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Abstract: Through a variety of unique ecosystem services, peatlands provide critical support to
society and play a significant part in the global environmental system. Unfortunately,
anthropogenic activities pose a hazard to these peatlands. This study estimated a total economic
value (TEV) of peatland ecosystem services and examined relationships between the TEV and
landscape characteristics in Riau province, Indonesia. A comprehensive economic valuation
questionnaire, covering household socioeconomic conditions, ecological information and landscape
characteristics, perception of peatland importance, peatland product collection data, and villagers'
willingness to pay (WTP) for habitat and biodiversity protection, was administered to 200
household representatives (92% confidence) from five villages distributing across distinct
landscapes. The survey took place from May to June 2023. The respondents derived numerous
advantages from the peatlands, culminating in an average TEV of USD 3,174.31 per household per
year. This value predominantly reflects a use value, accounting for 80.85% of the TEV. Notably, the
use value emanates primarily from the provisioning of food through fishing, soil fertility, wild
plants, and animals. However, to a lesser extent, there exists a marginal presence of a non-use value,
encompassing the habitats provided to endemic or endangered species, the preservation of
biodiversity for future generations, and the sanctity associated with forests deemed sacred. The
observed variance in landscape characteristics appears to wield an influence on amounts of benefits
derived from the peatlands. This phenomenon can be attributed to prevailing land use conditions
and geographical distances.

Keywords: total economic value; peatland ecosystem services; landscape; Indonesia

1. Introduction

Peatlands are distinctive ecosystems that contribute significantly to the global carbon cycle and
offer a range of social and economic benefits, including provisioning, regulating, cultural, and
supporting services in which our livelihoods depend upon [1-3]. Indonesia encompasses 13.43
million hectares of peatlands of which 43.58% are located in Sumatra Island [4]. Riau province in
Sumatra obtains the largest extent in Indonesia, covering approximately 3.57 million hectares or
26.58% of the total peatlands [4]. Peatland utilization in Riau spans a significant historical timeline,
evolving from subsistence agriculture to expansive plantations, particularly those dedicated to oil
palm cultivation [5,6]. This progression reflects a dynamic nature of peatland management and
underlies economic importance of peatland ecosystem services (ES) in supporting livelihoods and
contributing to the region's development.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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However, peatlands are now in great danger due to a number of factors. Logging, agriculture,
peat extraction, and infrastructure development are among the biggest threats on a global scale [7,8],
leading to soil erosion, peatland degradation [9], and greenhouse gas emissions [10,11]. Indonesia's
peatlands are also encountering substantial pressures from anthropogenic activities and their
consequences, including habitat conversion, pollution, overexploitation, and water drainage [12-15].
The peat forests and their ES are undergoing significant transformations from such activities as oil
palm plantations, infrastructure construction, and rural development. The rate of loss was estimated
at 2.6% per year in Sumatra and Kalimantan during 2007-2015 [16]. In 2015, enormous peat fires
occurred in Indonesia; damaged over 2.6 million hectares of peatland [17]; emitted 0.884 Gt CO:z [18];
and caused air pollution across several countries in Southeast Asia [19-21]. Moreover, socioeconomic
development — a key underlying driver, accelerates peatland depletion. Increasing demands for
commercial crops such as palm oil and timber incentivize farmers to expand their plantations to meet
market needs. Peatland conversion is inevitable when economic returns are highly expected.

Effective peatland management is needed more imperatively than ever. Several policies and
approaches have been implemented, including landscape-based management e.g., establishment of
peatland hydrological units [22], peatland restoration projects [23], agroforestry [24], and
paludiculture [25]. These initiatives reveal positive outcomes but challenges remain, especially from
low community participation for long-term engagement in management activities [26,27]. Villagers
prioritize household well-being over the protection of peatlands since such priority is more rational
with evident short-term impacts. Without clear and prominent benefits, a decision to change practices
and invest time and effort in management activities is unlikely [27]. Furthermore, multifaceted
landscapes and dynamic livelihoods add to the intricacies of peatland management [28]. Villagers
from various landscapes may perceive ES differently, shaped by their interactions with the local
environment. Enforcement of restrictive rules and regulations in protected area obstructs villagers'
access to the resources, so diminishing accrued benefits and eventually weakening connections
between people and nature — the ecosystem's significance on local livelihoods [29]. Meanwhile, easy
access to a community peatland and oil palm plantations for peatland and forest product collection
illuminates strong dependency and connection. Different perceptions stemming from diverse
experiences within landscape environments influence people's choices between taking action or
doing nothing. Therefore, effective natural resource management requires activities compatible with
local biophysical and socioeconomic contexts [30-33].

Economic value is an estimate of willingness to give up on one thing to obtain a certain good
and service [34]. The magnitude of economic value depends on users’ experiences with nature, their
preferences, and amounts of benefits gained from ES. Economic value reflects how important the ES
is to people, which subsequently determines their perception and action. This study examined the
economic value of peatland ES in Riau province, Indonesia. It accentuated a total economic value
(TEV), which serves as a monetary metric for gauging economic benefits that individuals obtained
from use and non-use interactions with the ES, referred to as a “
respectively. Furthermore, the study investigated relationships between the TEV and landscape
characteristics under different ecological and socio-economic settings, including a protected area,
peat swamp forests, fire-damaged zones, peatland restoration sites, and oil palm plantations. This
assessment enables the identification of factors facilitating effective peatland management through a
comprehensive understanding of people-landscape interactions.

‘use” and “non-use” value,

2. Materials and Methods

2.1. Study Area

This study took place in the Sungai Kiyap - Sungai Kampar Kiri Peatland Hydrological Unit
(SKKI PHU) in the Kampar Regency, Riau Province, Sumatra Island, Indonesia. The SKKI PHU
extends approximately 72,747 hectares of which 27,161 hectares are classified as peatlands. They
consist of commercial farmlands, peat swamp forests, oxbow lakes, and two main rivers i.e., the
Kampar Kanan and Kampar Kiri River. Located in the tropical moist climate, the average temperature
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is 28°C with about 78% relative humidity, and amounts of annual rainfall between 2,000 to 3,000 mm
[35]. Within the SKKI PHU lies the Buluh Cina Nature Recreation Park (BCNRP), spanning about 963
hectares. The BCNRP is a popular tourist destination in Riau, especially for city citizens from
Pekanbaru, the capital city of Riau [36,37]. This popularity is due to its close proximity to the city
(approximately 20 km) and excellent accessibility via well-maintained roads. The main attraction is
captivating landscape views of the lowland rainforest, complemented by a variety of activities such
as river and lake boat tours, fishing, wildlife photography, animal watching, and cultural tourism.
Meanwhile, the BCNRP functions as a nature reserve for peatland ecosystems nourishing great
biodiversity, including protected wildlife such as Rangkong badak (Buceros rhinoceros) and Belida
(Chitala chitala) [38-41]. Local villagers residing in the vicinity access the BCNRP for collecting
peatland products, particularly fish, fuelwood, medicinal plants, honey, wild animals, rattan, and
fruits [42,43].

The SKKI PHU reveals several advantages and challenges for effective peatland management,
including 1) substantial pressures from fires, water drainage, and peatland degradation, 2) potential
development of multi-stakeholder partnerships among government authorities, private sectors, and
community entities, and 3) some existing intervention programs introduced by various actors such
as universities, private companies, and government [23,44,45]. Moreover, a total population of 77,064
[23,35] live inside the SKKI PHU, adding significant pressures on the peatlands due to increasing
demands for lands and resources, especially water. Approximately 57% of the SKKI PHU is used as
farmlands, particularly for oil palm plantations [46]. This land use pattern is expanding due to global
demands for palm oil, putting agriculture and conservation at loggerheads. The study was conducted
in five villages namely Buluh Cina, Gading Permai, Kepau Jaya, Pangkalan Serik, and Sungai Bunga,
located from north to south of the SKKI PHU along the Kampar Kanan and Kampar Kiri River (Figure
1). Extensive peatlands fall within composite property rights regimes, ranging from private
plantations to community forests, the protected area, peatland restoration sites, and public lands
where local villagers accessed for peatland product collection.

750 1,500 km

Legend
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—— River
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[ The BCNRP (963 ha)
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[] The SKKI PHU (72,747 ha)

Figure 1. Study area and villages in the SKKI PHU, Riau Province, Indonesia.
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Peat swamp forests in the SKKI PHU are part of the Sumatran lowland rainforests [46]. The
BCNRP represents lush patches of the old-growth rainforest, riparian, secondary forests, and black
water lakes (Figure 2A), intermixed with smallholder farmlands, specifically oil palm plantations,
scattering throughout the park. Secondary forests, mainly from abandoned farmlands and clear-cut
logging, can be observed inside and outside the BCNRP near water bodies. They created a mosaic
vegetative landscape comprising mature and young trees, shrubs, and vines (Figure 2B). Moreover,
oil palm plantations are the most extensive and prominent land use (Figure 2C), consisting of large-
scale and smallholder operations. One national cooperative is managing massive palm oil production
under a long-term concession in the SKKI PHU. Its approximate planting areas extend over 4,500
hectares with well-constructed infrastructure such as canals, transporting routes, housing, and a
crude palm oil (CPO) mill [47]. Meanwhile, smallholder farmers own and/or lease an average of 1.5
hectares per household for oil palm plantations. Farmers usually sell oil palm fruits at a village co-
operative or a private collecting site where all the fruits are supplied to the CPO production.
Moreover, the river illustrates a complex wetland ecosystem network including numerous
tributaries, oxbow lakes, and riparian vegetation (Figure 2D).

Figure 2. Common landscapes in the study area: A. the peat swamp forest, B. a patch of secondary

forest, C. oil palm plantations, and 4. the Kampar Kanan River and a nearby village — Buluh Cina. The
satellite image depicts parts of the BCNRP and its diverse land use patterns inside the protected area.
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2.2. Scope of the Study

Low participation from relevant stakeholders hinders effective peatland management.
Stakeholders do not fully comprehend intrinsic value of the peatland and direct impacts on their
livelihoods from losing it, instead taking it for granted. Thus, they do not perceive the urgency of
taking any action. Moreover, different ecological, social, and economic settings complicate people-
landscape interplays [48,49]. Landscape characteristics such as land use/land cover [50,51], vegetation
types [52], landscape history [53], sociocultural processes [54], and spatial arrangement [55] play a
crucial role in determining the availability and functionality of the ES. In this study, we focused on
key landscape characteristics within various ecological and socio-economic settings. They illustrate a
spectrum of property rights regimes from private to state properties, common-pool resources, and
open access. The majority of oil palm plantations are privately owned, while some are granted with
usufruct rights for a specific time period, including smallholder and large-scale farmlands. Peat
drainage systems are predominantly found in oil palm plantations, usually under private ownership.
Common-pool resources exist intermixing within the protected area — the state property, such as peat
swamp forests, peatland restoration sites, and peat domes. Enforcement of rules and regulations
occurs to a certain extent to control access. Meanwhile, open-access or public lands such as fire-
damaged zones, rivers, and patches of secondary forests allow free entrance to the resources without
any rules and regulations. These diverse landscape components exert varying influences on ES
provisions. For instance, the peat swamp forests are likely to provide high biodiversity and carbon
sequestration services, compared to fire-damaged vegetation and oil palm plantations. Yet, oil palm
plantations may offer substantial amounts of peatland products to local communities due to their
accessibility.

Figure 3 depicts the scope of the study, including research problems, objectives, methodological
framework, and expected outcomes. We identified key peatland ES following the Millennium
Ecosystem Assessment classification from various landscapes [34]. The TEV consists of use and non-
use values of the peatland. The use value illustrates benefits people obtained from using ecosystem
goods and services, including (a) direct use value representing consumptive use and non-
consumptive benefits; and (b) indirect use value derived from ES that supports or protect an
economic activity, rather than directly providing services or products to people. Meanwhile, the non-
use value refers to benefits obtained without direct or indirect use of the resources, including (a)
option value, illustrating a possible use of the resource in the future both directly and indirectly; (b)
bequest value, illustrating the value people perceived to protect an ecosystem for future generations;
and (c) existence value, derived from the existence importance of a particular ecosystem or species.
The estimated TEV allows stakeholders to better recognize the ES value against other commodities
and actions. Thus, it will help improve public knowledge, awareness, and willingness to participate
in peatland management more actively.
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Figure 3. Scope of the study — the research problems, objectives, methodological framework, and
expected outcomes.

2.3. Data Collection

The study consists of two main parts, namely 1) a comprehensive questionnaire of economic
valuation, together with key informant interviews i.e., village leaders and local administration
officers, and onsite observations; and 2) secondary data acquisition from relevant authorities and
agencies e.g., the Ministry of Environment and Forestry, Nature Conservation Agency, Indonesia’s
Central Bureau of Statistics, NGOs, the Kampar Regency Government, village administration offices,
and universities. Both published and unpublished documents, including organizational reports,
maps, research articles, regional statistics, and online databases were reviewed for data extraction.
Simultaneously, the questionnaire and personal interviews were conducted in May and June 2023.
With a total of 2,755 households in the five villages, the minimum sample size was determined as 96
up to 349 households, following Yamane’s formula [56] at 10% to 5% degree of error, respectively.
Additionally, a recommended appropriate sample size for TEV measurement ranges between 200-
2,500 [57]. We finalized the minimum sample size of 200 households (92% confidence) according to
time, workforce, and budget availability. Subsequently, the number of samples from each of the five
villages was determined by multiplying the proportion of the village’s number of households over
the total number of households with 200.
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The economic valuation questionnaire covers five parts: (1) Respondent’s household
socioeconomic conditions, including personal information and household profile; (2) Ecological
information and landscape characteristics near respondents” premises, including land use types and
distances to key peatland locations (Table 1); (3) Respondent’s perception on peatland importance by
asking them to rate the peatland ES contributing to their household livelihoods on a Likert’s scale
from 1 (slightly important) to 5 (very important); (4) Peatland product collection, including access
frequency, amounts of harvest, and price of peatland products, and (5) Villager’s willingness to pay
(WTP) for habitat and biodiversity protection. The questionnaire was approved by the Center for
Ethic in Human Research Khon Kaen University with Record No.4.3.03:24/2566 and Reference No.
HE663206. Amounts of economic values were computed according to monetary valuation methods
presented in Table 2, and summed up to the TEV. Personal interviews of village leaders and local
administrative officers were conducted to gather baseline data and crosscheck questionnaire data.

Table 1. Definition and description of the variables used for landscape characteristics.

No. Variable Description Type

A Landscape conditions

Whether the household is located in 1.  No
1 Protected area
the protected area 2. Yes
) Peatland restoration Whether the household is locatedin 1. = No
projects a peatland restoration site 2. Yes
. Whether the household is located in 1.  No
3 Fire damaged-zones .
a fire damaged-zone 2. Yes
Whether the household is locatedin 1.  No
4 Peat domes .
an area with peat domes 2. Yes
. Whether the household is located in
Large scale oil palm . . 1 No
5 . an area with large scale oil palm
plantations . 2 Yes
plantations
. Whether the household is located in 1 No
6 Peat drainages . .
an area with peat drainages 2 Yes

B The distance

Near (0 — 2 km)
Intermediate (>2 km <4 km)
Far (> 4 km)

Near (0 — 2 km)
Intermediate (>2 km <4 km)
Far (> 4 km)

Near (0 -2 km)
Intermediate (>2 km < 6 km)
Far (> 6 km)

Near (0 — 6 km)
Intermediate (>6 km <12 km)
Far (> 12 km)

Near (0 — 4 km)
Intermediate (>4 km < 8 km)
Far (> 8 km)

The distance from the household to

1 Center of village the center of the village (km)

The distance from the household to

2 Local
ocal market the local market (km)

The distance from the household to

Peatland f
3 Peatland forests the peatland forests (km)

The distance from the household to

4 Protected
rotected area the protected area (km)

The distance from the household to

5 Ri
e the closest river (km)

el e N Pl F I Bl e

2.4. Measurement of the Total Economic Value of Peatland Ecosystem Services

Table 2 summarizes 14 peatland ES with different monetary valuation methods, including a
market price, avoided cost, benefit transfer, and contingent valuation method. The market price
method was employed to measure the direct use value of peatland goods and services including fish,
wild plants and animals, fibers, medicines, soil fertility, and water usage based on existing market
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prices, multiplied by amounts of the ES utilized. Water price for household use was based on
provincial regulations, and amounts of water required per person were calculated following the
National Standardization Agency of Indonesia (m3/person/year). Meanwhile, water for agriculture
was estimated from an irrigation water price in Petapahan Village, where a provincial irrigation
project exists. We focused on water use for oil palm, coconut, rubber, and rice plantations since these
were the most important agricultural products in the Kampar Regency [35]. The avoided cost method
measured an indirect use value from fire prevention and an existence value of the peatland as
spiritual and sacred forests. Pricing calculation was employed to simulate the value of the sacred
forest if it were converted into an oil palm plantation. An average selling price of oil palm plantations
was derived from household representatives’ responses. Subsequently, the price was multiplied by
an average productive lifespan of oil palms i.e., 25 years.

Moreover, carbon sequestration was quantified using the benefit transfer method based on
available data i.e., carbon credit prices, amounts of peatlands, and a number of carbon stocks at
provincial, national, and regional levels. Amounts of carbon stock from each of the land use types
were converted to tCO2 by multiplying it with a factor of 44/12 [58]. Table 3 presents detailed
information on prices, quantities, assumptions, and data sources needed to estimate economic values
of water usage, carbon sequestration, and sacred forest protection. Lastly, the contingent valuation
method was used to measure non-use values by asking respondents” amounts of WTP for peatland
habitat protection and biodiversity conservation. Household representatives were provided with
information on current status of the peatlands and ES, including threats, management challenges,
and hypothetical conditions in which the peatlands were to be converted to other land use types, so
habitat protection and biodiversity conservation projects were needed. Respondents expressed their
WTP to support these programs from a list of offers, starting from USD 0.5 up to USD 5 per month,
and a blank if they wanted to specify their own amounts of WTP.

Table 2. Peatland ecosystem services and calculation formulas for economic valuation.

No. Ecosystem services Calculation formulas Description

A Use value

1. Direct use value

Fishery

Wild plants and their outputs as
a food source

Wild animals and their outputs " Pi is the market price of product
as a food source " (USD/kg), Qi is the quantity of

. b-3 (Snee ..
Ornamental animals and plants j=1\ & product (kg/year), and j is the

Fibers and other materials household
Medicines and other materials
from wild animals and wild

plants
Qi =Fm; x wt; Fmi is the number of family
Water for households T Z" (Z P x Q-) member, Wti is the water needed
wh j=1\ &< S per people (m3/year)
Q; = Ar; x Wt; x Pl Ari is the area of land for
. n roduction (ha), Wti is the water

Water for agriculture Via = Zn (Z P; x Qi> F\eeded per ;ea)r (m3/ha), and Pli is

mT\E the plant's intensity day per year

N Pi is the market price of product

Sl fetility o = Zn <Z P x Qi) (USD/kg), Qi is the quar.ltaty of

j=1\ & product (kg/year), and j is the

household

i1. Indirect use value



https://doi.org/10.20944/preprints202312.2237.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2023 doi:10.20944/preprints202312.2237.v1

n Eciis the estimated cost of fire
Fire prevention Ver = Z Ec; x Fr; prevention (USD/incident), and
i=1 Fri is the fire frequency.

Priis the carbon prices, Criis the

number of carbon stocks, Ari is

Carbon sequestration V.. =Pr;xCr;x Ar; x Fc; ’
d « PTTET TR the total area of peatlands, and Fai

is the conversion factor.

iii. Option value

WTP is the maximum willingness
. n e
Habltan for . WTP = (Z WT Pi) /n to pay expressed b},’ individual
endemic/endangered species i=1 households, and n is the number
of observations.

B Non-use value

i. Bequest value

WTP is the maximum willingness
C e n o
BlOleG.I'Slty for future WTP = (2 WT Pi) /n to pay expressed by individual
generation i=1 households, and n is the number

of observations.

11. Existence value

Ari is the total area of the sacred
n Ar, x Pr; forest, Priis tbe price of land (oil
Vsr = Z — palm plantation, USD/ha), and n
i=1 is the number of total households
as a population.

Spiritual, sacred and religious
values

Table 3. Prices, quantities, assumptions, and data sources used for economic value measurement.

Ecosy-stem Price Quantity Assumption Data sources
services
Water for Average annual water use
. D/m3 21 Y 1
household 0.80 USD/m 90 m3/people/year per person [59] [60]
Oil palm 21,296 m3/ha/year
3
Wa'lter for 0.0019 USD/m? Coconut 17,520 m¥/ha/year Ar}n'ual water use for [61] [62] [63]
agriculture Rubber 14,221 m¥ha/year specific crops per hectare [64] [65]
Rice 391,495 m?/ha/year
Oil palm 40 tC/ha .
" i:lt’r(:t‘ion 2USDACO:  Rubber 75.71 tC/ha ;iﬁii’;:j‘};eztrjzzz o 166-68] [69]
a Coconut 100 tC/ha P P P
Sacred forest 8,643.61 963.33 ha Y:ijeifetg ?rf:)or Zsrf z)filIt V;’E;e Questionnaire
USD/ha/year ' P data

plantation

2.5. Statistical Data Analysis

Descriptive statistics were calculated to summarize household socioeconomic conditions,
perception, and peatland product collection practices. A range of variables were statistically tested to
examine relationships between ES economic value and landscape characteristics. Two numerical
values (1 for "no" and 2 for "yes") were assigned to determine landscape conditions in proximity to
the respondents' premises, exemplified by inquiries like "Is the household situated within a protected
area?". In order to classify the distance to different locations from the respondent's household, three
distinct values were utilized: "1 = near" "2 = intermediate," and "3 = far" (Table 1). Independent t-tests
were used to compare means of economic values between two groups of different land use
conditions. Meanwhile, one-way analyses of variance examined different amounts of economic
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values across household-peatland distance categories. All the statistical analyses were run on SPSS
version 28 [70].

3. Results

3.1. Household Socio-Economic Conditions and Livelihoods

A total of 200 households described diverse socio-economic profiles. Respondents” average age
is 41.71 years old implying an active labor, capable of engaging in the workforce and contributing to
various economic activities. Gender distribution illustrates traditional societal roles where men
dominated the community and certain household activities such as agriculture, labor-intensive work,
and household voice representation, made up 75% of the survey participants. Meanwhile, women
usually dedicate more time to housekeeping and childcare with less expression outside their
household. The majority of respondents have resided in this area for generations in which
approximately 81% identified themselves as a local, specifically a Malay tribe. Some villagers moved
in from nearby villages and provinces, including migrant workers in oil palm companies.

Villager’s education includes high school (39%), followed by middle school (33%), and primary
school (26%). Higher education is not common in the area since younger generations, pursuing higher
educational opportunities, often migrate to urban cities such as Bangkinang and Pekanbaru in search
of better income and stable jobs outside agriculture, leaving behind their family on a farm. The
average household members are 3.89 of which one to two were considered active laborers responsible
for income generation. This illustrates a single or nucleus type of family rather than extended as used
to be in the past. However, the primary occupation is still based on agriculture (67% of the
respondents), especially oil palm and rubber plantations. Agriculture holds such prominence due to
well-established social networks and communal support systems such as farmer co-operatives and
labor-sharing traditions, molding local farming livelihoods and practices. Yet, subsistence agriculture
has evolved toward commercial-based farming and agroindustry, especially oil palm and rubber
plantations, creating new job opportunities in the area including migrant workers.

Average household income was USD 2,816 per year, falling much below provincial and national
averages (i.e., USD 5,283.33 per year [71] and USD 4,798.12 per year [72], respectively). This income
disparity suggests economic challenges, including low crop productivity, market price fluctuation,
and high production costs, imposed on local villagers, especially farmers. Generally, the respondents
are village members, while a small number served as village heads, religious leaders, local politicians,
village health volunteers, and/or members of community initiatives such as farmer’s groups and
customary institutions. These people gain better access to information, knowledge, and funding
sources from outside agencies. Figure 4 summarizes respondents’ socio-economic profiles.
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Gender Age Community role Ethnicity
mMale = Female m20-40 m41-55 = >56 mNo mYes mMalay mBataknese = Javanese = Others
Laborers Residence Household members Income
m<2 m24 >4 m<20 m20-50 »>50 m<3 m3-7 n>7 ®m<2,000 =2,001-4,000 4,001-6,000 >6,000

Education Occupation

1

10

39 Average
9.37
years
33
mNo mPrimary Middle High Bachelor mFarmer = Wage labor = Fisherman  Business

Figure 4. Socio-economic conditions and livelihoods of survey respondents (% of responses).

Approximately, two-third of the respondents held legal ownership: a title deed, over their lands.
Meanwhile, 35% obtained a certificate of exploitation with granted usufruct rights without secure
ownership, and 2% rented lands for farming activities. The average farm size is 1.57 hectares per
household, and farmlands are usually located in peripheral areas of a residential zone. Some
respondents lived inside the BCRNP, all of them from the Buluh Cina village. Establishment of the
BCRNP requires them to follow certain rules and regulations, such as the Conservation Act No. 5 of
1990 and Forestry Act No. 41 of 1999, which prohibit them from engaging in activities inside the park.
Although access to the protected area is limited, villagers can still access nearby secondary forests
and oxbow lakes for fishing and collecting peatland products, such as seasonal fruits, fuelwood,
medicinal plants, honey, mushrooms, and rattan. Approximately, 89% of the households were
located near peat drainages (avg. 0.2 km distance), including canals and ditches built as part of a
village irrigation system to drain water outside, making such areas possible for plantations.
Moreover, 81% were located in close vicinities of fire-damaged zones. Wildfires occurred in 2015 and
2019, and affected nearly 129 hectares of peatlands. Subsequently, a peatland restoration project was
introduced by the Ministry of Environmental and Forestry through the Natural Resource
Conservation Agency (BBKSDA) — the main governmental authority responsible for the BCRNP
management in collaborations with several agencies and community groups with special purposes
(KHDTK) Kepau Jaya. The project aimed to restore fire-damaged peat swamp forests by planting
multiple native trees such as balangeran (Shorea balangeran), geronggang (Cratoxylum arborescens), and
gelam (Melaleuca cajuputi). These native vegetations are now recovering. Approximately 72% of the
respondents said they lived near the restoration sites.

Nearly 78% of the respondents lived in or around oil palm plantations of different stages,
including newly established plantations (within 1-4 years), mature and productive palms (> 4 years),
and abandoned unproductive patches (> 25 years). This mosaic landscape depicts oil palm farm-
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based livelihoods. Local communities actively engage in various components of palm oil production
including planting, harvesting fruits, processing, transporting palm oil products, and replanting the
palms. These land use activities have shaped land cover, landscape conditions, and ES provisioning
in the area. Lastly, approximately 73% lived near peat domes, located throughout the SKI PHU with
average peat layer thickness of 1-3 m, less vegetation coverage, and limited access permission. Large
peat domes are located near Buluh Cina, Kepau Jaya, and Sungai Bunga covering 10,866.24 hectares.
Figure 5 illustrates different land use conditions near the respondents’ homestead.

Inside protected area
Peatland restoration projects

Fire damaged zones

mYes
No

Peat domes

Oil palm plantations

Peat drainages

0 20 40 60 80 100
Percent

Figure 5. A list of land use conditions near the respondent's homestead.

3.2. Access to the Peatland and Product Collection

Accessing peatlands for product collection constitutes an integral part of community livelihoods
in villages across the SKKI PHU. The majority of respondents (43%) engaged in this practice for
household consumption, 38% for commercial purposes, and 19% for both household consumption
and income generation. Secondary forests and oil palm plantations are the first two locations
frequently visited by villagers for peatland product harvesting (Figure 6) since they are distributed
throughout the area with easy access, available products, and minimal enforcement of rules and
regulations when compared to the protected area. Although the river is open to everyone, it is
infrequently accessed. Basically, a group of villagers living nearby used it for fishing, domestic water
use, irrigation, and transportation. Meanwhile, access to peat swamp forests located in specific areas,
especially ones inside the BCNRP, is limited due to enforcement of rules and regulations and long
distance for villagers from other villages, except the Buluh Cina village.

Figure 7 depicts distances from respondents” households to main locations in a village within
averages of 2.0 km, except a distance to the protected area. A close distance to the village center allows
villagers to conveniently access educational facilities, healthcare services, transportation, government
centers, and communal spaces. Similarly, a close proximity to local markets helps villagers to have
easy access to market goods and services either as a seller or buyers. Over half of the respondents
(59%) reported living near a local market, including a daily market with permanent structures and a
weekly market with extended open spaces for temporary stalls. These markets draw not only local
residents but also people from neighboring villages. Many villagers sell their peatland products,
including fish, wild plants, wild animals, honey, and various seasonal fruits here.
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Figure 6. Frequently access locations for peatland product collection.
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Figure 7. Distribution of distances to various locations from the households.

3.3. Total Economic Value of Peatland Ecosystem Services

Table 4 exhibits a list of peatland ES and its economic value. Approximately, 80.85% of the TEV
illustrate use value, including direct and indirect benefits obtained by households. This finding
shows a similar picture with prior research studies conducted in Indonesian peatlands, underlying
the importance of use value, especially from fisheries and oil palm plantations [73,74]. Fish accounted
for the highest amount of the use value and TEV with average USD 807.56 per household per year,
or nearly 30% of the household’s annual income. This emphasizes the crucial role of peatlands in
providing ecosystem goods and services, especially fish and other aquatic plants and animals, that
subsequently support local livelihoods. Fishing activities usually take place in riverside villages i.e.,
Buluh Cina, Kepau Jaya, and Sungai Bunga, with the majority of Malay descendants and deep
fishermen root and culture [75]. Each year nearly 50 tons of fish are locally traded, generating
essential cash income for households through direct sales or fish processing (e.g., dried fish, fish
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crackers, and fish shredded), while saving large amounts of household spending from fish
consumption. Common fish species captured include baung (Mystus nemurus), baung pisang (Mystus
micracanthus), ingir-ingir (Mystus nigriceps), baung geso (Mystus wyckii), sengarat (Belodontichthys
dinema), selais (Krytopterus palembangensis), selais budak/Lais padi (Krytopterus schilbeides), and tapah
(Wallago leeri).

Furthermore, soil fertility, specifically for oil palm, rubber, coconut, and rice cultivations, was
estimated the second highest amount of the TEV with average USD 708.96 per household per year,
approximately 36% of the total use value. Oil palm plantations were estimated around 41,414 hectares
of which 30,332 hectares were part of industrial oil palm plantations and 11,082 hectares of
smallholder oil palm plantations [46]. These accounted for 57% of the SKKI PHU's total area, the
largest proportion among other cash-crop plantations. Growing global demands for oil palm
products drive farmers to increase their productivity, and farmland expansion into nearby peatlands
is inevitable. Conversely, collection of mushrooms and wild plants (e.g., fiddlehead ferns, cassava
leaves, and taro) for food, ornamental and medicinal purposes, fibers, and other products contributed
only minor proportions to the TEV. A similar pattern was observed in wildlife hunting, including
birds, wild boar, jungle fowl, and honey. Decreases in game hunting may result from wildlife
population reduction due to habitat conversion and deforestation. Meanwhile, water provisions for
agriculture and household use were estimated at USD 63.77 and USD 57.82 per household per year,
respectively.

Indirect use value of the peatlands involves fire prevention and carbon sequestration. Fire
prevention exhibits a natural mechanism curbing outbreaks and fire escalation, thereby safeguarding
not only the peatland but also surrounding environments. The waterlogged nature of peatlands
establishes a built-in barrier against fires [76]. The government's budget allocation on peatland
protection and fire damage compensation is one measure of its economic value. Averaged amounts
of USD 69.85 per household per year (12.06% of the indirect use value) imply a financial commitment
to averting fire-related crises and consequential losses villagers encountered. Moreover, the
peatlands’ carbon sequestration was estimated at USD 509.49 per household per year, accounting for
87.94% of the indirect use value, underlying its importance in climate change mitigation. Finally, non-
use value accounted for 19.15% of the TEV of which an existence value associated with spiritual,
sacred, and religious significance of the peatlands was measured at USD 604.48 per household per
year or nearly 100% of the non-use value. It demonstrates cultural and emotional connections
between people and the peatlands. Meanwhile, bequest values, estimated by measuring villagers’
WTP for biodiversity conservation for future generations, were accounted for less than 1%. Amounts
of WTP depend on villagers' preferences and socioeconomic backgrounds [77]. Although villagers
may perceive clearly the peatland's importance as biodiversity reserves for future generations, when
comes to actual payment villagers made decisions based on their current conditions, especially under
an income constraint. This reveals a time preference action when short-term benefits outweighed
uncertain returns in the long run.

Table 4. Total economic value of peatland ecosystem services.

. Value
No. Peatland ecosystem services (USD/hh/year) Percent

Use value 2,566.44 80.85
i Direct use value 1,983.83 77.30
1. Fishery 807.56 40.71

2. Wild plants and their outputs as a food source 104.48 5.27

3. Wild animals and their outputs as a food source 153.67 7.75

4. Ornamental animals and plants 36.28 1.83

5. Fibres and other materials 22.86 1.15

6. Medicines and other materials from wild animals and wild plants 28.44 1.43

7. Water for households 57.82 291

8. Water for agriculture 63.77 3.21
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9. Soil fertility 708.96 35.74
ii  Indirect use value 579.33 29.20
1. Fire prevention 69.85 12.06
2. Carbon sequestration 509.49 87.94
iii  Option value
1. Habitats for endemic/endangered species 3.28 0.13
Non-use value 607.88 19.15
i Bequest value
1. Biodiversity for future generation 3.4 0.56
ii  Existence value
1. Spiritual, sacred and religious values 604.48 99.44

Total economic value 3,174.32 100

3.4. People — Peatland Landscape Interplay: Ecological and Socio-Economic Settings Determining Amounts
and Economic Value of Ecosystem Services

Peatlands provide varieties of ES with substantial amounts of economic value. The estimated
TEV of USD 3,174.31 per household per year is nearly 1.5 times larger than the average annual income
(USD 2,816 per household per year). The direct use value alone generated 70.44% of the household
income and added up 12.27% to it from saving household expenditure. However, these collective
amounts of benefits are likely overlooked, making peatland protection a priority after other land use
activities such as agricultural expansion, infrastructure construction, and land development.
Deforestation and peatland degradation can be expected, which in return exacerbate peatland ES
provisions and local livelihoods. In this section, we reveal people and peatland landscape interplays
reflecting on how ecological and socio-economic settings influenced amounts and economic value of
the ES.

Independent t-tests compared the means of TEV obtained by households between those were
located inside/near vs. outside/far from different ecological landscape settings namely 1) the
protected area, 2) peatland restoration sites, 3) fire-damaged zones, 4) peat domes, 5) oil palm
plantations, and 6) peat drainage canals and ditches. These ecological settings superimpose upon a
range of property rights regimes that to a certain degree determine user perceptions and actions. The
average TEV obtained by households located inside or near the protected area was significantly
higher than what benefited those living outside (Table 6). The BCNRP is protected in which certain
activities i.e., logging and large-scale agriculture, are strictly prohibited. However, villagers can
access nearby secondary forests and oxbow lakes for fishing and collecting peatland products, such
as seasonal fruits, fuelwood, medicinal plants, honey, mushrooms, and rattan, generating large
amounts of use value. A similar pattern was observed between a group of villagers who lived near
vs. far away from fire-damaged zones. Succession is taking place where certain fire-resistant species
such as mushrooms and fiddlehead ferns reoccupied the fire-damaged areas extensively, providing
great sources of food and fibers. Access to the fire-damaged zones is also open to everyone. Moreover,
households inside or near fire-damaged zones received damage compensation from the government,
which added up to the TEV.

On the other hand, respondents who lived near peatland restoration sites, peat domes, and peat
drainages gained smaller amounts of the TEV than those who lived farther away. Restoration efforts
such as rewetting and revegetating temporarily prohibit certain activities, especially peatland
product collection and farming, limit villager’s access, and subsequently reduce economic benefits.
Meanwhile, peat domes are prone to wildfires, resulting in strict enforcement of rules and
regulations, which lessens villager’s access for peatland product harvesting and farming activities.
Lastly, peat drainage infrastructure construction i.e., canals and ditches altered hydrological and
ecological conditions in the area and its vicinities, directly affecting ES provisions, especially fishery
and water resources.
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Table 5. Comparison of averaged total economic value from different peatland landscape conditions
near the respondent's households.
Landscape Main No, I didn’t live inside/near Yes, 1 lived inside/near
No. .. t p-value
condition PPRs Mean SD Mean SD
1 Protected area S 2,549.43 2,965.07 6,454.91 2,378.79 -8.158 <0.001
2 Restorationsite S, C 4,333.70 2,765.48 2,723.44 326931 3.259 0.001
3 Fire damaged-zones O 2,214.21 2,639.55 3,399.52 3,299.34 -2.064 0.040
4 Peat domes S, C 4,452.89 3,386.90 2,701.41  3,022.59 3.520 <0.001
5 Oil palm plantations P 3,637.95 4,711.55 3,043.54 2,648.13 0.802 0.426
6 Peat drainages P 4,938.32 2,329.73 2,956.29 3,244.05 2.776 0.006

Note: PPRs = property rights regimes, P = private land, C = common property, S = state property, O = public
land/open access.

In addition to t-tests, we ran one-way analyses of variance (one-way ANOVA) and Games-
Howell post hoc tests to investigate how different distances from a household to certain locations
influenced the TEV (Table 7). Distances to a village center, to peatland forests, and to the protected
area affected amounts of ES obtained by households, demonstrating significant differences in the
TEV. Households located near a village center accumulated higher amounts of the TEV than those
located farther away. The village center usually serves as a hub for social interactions and community
networks, fostering knowledge-sharing, cooperation, and collective resource management. As
residents became more informed, cooperative, and engaged in resource management, they hold a
better position to utilize and conserve ES effectively. Well-developed basic infrastructure and
facilities, encompassing education, transportation, and information, in proximity to the village center,
promote economic activities, especially trading. Roads and bridges allow easy access to the peatlands
and markets, triggering resource exploitation. They are considered the key basic infrastructure for
palm oil production and other agricultural activities, allowing quick and easy transporting of
products from production sites/farms to markets and customers. Meanwhile, access to information
helps villagers make better decisions and act accordingly. Receiving information on fishing peak
season and environmental conditions (weather and river water level) allows fishermen to better
decide whether to go out fishing or stay. Furthermore, access to market information, especially
demands and prices, is very helpful for fishermen to plan their catches and supplies to the market.

The TEV obtained by villagers residing near peatland forests e.g., peat swamps and secondary
forests, was significantly higher than those living farther away. Peatland forests, especially swamp
forests, provide great habitats for various aquatic and terrestrial species. The waterlogged nature
creates diverse aquatic habitats for fish and other aquatic animals. Many fish species depend on peat
swamp forests for their spawning and hatching. Moreover, many plants such as bamboo (Bambusa
sp), rattan (Calamus sp), pandan (Pandanus sp), and rengas (Gluta sp) grow in peat swamps, serving
as sources of food, fiber, medicine, and construction materials. Villagers living near peat swamp
forests usually possess traditional knowledge to harvest them. One-way ANOVA confirmed
residents situated near the protected area obtained greater amounts of the TEV than those residing
far away. Although access to pristine forests inside the protected area is limited, villagers still go to
secondary forests or oxbow lakes for fishing and peatland product collection. Furthermore, living
near the park enables villagers to uphold robust connections with their ancestral land and heritage,
thereby preserving their culture and traditions, and fostering a sense of belonging. Respondents
living in/near the park expressed greater amounts of the WTP compared to those residing in longer
distances, resulting in higher TEV.
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Table 6. Different amounts of TEV of peatland ecosystem services across different distance classes
from various locations to the respondent’s household.
No. Variables Moan TEV SD F p-value
1 Center of village
Near (0 -2 km) 3,576.872 3,541.00
Intermediate (>2 km <4 km) 1,925.550 1,101.69 4.433 0.013
Far (> 4 km) 2,180.26° 1,938.53
2 Local market
Near (0 - 2 km) 3,201.59 3,288.55
Intermediate (>2 km <4 km) 3,125.18 3,348.17 0.012 0.988
Far (> 4 km) 3,179.18 1,855.47
3 DPeatland forests
Near (0 - 2 km) 3,774.70a 3,855.34
Intermediate (2.1- 6 km) 2,300.69° 1,752.95 5.040 0.007
Far (> 6 km) 2,456.52° 1,655.47
4 Protected area
Near (0 — 6 km) 7,405.622 4,038.62
Intermediate (>6 km <12 km) 2,162.75v 1,875.79 76.442 <0.001
Far (>12 km) 1,826.30° 1,347.37
5 River
Near (0 - 4 km) 3,324.80 3,309.25
Intermediate (>4 km <8 km) 2,617.87 840.40 2.669 0.072
Far (> 8 km) 1,170.10 1,118.11

Note: Different superscripts (224 ") represent significant variations between groups at the 0.05 level based on
Games-Howell post hoc paired comparisons.

4. Discussion

The study yields compelling evidence of peatland contributions to local livelihoods reflecting in
substantial economic value. The findings align with previous research in various provinces in
Indonesia, especially provisioning and regulating services i.e., food, freshwater, raw materials,
timber, and carbon sequestration [73,78-86]. Provisioning services provide basic necessities for a
good life; while regulating services check and balance the entire ecosystem from local up to global
scales, constituting to good life, security, and health [34,87,88]. Peatland is one of the global
ecosystems that largely sequesters carbon, estimated approximately 0.37 GtCO: yearly, regulating
the global climate [89]. Degradation of peatlands signalizes deterioration of such provisioning and
regulating services, posting direct impacts on our wellbeing. Our research exhibits the amount of
economic value each household (USD/household/year) gained from the peatlands, depicting
importance of peatland ecosystem services that support the livelihoods of local communities.

The proximity to different peatland locations with various ecological and socio-economic
characteristics influences the economic value of peatland ES. Certain ecological and socio-economic
settings enhance and/or limit economic benefits due to site accessibility and resource availability. A
study in Indonesia's Giam Siak Kecil-Bukit Batu Biosphere Reserve revealed different economic
values between forest-dwelling communities in core and buffer zones. Smaller amounts of economic
value generated from the core zone were based on valuable non-timber forest products (NTFPs),
whereas benefits from the buffer zone basically came from fisheries and logging. Communities near
the Merang Kepayang peat swamp in South Sumatra obtained higher benefits from water resources
for household consumption and transportation than villages located farther away [90].

Understanding comprehensive interplays between people and peatland landscapes requires
consideration of ecological and socio-economic contexts on a broader scale. While previous studies
usually focused on specific landscapes e.g., fire-damaged areas, protected areas, and plantations
[77,91-93], or particular types of ES e.g., carbon storage [86] and collection of oil palm fruits, rubber
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latex, and NTFPs [74,74,84,85,93,94], our study included the extensive array of landscape
characteristics with different land use conditions, property right regimes, and geographical distances
from user households to the source and key community locations. We observed interchangeable
influences among ecological and social economic settings. Ecological conditions primarily determine
resource abundance and availability, but accessibility either a physical distance or property rights
regimes finalizes amounts of accrued benefits. A short distance to peat swamp forests and protected
area makes nearby communities easy and regular access to ecosystem goods and services, because
villagers spend less time and effort obtaining resources. Household dependence on the resources
decreases with increasing distances from the resource base to households [95-97]. Although
protected area relatively contains pristine ecosystems and high biodiversity, implying plentiful
resources, strict enforcement of rules and regulations limits user access so lessening amounts of
benefits. However, our study reveals otherwise due to implementation of community-based
protected area management where villager access for farming, NTFP collection and fishing is
permitted inside the park. Rules and regulations are flexible to match local conditions and prevent
land use conflicts. This practice compromises between ecosystem protection and livelihood
maintenance, incurring both tangible and intangible profits to the locals.

Substantial benefits from the protected area — the compound of peatland ecosystems, including
peat swamp forests, oxbow lakes, and forest-farm interfaces, under the protected area co-
management, constituted the greatest TEV. Nonetheless, we observed concerning evidences of illegal
logging, land encroachment, and agricultural expansion, specifically oil palm plantations inside the
park. Thus, clear spatial demarcation, land use zoning and robust enforcement measures to safeguard
ecological integrity are needed [98]. Pristine habitats require rigorous protection with limited access,
especially for direct exploitation such as farming, grazing, and harvesting of peatland products — the
core zone boundary. Meanwhile, adjacent areas can be designated as a buffer — the buffer zone, where
community activities are allowed to reduce tension for land use and resource needs but with
integration of sustainable agriculture and agroforestry.

Active engagement of local communities in peatland conservation and protection is also of
paramount importance. Local communities are expected to work with local and national
governments to ensure better management and sustainable use of natural resources since they are
familiar with the area and know what they need with local wisdom and knowledge. Participatory-
based management empowers residents in decision-making in land use management as evidenced
in several community forestry programs [99]. However, adequate support from relevant authorities
is needed, especially capacity building and benefit-sharing arrangements such as community
workshops, outreach programs, and integration of local ecological knowledge, to incentivize
community participation in peatland stewardship, including [27,100]. The substantial economic
importance of peatlands presents itself for the exploration of economic diversification. This
encompasses the promotion of alternative livelihoods, including ecotourism, aquaculture, and
sustainable agriculture, aiming to reduce household’s dependence on peatland resource extraction.

Finally, given the significant value from carbon sequestration revealed in our findings, it is
important to integrate economic valuation of peatlands into broader climate change mitigation and
adaptation strategies. Effective peatland protection can help reduce enormous greenhouse gas
emissions. Quantified economic value of provisioning services, carbon sequestration and others can
inform policy makers to make long-term commitment on peatland conservation and protection,
against short-term benefits from land development [101,102]. Additionally, knowledge exchange
through research dissemination and capacity-building programs is a key to empowering local
communities and stakeholders to make decisions that support peatland conservation. Initiatives to
integrate scientific findings with indigenous knowledge systems through participatory approaches
have shown promise in fostering sustainable peatland management [103]. By elucidating tangible
long-term benefits provided by the peatlands, we can prevent taking them for granted and motivate
urgent efforts from all stakeholders to ensure their sustainable functions amidst growing pressures.
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5. Conclusions

Our study reveals substantial economic benefits provided by peatland ecosystems in Riau,
Sumatra, Indonesia. The total economic value was estimated USD 3,174.31 per household per year,
approximately 1.5 times higher than the average household income. Provisioning services, especially
fisheries, constituted the bulk of use value that directly support local livelihoods. This quantifiable
reliance signifies vital connections between people and peatlands. Proximity to intact peat swamp
forests further enables more efficient capture of provisioning services. However, degradation can
disrupt this relationship and the flow of benefits. Therefore, effective management is crucial through
key strategies namely spatial zoning and protected area co-management to balance conservation and
livelihood maintenance by fostering local stewardship. Illuminating the tremendous economic values
at stake, this study underscores the needs to preserve precious peatland ecosystems before their
services that sustain communities are jeopardized.

To better understand the full economic value of peatland ES, further research studies are needed.
Investigating economic benefits of regulating services such as flood mitigation, pollination, erosion
protection, and water purification is suggested. Many of these services are not marketed and their
connections to ecosystem functions are poorly understood. Quantifying their value can provide a
more comprehensive perspective. It is also important to integrate cultural, spiritual, and aesthetic
values into economic valuation of the peatland ES. Capturing these intangible values can foster
stronger community stewardship because they encourage a sense of belonging and responsibility.
Moreover, long-term monitoring of ecosystem services and economic value is important to discerning
drivers of change, assessing resilience, and evaluating policy effectiveness for optimized
management. Comparative analyses across diverse peatland types such as coastal, brackish, and
freshwater peatlands can reveal distinct ecological and socio-economic factors that determine
economic value. This can delineate general patterns versus context-specific determinants to inform
tailored management strategies adaptable across settings.
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