in supporting policy-makers in structuring
the decisions as well as in evaluating the existing policies that have been implemented.
One of natural capital accounting systems, SEEA (System of Environmental-Economic Accounting)
from United Nation Statistical Division, provides a framework for monitoring the interaction
between environmental aspects and economic activities in an ecosystem. With an aim to inform
and support decision-making process, SEEA is flexible to install in different areas, policy needs
and ecosystem types including peatland.

1.2 RESEARCH PURPOSE
1.2.1 RESEARCH OBJECTIVE
The objective of this research is to develop an initial ecosystem account for Indonesian peatlands
by applying the framework of SEEA-EEA. This research identifies the account structure and its
indicators to give insight to the relationship between natural resources and economic activities
within the study area. Five accounts (ecosystem extent account, ecosystem condition account,
ecosystem services account, ecosystem asset account and carbon account) are identified in the
research. Based on the technical recommendation of SEEA, this framework focuses on physical
(applied for all accounts) and monetary (only applied on ecosystem services, ecosystem asset and
carbon accounts) terms. Finally, this study also evaluates the data quality of some data sources.

1.2.2 RESEARCH QUESTIONS
To achieve the objective of this study, the general research question addressed by this project is:
“How can the SEEA-EEA framework be applied to establish ecosystem accounts for Indonesian
peatlands?”. In addition, the following sub-questions are constructed in order to answer the main
research question mentioned above:
1.
What are the ecosystem extent indicators and their states for Indonesian peatlands?
2.
What are the ecosystem condition indicators and their states for Indonesian peatlands?
3.
What are the ecosystem services values for Indonesian peatlands?
4.
What are the carbon account indicators and their states for Indonesian peatlands?
5.
What are the net present value of ecosystem asset in Indonesian peatlands?
6.
How is the quality of baseline data sources for ecosystem account indicators?
10

CHAPTER 2 METHODOLOGY
In order to achieve the research objective and to answer the research questions in the previous
chapter, Chapter 2 firstly explains the theoretical framework of SEEA-EEA. Next, Indonesian
peatlands are described briefly to give an overview of the study area. Lastly the methods used in
estimating the state of indicators for five selected ecosystem accounts are elaborated in this
chapter.
This research implements various valuation techniques and data sources. The indicators are
selected based on peatland characteristics in Indonesia and data availability. One of the main data
sources is the secondary data from peatland-related research conducted by the Environmental
System Analysis (ESA) group of Wageningen University and Research (WUR), in particular for the
ecosystem extent and ecosystem service accounts.

2.1 THEORETICAL FRAMEWORK: SEEA-EEA
This study develops an ecosystem account for Indonesian peatlands based on SEEA-EEA
framework. This framework is based on accounting references from System of National Accounts
(SNA) which focuses on environmental concerns and their interaction with economic activities.
A technical recommendation for SEEA-EEA, the project from the United Nations Environment
Programme (UNEP) TEEB office, the United Nations Statistical Division (UNSD) and Secretariat of
the Convention on Biological Diversity (CBD) on advancing the Natural Capital Account, are
applied in estimating the states of ecosystem account indicators in this study. SEEA_EEA
framework consists of five divisions: ecosystem extent, ecosystem condition, ecosystem services,
ecosystem asset and thematic (land, water, carbon and biodiversity) accounts. The states and
changes of each account are determined using some indicators. Figure 1 illustrates the
relationship between accounts and the terms of valuation. Physical terms are applied to all
accounts, and monetary terms are applied only to ecosystem services, ecosystem asset and
thematic accounts. (UNEP, UNSD, & CBD, 2017).
Ecosystem extent account
Ecosystem extent account is the starting point that identifies the study area based on land cover
(LC) and land use. This account is given in this study due to the rapid LC changes since the last
decades. This may affect the ecosystem condition and ecosystem benefits provided. For example,
gaining more advantages in a specific sector could lead to the reduction of outputs (benefit loss)
in other sectors (Metzger et al., 2006; Sumarga & Hein, 2014).
Ecosystem condition account
The physical conditions of an ecosystem are related to the total capacity of benefits provided in
the ecosystem (Hein et al., 2016). This account is expressed using three particular aspects
including geomorphological, environmental state, and proper ecosystem condition indicators
(WAVES, 2016). The geomorphological indicator is an exogenous character of an ecosystem that
hardly change over time such as climate characteristics. This indicator is important as a basic
information in determining the distribution of specific biological community which is linked to
human activities. Environmental state indicators describe the trend of an environmental
condition in which ecosystem is provided. This type of indicator often plays an essential role in
11

policy making in a context of sustainable development (Bakkes, 1994). Some examples of this
indicator include pollution and land degradation. Lastly, ecosystem indicators illustrate the state
of an ecosystem regarding biotic and abiotic elements such as stand biomass and carbon stocks.

Figure 1 Connections between ecosystem and related accounts (UNEP et al., 2017)

In this study, there are five indicators selected to explain the ecosystem condition account. The
indicators consist of total precipitation, burned peatlands, degraded peatlands, forest biomass as
well as carbon loss from converted peat swamp forest.
Ecosystem services (ES) account
ES account provides the information about the benefits supplied from an ecosystem. Estimating
the ES both in physical and monetary values is necessary for understanding the relationship
between the ecosystem and economic activities. In order to measure the values, several valuation
techniques are applied. Production rate (for provisioning services) and bio-physical models (for
regulating services) are the examples of physical valuation methods (Hein, 2014; UNEP et al.,
2017). The monetary values could be estimated using direct and indirect market valuation such
as unit resource rent (RR), production function, payment for ES (PES) and damaged costs avoided,
depending on the characteristic of the indicators and data availability (De Groot et al., 2002; UNEP
et al., 2017). The description of methods to estimate the ES in this study will be described in the
section 2.5.
Ecosystem asset account
Ecosystem asset account focuses on the specific information about future value of the individual
resource stock supplied from an ecosystem in monetary terms during a given period. This account
measure the future flows of asset estimated from current uses (UNEP et al., 2017). The value of
ecosystem asset is estimated using net present value (NPV) technique.

2.2 STUDY AREA DESCRIPTION
Ecosystem territory (ETE) of this research is the country of Indonesia. This country has more than
seventeen thousand islands that are distributed astronomically between 60 08’ of north latitude
12

and 110 15’of south latitude, and between 950 45’ and 1410 05’ of east longitude. The population
of Indonesia keeps increasing from around 87.8 million in 1960 to 257.6 million in 2015 (The
Wold Bank, 2016). Located in the equatorial zone makes Indonesia experiences tropical climate
with an average temperature around 23.5-28.77 0C and precipitation differs from 905.7-4,627
mm/year with three seasonal patterns distributed spatially (Aldrian & Susanto, 2003; Statistics
Indonesia, 2015).
The ecosystem account (EA) of this study is tropical peatland with Indonesian peatlands as the
specific ecosystem type (ET). Indonesia has 70% of South-east Asian tropical peatlands (Page et
al., 2007). These peat areas (14.9 Mha) cover approximately 7.9% of Indonesian land and are
mainly spread in seventeen provinces (of thirty-three provinces) in three biggest
islands (Sumatra, Kalimantan and Papua) (Ritung et al., 2011). As seen in Figure 2, Indonesian
peatlands are scattered, 43% in Sumatra, 32% in Kalimantan, and 25% in Papua (Ritung et al.,
2011). Peatlands in this country consist of various LC that lead to several types of ecosystem
function and benefit.

Figure 2 Distribution maps of Indonesian peatland (Source: MoARI (2011))

Sumatra island has the largest part of tropical peatlands in Indonesia. Around 6.4 Mha of peatlands
is distributed in ten provinces; Aceh, North Sumatra, West Sumatra, Riau, Riau Islands, Lampung,
Jambi, South Sumatra, Bengkulu and Bangka Belitung provinces (Ritung et al., 2011). The
province of Riau has 60.1% of Sumatran peatlands, following by South Sumatra province (19.6%)
and Jambi province (9.7%) (Ritung et al., 2011). This vast area is mainly converted into oil palm
plantation (approximately 1.4 Mha) (Wetland International, 2016).
As the biggest island in Indonesia, Kalimantan, where five provinces (West Kalimantan, Central
Kalimantan, South Kalimantan, East Kalimantan and North Kalimantan provinces) are located has
wide peat areas around 4.8 Mha (Ritung et al., 2011). Most of these peatlands are distributed in
Central Kalimantan (55.7%) and West Kalimantan (35.2%). One of the main degraded peatlands
in this island is mega rice project in Central Kalimantan peatlands in 1995. This project has
interfered with the ecosystem and local livelihoods in surrounding area (Boehm & Siegert, 2001;
Suyanto et al., 2009).
Papua is the most eastern island of Indonesia. This island has 3.7 Mha of peatlands that are
distributed in two provinces; West Papua (28.3%) and Papua provinces (71.7%) (Ritung et al.,
2011). Unlike in other islands, only a small part of peatlands in Papua, which is mainly located in
13

coastal areas and watershed, are converted into agricultural lands. The biggest proportion of
peatland in this island is still covered by forests (Wahyunto et al., 2017).

2.3 ECOSYSTEM EXTENT
LC data used in this study were taken from Uda et al. (2017) by overlying peatland distribution
map from the Centre for Agricultural Land Resources or BBSDLP, Ministry of Agriculture Republic
of Indonesia (MoARI) and Indonesian LC maps from Ministry of Forestry Republic of Indonesia
(MoFRI). The interaction map of Indonesian LC can be accessed on http://webgis.dephut.go.id.
The types of LC were classified based on SNI 7645-2010 divided into 23 different types (MoEFRI,
2017). For the ecosystem extent account, these categories were grouped into nine classes by
considering the characteristics of land type (see details in Table 1). LC data are presented as
annual data in 1990, 1996, 2000, 2003, 2006, 2009, 2012, and 2014.
Table 1. The class description of Indonesian peatland cover

Type of land cover
Forest
Water
Degraded peatland

Description
primary and secondary dryland forest, primary and secondary swamp forest,
primary and secondary mangrove forest
open water areas

Urban

bush (dry shrub), shrub swamp (wet shrub), savanna and grasses, clearing
areas and open swamps
transmigration and settlement areas

Plantation

Acacia plantation, oil palm plantation, and other type of plantation

Non-rice agriculture
Rice agriculture
Other LCs

pure and mixed dryland agriculture
paddy fields
fish ponds (aquaculture), mining areas, ports and harbours

No data

clouds and no-data areas

2.4 ECOSYSTEM CONDITION
2.4.1 Annual precipitation
The Tropical Rainfall Measuring Mission (TRMM) data organised by NASA and Japan National
Space Development Agency were used for identifying the annual rainfall of Indonesian peatlands.
Due to research need and data availability, this study extracted monthly precipitation data from
TRMM 3B31 from Microwave Imager (TMI), a monthly combined surface precipitation within 0.5degree area (TRMM, 2011). This data have been available from December 1997 with a global
spatial extent.
Indonesian peatlands are distributed in a small resolution compared to TRMM data. To extract the
precipitation data for peat area and to visualise in a map, the surface precipitation raster map was
resampled to a 0.010 resolution using ArcGIS tools. The resample raster then was extracted by
mask to overlay the peatland distribution maps from MoARI. Lastly, the monthly precipitation
data were summed to get the annual data. Raster calculator tool was used to get the annual
precipitation of peatlands for every province. The average of annual precipitation was calculated
using the equation below:
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𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 =

∑(𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑝𝑒𝑎𝑡𝑙𝑎𝑛𝑑 𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒 𝑡 × 𝑡𝑜𝑡𝑎𝑙 𝑝𝑖𝑥𝑒𝑙 𝑜𝑓 𝑝𝑒𝑎𝑡𝑙𝑎𝑛𝑑 𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒 𝑡)
∑ 𝑡𝑜𝑡𝑎𝑙 𝑝𝑖𝑥𝑒𝑙 𝑜𝑓 𝑝𝑒𝑎𝑡𝑙𝑎𝑛𝑑 𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒 𝑡

2.4.2 Estimated burned peatland
The burned peatland was estimated based on the total pixel where one or more hotspots occurred.
The hotspots on peat areas were detected based on MODIS (Moderate Resolution Imaging
Spectroradiometer) collection 6 near real-time fire data from Fire Information for Resource
Management System (FIRMS), NASA (MODIS Collection 6 NRT Hotspot / Active Fire Detections
MCD14DL, 2017). The fire products contain temporal and spatial distribution information
globally with 1 km pixel resolution from two satellites, Aqua (MOD14) and Terra (MYD14).
These data are available on The Earth Observing System Data and Information System (EOSDIS)
website from NASA. Fire products for Terra satellite can be accessed from November 2000 and
from July 2002 for Aqua satellite.
The MODIS fire data were extracted for Indonesian peatland areas using GIS software,
ArcGIS. Peatland distribution map from MoARI (2011) and fire data were intersected to show the
distribution of fires on Sumatera, Kalimantan, and Papua peatlands. The equation below was used
to estimate the total burn peatlands (BP) each year. NP is the number of pixels which experienced
at least one hotspot in a year, and EBA is the estimated burned area for one hotspot pixel. The NP
was calculated using resample raster tool from ArcGIS. The maps were resampled to a
resolution of 0.01 degree. The EBA value used in this study is 15.3 ha which means that 15.3% of
one hotspot pixel (around 100 ha) was burned (Tansey et al., 2008).
BP (ha) = NP × EBA (ha)

2.4.3 Degraded peatland
Type of degraded land in this study is explained in Table 1 which excludes the cultivated land
(classified as another LC type). Due to the potential of degraded peatland to be converted into a
more productive land such as plantation and agricultural land based on their depth and
hydrological condition (Limin, 2006; Limin et al., 2000), this indicator was identified based on
four depth ranges, 50-100 cm, 100-200 cm, 200-300 cm, and more than 300 cm The depths are
assumed to remain constant over time. Degraded peatlands were also classified according to the
land conditions, consists of drained peatlands (dry shrub and savanna), undrained peatlands (wet
shrub and swamp) and possibly drained (clearing peatlands). Data were taken from (Uda et al.,
2017)

2.4.4 Forest biomass
The estimated dry biomass is divided into dry biomass of tree and dead organic matter expressed
in dry matter tonne (dmt) using the equations in Table 2. The measurement of dry tree biomass
consists of two parts, including aboveground biomass (AGB) and belowground biomass (BGB).
AGB itself is divided into three sections: AGB with a minimum diameter at breast height (DBH) of
5 cm (AGBa), AGB with a DBH less than 5 cm (AGBb), and AGB understorey. Table 2 also shows the
formula to calculate the dead dry matter as the sum of L (the biomass of litter, including leaves,
fruits and flowers) and WD (biomass of woody debris, including dead trees, fallen trees and part
of trees like stems, branches, twigs on the ground).
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Table 2. Methods used in estimating C stock from forest cover on peatlands

Indicator

Unit

Methods

Tree dry matter

Dry
dmtbiomasst

At × (AGBat + AGBbt + AGBunderstoreyt + BGBt)

Dead dry matter

dmt

At × (Lt + WDt)

*A is the total area of a forest type (t) in hectares.

The calculation is conducted for six forest types, classified based on the LC data in the ecosystem
extent account, including primary dryland forest, secondary dryland forest, primary swamp
forest, secondary swamp forest, primary mangrove forest and secondary mangrove forest. The
diversity of forest type is expressed in a range of dry biomass average per hectare in different
habitats (Sumatra, Kalimantan and Papua islands) (details on Annex 8 and Annex 9).

2.4.5 Carbon loss from converted peat swamp forest
This study measures the carbon loss from peat swamp forest that was converted into plantation
(oil palm and acacia plantation) and degraded lands.
New plantation
The plantation is assumed to start around 1990 and expanded in the following years. Each hectare
of plantation area is estimated to emit 100 t CO2eq/year in 25-year average after drainage,
calculated from the peat thickness loss from oxidation and a carbon storage from original peat
(Hooijer et al., 2012).
Land degradation
Additional land degradation causes carbon loss from original biomass. This indicator was
calculated based on biomass loss from total area of peat swamp forest (primary and secondary)
that were degraded into shrub land, savanna, swamp area and cleared land.
Table 3 Biomass of peat swamp forest, savannna, shrub, swamp area and cleared land

Type of
forest
Primary peat
swamp forest
Secondary
peat swamp
forest

Kalimantan

Initial
biomass
383.3

Biomass (t/ha)
Biomass of
Biomass of swamp
shrub/savanna
area
26.05
3.6

Biomass of cleared
land
0

Papua

248.9

26.05

3.6

0

Sumatera

307.3

26.05

3.6

0

Kalimantan

235.6

26.05

3.6

0

75.4

26.05

3.6

0

221.7

26.05

3.6

0

Papua
Sumatera

*data sources: Krisnawati, Imanuddin, Adinugroho, & Hutabarat (2015); MoEFRI (2015); Michelsen at al.
(2004); Muthuri et al. (1989).

2.5 ECOSYSTEM SERVICES
2.5.1 Physical values
The estimation of ES provided by Indonesian peatlands (physical value only) has been conducted
by Uda et al. (2017). As seen in Table 4, the research indicates seven ecosystem services. These
services are divided into four provisioning services (biomass production for pulp, timber, oil palm,
and paddy production) measured in terms of annual product harvested, one regulating service
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measured in terms of total CO2 sequestration, and a couple of cultural services (natural watching
and biodiversity habitat) measured in terms of number of annual visitors to the conservation area
and the total area of protected peatlands (peat swamp forest). This protected area consists of
protected forests and conservation areas (national park, recreation park, nature reserve and
wildlife sanctuary) (Uda et al., 2017).
In this research, there are some modifications on ES data from Uda et al. (2017). Firstly the value
of palm oil production is converted from tonne of CPO (crude palm oil) to tonne of FFB (fresh fruit
bunches) because FFB is considered as the actual production from the ecosystem before the fruit
are processed in industrial sector to produce CPO. Lastly for the regulating services, this study
selects the service of the CO2 sequestration (from undisturbed forest only) instead the total carbon
emissions. The disservice of carbon emissions is neglected in this account and explained
independently in carbon account.

2.5.2 Monetary values
Monetary values of ES in this research are standardised into 2017 value by considering inflation
rates (6.96 in 2010; 3.79 in 2011; 4.3 in 2012; 8.38 in 2013; 8.36 in 2014; 3.35 in 2015; 3.02 in
2016) (Statistics Indonesia, 2017c). The values are converted into euro (€) based on the average
exchange value in the first three-month of 2017 (January-March) at IDR 14,200 or US$ 1.09
according to European Central Bank (ECB, 2017). Table below shows the selected methods which
are applied for estimating the monetary values of ES.
Table 4. Indicators for physical and monetary values of specific ES provided by peatland ecosystem in Indonesia

Type of ES

ES specification*
Physical value
Provisioning Timber production Annual timber harvested (m3/year)
Oil palm production Annual fresh fruit branch (FFB) of oil
services
palm harvested (ton/year)
Biomass production Annual biomass harvested (m3/year)
for pulp
Paddy production
Annual paddy harvested (ton/year)
Regulating
CO2 sequestration
Net carbon (CO2) flux of undisturbed
services
forests (ton CO2/year)
Cultural
Biodiversity habitat
Total area of peat swamp forests inside
services
protected areas that are not converted to
other land uses since 2000 (ha)
Nature watching
Number of visitor to conservation areas
in peatlands since 2000 (number of
visitors in thousands/year)
*Based on Uda et al. (2017)

Monetary value indicator
Resource rent (€/year)
Resource rent (€/year)
Resource rent (€/year)
Resource rent (€/year)
Social cost of carbon
(€/year)
Restoration cost (€/year)

Resource rent (€/year)

Resource rent
Unit resource rent (RR) valuation technique is used in valuing the provisioning services and
cultural services (nature watch). RR is counted from the total revenue from the market price of
output subtracted by the total production cost (Edens & Hein, 2013; Sumarga et al., 2015; UN &
FAO, 2014). Due to unavailability of some required data, such as market price and production cost
in seventeen provinces, data from several sources were generalised for the whole study area (see
details on Annex 10).
Restoration cost
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The value of biodiversity habitat is estimated using restoration cost approach. In this research,
the cost is assumed as the implementation (intensive square planting) cost for peat swamp forest
on tropical peatlands at 1518 US$/ha (value for 2014) or equivalent to 1449 €/ha (value for 2017)
(Budiharta et al., 2014; MoFRI, 2012). The cost consists of planning, planting cost of 500 trees/ha
and 4-year maintenance cost.
Social cost of carbon
The monetary value of CO2 sequestration is valued based on marginal social damage cost
technique using social cost of carbon (SCC) approach. This study uses the value of SCC for 2010 at
31 US$/tonne CO2 (Interagency Working Group on Social Cost of Greenhouse Gases, 2016).

2.6 CARBON ACCOUNT
Physical value of carbon emissions from peatland are estimated based on net carbon flux of
several LCs. Data sources of net carbon flux are shown in Annex 7 (Uda et al., 2017). Next, the
monetary value of this account is calculated using SCC method (28 €/t CO2) (Interagency Working
Group on Social Cost of Greenhouse Gases, 2016).

2.7 ECOSYSTEM ASSET
Net present value (NPV) technique is applied to measure the asset values from the ecosystem
(Nations, Commission, Nations, Development, & Group, 2014). NPV is the total of PV (present
value) during a given period (discount period 20 years will be used for all assets). The equation
below is used to estimate NPV, where Rt is the RR in the year of t, and i is the discount rate.
This study measures NPV using public (at 3%) and private discount rate. A private discount rate
is selected by considering interbank lending rate, inflation rate and the risk premium (Sumarga et
al., 2015). The average of interbank lending rate for 2014-2016 was 13.4 with 4.9% average
inflation rate (Statistics Indonesia, 2017c, 2017d). The risk premium of 1.5% is assumed for this
study (Sumarga et al., 2015). Finally, the private discount rate used in this study is 10%.
NPV calculations at 8% and 12% discount rates are also made for comparison. Finally, this
research also estimates the values of asset account when the SCC (externality cost) is considered.
𝑁

𝑁𝑃𝑉 (𝑖, 𝑁) = ∑
𝑡=0

𝑅𝑡
(1 + 𝑖)𝑡

2.8 DATA QUALITY ASSESSMENT
Since this study uses secondary data from various sources, there would be some differences in
basic data information such as the objectives, measurement tools or scales. As a consequence, the
quality of the results could vary in several terms. This research identified the data quality of
several baseline data used in each account.
The quality of data is assessed based on the Australian Bureau of Statistics-Data Quality
Framework (ABS-DQF) (ABS, 2009). The framework is modified into a semi-quantitative
approach by making a range of quality level between a very low quality (1) and a very high quality
(5). This study applies six dimensions from ABS-DQF to report the quality of data, consisting of its
relevance, timeliness, accuracy, coherence, interpretability and accessibility. As seen in Table 5,
each dimension has several specific indicators to explain data performances.
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Table 5. Semi-qualitative of data quality assessment based on Australian Bureau of Statistics Data Quality Framework (ABS DQF)

Dimension
Institution environment
Data provider
Relevance (R)

Geographic detail

1
Representative data
from only one site of the
study area
Time difference between
the intended reference
period and the actual
reference period of the
collected data is more
than 15 years
Global scale

2
Representative data from
only some parts (<25%) of
the study area
Time difference between
the intended reference
period and the actual
reference period of the
collected data is between
10-15 years
Continental scale

Method of data
collection

Non-qualified estimate
data

Time lag between the
reference period and
when the data actually
become available is more
than 15 year
Data collection was
conducted on a one-off
basis with one sample
only

Scope and coverage
Reference period

Score
3
Representative data from
only some parts (25%-50%)
of the study area
Time difference between
the intended reference
period and the actual
reference period of the
collected data is between 510 years
National scale

4
Representative data from
more than half (>50%) of
the study area
Time difference between
the intended reference
period and the actual
reference period of the
collected data is between
1-4 years
Provincial or island scale

5
Representative data
from all study area

Data are based on
Data partly based on
qualified estimates (expert qualified estimates
guess)

Data partly based on
assumptions/calculation

Data based on
measurements

Time lag between the
reference period and
when the data actually
become available is
between 10-15 year

Time lag between the
reference period and
when the data actually
become available is
between 1-4 year

Time lag between the
reference period and
when the data actually
become available is
within a year
Data collection is
conducted regularly
(daily, monthly or
annually)

No time difference
between the intended
reference period and the
actual reference period
of the collected data
District scale or less

Timeliness (T)
Timing

Frequency of survey

Time lag between the
reference period and when
the data actually become
available is between 5-10
year
Data collection was
conducted on a one-off basis
with several samples

Accuracy (A)
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Data collection

Data from area which
has different conditions

Data from area which has Data from area which has
slightly similar conditions common conditions

Data from larger area in
which study area is
included
the accuracy is moderate, or the accuracy is high, or
between 35-65%
between 65-90%

Data from study area

Error check

the accuracy is very low, the accuracy is low, or
or less than 10%
between 10-35%

Data items or data
collection methods are
significantly changed
Cutting some parts in
data collection,
processing or estimation
methodology

Data items or data collection
methods are slightly
changed
The same methodology of
data collection, processing
and estimation

Data items and data
collection methods are
slightly changed
Improvement some parts
in data collection,
processing or estimation
methodology

Data items and data
collection methods are
not changed
Improvement in data
collection, processing
and estimation
methodology

same geographic detail
but less accurate
methodology

Smaller geographic detail
but less accurate
methodology

Smaller geographic detail
but similar methodology

Smaller geographic
detail and more
accurate methodology

Only final or raw data is
available in suitable
formats
Fully accessible (offline)
to public users

Final and raw data are
available in suitable
formats
Fully accessible
(online) to public users

Concept and sources; and
measures of accuracy of
data are available

Concepts, sources and
methods; manuals and
user guides; and
measures of accuracy of
data are available

the accuracy is very high,
or more than 90%

Coherence (C)
Changes to data
(during study)

Data items and data
collection methods are
significantly changed
Comparison with
Cutting some parts in
previous releases
data collection,
(*applicable if there is a processing and
previous release)
estimation
methodology
Comparison with other Larger geographic
products available
details and less
(*applicable if there is accurate methodology
other data sources)

Accessibility (Ac)
Data products
available

Available in different
formats

Final data available in
different formats

Raw data are available in
different formats

Accessibility to the
public

Data access is restricted
to public users

Information cost is
applied

Partly accessible (online or
offline) to public users

Neither concepts,
sources and methods;
manuals and user
guides; nor measures of
accuracy of data are
available

Only concepts are
available

Concepts and sources are
available

Interpretability (I)
Availability of
information regarding
the data
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CHAPTER 3 RESULTS
This chapter presents the results of five ecosystem accounts based on data sources and methods
described in Chapter 3. Divided into seven sections, this chapter starts from the summary of
ecosystem accounting structure for Indonesian peatlands, detailed explanation of each account,
and finally the data quality assessment of sources used for estimating the state of indicators.

3.1 SUMMARY OF ECOSYSTEM ACCOUNTING STRUCTURE FOR
INDONESIAN PEATLANDS
The ecosystem accounting structure for Indonesian peatlands is summarised in Table 6. The state
and annual changes of each account are monitored using specific indicators and units. The account
is started from identification the LCs (eight classes) in an ecosystem extent account. Next,
ecosystem condition is determined based on five indicators, including the geomorphological
indicator (precipitation), environmental state (burned area and degraded peatland) and
ecosystem condition (total biomass and carbon change). For ecosystem services account, there
are seven services identified concerning their physical and monetary values. Then, carbon account
is identified based on LC data and net carbon flux in physical and monetary terms. Lastly, this
study also identifies the ecosystem asset from three main commodities (paddy field, oil palm and
acacia plantation) to see the NPV in 20-year discount rate
Table 6. Summary of ecosystem accounting structure for Indonesian peatlands

Ecosystem account indicator

1990

1996

1998

2000

2001

2002

....

2017

Ecosystem extent
Forest (ha)
Water (ha)
Degraded peatland (ha)
Urban (ha)
Plantation (ha)
Non-rice agriculture (ha)
Rice agriculture (ha)
Other (ha)
Ecosystem condition
The average of annual precipitation
(mm/year)
Estimated burned peat area (ha)
50-100cm
100-200cm
Degraded
200-300cm
peatlands
>300cm
(1000 ha)

Biomass of
tree biomass
forest cover dead dry matter
(dmt)
Accumulated carbon loss from
converted peat swamp forest
(cultivated and degraded lands)
(t CO2eq)
Ecosystem services (physical value)
Timber production
(m3 timber harvested/year)
Oil palm production
(t FFB harvested/year)
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Acacia production for pulp
(t biomass harvested/year)
Paddy production
(t paddy harvested/year)
CO2 sequestration (t CO2/year)
Nature watching
(number of visitors/year)
Biodiversity habitat (ha)
Ecosystem services (monetary value in €/year)
Timber production
Oil palm production
Biomass production for pulp
Paddy production
CO2 sequestration
Nature watching
Biodiversity habitat
Ecosystem assets (€/ha)
Paddy fields
Acacia plantation
Oil palm plantation
Carbon account
CO2 emission (ton CO2/year)
CO2 emission (€/year)

3.2 ECOSYSTEM EXTENT ACCOUNT
Total peat area in Indonesia based on peatland distribution map from MoARI (2011) comprises
of 14.9 Mha. Table 7 shows that forests covered 78% (11.65 Mha) of all peatlands in 1990,
however in 24 years, 4.87 Mha of this area was converted. The main type of land use that escalated
significantly is the plantation (such as oil palm and acacia) with total additional area of 2.2 Mha
or 15% of total peatlands. Degraded peatland (explained in Table 2) was also expanded from only
12% of total peatlands in 1990 to 27% in 2014. Meanwhile, there are no significant changes in
agricultural land, urban and other LCs. These types of LC only occupy 8%, 0.4% and 0.1% of
Indonesian peatlands sequentially.
This study also looked at the trend LC change in particular periods. Two periods, 1990-2000 and
2000-2014, are selected to compare the LC change before (later called the first period) and after
(the second period) an economic and political crises in 1997-1998. As displayed in Table 8, in the
first period, 91% of the total converted peatlands were the result of deforestation. This vast area
was mainly changed into plantations and degraded lands. After the crises, the total converted
peatlands kept increasing. However the distribution of LC change has a different pattern
compared to the previous period. Around 28% (976 thousand hectares (Tha)) of total land
conversion during the second period was from degraded land, which 88.8 Tha of it was restored
into forests. Other noticeable changes are the forest conversion that went down by 230 Tha and
the additional degraded land that decreased by 426 Tha compared to the first period.
Table 7 The total areas of nine land covers in the year of 1990, 1996, 2000, 2003, 2006, 2009, 2012, and 2014 (1000 ha)
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Land cover

Year
2003
2006
8970
8294

Forest

1990
11652

1996
10699

2000
9055

2009
7486

2012
7008

2014
6778

Water

70

70

70

70

70

70

70

70

1824

2438

3556

56

63

67

3602

3962

4215

4158

4050

67

67

67

67

67

Forest plantation

457

657

1088

1132

1417

1901

2414

2648

Non-rice agriculture
Rice agriculture

561
285

620
358

691
369

691
373

712
373

774
384

797
384

924
362

7

8

15

6

17

17

17

18

2
14915

2
14915

4
14915

4
14915

3
14915

2
14915

0
14915

0
14915

Degraded peatland
Urban

Other
No data
Total

Data Source: Uda et al. (2017)
Table 8 The total areas of nine land covers and their changes during 1990-2000 and 2000-2014

Forest Water
1990

Land cover (1000 ha)
Degraded Urban Forest
non-rice
rice
other no
peatland
plantation agriculture agriculture
data

Total

11652

70

1824

56

457

561

285

7

2 14915

additional
1.33
to extent
reduction 2599
in extent
net change -2597
in extent
2000
9055

2

1895

12

668

188

89

7

3

2864

2

163

0.41

37

58

5

0.18 0.58

2864

-0.59

1732

11

631

130

84

7

70

3556

67

1088

691

369

15

0.13

1469

0.54

1600

283

21

3

0

3468

0.11

976

0.56

40

50

29

0.31

4

3468

0.02

493

-0.02

1560

233

-7

3

-4

0

70

4050

67

2648

924

362

18

additional
91
to extent
reduction 2368
in extent
net change -2278
in extent
2014
6778

3

0

4 14915

0 14915

3.3 ECOSYSTEM CONDITION ACCOUNT
The results of ecosystem condition account of Indonesian peatlands, divided into three classes,
are displayed in Table 9.

3.3.1 Precipitation
Precipitation is an important water source into peatland ecosystem. Monitoring the hydrological
condition of peatlands is crucial due to its function for the ecosystem in preventing land
subsidence, flood and fire (Wösten, Clymans, Page, Rieley, & Limin, 2008). The average annual
precipitation in Indonesian peatlands based on TRMM TMI varied around 1917-2555 mm/year.
Looking at the spatial distribution (Annex 1), peatlands in Papua island tend to receive higher
amount of precipitation than those in Kalimantan and Sumatra. Peatlands in several provinces in
Sumatera such as Riau, Aceh, Bangka-Belitung and Riau Island generally experience lower
precipitation rates (below 2000 mm/year generally).
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Total precipitation in Indonesia also differs temporally. Various factors such as seasonal pattern
and global climate variabilities affect the weather condition of this country. For example, El NiñoSouthern Oscillation (ENSO) is the ocean-atmospheric phenomenon which could cause extreme
weather in Indonesia. During 2006-2007, El Niño (2006) and La Niña (2007) occurred
consecutively. As seen in Annex 2 and Annex 3, the condition in 2006 was drier than in 2007. Most
of Indonesian peatlands in 2006 were receiving less than 50 mm rainfall per month, particularly
between July and November.

3.3.2 Burned peatland
It is estimated that at least 31 Tha of peatlands was burned every year. This number went up to
more than 135 Tha, in particular during El Niño years (2002, 2004, 2006, 2009 and 2015). The
higher proportion of events is found in Sumatra peatlands where annual fires in this region
contribute to 35-90% of total events (Figure 4). Meanwhile the percentage of hotspots in
Kalimantan peatlands is about 9-63% and only 0.3-3% in Papua peatlands. The visualised of
spatial distribution and annual intensity of hotspots can be seen in Annex 4, 5 and 6.

3.3.3 Degraded peatland

Total area (1000 ha)

50-100 cm

100-200 cm

1500

1500

1000

1000

500

500

0
1990 1996 2000 2003 2006 2009 2012 2014

0
1990 1996 2000 2003 2006 2009 2012 2014

>300 cm

Total area (1000 ha)

200-300 cm
1500

1500

1000

1000

500

500

0

0
1990 1996 2000 2003 2006 2009 2012 2014

1990 1996 2000 2003 2006 2009 2012 2014

Figure 3 The change of degraded area in Indonesian peatlands, divided into drained, undrained and clearing lands in the
periods of 1990, 1996, 2000, 2003, 2006, 2009, 2012 and 2014

Table 9 shows that degraded peatlands in Indonesia increased drastically from 1990 to 2009, and
diminished slightly afterwards. Around 60-79% of this land type is the swallow peatlands with
<200-metre depth. Divided into three land conditions (Figure 3), 1-21% of the unused land is
drained, while the rest is still undrained (72-90%) or possibly drained (0.2-20%).
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3.3.4 Forest biomass
The biomass proportion is varied on forest type and region. One hectare of forest in Kalimantan
could have larger amount of dry biomass compared to the forest in Sumatera and Papua.
Furthermore, as seen in Annex 8 and Annex 9, primary forests tend to have more biomass due to
high tree density (specifically for a minimum 5 cm of DBH), BGB and litter proportions, compared
to secondary forests. However, primary dry forests only contribute to 5% of total biomass. 5062% of total biomass in Indonesian peatlands is from the secondary peat swamp forests (54-66%
of total area), followed by primary swamp forests (23-33%), primary dryland forests (6-7%),
primary dryland forests (3-5%) and mangrove forests (4-6%).

3.3.5 Carbon loss from converted peat swamp forest

70000

1200

60000

1000

Total area (1000 Ha)

Total hotspots

Additional plantation and degraded land cause carbon storage change. Soil carbon above
plantation areas was thin out every year due to oxidation. Cultivation activities in peat soils
emitted 46 Mt CO2 in 1990, which then increased to 149 Mt CO2 in 2014 (only from biomass loss
and oxidation process). Figure 5 shows that the plantation expansion peaked during 1997-2000
and 2007-2009 when 313 Tha and 246 Tha of peat swamp forest were converted. Having a similar
trend, degraded lands also extensively increased in 1997-2000, causing a high reduction of carbon
storage by emitting 437 Mt CO2. After 2010, the rapidity of peat swamp forest conversion went
down slightly (Figure 5) until 2014.

50000
40000
30000
20000

600
400
200

10000

0

0

Papua

800

Sumatra

Kalimantan

Figure 4 Number of hotspots in peatlands Sumatra,
Kalimantan and Papua islands in 1990-2016

New Plantation

Additional degraded land

Figure 5 The expansion of land degradation (plantation
and degraded land) in peat swamp forest after 1990
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Table 9 The ecosystem condition account for Indonesian peatlands

144

135

264

1403

1409

1499

100-200
cm

530

1077

1071

1149

200-300
cm

259

>300cm

118

plantation
areaa

2013

2012

2011

2010

2009

2008

2016

91

917 1026
740

2007

2006

2005

2004

2003

2002
180

236

290

36

2147 2039 2145 1917 2252 2304 2098 2509 2029 2257 1960

50-100 cm

Tree
Biomass of biomass
forest cover
Dead
(million
organic
dmt*)
matter
Carbon loss
(Mt CO2eq)
from
converted
peat swamp
forest

31

2015

Estimated burned peat
area (1000 ha)

Degraded
peatlands
(1000 ha)

2001

2000

2555 2471 2244 2090

2014

The average of annual
precipitation (mm/year)

1998

1996

Year

1990

Indicators of ecosystem
condition

56

66

180

43

126

1470

135

111

1287

1282

1237

1169

808

777

1202
428

646

602

668
783

244

430

520

646

761

826

821

2792 2560

2177

2156

1997

1798

1685

1628

349

337

570

519

444

439

409

371

46

62

93

94

107

131

206

437

83

198

198

degraded
landb

139

143
108

149

149
51

*dmt: dry matter tonne
a from oxidation and biomass loss
b from biomass loss
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3.4 ECOSYSTEM SERVICES ACCOUNT
3.4.1 Physical values
The expansion of oil palm and acacia plantation results in a substantial increment of their total
production (Table 10). Total acacia production went up significantly from 0.8 Mt/year in 2000 to
18 Mt/year in 2014. At the same time, oil palm (FFB) production also grew considerably from 8
Mt/year to 22 Mt/year.
On the other hand, converting peat forest into plantation induces the reduction of several
ecosystem services. Firstly, timber production as one of the main commodities harvested from
forest in 2000 declined from 2.2 Mt/year (2000) to 1.3 Mt/year (2014). Second, the diminution of
undisturbed forests also leads to the shrinking of peatland capacity to sequestrate CO2. Moreover
forest reduction caused the biodiversity habitat to narrow down by 99 Tha. While there is no
significant change in paddy production, the number of nature watchers differs over time. The
largest number of visitors was recorded in 2009 while the lowest was in 2003.
Table 10. Physical values of ES provided by Indonesian peatlands*

Ecosystem services
Provisioning
services

Regulating
services
Cultural
services

Timber production
(1000 m3/year)
Oil palm production
(1000 t FFB/year)
Biomass production
for pulp
(1000 t/year)
Paddy production
(1000 t/year)
CO2 sequestration
(Mt CO2/year)
Biodiversity habitat
(1000 ha)
Nature watching
(1000 visitors/year)

Physical values
2006
2009
1955
1633

2000
2272

2003
2236

2012
1430

2014
1338

8200

12590

15030

17470

19910

21535

791

1102

4280

6889

13025

17631

1336

1348

1350

1387

1386

1302

58

59

57

54

53

52

1728

1712

1690

1643

1634

1629

97

15

41

178

65

117

*Data are taken from Uda et al. (2017)

3.4.2 Monetary values
Monetary values of ecosystem services (presented in Table 11) were calculated based on
secondary data from several sources (Annex 10). Total benefits from seven services were worth
around €5.5 billion in 2000, which increased to €7 billion in 2014. Initially the value of cultural
and regulating services contributed to 75% (€4.1 billion) of total value in 2000. However, due to
the expansion of economic activities to produce more provisioning services, the proportion of
monetary value from cultural and regulating services declined over time, down to 54% (€3.8
billion) in 2014. Meanwhile, the benefit from provisioning services went up from €1.4 billion
(2000) to €3.2 billion (2014). Oil palm plantation has become the main sector, which generates
75-84% of total monetary value from provisioning services. This service has exceeded the value
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of SCC from CO2 sequestration since 2006 and has been worth more than restoration cost of
biodiversity habitat since 2012.
Table 11. Monetary values of ES provided by Indonesian peatlands

Ecosystem services

Unit
2000

Monetary values (million €/year)
2003
2006
2009
2012

2014

Timber production
Oil palm production
Biomass production for
pulp
Paddy production
CO2 sequestration

RR
RR
RR

95
1029

94
1577

82
1882

69
2187

60
2493

56
2696

11

15

60

96

182

247

RR
SCC

230
1637

232
1642

232
1595

238
1505

238
1481

224
1460

Nature watching

RR

Biodiversity habitat

RC

2.2
0.3
0.9
4.0
1.5
2504
2481
2449
2381
2368
Total
5508
6041
6301
6480
6824
RR: Resource rent, SCC: Social cost of carbon, RC: Restoration cost, data sources in Annex 10.

2.6
2360
7046

Provisioning
services

Regulating
services
Cultural
services

3.5 CARBON ACCOUNT
Table 12 shows the carbon account both in physical and monetary terms. Based on net carbon flux
(Annex 7) and LC data (Table 7), the annual CO2 emissions from Indonesian peatlands significantly
increased around 83% or from 210 Mt CO2/year in 2000 to 385 Mt CO2/year in 2014. As a
consequence, the SCC also went up.
Table 12 The physical and monetary values of carbon account of Indonesian peatlands

Carbon
account
Net CO2
emissions

Indicator
Physical value*
Monetary valuea

Million tonne
CO2/year
Billion €/year

2000

2003

2006

2009

2012

2014

210

245

278

309

352

385

-5.8

-6.9

-7.8

-8.7

-9.9

-10.8

*Data are taken from Uda et al. (2017)
aSCC = € 28/t CO2,

Disturbed natural forest was the main source of carbon emissions in 2000, followed by oil
palm plantation and degraded land (Figure 6). In the following years, oil palm plantation took
the role of the main source of carbon emission, around 42% of total carbon emission in 2014.
Another noticeable carbon emission source is the acacia plantation. This sector only
contributed to 0.13% of total emission in 2000 but this increased to 23% in 2014. On the
other hand, the only carbon sequestration source of peatland, undisturbed natural forest, was
diminished over time. Consequently, the percentage of CO2 sequestration declined by 13% in
the fourteen-year period.
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CO2 emissions (million tonne)

500
400
300
200
Emissions
100
0
Sequestrations
-100
2000
2003
Undisturbed natural forest
Paddy field
Acacia plantation

2006
2009
2012
Disturbed natural forest
Dry land agriculture
Others

2014
Degraded land
Oil palm plantation

Figure 4. CO2 emissions based on land covers in Indonesian peatlands in 2000, 2003, 2006, 2009, 2012 and 2014

3.6 ECOSYSTEM ASSET ACCOUNT
The asset account of Indonesian peatlands is summarised in Table 13. The average production of
paddy and acacia biomass were assumed to be constant every year, while for the oil palm
production, a detailed information about production rate based on the plantation age is available
by Sumarga et al. (2015) (Annex 11).
Using public discount rate, it can be seen clearly that paddy field has the highest NPV. Each
hectare of this asset is estimated to worth €9,827 in a 20-year discount period (public discount
rate at 3%). Meanwhile, oil palm plantation could provide benefits as much as €7,684/ha and
only €3,246/ha for acacia plantation.
The calculation was also made using private discount rate regarding the specific economic
condition in Indonesia. The NPVs of asset in Indonesian peatlands are much lower when private
discount rate (10%) is applied. The difference of NPV is 43% for paddy field and acacia
plantation. For oil palm plantation, it is found that the NPV of this asset at 10% discount rate is
77% lower compared to the NPV at 3% discount rate
Table 13 The value of ecosystem asset in Indonesian peatlands based on NPV at public and private discount rate

Ecosystem unit

Paddy field
Acacia plantation

Production rate
(tonne/ha/yr)a

3.8
16.2

Resource rent
(€1,000/ha/yr)

0.66
0.22

NPV (€1,000/ha) at
Public
discount
rate (3%)
9.8
3.2

Oil palm
details in Annex 11
7.7
plantation
a the production rate is based on the average production in Uda et al. (2017)

Private discount rate
(10%)
5.6
1.9
1.8

This study also identifies the implication of SCC on asset value. As seen in Table 14, the emission
costs from paddy field, acacia and oil palm plantation are much higher than their resource rents.
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Consequently, the NPV of these commodities shows negative values. Higher CO2 emissions in
acacia and oil palm plantation causes lower NPVs (-€30 thousand and -€27 thousand per
hectare) compared to the paddy field.
Table 14 Ecosystem asset value after considering CO2 emission cost

Ecosystem unit

Paddy field
Acacia plantation
Oil palm plantation

CO2 emission Resource rent with cost
cost
of CO2
(€1,000/ha)* emission(€1,000/ha)
1.3
-0.7
2.3
2.4

NPV (€1,000/ha) at
Public discount rate (3%)

-2.0

-10
-30
-27

*SCC = € 28/t CO2, the rate of CO2 emission/ha can be seen in Annex 7)

3.7 DATA QUALITY ASSESSMENT
This study assesses data quality from nine sources (LC data, peatland map, TRMM, MODIS, AGBBGB of Indonesian forest, carbon loss from cultivated peatlands, ES (physical values), production
cost and paddy price). The individual scores based on six dimensions are explained below (scores
can be seen in Annex 12).
Relevance
This dimension performs DQA concerning measurement concept and presented study area. First
of all, five sources (peatland map, LC data, two satellite data (TRMM and MODIS) and ES data) get
score 5 because these data sources could represents the whole study area and fits the intended
reference period of this research. Meanwhile, other data sources are only available for some parts
of Indonesian peatlands (score 2 and 4), and their values are assumed to be constant in this study
(the indicator is not applicable). Next, geographically all data are presented in a quite detail
resolution (with score ranged from 4-5) except the ecosystem services data that are available for
a national scale (score 3). Lastly, considering the methods of data collection, data are generally
the results of measurement (surveys) with score 5 and partly based on assumptions (calculation)
with score 4.
Timeliness
Data of MODIS, TRMM, peatland map and paddy price are available within a year after data have
been collected (score 5). However, some data, such as research results from secondary data (ES;
production cost) and LC maps before 2000, get score 3 or 4 due to a time lag between the reference
period and when the data actually become available. In one case (AGB-BGB data), the information
about the specific reference period sometimes is not available in data source description (no
score). Looking at the frequency of data collection, satellite and paddy price data get score 5
because these data are collected regularly (daily and monthly) while other data were gathered in
one-off basis with vary numbers of sample with score 3.
Accuracy
This dimension is presented to see the data accuracy in this study. Firstly, seven data sources
(excluding AGB-BGB and paddy price) get score 5 for the study area where these data are the
results of research conducted in Indonesia peatland. Meanwhile the information about AGB-BGB
and paddy price are collected from a wider area of research where Indonesian peatlands are a the
part of it (score 4). Next indicator is error check. Paddy price used in this study is reliable with
score 5 since this datum is set by the government and applied to the whole nation. Several
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indicators are fairly accurate. LC data and peatland maps have 88% accuracy (Margono et al.,
2012; MoFRI, 2012; Wahyunto et al., 2014) (score 4), while precipitation data from TRMM (Sofan,
2015) reaches 0.8 of coefficient correlation to the observation data (score 4). AGB data are also
reasonably accurate with score 4, as data were collected from field measurements with an
appropriate number of samples and a validation process. On the other hand, the hotspots, carbon
lost and ES data are considered to have a moderate accuracy (score 3) since hotspot data from
MODIS only represent 30-50% of actual fires (Khomarudin et al., 2012; Zubaidah et al., 2014); ES
values are not able to explain the spatial diversity (average value) (Uda et al., 2017); and the
measurements of carbon lost were only conducted in two provinces instead seventeen provinces.
Lastly, the accuracy of production costs is rather low with score 2 because the data were obtained
from only several samples in one province (Suwarno et al., 2016).
Coherence
This dimension refers to data consistency and comparability with other sources. Firstly, there are
only four data (LC, TRMM, MODIS and paddy price) that are released regularly. The providers of
these data have improved their methods for generating better quality information, hence these
data get score 4. Second, compared to other data sources, 1-2) AGB-BGB and carbon loss data used
in this study get score 5 because they have a more detailed information to represent the study
area compared to similar information from Brown et al. (1993) and Murdiyarso et al. (2010),
which are represented in a larger area without conducting surveys in the fields; 3) peatland map
from MoARI (2011) with score 4 is the newest version published by the government which also
used for ES measurements, several sources of peatland maps are presented in Uda et al. (2017);
4) TRMM data get a moderate score, 3. The information are gathered from satellite instead field
observation, however, it is available in a more detailed resolution for the study area compared to
observation data from BMKG (Indonesian Agency for Meteorological, Climatological and
Geophysics) that has a is limited number of climate station in peatland; and lastly 5) NASA has
released new VIIRS I-Band 375 m Active Fire Data that has a more detailed resolution than MODIS,
this data may substitute the existing data source (available from 8 January 2016), so that MODIS
get score 4 for this study.
Accessibility
Although the data sources in this study can be accessed freely through the websites and science
articles (score 5 for the accessibility), types of data that are available vary. Generally, only the final
data could be found on suitable format (score 4) for this research except LC (.kmz), peatland map
(.shp), TRMM (.NetCDF) and MODIS (.shp) with score 3. These files need to be extracted or
converted to the desired format using spatial analysis tools.
Interpretability
This dimension indicates the availability of information regarding the data. All concepts, sources
and methods; manuals and user guides; and measures of accuracy data are available only for LC
data, MODIS and TRMM. These data get score 5. Meanwhile data from research articles and
reports, such as AGB-BGB, carbon loss and production cost, only provide the concepts and sources;
and measures of accuracy of data (score 4). Peatland map, ES and paddy price have limited
information (only concept and source are available) and get score 3.
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CHAPTER 4 DISCUSSION
4.1 DATA UNCERTAINTIES AND LIMITATIONS
Uncertainties
Ecosystem accounts for Indonesian peatlands, developed on a national scale by using multiple
data sources, have uncertainties in their baseline data. First is the uncertainty from the selected
peatland distribution map and LC data which are used as the main input in measuring all
indicators in the ecosystem accounts. There are several peatland maps published in 1952-2016
by various sources (see details in Uda et al., 2017). The total area reported in these maps differ
from 13 Mha to 26.5 Mha. Hence, the selection of the map used would influence the reliability of
the results. Furthermore, rapid changes of land use could cause physical shifts of peatland through
drainage, subsidence and peat decomposition (Ritung, 2011). Assuming that the total area and the
depth of peatland remained constant would lead to the uncertainty of drainage of peat, which
might change over time. Looking at the LC maps, MoFRI is the only source that provides LC data.
Lack of methods and data sources in particular before 2000 could cause a low accuracy in
predicting the LC in the past.
Another uncertainty is that this study is not able to show the spatial diversity of value. Monetary
values in several indicators, for example, are measured by assuming that incomplete information,
such as estimated production cost (data from one of seventeen provinces) and RR for nature
watching (data from another country), represent the whole study area (Indonesian peatlands) at
national level. This will consequently overestimate or underestimate the results. Local factors
such as transportation and dissimilar amount of minimum wage (UMP) regulated by the local
government could potentially affect the reliability of presented data. For instance the production
costs of oil palm, paddy and timber could be underestimate since the data were taken from
research in Central Kalimantan. This province is ranked the fourth or third for poverty line in
Indonesia since 2014 (Statistics Indonesia, 2017) so that the estimated labour cost might be lower
compared to other provinces.
Lastly, this study applies satellite data to estimate precipitation and hotspots. The uncertainties
could come from the differences between extracted information and the actual data (from
measurement directly in the field). Precipitation data extracted from TRMM represent the actual
precipitation with coefficient correlation at 0.8, validated with observation data (Sofan, 2015).
Meanwhile, according to National Institute of Aeronautics and Space of Indonesia (LAPAN), the
accuracy of hotspot data from MODIS is only 30-50% with a coordinate error around 1-2 km from
the actual fires (Khomarudin et al.; Vetrita & Harjani, 2012; Zubaidah et al., 2014). In addition, the
proportion of burned area is still uncertain. This study assumes that one-pixel hotspot only
represents 15.3% of burned area, which is a lower number than that used in the MoEFRI (2015)
report (75% burned) concerning the high density of biomass in peatlands (Tansey et al., 2008).
Limitations
Lack of resources (such as data sources, time and budgets) leads to several limitations in this
study. First of all, although the general structure of ecosystem account and a list of valuation
approaches are provided in its technical recommendations (UNEP et al., 2017), data shortages
limit this research to record all environmental aspects (biotic and abiotic) and all economic
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activities in this extensive study area. Most of the related research are focused on plantation and
deforestation issues while the other aspects such as hydrological condition, pollution and
smallholder activities get less attention (Comte et al., 2012).
Second, although these accounts could present a general picture of environmental states and
economic activities over time, data in several years are missing. The data sources are only
available for specific periods, for instance TRMM (1998-2013), MODIS (2001-present), LC data
(1990, 1996, 2000, 2003, 2006, 2009, 2011-present). This condition would limit the account to
explain a more detailed changes of these indicators.
Limitations also come from the SEEA framework. First, there is an unclear relationship between
the ecosystem condition and ecosystem services provided in this account since this concept does
not include any scientific or statistical analyses between the indicators. The relation between the
environmental changes and capacity of ecosystem services could be more complex since many
factors are interacting, and the respond of the ecosystem may differ spatially and temporally. A
clear information would be useful to support decision-makers in preventing degradation or
benefit loss.
Lastly, ecosystem accounts only provide historical (past) and current information. Although asset
account could estimate NPV for a 20-year period, this framework has a limitation in predicting a
further condition of environmental conditions. Possible long term impact of current activities on
future condition is an important information in supporting decision-makers to contrive a policy
or measurement options for preventing the worse scenarios. For instance, one of the crucial
function of the ecosystem is as a reservoir of water. A high rate of drainage and plantation
expansion in Indonesian peatlands would increase the subsidence rate gradually and leads to long
lasting damage to the ecosystem such as drought and floodplains (Chokkalingam et al., 2005;
Rieley, 2007). In a long term period, the conditional change of the ecosystem could influence the
human and economic activities, thus, the asset values from peatland could be affected.

4.2 POLICY IMPLICATION
This study finds that the expansion of plantation in peatland ecosystem lead to the increment of
economic benefits throughout the increasing of production. However, this study also shows that
the land conversion has negative impacts on the environment. Degraded land has escalated and
emissions from peatlands increase significantly.
At national level, activities above peatlands are regulated under several regulations such as
President Decree (Kepres) No.32/1990, Presidential Instruction (Inpres) No.10/2011,
Government Regulation (PP) No.71/2014 and President Decree (Perpres) No.1/2016. Ecosystem
accounting approach is able to support the government in monitoring the activities in peatlands.
SEEA-EEA framework does not only focus on human activities (economic sector), but also includes
the environmental aspects in physical and monetary terms. Ecosystem account could also be the
basic information for resource management plan, together with supporting information including
stakeholder interests, policy priorities, and infrastructure plan, in order to optimise the peatland
utilisation and minimise the environmental impacts.
The priority of related policies could lay on the un-utilised (degraded) peatlands. Based on the
characteristics (including depth and water condition), this type of land has a potential in
agricultural sector (Limin, 2006; Limin et al., 2000). This information could be integrated with
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regional land use plan to apply the optimal strategy in supporting sustainable development at
national, provincial, or local levels.

4.3 RECOMMENDATIONS FOR FURTHER TESTING OF SEEA-EEA
IN INDONESIAN PEATLANDS
Downscaling
Further research is recommended for a better understanding of ecosystem accounts. Firstly, a
more detailed information at regional or provincial levels could help explain the spatial
distribution of the ecosystem accounts. After the political revolution in 1999, local resources
management and welfare are regulated under regional autonomy law. Local governments have
the right, authority and obligation to regulate and administer their own governmental affairs
including land use planning (RTRW), which would be implied in unsynchronised land conversion
and land use at national, province and district levels. Despite the regulation, other factors such as
local wisdom, environment and priorities would also lead to different interaction between the
environment and local activities in peatland spatially.
Secondly, monetary benefits indicated in this study are generally based on data from private
sectors. In fact, the ecosystem benefits are distributed among several types of economic actors
(Suwarno et al., 2016). Further analyses related to the benefit share among beneficiaries including
household, private sector and government are suggested to classify the monetary benefits from
the ecosystem at different social levels.
Publication
Ecosystem accounts are developed to communicate the ecosystem contribution to human needs
as well as its impacts on the environment. It is recommended that the results would be
transparent and open for all users who need the information. The online database, like BPS
(Statistics Indonesia) data, could be a potential medium for publishing the accounts via website,
blog or any web property. Caspio is an example tool that can import database from Microsoft
Access to online applications. This tool is able to perform monitoring and share the information
with various features (more information on the website https://www.caspio.com/) (Caspio,
2017). Publishing dataset of ecosystem accounts in tables and maps would support the local
government to get access for this kind of information since limited information is available at
regional or provincial levels.
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CHAPTER 5 CONCLUSION
SEEA-EEA is a new framework which support monitoring the interaction between environmental
aspects and economic activities in an ecosystem. Despite the challenge of data shortages, SEEAEEA framework can be applied to develop the initial structure of ecosystem accounts for
Indonesian peatlands at national level, presented by five accounts.
Ecosystem extent account shows that LC and peatland distribution data are the basic information
in monitoring the states of indicators in all accounts. Based on high-resolution data from the
government agencies (MoARI and MoFRI), peatlands in Indonesia can be classified in twentythree land covers. Although several data are missing (in particular before 2000), a general picture
of historical LC changes during 1990-2014 could be shown in this account. It can be concluded
that 42% of forest in Indonesian peatlands in 1990 have been converted until 2014. The total
deforestation in 1990-2000 is slightly higher than 2000-2014. On the other hand, degraded
peatland, plantation area, and agricultural land has increased significantly.
Five chosen indicators in ecosystem condition account are selected to explain the general
condition of peatland ecosystem in terms of its physical and chemical properties. This account is
started by defining the hydrological condition (based on precipitation data) which has many
important functions in peatland ecosystem. Besides the precipitation, more detailed information
about water supply and use, including runoff, evapotranspiration and groundwater level, are
recommended to be added to this account. What follow is the specific indicators related to the
environmental changes; burned and degraded peatland. Fire needs to be monitored due to its
impacts on the ecosystem, air pollution concentration and health, while degraded land destructs
the ecosystem and generates no benefit for human. Lastly, forest biomass and carbon loss from
peat swamp forest conversion are monitored as the main indicators of ecosystem change.
Ecosystem services account in this study is able to explain the diversity of seven main services
(timber production, oil palm production, biomass production (acacia) for pulp, paddy production,
CO2 sequestration, nature watching and biodiversity habitat) from Indonesian peatlands
concerning its physical values and economic benefits. Showing the ecosystem services both in
physical and monetary terms is also an appropriate instrument to monitor the effects of land use
change on total benefits generated under different conditions and managements. This study
notifies that forest conversion to the plantation, for instance, indicates production increment of
palm oil and acacia biomass but reduces the capacity of carbon sequestration. In total, seven
services were worth around €5.5 billion in 2000, and increased to €7 billion in 2014. Oil palm
plantation has become the main sector which generates 75-84% of total monetary value from
provisioning services.
Subsequently, emissions produced from peatland could be categorised as disservices of the
ecosystem. In fact, non-beneficial aspects are excluded in SEEA-EEA framework. Hence, carbon
account is presented to monitor the annual trend of net carbon (CO2) emission emitted from
peatlands. This account provides details on the impacts of land conversion on total carbon
emission produced. The carbon account shows negative values since carbon emissions from
Indonesian peatlands are much higher than carbon sequestration. Besides its physical value, this
research also estimates the monetary value of carbon emissions using SCC approach to show the
externality cost of human activities (land use changes). This study shows that CO2 emissions from
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Indonesian peatlands significantly increased from 210 Mt CO2/year (cost €5.8 billion) in 2000 to
385 Mt CO2/year (cost €10.8 billion) in 2014.
Through net present value (NPV), asset account could compare the economic benefits of three
assets (oil palm plantation, paddy field and acacia plantation) in a given period (20 years in this
study). This account allows comparing NPV of the assets in different risk condition based on the
discount rates. A lower public discount rate at 3% shows a higher NPV by 43% (for paddy and
acacia production) and 77% (for oil palma production) compared to the private discount rate at
10%/ In addition, this study also estimates the externality (emissions) effects of economic
activities to the environment in monetary terms. The results confirms that the externality costs
are much higher than the RR, applied for all assets.
Finally, this study reviews the data quality of nine sources for ecosystem accounting indicators.
The assessment is based on six indicators (relevance, timeliness, accuracy, coherence,
accessibility and interpretability) using scale ranged from 1 (very low quality) to 5 (very high
quality). The results explain that the characteristics of individual scores vary, ranging between 2
(low quality) and 5 (very high quality).
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ANNEXES
ANNEX 1 ANNUAL PRECIPITATION DISTRIBUTION MAPS
(MM/YEAR)
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data source: TRMM, (2011)
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ANNEX 2 MONTHLY PRECIPITATION DISTRIBUTION MAPS
(MM/MONTH) IN 2006 (EL NIÑO YEAR)
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data source: TRMM, (2011)
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ANNEX 3 MONTHLY PRECIPITATION DISTRIBUTION MAPS
(MM/MONTH) IN 2007 (LA NINA YEAR)
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data source: TRMM, (2011)
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ANNEX 4 HOTSPOTS DISTRIBUTION BASED ON ANNUAL
INTENSITY IN KALIMANTAN PEATLANDS USING A 0.01 0 PIXEL
RESOLUTION (2001-2016)
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data source: MODIS Collection 6 NRT Hotspot / Active Fire Detections MCD14DL. (2017).
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ANNEX 5 HOTSPOTS DISTRIBUTION BASED ON ANNUAL
INTENSITY IN SUMATRA PEATLANDS USING A 0.01 0 PIXEL
RESOLUTION (2001-2016)
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data source: MODIS Collection 6 NRT Hotspot / Active Fire Detections MCD14DL. (2017).
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ANNEX 6 HOTSPOTS DISTRIBUTION BASED ON ANNUAL
INTENSITY IN PAPUA PEATLANDS USING A 0.01 0 PIXEL
RESOLUTION (2001-2016)
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ANNEX 7 SUMMARY OF ESTIMATED NET CARBON (CO 2 ) FLUX
Land cover
Undisturbed natural forest
Disturbed natural forest
Plantation forest (acacia)
Oil palm
Dry land agriculture
Paddy field
Open water
Degraded land
Other uses
Data are taken from (Uda et al., 2017)

Net carbon (CO2) flux
(t CO2/ha/year)
19
-17
-81
-85
-48
-48

Source

0
-15
-15
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ANNEX 8 THE ESTIMATED DRY BIOMASS BASED ON FOREST TYPE
AND REGION
Type of
forest

Main islands

Primary dry
forest

Kalimantan
Papua
Sumatera
Kalimantan
Secondary
Papua
dry forest
Sumatera
Primary peat Kalimantan
swamp forest Papua
Sumatera
Secondary
Kalimantan
peat swamp
Papua
forest
Sumatera

Tree biomass (dmt/ha)
AGB for AGB for
AGB
DBH
DBH
understorey
≥ 5 cm < 5 cm
269.4
0.5
1.2
239.1
0.5
1.1
268.6
0.5
1.2
203.3
2.2
5.6
180.4
2
5
182.2
2
5
275.5
31.5
7.2
178.8
20.5
4.7
220.8
25.3
5.8

AGBtotal

Source
BGB

271.1
240.7
270.3
211.1
187.4
189.2
314.2
204
251.9

78.6
69.8
78.4
61.2
54.3
54.9
69.1
44.9
55.4

166

19

7.3

192.3

43.3

16
160

16.2
16.9

6.2
6.4

38.4
183.3

37
38.4

Primary
mangrove
forest

Kalimantan

244.1

15.1

Papua
Sumatera

244.1
244.1

15.1*
15.1*

Secondary
mangrove
forest

Kalimantan
Papua

244.1
244.1

14.8
14.8*

Sumatera

244.1

14.8*

*the value is assumed as the same as in Kalimantan

ANNEX 9 THE ESTIMATED DEAD ORGANIC MATTERS BASED ON
FOREST TYPE AND REGION
Type of forest

Main islands

Dead organic matters (dmt/ha)
Litter
Woody debris
8.2
48.8
Kalimantan
Primary dry
7.3
43.3
forest
Papua
8.2
48.6
Sumatera
5.6
67.8
Secondary
Kalimantan
Papua
5
60.2
dry forest
Sumatera
5
60.8
Kalimantan
4.9
56.8
Primary peat
Papua
3.2
36.9
swamp forest
Sumatera
3.9
45.5
Kalimantan
4.4
45.3
Secondary peat
Papua
3.8
38.7
swamp forest
Sumatera
3.9
40.2
Kalimantan
16.8
99.7
Primary
Papua
16.8*
99.7*
mangrove
Sumatera
16.8*
99.7*
forest
Kalimantan
16.8
93.3
Secondary
Papua
16.8*
93.3*
mangrove
Sumatera
16.8*
93.3*
forest
*the value is assumed as the same as in Kalimantan

Source
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ANNEX 10 DATA SOURCES FOR ESTIMATING THE MONETARY
VALUES OF ECOSYSTEM SERVICES FROM INDONESIAN
PEATLANDS (VALUES IS CONVERTED FOR 2017)
ES specification

Monetary
indicators

Timber
production

Production
cost
Price

Oil palm
production

Production
cost
Price

Value

Sources

96 €/m3

(Suwarno et al., 2016)a

138 €/m3

(Sumarga et al., 2015)a

81 €/ton FFB

(Suwarno et al., 2016)a

132 €/ton FFB

(DGESRI, 2015)b

Biomass
production
for pulp

Production
cost
Price

21 €/ton

(Refdanil et al., 2014)b

35 €/ton

(Refdanil et al., 2014)b

Paddy
production

Production
cost
Price

152 €/ton

(Suwarno et al., 2016)a

324 €/ton

(Statistics Indonesia, 2017b)

CO2 sequestration

SCC

Nature
watching

Expenditure
(foreigner)
Expenditure
(local)
RR c

28 €/ton
125€/person/day

(Interagency Working Group on Social Cost of
Greenhouse Gases, 2016; Sumarga et al., 2015)
(Statistics Indonesia, 2017a, 2017e)

40 €/person/day

(Ansofino, 2012)

24% of gross
revenue
1,449 €/ha

(PWTWG, 2017)

Biodiversity
Restoration
(Budiharta et al., 2014)d
habitat
cost
a research was conducted for Central Kalimantan Province with base year data for 2010
(€ 1=IDR 12,000)
b research was conducted for Riau Province with base year data for 2013 (in IDR)
c the proportion of foreign and domestic visitors based on Sumarga et al. (2015), the proportion of RR is
assumed to be the same as in Palawan, the Philippines (PWTWG, 2017)
d base year data in 2014 (US$ 1 = € 0.73; 1 € = IDR 15,750)
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ANNEX 11 PRESENT VALUE (PV) OF OIL PALM PRODUCTION IN
20-YEAR DISCOUNT PERIOD
Year

Production
(ton/ha)*

Price
(€/ton)

Revenue
(€/ha)

Cost
(€/ha)*

Discount factor

PV (€/ha)

3%

10%

-798

1

1

-708

-708

1489

-1489

0.97

0.91

-1283

-1201

517
1259

-517
-859

0.94

0.83

-432

-379

3

0
400

6
9
12

800
1199
1599

969
983
997

-169
217
602

0.92
0.89

0.75
0.68

-697
-133

-572
-103

0.62
0.56
0.51

166
448
659

119
302
416

0

0

0

798

1

0

0

2

0

3
4
5
6
7

RR
(€/ha)

132.34

3%

10%

14

1919

1006

913

0.86
0.84
0.81

8

16

2079

1003

1076

0.79

0.47

754

445

9

16

2159

995

1164

0.77

0.42

792

438

10

16

2159

981

1178

0.74

0.39

778

403

11

16

2159

967

1192

0.72

0.35

764

371

0.32

751

341

12

16

2159

953

1206

0.70

13

16

2159

939

1219

0.68

0.29

737

313

14

16

2159

925

1234

0.66

0.26

724

288

15

16

2159

908

1250

0.64

0.24

712

266

0.22

656

229

16

16

2079

892

1187

0.62

17

15

1999

872

1127

0.61

0.20

605

198

18

14

1919

853

1066

0.59

0.18

555

170

19

14

1839

833

1006

0.57

0.16

509

146

945

0.55

0.15

464

125

20

13

1759

814

*The production rate (10.4 ton/ha/year) from Uda et al. (2017) ) and the production cost (843 €/ha/year)
are adjusted based on the percentage distribution of production rate (based on plantation age) and
production cost compared to the average values for 20-year period from Sumarga et al. (2015).
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ANNEX 12 THE SCORE OF DATA QUALITY OF SEVERAL INDICATORS USED IN THIS STUDY (BASED
ON THE SCALE IN TABLE 5)
Indicators

Peatland LC maps
map

Institutional environment
Data Provider
MoARI

MoEFRI

Precipitation
(TRMM)

Hotspots
(MODIS)

AGB and BGB
(dryland and
swamp forest)

NASA and Japan
National Space
Development
Agency

Fire Information for
Resource
Management
System, NASA

MoEFRI

Carbon loss ES
Production cost Paddy
(physical (timber, oil palm price
values)
and paddy)
Hooijer et
al., (2012)

Uda et al.,
(2017)

Suwarno et al.,
(2016)

Statistics
Indonesia

Relevance (R)
Scope and coverage
5
5
5
5
4
2
5
2
4
Reference period
*
5
5
5
*
*
5
*
5
Geographic detail
5
5
5
5
4
4
3
4
5
Main outputs
4
4
4
4
4
4
4
4
5
Timeliness (T)
Timing
5
3
5
5
*
4
3
4
5
Frequency of data
3
5
5
5
3
3
3
3
5
collection
Accuracy (A)
Data collection
5
5
5
5
4
5
5
5
4
Error check
4
4
4
3
4
3
3
2
5
Coherence (C)
Changes to data (during
5
5
5
5
5
5
5
5
5
study)
Comparison with
*
4
4
4
*
*
*
*
4
previous releases
Comparison with other
4
*
2
3
5
5
*
*
*
products available
Accessibility (Ac)
Data products available
4
3
3
3
4
4
4
4
4
Accessibility to the public
5
5
5
5
5
5
5
5
5
Interpretability (I)
Availability of information
3
5
5
5
4
4
3
4
3
regarding the data
*The information is not available, or the indicator is not applicable. Scale: 1: very low quality, 2: low quality, 3: moderate quality, 4: high quality, and 5: very high quality
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