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Abstract

Peatlands provide a broad range of ecosystem services (ES) that are critical to ecosys-
tem regulating and human well-being. However, anthropogenic activities threaten their
existence, leading to degradation, destruction, and loss of these ecosystems. To effec-
tively convey the value of peatlands, it is important to share knowledge on the ES they
provide. This review aims to provide an overview of the ES provided by peatlands in In-
donesia. We undertook a critical review of articles published on Scopus, ScienceDirect,
and Google Scholar to investigate various aspects of peatland ES. Our examination en-
compassed data types, valuation methods, modes of assessment, ecosystem services
categories, study site scale, temporal patterns, purposes of publication, and study lim-
itations related to peatland ES. From a set of 1,115 potentially relevant papers, 45 were
selected for analysis. Our findings showed that ES studies are heavily concentrated on
the Kalimantan and Sumatra islands, with most studies focused on specific provinces
such as Central Kalimantan and Riau. The most commonly used data type, method, and
mode of assessment were secondary data, look-up tables, and economic valuation, re-
spectively. Provisioning services were the most frequently studied ES category, followed
by regulating services, supporting services, and cultural services. However, gaps persist,
including limited data, understanding, and long-term sustainability consideration. Future
research should address these gaps by focusing on underrepresented peatland ecosys-
tems, integrating diverse approaches, and considering global peatland issues.
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1. Introduction

Indonesia possesses a high level of diversity and complexity in its ecosystems,
which are linked and interdependent. As of 2013, it has been discovered that
there are 74 types of ecosystems in Indonesia (Kartawinata 2013). One of the
most significant ecosystems is peatland, which Indonesia has a vast area of,
making it the fourth country with the largest peatland area in the world after
Canada, Russia, and the USA (Ministry of Environmental and Forestry Repub-
lic of Indonesia 2019). Indonesia has 14.91 million hectares of peatland, with
6.44 million hectares (43%) located in Sumatra, 4.78 million hectares (32%)
in Kalimantan, and 3.69 million hectares (25%) on the Papua islands (Anda et
al. 2021). Peatlands supply a wide range of ecosystem services (ES), such as
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providing food, fiber, water, and genetic resources. Peatlands also sustain bio-
diversity, primary production, and nutrient cycling, as well as sociocultural uses
like recreation and education (Reed et al. 2014; Bonn et al. 2016; Wichmann et
al. 2016).

Despite playing a critical role in providing essential ES, peatlands are under
threat due to anthropogenic activities, leading to degradation, destruction, and
loss of these ecosystems (Dohong et al. 2017; Hergoualc'h et al. 2018; Mishra
et al. 2021). Anthropogenic activities have caused a significant decline in the
provision of ES that are crucial for the well-being of surrounding communities
and environmental sustainability. Despite the recognition of the importance
of peatlands in providing essential ES, there is limited and partial information
and understanding of the specific services provided by peatlands in Indonesia.
Therefore, it is essential to improve our understanding of the ES provided by
peatlands in Indonesia and their current status, considering the ongoing threats
of degradation and loss due to anthropogenic activities. Understanding the ES
provided by peatlands in Indonesia is crucial for developing effective manage-
ment strategies that will ensure the continued provision of these services.

The number of articles related to the literature review of ES has been in-
creasing in Indonesia. (Firdaus et al. 2022) provided a comprehensive review
of ES on a national scale. There is also a considerable amount of literature
focused on the regional scope and specific aspects. For instance, (Sofian et al.
2019) conducted a literature review on ES and mangrove management, while
(Lourdes et al. 2021) undertook a systematic review of urban ES research in
Southeast Asia. Abas et al. (2020) analyzed interactions and relationships be-
tween ecotourism and its services in Southeast Asia. Ayompe et al. (2021) in-
vestigated the positive and negative impacts of palm oil production on ES and
human well-being in Africa, Asia, and Latin America.

Despite the large number of studies examining ES literature reviews, the
literature review of peatland ES in Indonesia remains relatively unknown. In
particular, critical reviews and analyses of peatland ES research in Indonesia
are lacking. Such a review is imperative to provide valuable insights into the
current state of research on peatland ES at the national level, as well as to
identify the most prevalent research gaps. Conducting such a study could also
help researchers identify which ES have received the least and most attention,
the challenges encountered by researchers, and the research gaps that require
further investigation. Therefore, this study aims to achieve the following objec-
tives: (1) to provide an overview of the current status of research on peatland
ES in Indonesia; (2) to identify the ES that have been most and least studied in
peatlands; and (3) to identify knowledge gaps that require further research to
improve understanding of peatland ES in Indonesia.

2. Methods
2.1. Data collection

Following the steps outlined by (Templier and Paré 2015), we conducted a lit-
erature review. As discussed in the introduction chapter, we formulated a prob-
lem statement that served as our guide. This statement helped us determine
the type of information we needed, guided our search for relevant literature, and
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informed our subsequent analysis. To conduct our search, we focused on inter-
nationally recognized databases, including Scopus, ScienceDirect, and Google
Scholar. We used the following keyword search string: ((Peatland(s) OR Wet-
land(s) OR Peat Swamp OR Peat Swamp Forest OR Lowland) AND (Ecosystem
Service OR Economic Valuation OR Economic Value) AND (Indonesia)). This
search string was applied to the title, abstract, and keyword filters within the
research database, and we extracted all results. The summary of the steps is

depicted in Fig. 1.
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Figure 1. Steps involved in conducting a review article.

We conducted the literature search in two stages. Initially, we screened ti-
tles, abstracts, and keywords, resulting in the identification of 1,115 potentially
relevant papers. These papers were evaluated based on predefined criteria, in-
cluding the presence of specific keywords, publication type (only peer-reviewed
journal articles and book chapters), language (Indonesian and English), and
addressing at least one ecosystem service type. From this screening, 750 pa-
pers were selected for the next screening. During this stage, three additional
criteria were applied: avoiding duplicate articles, ensuring accessibility (open
access), and excluding review papers and meta-analyses. After this process,
432 articles were eligible for abstract reading. These papers were excluded if
they didn't explicitly mention or assess ecosystem services or focused solely
on environmental issues unrelated to peatlands or ecosystem services. Sub-
sequently, 120 articles directly related to ecosystem services were identified
and deemed suitable for full-text reading. Through careful full-text reading, we
removed duplicated papers and articles lacking clear ecosystem service as-
sessment methods. Ultimately, 45 articles met all the study criteria and were
included in our analysis (Suppl. material 1).

Data related to the criteria were extracted from the 45 articles identified
during the screening process. We recorded information about the general char-
acteristics of the study, modified from the criteria analysis suggested by (Neu-
garten et al. 2018; Mengist et al. 2020; Rau et al. 2020). These criteria include
year of publication, geographical distribution, data type, assessment method,
mode of assessment, valuation method, types of ES, number of ES assessed,
study site scale, temporal patterns, purposes of publication, and study limita-
tions (Suppl. material 2). Finally, data related to each selected article was ex-
tracted into an Excel spreadsheet for further processing. The categorization
step involved classifying and processing the extracted data for further analysis,
which was presented using various types of charts.

The concept of ES type originates from global classification system (Millen-
nium Ecosystem Assessment 2005), which categorizes ES into four distinct
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groups: provisioning, regulating, cultural, and supporting services. Each ES type
has its indicators, provisioning services provide tangible outputs like food, wa-
ter, and energy derived from natural resources. Conversely, regulating services
encompass natural processes such as carbon and greenhouse gas seques-
tration, water purification, and disaster prevention. Supporting services, on the
other hand, represent the fundamental ecological processes necessary for
ecosystem function and maintenance, including habitat provision and biodiver-
sity protection. Finally, cultural services encompass the non-material benefits
derived from nature, including spiritual enrichment, ecotourism/recreation, and
educational experiences (Suppl. material 2).

2.2. Data analysis

In this study, we used descriptive statistics as the primary method for analyzing
the data that was collected. Descriptive statistics helped us to summarize and
present the data in a clear and concise manner. We organized the data based
on the number of articles for each criterion to provide a better understanding of
the trends and patterns found in the literature. To accomplish this, we used Mi-
crosoft Excel, a popular data analysis tool, which allowed us to create various
charts and graphs that effectively summarized the results. In addition to Excel,
we also utilized QGIS, a geospatial data analysis tool, to map the study sites or
geographic locations mentioned in the articles. This helped us to gain a better
understanding of the distribution and frequency of research in different regions
of Indonesia. Furthermore, we utilized Flourish, a data visualization tool, to cre-
ate interactive and visually appealing graphics that effectively conveyed our
findings to the audience.

3. Results

The total number of articles published on the topic between 2010 and 2023
was 45, with an average of three articles per year. In 2010 and 2012, only one
article was published each year (Fig. 2). In 2014, there was a significant in-
crease with four articles published, which accounted for 8.89% of the total
number of articles. The following year, 2015, recorded the highest number of
publications, with seven articles (15.56%) published. The number of articles
slightly decreased in 2016 and 2017, with five articles (11.11%) published each
year. In 2018, the number of publications decreased significantly to one article
(2.22%), but increased again in 2019 with four articles (8.89%). In 2020, there
was a further increase with eight articles published (17.78%), before stabilizing
in 2021 with five articles (11.11%). For the last year, 2022, and the current year,
2023, two articles (4.44%) were published each year.

The studies included in the review were conducted in 16 provinces, with Cen-
tral Kalimantan having the highest number of articles on peatland ES, totalling
17 articles (37.78%). This was followed by Riau with 16 articles (35.56%), South
Sumatra with seven articles (15.56%), and West Kalimantan with six articles
(13.33%). The remaining regions had a relatively smaller number of articles,
with some regions having only one article available (2.22%). The broad geo-
graphical coverage of the studies indicates that the review covers a wide range
of regions in Indonesia (Fig. 3).

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 172



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

-~ (3} o ~ ©©

Number of articles
o
-

w

2010 2012 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 2. The number of articles published from 2010 to 2023.
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Figure 3. A map displays the geographical distribution of the selected articles.

3.1. Data types, methods, and mode of assessment

The most commonly utilized data type in selected articles is secondary data,
which is used in 44 articles. This finding indicates that many researchers rely
on pre-existing datasets rather than conducting their own data collection. The
use of secondary data was found to be more common compared to other types
of data. Two main purposes of secondary data were identified: first, as the main
data source, as demonstrated in a study by (Ulya et al. 2014a) who used the
benefit transfer method to estimate the economic value of carbon in Merang
Kepayang, South Sumatra Province. The benefit transfer method relies on sec-
ondary data and is used to estimate non-market economic values by transfer-
ring available information from previous studies (Masiero et al. 2019). Second,
secondary data were used to answer new research questions or to provide al-
ternative perspectives on the original research question of a previous study.
For instance, (Martono et al. 2018) used secondary data to construct research
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questions and support their findings regarding the estimation of the non-use
value of peatland in Siak Regency, Riau Province.

Field samples/observations are the second most commonly used data type,
with a frequency of 33 articles, suggesting that primary data collection in the
field is still prevalent. Field samples/observations are the second most com-
monly used data type, providing direct and reliable measurements of ecosystem
processes and the provision of ES. They are utilized to measure various eco-
system service dimensions, including biodiversity (Rahajoe et al. 2014), carbon
storage (Rochmayanto et al. 2010), economic loss (Nugraha et al. 2019; Putra
et al. 2020), peatland use (Zahrul Muttaqin et al. 2017), perception (Schaafsma
et al. 2017), and societal role (Kilonzi et al. 2016). These dimensions are cru-
cial determinants of ES. Furthermore, field samples/observations offer insights
into the relationship between ES and human activities, such as land use, man-
agement practices, and socio-economic factors. This information is significant
for comprehending the drivers of ecosystem service provision and identifying
potential trade-offs between different services.

Remote sensing is the third most frequently used data type, with a frequen-
cy of 11 articles, indicating its usefulness in gathering data from hard-to-reach
or study areas. Remote sensing and simulated data have been used in the
least number of articles. Remote sensing is a technique used to measure both
land cover and land use, which are important determinants of ES (Sumarga
and Hein 2016; Rossita et al. 2021). These data can be acquired at different
scales and resolutions, allowing for the analysis of ES at the patch, local, and
regional levels. On the other hand, simulated data are generated using mod-
els that simulate the dynamics of ecosystems and the provision of ES. These
models can be used to assess the impacts of different management scenar-
ios, such as land use changes or carbon storage, on ES (Abram et al. 2014;
Pertiwi et al. 2022).

In contrast, simulated data is the least frequently used data type, with only
seven articles utilizing it. Simulated data can be used to evaluate the effec-
tiveness of different management strategies in enhancing the provision of ES
(Law et al. 2015). Although the utilization of remote sensing and simulated
data is low according to our findings, numerous studies have demonstrated
that remote sensing and simulated data have the potential to monitor and eval-
uate ES at the landscape or regional level because they are cost-effective and
can provide consistent and standardized information over large areas and long
periods of time (Ayanu et al. 2012; De Araujo Barbosa et al. 2015; Avtar et al.
2017). The most frequently utilized method among the selected articles was
look-up tables, which appeared in 22 articles. Look-up tables are beneficial
tools for organizing and quickly accessing pre-calculated data in a variety of
applications. The second most frequently used method was causal relation-
ships, utilized in 14 articles. In this review, we found that causal relationships
were mainly used to explore the impact of land and forest fires on people’s
livelihoods (Nugraha et al. 2019; Putra et al. 2020; Rimbawan and Nur 2021;
Rosyida and Sopiana 2021), the costs and benefits of peatland management
(Khalwani et al. 2015; Kiely et al. 2021; Prasetyawan 2023), land use impacts
(Rahajoe et al. 2014), and social networks (Kilonzi et al. 2016). Models were
the third most commonly used method, appearing in ten articles. Models were
used particularly for ES in spatial planning and cost-benefit analysis because
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they have the ability to predict the impacts of different management scenarios
on ES (Sumarga and Hein 2016; Pertiwi et al. 2022). Expert knowledge was the
least commonly used method, with only three articles employing this approach.
Expert knowledge refers to insights and expertise provided by individuals with
specialized knowledge and experience in a particular field. In this review, we
found two articles that used these methods: (Ulya et al. 2014b), who estimated
the economic value of water for domestic and transportation purposes in vil-
lages around Merang Kepayang peat swamp forest, South Sumatra Province,
and (Pertiwi et al. 2022), who evaluated the carbon pricing of full ES for peat-
land conservation in Riau Province.

Table 1. Types mode of assessment that the most commonly used in selected articles.

No. Mode of assessment Articles Percent

1 Economic valuation 30 36.14
2 Quantification 13 15.66
3 Combined 13 15.66
4 Trade-offs 10 12.05
5 Qualification 9 10.84
6 Mapping and modeling 8 9.64

Total 83 100

The majority of studies focused on economic valuation—analyzing the
monetary value of peatland ES—which was the most commonly used mode
of assessment, with 30 articles published in the field. In this review, we found
that economic valuation is not only used to calculate the monetary value of
peatland ES but also to compare the economic costs and benefits of different
land use and management scenarios. This helps identify the most cost-effec-
tive management strategies for enhancing ecosystem service provision (Law
et al. 2015; Sumarga and Hein 2016; Pertiwi et al. 2022). Quantification and
combination were each used in 13 articles, while trade-offs were used in ten
articles. Qualification and mapping/modeling were used in nine and eight ar-
ticles, respectively. Quantification provides a way to measure and compare
the quantity of ES provided by peatlands, using standardized methods such as
emergy evaluation—a method of valuation based on the total amount of energy
of one kind used directly or indirectly to make a product or service—including
fish biomass production, peat production, and live biomass (Simangunsong et
al. 2017). Moreover, quantification is crucial as it allows us to measure the suc-
cess of various management strategies in improving the provision of ES. For
instance, if a strategy aims to promote sustainable management of peatlands,
it is essential to quantify the actual increase in different scenarios, such as
continuing with current practices, implementing conservation efforts, or gradu-
ally replacing oil palm and other crops that require drainage with crops that do
not, while also incorporating forestry practices for both timber and non-timber
forest production (Uda et al. 2017).
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3.2. ES categories

In terms of ES indicators, we found one article that assessed 15 ES indicators—
(Abram et al. 2014) explored spatially explicit perceptions of ES and land cover
change in forested regions of Borneo. Two articles assessed 13 ES indicators—
one regarding ES under future oil palm expansion scenarios in West Kalimantan
(Sharma et al. 2019), and another by (Dommain et al. 2016) who estimated ES,
degradation, and restoration of peat swamps in the Southeast Asian tropics.
One article estimated 12 ES indicators, quantifying the economic value of ES in
oil palm-dominated landscapes in Riau Province in Sumatra, Indonesia (Aulia et
al. 2020). The rest of the selected articles assessed 2-9 ES indicators, with the
majority of articles only assessing one ES indicator—17 articles (Fig. 4). The
range of services varied, with four articles covering all ecosystem categories.
For example, (Sharma et al. 2019) explored ES under future oil palm expansion
scenarios in West Kalimantan, while (Uda et al. 2017) assessed the monetary
value of peatland ES at a national level. Some articles assessed fewer than four
ES categories, with 13 articles only assessing three ES categories, four articles
assessing two ES categories, and half of the selected articles assessing only
one ES category.
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Figure 4. The number of groups and indicators of peatland ES.

Provisioning services were the most commonly discussed service, account-
ing for 88 indicators, followed by regulating services with about 57, supporting
services with 13, and cultural services with 24. According to Fig. 8, the most fre-
quently assessed ES from the four main categories are listed. The most studied
services were food, with 20 ES indicators; carbon sequestration, with 18 ES
indicators; timber and raw materials, with 17 ES indicators; recreation and fish,
with nine ES indicators; provisioning for habitat, with seven ES indicators; and
fire prevention, with six ES indicators. The remaining ES indicators were the
least studied, with only one ES indicator (Fig. 5).

Market prices are the most commonly used valuation method, with 14 arti-
cles published in the field. Market prices are based on actual transactions in re-
al-world markets, and therefore provide a more accurate and reliable estimate
of the value of ES (De Groot et al. 2006; DEFRA 2007; Masiero et al. 2019). For
example, the market price of oil palm can provide an estimate of the value of
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Figure 5. Most common ES investigated from the selected articles.

peatland ecosystems for oil palm production (Sumarga and Hein 2016; Aulia
et al. 2020), and the market price of agricultural commodities can provide an
estimate of the value of ES for agricultural production (Ulya et al. 2019). Market
prices can also be used to value non-marketed ES, such as water (Roslinda
and Yuliantini 2014; Ulya et al. 2019) and carbon sequestration (Rossita et al.
2021; Pertiwi et al. 2022). Contingent valuation is the second most commonly
used valuation method, with eight articles published. Contingent valuation is
used to estimate the economic value of non-market ES, which are services that
are not traded in markets and do not have observable market prices. In this
review, examples of non-market ES include conservation (Martono et al. 2018;
Prasetyawan 2023), payment for ES (Ota et al. 2020), and hydrological services
(Roslinda and Yuliantini 2014). Social cost carbon is used to value peatland ES
regarding carbon sequestration and storage, which contribute to the mitigation
of climate change impacts by reducing the amount of carbon dioxide in the
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atmosphere (Rossita et al. 2021). Cost-benefit analysis and social cost of car-
bon have been used in six articles each. Cost-benefit analysis (CBA) is used to
evaluate the costs and benefits of a project or policy decision (Hanley 2001). In
this review, we found that CBA is used to value ES by comparing the economic
value of the benefits provided by these services against the costs of conserving
or restoring peatlands (Pertiwi et al. 2022). The other valuation methods have
been used less frequently, with only one to five articles published for each of
them (Fig. 6).

Market prices
Contingent valuation
Social cost of carbon
Cost-benefit analysis

Defensive expenditure
Damage cost avoided
Loss of earnings

Cost of lliness

Benefit transfer
Travel cost
Restoration cost
Replacement cost
Production function
Opportunity cost
Group/participatory valuation

Emergy analysis

Choice of experiments

0 2 4 6 8 10 12 14
Number of articles

Figure 6. Valuation methods of ES.

3.3. Study site scale, temporal patterns, and purposes of publication

One article was conducted at a global scale, written by Dommain et al. (2016),
which estimated ES, degradation, and restoration of peat swamps in the South-
east Asian tropics. Three articles were conducted at a national scale, eight
articles at a regional scale, ten articles at a local scale, and 23 articles at a
patch scale. Local and patch scales were the most commonly used scales in
the selected articles. Peatlands are highly location-specific and can exhibit sig-
nificant variation based on factors such as peat depth, nutrient supply, climate,
and flooding amplitude and period. As a result, it is necessary to study ES at the
local scale to understand their true value and potential benefits. Furthermore,
the majority of peatland data was available at different scales, locations, and
themes. Therefore, when data is limited, researchers may need to narrow the
research area, and many have focused on smaller, localized areas such as peat
hydrological units (PHU), small watersheds, remnant forests, or other land use
types with small areas.
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The majority of the studies were conducted in non-linear patterns, with 38
articles falling into this category, while eight articles were in linear patterns, and
one article in periodic patterns. ES research often follows non-linear temporal
patterns because ES themselves are non-linear and exhibit temporal dynamics
(Rau et al. 2018, 2020). In other words, the benefits that people derive from
ecosystems can vary in both magnitude and timing. For example, the value of
a forest for carbon sequestration may increase over time as the trees grow, but
it may also fluctuate in response to disturbances such as wildfires or defor-
estation (Rochmayanto et al. 2010). Furthermore, the benefits of ES can exhibit
time lags, where there is a delay between changes in the ecosystem and the
resulting benefits to human well-being. For instance, the value of a restored
peatland for flood control may not be fully realized until several years after the
restoration is completed (Gunawan et al. 2021). The uncertainty and difficulty
of ES is also considered for this reason, particularly in the face of environmen-
tal change and other disturbances. Non-linear temporal patterns help to cap-
ture this uncertainty and provide a more comprehensive understanding of the
potential benefits and risks associated with ES. Lastly, conducting ES research
in non-linear temporal patterns can have significant policy relevance, as it helps
to inform decisions about ecosystem management and conservation that take
into account the complex and dynamic nature of ES.

Most of the studies, comprising 43, had the main purpose of knowledge gen-
eration, while 13 articles had the purpose of supporting public/policy. Studies
with the main purpose of management site and funding/investment were small
(Fig. 7). The primary goal is to better understand the value and benefits that
people derive from ecosystems, and to develop a more comprehensive and

PURPOSES OF PUBLICATION
Knowledge generation
Public/policy support
Site management
Funding and investment
TEMPORAL PATTERNS
Non-linear

Linear

Periodic

STUDY SCALE SITE
Patch

Local

Regional

National

Global

0 5 10 15 20 25 30 35 40 45
Number of articles

Figure 7. Category of selected studies based on their study scale, temporal patterns, and purposes of publication.
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nuanced understanding of the relationships between human societies and the
natural world. There are several reasons why knowledge generation is the main
purpose of ES research. First, it advances scientific understanding. ES research
is an important area of scientific inquiry that seeks to improve our understand-
ing of the complex and interconnected relationships between ecosystems and
human well-being. By generating new knowledge and insights, ES research can
contribute to the development of new scientific theories and models that better
capture the complex dynamics of natural systems. Second, it informs policy and
decision-making. The knowledge generated through ES research can inform
policy and decision-making at multiple levels, from local land-use decisions to
global environmental treaties. By providing policymakers and decision-makers
with a more comprehensive and nuanced understanding of the value and bene-
fits of ES, ES research can help guide more effective and sustainable manage-
ment of natural resources. Lastly, it enhances public awareness and engage-
ment. ES research can also contribute to public awareness and engagement
on issues related to the environment and natural resource management. By
communicating the value and benefits of ES to a wider audience, ES research
can help build support for conservation and restoration efforts.

3.4. Study limitations

The review identified a wide range of limitations that hinder the accurate val-
uation, quantification, and mapping of various peatland ES, which in turn af-
fects the practical application of management strategies aimed at preserving
peatland ecosystems. These limitations were grouped into seven categories.
The first limitation was limited data availability, which was mentioned in 16
articles. Limited data availability is a significant limitation in ES research due to
the complexity and variability of ecosystems, as well as the diversity of human
uses and values associated with them. There are several factors that can con-
tribute to limited data availability in ES research. Firstly, the lack of monitoring
programs can make it challenging to collect reliable data on the provision and
distribution of ES, especially in developing countries or remote areas. Secondly,
even when monitoring programs exist, there may be gaps or inconsistencies
in the data collected, such as missing data for certain locations or time peri-
ods or different monitoring methods used in different locations. Thirdly, limited
resources required for ES research, including funding, equipment, and trained
personnel, may be scarce in developing countries or areas with limited infra-
structure. Lastly, the complexity and variability of ecosystems, which can be
influenced by a wide range of factors, including natural processes, human ac-
tivities, and climate change, can make it challenging to collect comprehensive
and reliable data on ES. In addition, there are other limitations to ES research.
One of them is the difficulty in quantifying ES, such as cultural services, due to
the complex and diverse ways people interact with nature. Cultural services
cannot be explained as a direct benefit to people, making it challenging to ful-
ly understand their value and benefits. Lastly, the lack of standardized meth-
odologies for valuing ES can lead to inconsistencies in research and make it
challenging to compare results across studies. The second major limitation
was uncertainty and complexity, which was mentioned in seven articles. The
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third and fourth limitations were the difficulty in quantifying ES and spatial and
temporal variability, which were mentioned in six articles, as shown in Table 2.

Table 2. The group of study limitations in peatland ES studies which stated in selected

articles.
No. Study limitations Articles Percent
1 Limited data availability 16 34.78
2 Uncertainty and complexity 7 15.22
3 Difficulty in quantifying ES 6 13.04
4 Spatial and temporal variability 6 13.04
5 Lack of standardized methodologies 4 8.70
6 | Trade-offs and synergies 4 8.70
7 Ethical concerns 3 6.52
Total 46 100

4. Discussion

This study aims to explore the articles published in the last 13 years regarding
the ES provided by peatlands in Indonesia to advance our knowledge of the
specific services provided by peatlands in the country, which is important given
the limited and partial information available. The review identified 45 articles
related to peatland ES in Indonesia.

The analysis revealed a slowly increasing trend in research on peatland ES
in Indonesia. Generally, this trend is consistent with national-level ES research
trends (Firdaus et al. 2022) and global-scale trends (Gangahagedara et al. 2000;
Costanza et al. 2014), as well as the increasing trend in peatland research glob-
ally (Van Bellen and Lariviere 2020). The analysis also showed that the number
of articles related to peatland ES grew impressively after the extensive disaster
of land and forest fires in 2015, and this trend has been directly and indirectly
influenced by policy interventions and global initiatives to address the fire is-
sue. One such intervention is the provision of research funding to individuals or
organizations, such as (Sumarga and Hein 2016; Sumarga et al. 2016), who re-
ceived funding from The European Research Council to conduct a holistic study
on peatland ES in Central Kalimantan. Similarly, the establishment of the Peat-
land Restoration Agency (PRA) in 2016 has played a significant role in bridging
peatland science and national policy discourse, which has influenced research
on peatland ES in Indonesia. For instance, Gunawan (2018) and Gunawan et
al. (2021) studied the relationship between peatland restoration and ES in the
PRA’s intervention areas. Thus, the temporal trend of articles on peatland ES is
closely related to land and forest fires.

The study revealed that the spatial distribution of research studies was clus-
tered around certain areas. Specifically, the findings indicate a significant em-
phasis on ES studies in the Kalimantan and Sumatra islands, with most studies
concentrated in the Central Kalimantan and Riau provinces. There are likely sev-
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eral reasons for this pattern, including the fact that these provinces are home to
the largest areas of peatland in Indonesia (Anda et al. 2021). Furthermore, it is
reasonable to assume that these provinces have been most impacted by peat-
land degradation and loss, particularly due to land and forest fires (Kiely et al.
2021; Hein et al. 2022). Additionally, the increasing concern of the Indonesian
government and global organizations regarding peatland management after
the extensive land and forest fires in 2015 has led to an increase in research
funding provided by various organizations such as foreign country grants, re-
search council funds, NGOs, ministries, private companies, and UN sub-units.
These factors have attracted the interest of many researchers to conduct stud-
ies in these areas.

Provisioning services, such as raw materials and food, are extensively re-
searched, followed by regulating services like climate control and recreation
opportunities. Cultural services and supporting services receive less attention.
ES indicators such as erosion prevention, spiritual experience, and nutrient cy-
cling are underrepresented in studies. This is likely because these cultural and
supporting services are challenging to identify and value, making it difficult to
measure, map, model, and manage peatland ecosystem services effectively
(Satz et al. 2013; Small et al. 2017). Therefore, there’s a need for the scientif-
ic community to develop improved methods for measuring, valuing, mapping,
modeling, and managing these services.

4.1. Current status of knowledge gaps and challenges

1. While peatland ES research in Indonesia is a relatively new field, it has
witnessed progressive development over the past two decades. However,
several knowledge gaps and challenges persist, including limitations in
data and methodologies, incomplete understanding of ES provision, inher-
ent uncertainties in valuation, insufficient consideration of cultural values,
and a lack of integration between research, management, and policy. Our
research reveals an uneven distribution of focus areas. We have noticed
an impressive concentration of research in specific regions, overlooking
many large peatland areas nationwide. This skewed concentration could
distort perceptions of peatland ecosystem services and affect deci-
sion-making. This gap hampers effective conservation and management
efforts, making it challenging to make informed decisions on land use
practices and conservation strategies crucial for preserving and enhanc-
ing these valuable services.

2. Peatland ES are often influenced by different scales because peatland
ecosystems and human needs for ES vary across space. However, most
studies on peatland ES focus on small local areas, and there’s a lack of
research looking at how ES interacts across different scales. This limited
multi-scale research can result in a narrow understanding of ES interac-
tions.

3. Limited understanding of supporting and cultural ES. While some studies
exist on supporting and cultural ES. Implicit ES indicators might not cap-
ture the full complexity of supporting and cultural ES. This may lead to the
undervaluation and underutilization of these services.
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4. Lack of integrated assessments that consider interactions between peat-

4.2.

land ES and global peatland issues such as biodiversity, drainage and con-
version, fire, climate change, overexploitation, and other stressors affect-
ing peatland sustainability.

. Insufficient consideration of social and economic factors, our review

showed the studies tends to focus on biophysical aspects, neglecting so-
cial and economic factors that can affect the value of these services to
local communities. Neglecting social and economic factors can lead to an
incomplete understanding of the value of peatland ES and may limit the
effectiveness of management and policy decisions.

. The absence of standardized methodologies for assessing peatland ES

results in inconsistencies and difficulties in comparing findings across
studies and locations, inhibits the development of effective management
strategies for peatland ecosystems, and complicates the evaluation of
management practices’ long-term impact on ES.

. Temporal patterns and the limited consideration of long-term sustain-

ability. Many studies emphasize short-term benefits without adequately
addressing the potential consequences of continued exploitation or deg-
radation of these ecosystems. This lack of long-term sustainability con-
sideration can result in unintended consequences and negative impacts
on ES.

Research needs for the future

. Research on peatland ES is strategically important as it directly concerns

humanity’s reliance on nature for prosperity. It plays a crucial role in peat-
land management and sustainable utilization. Therefore, we recommend
several future research needs, including conducting representative stud-
ies, integrating approaches, addressing global peatland issues, valuing
complete ES, and facilitating policy integration. Future research needs to
prioritize a broader geographic scope. Expanding studies into understud-
ied peatland areas is essential to capture the full spectrum of peatland
ecosystems and the range of services they offer. Nationwide peatland
inventories would be a valuable tool for identifying and prioritizing areas
that require further investigation and conservation efforts.

. Research across different spatial scales is necessary to comprehend the

interactions among various peatland ES. Modeling, participatory mapping,
and citizen science represent promising approaches for achieving this un-
derstanding. Involving local communities in data collection and analysis
could yield more detailed and context-specific insights into these interac-
tions.

. There is a need to create clear indicators to measure supporting and cul-

tural ES of peatlands. These indicators are essential for capturing the
complete range of supporting and cultural ES offered by peatlands. Addi-
tionally, it's important to explore new methods for assessing these types
of ES. Furthermore, integrating traditional ecological knowledge and cul-
tural practices into the assessment process can improve our understand-
ing of the benefits provided by these services.
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4. The integrated assessments are required to gain a comprehensive under-
standing of the interactions between various peatland ES and their sus-
tainability in the face of global challenges. Researchers should employ
approaches that integrate biophysical, social, and economic dimensions
of peatland ecosystems. Additionally, it's vital to consider temporal scales
in assessments to ensure they address the long-term sustainability of
peatland ES.

5. Future studies should give more attention to the social and economic fac-
tors that influence the value of peatland ES to local communities. These
approaches can provide insights into the values, beliefs, and preferences
of local communities regarding peatland ES. Furthermore, researchers
should consider the historical and cultural contexts of the local commu-
nities to better understand how social and economic factors have shaped
their relationship with peatland ecosystems.

6. There is a need for standardization of methods used to assess peatland
ES. Researchers should develop standardized protocols and guidelines
for data collection and analysis to ensure consistency and comparability
across studies and locations. Standardization of methods used to assess
peatland ES is essential to ensure that the results are reliable, robust and
comparable across different studies and locations.

7. Future studies should consider the long-term sustainability of peatland
ES, including their potential trade-offs and unintended consequences.
Researchers should use scenario-based approaches to explore the long-
term impacts of different management strategies on the sustainability of
peatland ecosystems.

5. Conclusion

This paper provides a critical review of the research on peatland ES in Indone-
sia. The publications on the topic have slow increased annually. The finding
showed that a significant emphasis of ES studies is on the Kalimantan and
Sumatra Island, and most of the study is concentrated in a specific province of
the Island, Central Kalimantan and Riau. Secondary data, look-up tables, and
economic valuation are the most applied data type, method, and mode of as-
sessment. The majority of ES category found is provisioning services, studied
by half of the selected articles, followed by regulating services, supporting ser-
vices, and cultural services. At the same time, we have pointed to some gaps
and challenges-specifically those on lack of data and methods, understanding,
uncertainties, lack of integrated assessment, and insufficient long-term sus-
tainability consideration. Future research should address peatland ecosystems
that lack representative studies, integrating various research approaches, in-
corporating the global peatland issues, valuing complete ES, and should con-
sider the long-term sustainability of peatland ES.

References

Abas A, Aiyub K, Idris NA (2020) Systematic review on ecosystem services (ES) of eco-
tourism in Southeast Asia (ASEAN). Problemy Ekorozwoju 16: 113-122. https://doi.
org/10.35784/pe.2021.1.12

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 184



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

Abram NK, Meijaard E, Ancrenaz M, Runting RK, Wells JA, Gaveau D, Pellier AS, Mengers-
en K (2014) Spatially explicit perceptions of ecosystem services and land cover
change in forested regions of Borneo. Ecosystem Services 7: 116-127. https://doi.
org/10.1016/j.ecoser.2013.11.004

Anda M, Ritung S, Suryani E, Sukarman, Hikmat M, Yatno E, Mulyani A, Subandiono RE,
Suratman, Husnain (2021) Revisiting tropical peatlands in Indonesia: Semi-detailed
mapping, extent, and depth distribution assessment. Geoderma 402: 115235-
115235. https://doi.org/10.1016/J.GEODERMA.2021.115235

Aulia AF, Sandhu H, Millington AC (2020) Quantifying the economic value of ecosystem
services in oil palm dominated landscapes in Riau Province in Sumatra, Indonesia.
Land 9(6): 194. https://doi.org/10.3390/LAND9060194

Avtar R, Kumar P, Oono A, Saraswat C, Dorji S, Hlaing Z (2017) Potential application of
remote sensing in monitoring ecosystem services of forests, mangroves, and urban
areas. Geocarto International 32: 874—-885. https://doi.org/10.1080/10106049.2016
.1206974

Ayanu YZ, Conrad C, Nauss T, Wegmann M, Koellner T (2012) Quantifying and mapping
ecosystem services supplies and demands: A review of remote sensing applications.
Environmental Science and Technology 46(16): 8529-8541. https://doi.org/10.1021/
es300157u

Ayompe LM, Schaafsma M, Egoh BN (2021) Towards sustainable palm oil produc-
tion: The positive and negative impacts on ecosystem services and human well-
being. Journal of Cleaner Production 278: 123914. hitps://doi.org/10.1016/j.jcle-
pro.2020.123914

Bonn A, Allott T, Evans M, Joosten H, Stoneman R (2016) Peatland restoration and eco-
system services: an introduction. In: Bonn A, Allott T, Evans M, Joosten H, Stoneman
R (Eds) Peatland Restoration and Ecosystem Services: Science, Policy, and Prac-
tice. Ecological Reviews. Cambridge University Press, Cambridge, 1-16. https://doi.
org/10.1017/CB09781139177788.002

Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson SJ, Kubiszewski I, Farber
S, Turner RK (2014) Changes in the global value of ecosystem services. Global En-
vironmental Change 26: 152-158. https://doi.org/10.1016/j.gloenvcha.2014.04.002

De Araujo Barbosa CC, Atkinson PM, Dearing JA (2015) Remote sensing of ecosys-
tem services: A systematic review. Ecological Indicators 52: 430-443. https://doi.
org/10.1016/j.ecolind.2015.01.007

De Groot R, Stuip M, Finlayson M, Davidson N (2006) Valuing wetlands Guidance for
valuing the benefits derived from wetland ecosystem services. Ramsar Technical
Report No. 3/CBD Technical Series No. 27. Ramsar Convention Secretariat, Gland,
Switzerland & Secretariat of the Convention on Biological Diversity, Montreal, Canada,
54 pp.

DEFRA (2007) An introductory guide to valuing ecosystem services. Department for En-
vironment, Food and Rural Affairs, London. https://assets.publishing.service.gov.uk/
media/5a79b99340f0b642860da43d/pb12852-eco-valuing-071205.pdf [Accessed
on 25.05.2023]

Dohong A, Aziz AA, Dargusch P (2017) A review of the drivers of tropical peatland deg-
radation in South-East Asia. Land Use Policy 69: 349-360. https://doi.org/10.1016/].
landusepol.2017.09.035

Dommain R, Dittrich I, Giesen W, Joosten H, Rais DS, Silvius M, Wibisono ITC (2016) Eco-
system services, degradation, and restoration of peat swamps in the Southeast Asian
tropics. In: Bonn A, Joosten H, Evans M, Stoneman R, Allott T (Eds), Peatland Resto-

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 185



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

ration and Ecosystem Services: Science, Policy and Practice. Cambridge University
Press, Cambridge, 253-288. https://doi.org/10.1017/CB09781139177788.015

Firdaus N, Supriatna, Supriatna J (2022) Ecosystem services research trends in In-
donesia: a bibliometric analysis. Biodiversitas 23(2): 1105-1117. https:/doi.
org/10.13057/biodiv/d230255

Gangahagedara R, Subasinghe S, Lankathilake M, Athukorala W, Gamage |, Forbes
VE, Ramon J, Sierra A (2000) Ecosystem Services Research Trends: A Bibliometric
Analysis from 2000-2020. Ecologies 2(4): 366—379. https://doi.org/10.3390/ecolo-
gies2040021

Gunawan H (2018) Indonesian peatland functions: Initiated peatland restoration and
responsible management of peatland for the benefit of local community, case study
in riau and west kalimantan provinces. In: Lopez M, Suryomenggolo J (Eds) Envi-
ronmental Resources Use and Challenges in Contemporary Southeast Asia. Asia
in Transition 7. Springer, Singapore, 117-138. https://doi.org/10.1007/978-981-10-
8881-0_6

Gunawan H, Afriyanti D, Dewanto HA (2021) Show Windows and Lessons Learned
from Peatland Restoration in Indonesia. In: Osaki M, Tsuji N, Foead N, Rieley J (Eds)
Tropical Peatland Eco-management. Springer, Singapore, 751-774. htips://doi.
org/10.1007/978-981-33-4654-3_28

Hanley N (2001) Cost — Benefit Analysis and Environmental Policymaking. Environment
and Planning C: Government and Policy 19: 103-118. htips://doi.org/10.1068/c3s

Hein L, Spadaro JV, Ostro B, Hammer M, Sumarga E, Salmayenti R, Boer R, Tata H,
Atmoko D, Castafieda J-P (2022) The health impacts of Indonesian peatland fires.
Environmental Health 21: 62-62. https://doi.org/10.1186/s12940-022-00872-w

Hergoualc’h K, Carmenta R, Atmadja S, Martius C, Murdiyarso D, Purnomo H (2018)
Managing peatlands in Indonesia: Challenges and opportunities for local and global
communities. Center for International Forestry Research (CIFOR), Bogor 205. https://
doi.org/10.17528/cifor/006449

Kartawinata K (2013) Diversitas Ekosistem Alami Indonesia: Ungkapan Singkat dengan
Sajian Foto dan Gambar. 1st ed. LIPI Press, Jakarta.

Khalwani KM, Bahruni, Syaufina L (2015) Nilai kerugian dan efektivitas pencegahan ke-
bakaran hutan gambut (studi kasus di Taman Nasional Sebangau Provinsi Kaliman-
tan Tengah). Risalah Kebijakan Pertanian dan Lingkungan 2(3): 214-229.

Kiely L, Spracklen DV, Arnold SR, Papargyropoulou E, Conibear L, Wiedinmyer C, Knote
C, Adrianto HA (2021) Assessing costs of Indonesian fires and the benefits of restor-
ing peatland. Nature Communications 12(1): 1-11. https://doi.org/10.1038/s41467-
021-27353-x

Kilonzi FM, Moji K, Ota T, Usup A (2016) Societal Role in Cultivating and Enhancing Peat
Land Ecosystem Services: A case Study of Hampangen Forest in Central Kalimantan,
Indonesia. Journal of Agriculture and Environmental Sciences 5: 2334-2412. https://
doi.org/10.15640/jaes.v5n2a2

Law EA, Bryan BA, Meijaard E, Mallawaarachchi T, Struebig M, Wilson KA (2015) Ecosys-
tem services from a degraded peatland of Central Kalimantan: implications for policy,
planning, and management. Ecological applications: a publication of the Ecological
Society of America 25(1): 70-87. https://doi.org/10.1890/13-2014.1

Lourdes KT, Gibbins CN, Hamel P, Sanusi R, Azhar B, Lechner AM (2021) A review of
urban ecosystem services research in southeast asia. Land 10: 1-21. https://doi.
org/10.3390/1and10010040

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 186



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

Martono RWA, Puspo MD, Prayogi H (2018) Peatland Non-Use Value Survey in Siak Re-
gency. IOP Conference Series: Earth and Environmental Science 165: 012013. https:/
doi.org/10.1088/1755-1315/165/1/012013

Masiero M, Pettenella D, Boscolo M, Barua SK, Animon |, Matta R (2019) Valuing forest
ecosystem services: a training manual for planners and project developers. Forestry
Working Paper 11. FAO, Rome, 216 pp.

Mengist W, Soromessa T, Legese G (2020) Ecosystem services research in moun-
tainous regions: A systematic literature review on current knowledge and research
gaps. Science of the Total Environment 702: 134581. https://doi.org/10.1016/j.sci-
totenv.2019.134581

Millennium Ecosystem Assessment (2005) A Report of the Millennium Ecosystem As-
sessment. Ecosystems and Human Well-Being. Island Press, Washington DC, 212 pp.

Ministry of Environmental and Forestry Republic of Indonesia (2019) The Sixth National
Report to the Convention on Biological Diversity to the Convetion on Biological Diver-
sity. Ministry of Environment and Forestry, Jakarta, 336 pp.

Mishra S, Page SE, Cobb AR, Lee JSH, Jovani-Sancho AJ, Sjogersten S, Jaya A, Aswandi,
Wardle DA (2021) Degradation of Southeast Asian tropical peatlands and integrated
strategies for their better management and restoration. Journal of Applied Ecology
58: 1370-1387. https://doi.org/10.1111/1365-2664.13905

Neugarten RA, Langhammer PF, Osipova E, Bagstad KJ, Bhagabati N, Butchart SHM,
Dudley N, Elliott V, Gerber LR, Gutierrez Arrellano C, Ivani¢ K-Z, Kettunen M, Mandle
L, Merriman JC, Mulligan M, Peh KS-H, Raudsepp-Hearne C, Semmens DJ, Stolton S,
Willcock S (2018) Tools for measuring, modelling, and valuing ecosystem services.
1st ed. IUCN, Gland, Switzerland, 70 pp. https://doi.org/10.2305/IUCN.CH.2018.
PAG.28.en

Nugraha RP, Fauzi A, Ekayani M (2019) Analisis Kerugian Ekonomi pada Lahan Gambut
di Kecamatan Pusako, dan Kecamatan Dayun, Kabupaten Siak, Provinsi Riau. Jour-
nal of Agriculture, Resource and Environmental Economics 2(2): 1-14. https://doi.
org/10.29244/jaree.v2i2.26072

Ota T, Kusin K, Kilonzi FM, Usup A, Moji K, Kobayashi S (2020) Sustainable Financing
for Payment for Ecosystem Services (PES) to Conserve Peat Swamp Forest Through
Enterprises Based on Swiftlets’ Nests: An Awareness Survey in Central Kalimantan,
Indonesia. Small-scale Forestry 19: 521-539. htips://doi.org/10.1007/s11842-020-
09452-7

Pertiwi N, Tsusaka TW, Nguyen TPL, Abe |, Sasaki N (2022) Nature-based Carbon Pricing
of Full Ecosystem Services for Peatland Conservation—A Case Study in Riau Province,
Indonesia. Nature-Based Solutions 2: 100023-100023. https://doi.org/10.1016/].
nbsj.2022.100023

Prasetyawan W (2023) Willingness to Pay for Environmental Conservation of Peat and
Aquatic Ecosystems in a Cash-Poor Community: A Riau Case Study. In: Okamoto M,
Osawa T, Prasetyawan W, Binawan A (Eds) Local Governance of Peatland Restoration
in Riau, Indonesia. Global Environmental Studies. Springer, Singapore, 193-209.
https://doi.org/10.1007/978-981-99-0902-5_9

Putra El, Saharjo BH, Wasis B, Hero Y, Puspaningsih N (2020) Economic loss value from
land and forest fires in oil palm plantation in Jambi, Indonesia. IOP Conference Se-
ries: Earth and Environmental Science 504: 012024. https://doi.org/10.1088/1755-
1315/504/1/012024

Rahajoe JS, Alhamd L, Walujo EB, Limin HS, Suneetha MS, Braimoh AK, Kohyama T
(2014) Impacts of Agricultural Land Change on Biodiversity and Ecosystem Services

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 187



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

in Kahayan Watershed, Central Kalimantan. In: Braimoh AK, Huang HQ (Eds) Vulner-
ability of Land Systems in Asia, 195-214. https://doi.org/10.1002/9781118854945.
ch13

Rau A-L, Burkhardt V, Dorninger C, Hjort C, Ibe K, KeBler L, Kristensen JA, McRobert A,
Sidemo-Holm W, Zimmermann H, Abson DJ, von Wehrden H, Ekroos J (2020) Tempo-
ral patterns in ecosystem services research: A review and three recommendations.
Ambio 49: 1377-1393. htips://doi.org/10.1007/s13280-019-01292-w

Rau A-L, von Wehrden H, Abson DJ (2018) Temporal Dynamics of Ecosystem Ser-
vices. Ecological Economics 151: 122-130. https://doi.org/10.1076/j.ecole-
con.2018.05.009

Reed MS, Bonn A, Evans C, Glenk K, Hansjiirgens B (2014) Assessing and valuing peat-
land ecosystem services for sustainable management. Ecosystem Services 9: 1-4.
https://doi.org/10.1016/j.ecoser.2014.04.007

Rimbawan GA, Nur MA (2021) Nilai Kerugian Ekonomi Lingkungan Akibat Kebakaran
Hutan dan LahanGambut di Kota Banjarbaru. JIEP: Jurnal Ilmu Ekonomi dan Pemba-
ngunan 4: 25-39. https://doi.org/10.20527/jiep.v4i1.3540

Rochmayanto Y, Darusman D, Rusolono T, Elias E (2010) The Change of Carbon Stock
and It's Economic Value on Peat swamp Forest Conversion towards Pulpwood Indus-
trial Plantation Forest. Jurnal Penelitian Hutan Tanaman 16(1): 18-26.

Roslinda E, Yuliantini (2014) The economic value of hydrological services in Mendalam
Sub Watershed, Kapuas Hulu Regency, West Kalimantan, Indonesia. Indonesian Jour-
nal of Forestry Research 1(1): 1-8. https://doi.org/10.20886/ijfr.2014.1.1.1-8

Rossita A, Nurrochmat DR, Boer R, Hein L, Rigqi A (2021) Assessing the Monetary Value
of Ecosystem Services Provided by Gaung — Batang Tuaka Peat Hydrological Unit
(Khg), Riau Province. Heliyon 7(10): E08208. https://doi.org/10.1016/j.heliyon.2021.
08208

Rosyida R, Sopiana Y (2021) Dampak Kebakaran Lahan Gambut terhadap Perekonomi-
an Masyarakat di Kecamatan Gambut, Kabupaten Banjar. Jurnal llmu Ekonomi dan
Pembangunan 4(2): 463-475. https://doi.org/10.20527/jiep.v4i2.4403

Satz D, Gould RK, Chan KMA, Guerry A, Norton B, Satterfield T, Halpern BS, Levine J,
Woodside U, Hannahs N, Basurto X, Klain S (2013) The challenges of incorporating
cultural ecosystem services into environmental assessment. Ambio 42: 675-684.
https://doi.org/10.1007/s13280-013-0386-6

Schaafsma M, van Beukering PJH, Oskolokaite | (2017) Combining focus group discus-
sions and choice experiments for economic valuation of peatland restoration: A case
study in Central Kalimantan, Indonesia. Ecosystem Services 27: 150-160. https://
doi.org/10.1016/j.ecoser.2017.08.012

Sharma SK, Baral H, Laumonier Y, Okarda B, Purnomo H, Pacheco P (2019) Ecosystem
services under future oil palm expansion scenarios in West Kalimantan, Indonesia.
Ecosystem Services 39: 100978. https://doi.org/10.1016/j.ecoser.2019.100978

Simangunsong BCH, Sitanggang VJ, Manurung EGT, Rahmadi A, Moore GA, Aye L, Tam-
bunan AH (2017) Potential forest biomass resource as feedstock for bioenergy and
its economic value in Indonesia. Forest Policy and Economics 81: 10—-17. https://doi.
org/10.1016/j.forpol.2017.03.022

Small N, Munday M, Durance | (2017) The challenge of valuing ecosystem services
that have no material benefits. Global Environmental Change 44: 57-67. https://doi.
org/10.1016/j.gloenvcha.2017.03.005

Sofian A, Kusmana C, Fauzi A, Rusdiana O (2019) Ecosystem services-based mangrove
management strategies in Indonesia: a review. AACL Bioflux 12(1): 151-166.

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 188



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

Sumarga E, Hein L (2016) Benefits and costs of oil palm expansion in Central Kaliman-
tan, Indonesia, under different policy scenarios. Regional Environmental Change 16:
1011-1021. https://doi.org/10.1007/s10113-015-0815-0

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

Templier M, Paré G (2015) A framework for guiding and evaluating literature reviews.
Communications of the Association for Information Systems 37: 112-137. https:/
doi.org/10.17705/1cais.03706

Uda SK, Hein L, Sumarga E (2017) Towards sustainable management of Indonesian
tropical peatlands. Wetlands Ecology and Management 25: 683-701. https://doi.
org/10.1007/s11273-017-9544-0

Ulya NA, Nurlia A, Kunarso A, Martin E, Waluyo EA (2019) Valuation of goods and ser-
vices derived from plantation forest in peat swamp forest area: The case of South
Sumatra Province. IOP Conference Series: Earth and Environmental Science 308:
012047. https://doi.org/10.1088/1755-1315/308/1/012047

Ulya NA, Warsito SP, Andayani W, Gunawan T (2014a) Economic Value of Carbon of Mer-
ang Kepayang Peat Swamp Forest, South Sumatera Province. Jurnal Manusia dan
Lingkungan 22(1): 52-58. https://doi.org/10.22146/jml.18724

Ulya NA, Warsito SP, Andayani W, Gunawan T (2014b) Economic Value of Water for Do-
mestic and Transportation-Case Study in Villages Around Merang Kepayang Peat
Swamp Forest, South Sumatera Province. Jurnal Manusia dan Lingkungan 21(2):
232-238. https://doi.org/10.22146/jm|.18548

Van Bellen S, Lariviére V (2020) The ecosystem of peatland research: A bibliometric anal-
ysis. Mires and Peat 26: 1-30. https://doi.org/10.19189/MaP.2020.RSC.StA. 1977

Wichmann S, Brander L, Schafer A, Schaafsma M, Van Beukering P, Tinch D, Bonn A
(2016) Valuing peatland ecosystem services. In: Bonn A, Allott T, Evans M, Joosten
H, Stoneman R (Eds) Peatland Restoration and Ecosystem Services: Science, Policy,
and Practice. Ecological Reviews. Cambridge University Press, 314-338. https://doi.
org/10.1017/CB09781139177788.017

Zahrul Muttagin M, Samsoedin |, Subarudi S, Nurtjahjawilasa N, Almuhayat Uhib Ham-
dani F (2017) The Utilisation of Environmental Service at Buntoi Village Forest, Ka-
hayan Hilir District, Pulang Pisau Regency, Central Kalimantan Province. Jurnal Anali-
sis Kebijakan Kehutanan 14: 1-16. https://doi.org/10.20886/jakk.2017.14.1.1-16

Additional information

Conflict of interest

No conflict of interest was declared.

Ethical statement

No ethical statement was reported.

Funding

This work was supported by Khon Kaen University (KKU) through the KKU Scholarship
for ASEAN and GMS Countries’ Personnel for the Academic Year 2022 (No. 879/2022).

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 189



Mohammad Yunus: A critical review of peatland ecosystem services research in Indonesia

Author contributions

The author solely contributed to the conception, design, and execution of the entire re-
search study. The author conducted the literature review, collected and analyzed the
data, and interpreted the results. The author drafted the manuscript and critically re-
vised it for intellectual content. The author also approved the final version of the manu-
script and is accountable for the accuracy and integrity of the work.

Author ORCIDs
Mohammad Yunus ©® https://orcid.org/0000-0002-7433-8528

Data availability

All of the data that support the findings of this study are available in the main text or
Supplementary Information.

Supplementary material 1

List of selected articles

Authors: Mohammad Yunus

Data type: docx

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/jbgs.e117635.suppl1

Supplementary material 2

The criteria used for the extraction of information from the selected articles

Authors: Mohammad Yunus

Data type: docx

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/jbgs.e117635.suppl2

Journal of the Bulgarian Geographical Society 50: 169-190 (2024), DOI: 10.3897/jbgs.e117635 190


http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/%18.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/%18.suppl1

	Abstract
	Introduction
	Additional information

