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Abstract: Ecosystem services in oil palm plantations owned by smallholders in four villages in
the Riau Province, Indonesia were identified and valued. Nine provisioning, three regulating and
maintenance, one cultural ecosystem service, and a single ecosystem dis-service, were identified from
interviews with 62 farming households. Direct and indirect market valuation methods were used
to estimate the total economic value (TEV) of these services, which averaged USD 6520 ha−1 year−1

(range = USD 2970–7729 ha−1 year−1). The values of provisioning services were USD 4331 ha−1 year−1

(range = USD 2263–5489 ha−1 year−1), regulating and maintenance services were valued at USD 1880
ha−1 year−1 (range of USD 707–3110 ha−1 year−1), and cultural services were USD 309 ha−1 year−1.
We conclude that identifying and valuing ecosystem services offers an opportunity to improve the
environmental and economic sustainability of smallholders in oil palm landscapes in Indonesia.

Keywords: ecosystem services; oil palm; smallholders; Indonesia

1. Introduction

Oil palm cultivation and expansion pose significant threats to biodiversity and contribute to
large amounts of greenhouse gas emissions, leading to global climate change [1–5]. Simultaneously,
increasing global demand for palm oil in industrial applications and food processing makes it
economically attractive. The Indonesian and Malaysian governments have promoted the expansion of
oil palm by providing policy support to both large- and small-scale producers. Currently, these two
countries supply more than 85% of the world’s palm oil production.

In 2016, Indonesia was the leading palm oil producer with 36 MT produced from approximately
six million hectares. Agriculture contributes 12.8% (USD 133.8 billion) to Indonesia’s GDP of USD
1.04 trillion [6]. Palm oil contributes the second largest share, after rice, to the country’s agricultural
economy. High returns on investment has resulted in the growth of the palm oil industry, which
in turn has contributed significantly to rural economic development and poverty alleviation [7,8].
The importance of this is underlined by the fact that 40% of oil palm growers are smallholders.

The economic and environmental risks associated with monocultures are well known
globally [9,10]. Shifts in economic, environment, or policy settings (e.g., declining crop prices,
or changes in global demand) have the potential to significantly impact smallholder livelihoods. Such
shifts are in addition to the current and ongoing risks that oil palm-dominated landscapes pose to
the environment. A continuation of the current economic policies which promote the expansion and
intensification of oil palm cultivation in Indonesia has been questioned in terms of sustainability, and
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of the well-being of smallholders [11,12]. Therefore, there is a need to examine the current landscapes
dominated by oil palm cultivation so that diversified landscapes, that can provide diverse livelihoods
and better protect the environment, can be developed.

Tropical forests in South East Asia are disappearing at an alarming rate and their very existence is
threatened by the expansion of oil palm plantations in some places [13]. The conversion of natural and
lightly disturbed forests to plantations often leads to declining ecosystem functions and services [14,15].
More generally, it is now understood that ecosystem services and benefits to human beings that
are provided by managed and natural ecosystems are being degraded rapidly worldwide [16,17].
In particular, changes in land cover have the potential to accelerate reductions in the capacity of
ecosystems to support life through the provision of goods and services [18,19].

In the context of this research, managed oil palm plantations increase economic benefits, though
they do so at the cost of diminished ecosystem services [20]. Because of the trade-offs between the palm
oil industry and the environment, investigations into the impacts of oil palm cultivation on biodiversity
have become research focuses [21,22]. The ecosystem services approach is considered an appropriate
methodology to address environmental sustainability in rural landscapes [23,24]. Recently, attention
has been focused on the impact of oil palm plantations on changes in biodiversity and greenhouse
gas emissions, but much less is known about other ecosystem services associated with oil palm
cultivation [25]. Consequently, the scientific literature on the full range of ecosystem services generated
by oil palm-dominated landscapes is scant and this is impeding the urgent need to understand the role
of oil palm cultivation in supporting smallholder livelihoods.

Therefore, the objective of the research reported in this paper is to identify and value the range
of ecosystem services generated by four villages with oil palm-dominated landscapes in the Riau
Province in Sumatra. We used household-level data from four villages in the Riau Province, drawn
from a detailed analysis of these four villages [26].

Ecosystem Services and Agricultural Landscapes

Agricultural activities utilise about one-third of the earth’s surface to meet the demands of a
growing global population [27]. Though agricultural land is primarily used to produce crops and
livestock for food, it also provides other services, such as fibre and biofuel production, opportunities
to store carbon, on-farm biodiversity, and aesthetic and recreational opportunities [28,29]. However,
intensive agriculture often results in the loss of ecosystem services at both the farm and landscape
scales. A substantial number of literature documents research into ecosystem services in agricultural
landscapes [30–32]. Within this body of work, information on the impacts of—and dependencies
on—ecosystem services in the oil palm plantation sector is limited [25].

Almost all of the palm oil produced globally is from plantation agriculture [33]. The rapid
development of oil palm plantations in Indonesia has resulted in significant land cover change [34].
The conversion of rainforests and peatland forests to oil palm plantations has resulted in losses in
biodiversity and ecosystem services [35,36]. Oil palm plantations have also replaced other forms of
agriculture in Sumatra (e.g., rubber plantations and rain-fed rice cultivation). Oil palm plantations
clearly produce significant economic value in terms of cash income for smallholders, who work
their own small plantations and large estates, managed by national and multinational corporations.
However, the production of oil palm also generates trade-offs, particularly those that are not yet
valued in formal markets. For example, it degrades water and soil quality, which reduces the value of
water regulation and soil protection services [37]. Nonetheless, oil palm plantations can also enhance
ecosystem services such as carbon sequestration and soil protection, if they are planted on land that
was not previously forest or peatland [21].

Conserving both ecosystems and their services is critical for economic development and poverty
alleviation, as the livelihood and wellbeing of many people depend on biodiversity and ecosystem
services [38]. Biodiversity is essential for the provision of many ecosystem services that are important
for human well-being [39]. However, it is threatened by increasing global economic activities.
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Of particular relevance to this research are the threats from agricultural expansion [40–42] and
agricultural intensification [43,44]. Current agricultural practices affect ecosystem functions, which in
turn affect ecosystem services, and often result in lower yields [45–47].

2. The Ecosystem Services Framework

The United Nations-led Millennium Ecosystem Assessment classifies ecosystem services as
provisioning, regulating, cultural, and supporting services [17]. This classification is a holistic concept
which is best elucidated in these four categories. However, in decision-making contexts in which the
economic valuation of ecosystem services is required, it is not the most appropriate classification because
of the double counting of some services [48,49]. Wallace [50], having used the MEA classification
extensively, proposed three levels of classification, namely, ecological processes, ecosystem services or
end services (i.e., what is valued), and benefits. However, he argues that only end services should
be used in valuation. Boyd and Banzhaf [51] consider services as end products of nature, instead
of benefits, which should be included in economic valuation. Fisher et al. [48] use final benefits
(e.g., drinking water, water for irrigation, and water for hydroelectric power) which can be valued
in economic terms. However, due to the complexity of ecosystems, a consensus is still lacking on a
coherent and integrated approach to ecosystem services assessments. Research efforts to address this
are ongoing [52]. The United Nations Environmental Program (UNEP)-led initiative, widely known
as the Economics of Ecosystems and Biodiversity (TEEB), facilitates the uptake of science and policy
responses in an attempt to halt the decline in ecosystem services by capturing the economic value
of ecosystem services in national accounts. Standardization in describing ecosystem services is a
requirement if these values are to be captured by ecosystem accounting methods. This has led to the
development of a Common International Classification of Ecosystem Services (CICES) by the European
Environment Agency (EEA). CICES identifies three categories of ecosystem services—provisioning,
regulation and maintenance, and cultural.

In the current study, the final benefits scheme, proposed by Fisher et al. [48] was used to measure
the economic values of ecosystem services in the oil palm-dominated landscapes being investigated.
As the focus of this study is at the landscape scale, where there are other landscape elements besides oil
palm plantations, the final benefits provided by ecosystem services associated with these landscapes
have been grouped into the four categories provided by the TEEB typology. These final benefits can be
classified as private or public goods. All farming activities undertaken in these oil palm-dominated
landscapes are at a local scale and the resulting ecosystem services benefit farmers as a private good.
Other ecosystem services, whose property rights are less well-defined (e.g., those associated with
water, soil, and carbon), and which contribute to regional or global ecosystem services, are considered
as a public good.

3. Study Area and Methods

3.1. Study Area

The Riau Province, in Sumatra, covers approximately 8.9 million ha, as shown in Figure 1. Much
of the province comprises either fairly flat or undulating, hilly terrain [53,54]. Coastal peat swamps
extend inward for about 240 km and also cover large parts of the Rupat and Bengkalis Islands, which are
part of the Riau Province. Myers et al [55] included Sumatra as part of the Sunda Lowland biodiversity
hotspot, and UNESCO declared the tropical forests of Sumatra a world heritage environment in 2011.
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Figure 1. Riau Province, Indonesia, showing agro-ecological zones, district and sub-district boundaries,
and the four study sites—Bunga Raya, Kerinci Kanan, Tapung, and Ujung Bat.

Riau was selected for this research because it has the largest oil palm area of any of Indonesia’s
34 provinces and because of the lead author’s familiarity with the region’s agricultural economy. Oil
palm plantations in the Riau Province account for 21% of the national oil palm estate. All forms
of cultivation account for 49% of land in the province [56], the majority (94.7%) of which are some
form of plantation [57]. Oil palm is the major estate crop in terms of area and production. Its area
increased from 1,673,500 ha (2008) to 2,489,957 ha (2018), which resulted in a 33.3% increase in the
tonnage of palm fruits harvested [58]. In 2018, the total area of coconut and rubber—the next most
important plantation crops after oil palm—were 422,595 ha (17% of oil palm area) and 484,071 ha
(19.5%), respectively [58]. Forest cover in Riau has declined from 63% (1990s) to 25.4% in 2018 [58,59].
Simultaneously, the locus of oil palm cultivation shifted from the west of the province to the east, where
most peatlands are located. The loss of forest has been ascribed to inward transmigration and a shift in
preference from traditional agriculture to plantations, mainly oil palm and rubber. Non-plantation
crops are dominated by dryland and wetland paddy rice (93,755 ha cultivated; 365,293 t harvested),
and maize (12,231 ha; 30,765 t). The areas of all other crops in 2018 was < 3000 ha and, apart from
cassava, production was less than < 7000 t in total [58,59].

The province’s population was 6,971,750 in 2019 [60]. The national transmigration program (TMP)
has strongly influenced population and land use in Riau. Under the TMP, large numbers of people
migrated from Java between 1968 and 1988 to facilitate development in these sparsely populated
areas, such as Sumatra, Borneo, and Irian Jaya [61], reduce population pressure in Java, and promote
national integration and security [62]. Transmigrants were given land to grow crops that were key
to the national economy, such as oil palm, and the program has been considered as an important
driver of forest loss [63]. Susanti and Burgers [64] discuss the chronology of the stages in the national
transmigration project. They noted that the stage that targeted oil palm plantations in the 1980s led to
an increase of 35,626 transmigrant households in Riau between 1979 and 1983, which reached a peak of
20,000 new households in 1988–1989 in Riau. In total 142,598 transmigrant households were established
in Riau between 1969 and 2013 [60]. Some of these transmigrants came to work in the forestry sector in
the early 1970s and then shifted to oil palm cultivation as forestry declined. This added to the rapid
increase in oil palm plantations in Riau. This in turn triggered another influx of spontaneous, rather
than planned, migrants [61]. Based on the 2010 national census, about 15.5 million transmigrants have



Land 2020, 9, 194 5 of 22

entered Sumatra, of which 1.4 million are in Riau. Two of the four villages sampled have significant
transmigrant populations (Bunga Raya and Kerinci Kanan), as shown in Figure 1.

3.2. Sampling

A detailed “interview” schedule containing closed and open questions, as shown in Supplementary
Data 1, was designed to collect livelihood information for individual households involved in oil palm
cultivation. This interview schedule was part of a project with broader aims than those covered in
this paper [26], and the responses and information used and reported on in this paper are only those
which can be used to identify and value ecosystem services. The main categories of information
collected were the physical characteristics of houses for wealth ranking, basic household structure and
demographics, agricultural practices including valuations of inputs and outputs, non-farm activities,
and issues and problems faced by households.

Sampling Frame

The four study sites (hereafter called “villages”) where oil palm cultivation dominates economic
activities, as shown in Table 1, were selected for detailed investigation using a purposive sampling
frame based on the agro-ecological zonation of the Riau Province [65]. Three agro-ecological zones
(AEZs)—the eastern lowlands, peneplains, and piedmont, as shown in Figure 1—were sampled along
a broad west–east transect. The mountain agro-ecological zone in western Riau was not sampled, as
oil palm plantations are infrequent along the mountainous spine of Sumatra.

Table 1. Basic information, landscape characteristics, and migration and land-use histories of four
villages sampled.

Information item Ujung Batu Tapung Kerinci Kanan Bunga Raya

No. of respondents 9 18 11 24
Population (2013) 48,925 92,977 23,952 22,454
Agro-ecological

zone Piedmont Peneplains Peneplains Eastern lowlands

Migration history
Trading center with

inter-provincial migrants
(Sumatra)

Long established
population,

transmigrants in
surroundings

Initial settlers were
transmigrants who
cultivated oil palm

Initial settlers were
transmigrants who

cultivated rice

Land use history in
the context of oil
palm cultivation

Oil palm cultivation
established around

state-owned plantation
in the 1980s

Timber production areas
converted to OP in the

late 1990s. Strong
influences of a nearby

private OP estate

Primary forest cleared
for transmigrant

settlement in the early
1990s

Peat swamp forest
cleared for transmigrants

in the 1980s. The rice
farms began to be

converted to OP in the
2000s

Interviews were conducted in Bahasa Indonesian between December 2012 and March 2013.
A household was defined as a farming family that received some of its income from its own oil palm
plantation. Households that only provided labour to other oil palm plantations and did not own any
land or households that only owned land in a village elsewhere were excluded from the study.

A two-stage convenience sampling scheme was used to select the villages and households.
A convenience sampling scheme is a non-probabilistic sampling scheme where respondents are
selected due to their convenience in terms of accessibility and proximity to the researcher [66,67].
The first stage was to identify the study sites in the three AEZs, and then, secondly, to select households
in the villages. In the first stage, we determined areas in each AEZ that appeared to be well suited for
the research along a broad west–east transect from satellite imagery and topographic maps. We visited
these areas with a contact from the Riau Development Bank and spoke to leaders in the area before
deciding which villages to choose. Important considerations in these conversations were land-use
history, migration history, the presence of smallholders working their own plantations, and willingness
to allow us to conduct the research. We selected households in conjunction with a local contact in each
village using a broad definition of the types of households that we wanted to interview,(i.e., farming
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families who made at least part of their living from oil palm activities through either owning land
on which oil palm was grown, by selling oil palm fruit, or by working on an oil palm plantation or a
neighbour’s farm).

This type of scheme was chosen because of two logistical constraints. First, heads of households
were generally only available in the evenings and, given the length of time it took to interview them
(approximately two hours), only one interview could be conducted each day. Secondly, access to
villages was an issue due to the wet-season road conditions. In total, 62 households that had active roles
in oil palm production across the four villages were sampled. The sampling scheme and questionnaire
were evaluated and approved by the Flinders University Social and Behavioural Sciences ethics
committee (Project #5878, approved 31 October 2012). Permission to undertake the research was also
provided by the relevant provincial authorities in Indonesia.

3.3. Data Collection and Analysis

Data from the household interviews were used to identify and value ecosystem services and
dis-services in the oil palm-dominated landscapes in which they were located. Some services were
identified by the researchers and included in the pilot survey of the interview schedule, while others
were added after the pilot survey. These services, in particular provisioning services, were mostly
addressed with closed questions. Other ecosystem services were sometimes identified, through farmers’
responses to open questions.

The total economic value of ecosystem services and dis-services was calculated by adding the
market and non-marketed values of ecosystem services as follows:

EStotal = (
∑

ESmarket +
∑

ESnon-market) −
∑

ESdis-services (1)

where EStotal is the net total economic value (TEV) of all ecosystem services and dis-services measured,∑
ESmarket is the sum of the individual values of all ecosystem services measured that have market

values,
∑

ESnon-market is the sum of the individual values of all ecosystem services measured that
do have market values, and

∑
ESdis-services is the sum of the individual values of all ecosystem

dis-services measured.
The market value of the ecosystem services, including the economic value of the provisioning

services, is that obtained by the household in the market. This included all annual and perennial crops
and livestock. Non-market values were used for regulating and cultural ecosystem services. The key
regulating services identified in this work were water regulation, soil erosion (as a dis-service), and
carbon storage. Following the research conducted by Comte et al., in oil palm plantations in Indonesia,
water regulation was estimated from groundwater recharge [68]. Using the amounts of soil lost under
different aged plantations, soil erosion was valued following the procedure outlined by [69]. Following
the procedure outlined by [70], carbon storage was calculated from above-ground biomass carbon
and priced using historical carbon trading data. Cultural ecosystem services exist in these oil palm
dominated-landscapes in terms of the local beliefs related to forest protection, though there was only
one example in the research—a sacred forest grove in Tapung—which was valued using a surrogate
price, based on the average land price for oil palm plantations.

The identified ecosystem dis-service (soil erosion) involved both trade-offs, due to the conversion
of forests and other types of agriculture to oil palm landscapes (e.g., reductions in production from
other land uses and losses in biodiversity), and the dis-services that are generated by converting forest
to oil palm (e.g., disruption to the water cycle, increased soil erosion, and decline of cultural ecosystem
services). These appear as negative values on the balance sheet of total economic value.

3.4. Economic Valuation of Ecosystem Services

The economic valuations of the ecosystem services identified in the interviews were accomplished
by using direct and indirect methods. Direct estimation is applicable to any ecosystem services that
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can be sold into the market, while indirect valuation is used for ecosystem services that are not traded
in the market [71,72]. Indirect valuation used avoided cost and replacement cost methods; for example,
by assessing regulating services that allow society to avoid costs that would have been incurred in the
absence of these services [71].

Direct valuation was used to estimate the value of provisioning services as they have real market
prices. It was used for oil palm fruits, all other annual and perennial crops, timber and non-timber
forest products, and livestock. The economic value of associated provisioning services was estimated
using the total potential income of the households interviewed in each village per hectare per year.
Farm gate prices for fresh oil palm fruit bunches (FFBs) were used to estimate their provisioning service
value. The original prices and values in Indonesian Rupiah (IDR) were converted to US dollars (USD)
at the average conversion factor for 2013 (USD 1 = IDR 10,451 [73]), to allow for changes in economic
value over the period of sampling. The economic value of all provisioning services was obtained
by adding the potential income received by farmers per hectare per year. When area data were not
provided by the farmers, per-hectare unit measurements provided by the Directorate General of Estate
Crops [74] were used. The costs of investments made in agricultural production (e.g., fertilizers,
pesticides and labour) were not subtracted from the valuations.

Issues raised by households in the interviews enabled three regulating services to be identified.
Water regulation was defined in this study as groundwater recharge (i.e., annual precipitation minus
evapotranspiration, runoff, and interception). An assumption made here was that all the water
infiltrating into the soil in oil palm plantations was either used by the trees, was accounted for in
evapotranspiration, or was either runoff or groundwater recharge. Annual rainfall data for 2012 [58]
were obtained for the stations closest to the four villages. The evapotranspiration rates used were for 5-
to 25-year-old oil palms [75,76], which is a similar range of ages of the oil palm plantations owned
by the farmers interviewed. The average annual runoff was estimated to be 25% of the total annual
rainfall [68,75]. An interception rate of 17% precipitation was used [68], although this varies with tree
age and rainfall intensity. The price of water used was USD 0.72 kilolitre−1, the price charged by the
provincial water company in Pekanbaru.

Carbon storage was also quantified and valued. Two measurements of carbon sequestration in oil
palm plantations were used to calculate available carbon stock in oil palm plantations: CO2 fixation in
oil palm plantations [70] to calculate carbon stock available in oil palm plantations grown in mineral
soils which are dominant in Ujung Batu, Tapung, and Kerinci Kanan; aboveground biomass carbon in
oil palm located on the organic-rich soils in peat swamp [5], which dominate Bunga Raya. The average
monthly carbon price for 2013, EUR 4.36/tonne [77], was used and converted to USD using the average
monthly exchange rates for 2013 (EUR 1 = USD1.328).

The market values of soil lost through water erosion (as a dis-service) were calculated by
multiplying estimates of soil eroded (in Mg ha−1 year−1) in each village by the local market price of
soil. Soil water erosion rates for oil palm plantations less and greater than 10 years old were obtained
from Hartemink [78]. Soil is not a traded agricultural commodity in Riau, but there is a market for soil
in the construction sector in Pekanbaru—the provincial capital. The average price of soil in this market
for 2014—USD 3.86 Mg−1—was used.

The only cultural ecosystem service in the oil palm-dominated landscapes studied was a protected
sacred grove of trees in Tapung village. It was included as a cultural ecosystem service because it
provided spiritual non-material benefits, including a sense of place and belonging to the indigenous
communities that maintain it. It may also provide recreational opportunities to a wider range of
people [79–81]. The cultural services it provided were quantified on the basis of the argument that
its value can be measured since it can be expressed in human action [51] using an avoided cost
method—the conversion cost using the price of forest land if it had been converted to oil palm. To do
this, the average sale price of oil palm plantations in the Riau Province at a productive age (average
tree age = 7.5 years), was obtained from plantation sales advertised online. This was considered as a
“shadow price” and was divided by 25, the assumed opportunity cost which was used as the proxy
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production period of individual oil palm tree, based on discussions with farmers during the interviews
in Riau.

4. Results

4.1. Identification of Ecosystem Services in the Oil Palm-Dominated Landscapes Studied

Some ecosystem services were identified by farmers during the interviews, while others were
framed as part of the interview schedule. However, even after 62 detailed interviews, farmers did not
identify all of the ecosystems services that have been associated with oil palms in the research literature.
Table 2 provides a comprehensive list of both (i.e., identified or not identified in the interviews), and
categorises them into provisioning, regulating, habitat, and cultural and amenity services, by following
the TEEB typology.

In terms of the smallholders interviewed, the most important feature of provisioning services in oil
palm landscapes was their ability to provide cash incomes to households. Oil palm is a perennial crop
and FFBs are harvested twice a month year-round. Harvesting starts two to three years after planting
and the trees are considered to be most productive when they are 9–15 years old [82]. Oil palm fruits
can be processed for crude palm oil (CPO) and palm kernel oil, for a range of consumer and industrial
products, and can also be processed as a fibre. Other provisioning ecosystem services directly related
to oil palms include palm fronds, which are used for roofing thatch and as fodder for cattle [83,84].
Oil palm fronds comprise approximately 70% fibre, 22% nitrogen, and small proportions of crude
proteins and ether extracts which make them a good source of roughage for ruminants [85]. Old oil
palm trunks can be used in the production of compressed wood and bioethanol [86,87], though this
was not identified by smallholders in the current study. This may be due to the absence of replanting
stages in the areas studied.

Other provisioning services generated from these landscapes were derived from other crops and
livestock. Beyond oil palm, the other main crops identified by households were rubber, areca (betel)
nuts, cacao, rice, bamboo, and coconut. The main forms of livestock, both by number and value,
were cattle, goats, and chickens. Most of the crops and livestock listed by households were sold in
markets as additional income sources, though some crops and livestock were used within households,
(e.g., bamboo for building construction, chickens for eggs and meat, and vegetables).

Six households in Tapung had integrated ruminant production into oil palm production, which
is in line with Devendra’s [83] observation that oil palm plantations can play a role in integrated oil
palm–ruminant systems. These farms kept cattle and goats on feedlots located between oil palm
plantations, and integration was enhanced by the use of palm fronds as additional feed for cattle and
the use of dung as manure. The intercropping of other crops with oil palms was not observed in any of
the four villages investigated. Other plantations crops (e.g., rubber, areca nuts, and cacao), were in
different areas to palms, and vegetables were exclusively grown in kitchen gardens.

While it is known that other regulating services (e.g., air quality regulation, water and climate
regulation, and habitat provision), play a crucial role in environmental regulation by oil palm-dominated
landscapes [15,88], many were not identified by respondents, as shown in Table 2.
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Table 2. Ecosystem services that are identified and valued in the study using the Economics of Ecosystems and Biodiversity (TEEB) typology (adapted from [14,17]).

Ecosystem Services Main Service Types Identified and Valued in this
Study (Indicated by X)

Not Identified in Interviews, but Y Is
Identified in the Literature. The Description of

the Ecosystem Services Is in Parentheses.

1 Provisioning Food (e.g., oil-palm fruit, coconut, areca nut,
cacao, rice, cattle, chicken) X

2 Water (e.g., for drinking, irrigation, cooling) Y (micro-environment impacts)
3 Raw Materials (e.g., rubber, bamboo) X

4 Genetic resources (e.g., for crop improvement
and medicinal purposes) Y (genetic pool of oil palm species)

5 Medicinal resources (e.g., biochemical products,
models, and test-organisms)

Y (Documented uses of palm oil include treating
prostate diseases, use as a component in skin

lotion, and as a carrier for the medicinal extracts
of other plants)

6 Ornamental resources (e.g., artisan work,
decorative plants, pet animals, and fashion)

Y (Despite decreasing forest cover and
decreasing accessibility to forests, oil palm

supplies considerably fewer birds at lower prices
than forests do, representing a decrease in the

ornamental resources ecosystem function)

7 Regulating services Air quality regulation (e.g., capturing (fine) dust,
chemicals, etc.)

Y (emissions of Greenhouse Gases—-GHGs and
volatile organic compounds—VOCs are a

precursor to tropospheric ozone from oil palm
plantations; air pollution from land-clearing fires,

and increased emissions of VOCs)

8

Climate regulation (including C-sequestration,
affecting global climate through GHG emissions,

and also having a direct effect on local
microclimates)

X

9 Moderation of extreme events (e.g., storm
protection and flood prevention)

Y (oil palm plantations are likely to increase the
probability of shallow landslides, and increase

the risk and frequency of wildfires in
surrounding areas)

10 Regulation of water flows (e.g., natural drainage,
irrigation, and drought prevention) X

11 Waste treatment (especially water purification)
Y (results in large amounts of organic waste, in

particular, empty fruit bunches and palm oil mill
effluent)

12 Soil erosion X
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Table 2. Cont.

Ecosystem Services Main Service Types Identified and Valued in this
Study (Indicated by X)

Not Identified in Interviews, but Y Is
Identified in the Literature. The Description of

the Ecosystem Services Is in Parentheses.

13 Maintenance of soil fertility (including soil
formation)

Y (release of nutrients via decomposition and
mineralization is susceptible to losses through
leaching and gaseous emissions, because the

magnitude of uptake from the newly established
crops is still relatively low)

14 Pollination
Y (oil palm plantations generally support lower
species richness and abundances of invertebrate

pollinators)

15 Biological control (e.g., seed dispersal, pest and
disease control)

Y (fungi and entomopathogenic viruses to
control the rhinoceros beetle, Oryctes Monoceros)

16 Habitat services Maintenance of life cycles of migratory species
(including nursery service)

Y (oil palm plantations contain more weedy and
exotic species than forests, and are exposed to

more agrochemicals, further reducing the
chances of survival for many species)

17 Maintenance of genetic diversity (especially in
gene pool protection

Y (oil palm plantations greatly reduce species
richness and species’ abundances for most taxa)

18 Cultural and amenity
services Aesthetic information Y (not identified in literature)

19 Opportunities for recreation and tourism Y (not identified in literature)
20 Inspiration for culture, art, and design Y (not identified in literature)
21 Spiritual experience X
22 Information for cognitive development Y (not identified in literature)
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4.2. Economic Value of Ecosystem Services in Four Villages

Estimates of the TEVs of the ecosystem services for the four villages were calculated from the
information collected during the household surveys, as shown in Table 3. The average potential TEV
of all agricultural activities in landscapes dominated by oil palm was USD 6520 ha−1 year−1, with a
range of USD 2970–7729 ha−1 year−1.

Table 3. Potential mean total economic value (TEV) of selected ecosystem services (ES) in Bunga Raya,
Kerinic Kanan, Tapung, and Ujung Batu (USD ha−1 year−1). Numbers in square parentheses are the
numbers of households growing these crops or rearing these livestock.

Mean Economic Value (and Range) in USD ha−1 Year−1

Ujung Batu
[n = 9]

Tapung
[n = 18]

Kerinci Kanan
[n = 11]

Bunga Raya
[n = 24] Average

Provisioning services

Oil palm fruit 1315
(459–2488)

1823
(574–4306)

2043
(1091–3359)

1645
(332–3100) 1707

Rubber – 170
(0–735) [5] – 1569

(0–8551) [14] 869

Coconut 65
(0–97) [6]

75
(0–97) [14]

71
(0–97) [8]

44
(0–97) [11] 64

Bamboo – 80
(0–478) [3] – – 80

Areca nuts – 0.4
(0–3) [4]

0.02
(0–0.2) [1]

1594
(0–16,046) [9] 532

Cacao 561
(0–5052) [1]

738
(0–6486) [3] – 240

(0–1768) [4] 513

Rice – – – 317
(0–2679) [3] 317

Cattle 296
(0–2662) [1]

257
(0–1914) [6]

332
(0–3349) [2]

48
(0–478) [4] 233

Chickens 26
(0–230) [3]

1
(0–18) [2]

8
(0–25) [8]

32
(0–479) [16] 17

Regulating and maintenance services
Groundwater

recharge
631

(225–2853)
3038

(1530–5315)
1392

(62–2690)
2163

(1779–4407) 1806

Soil erosion
(dis-service)

−73
(48–91)

−77
(48–91)

−78
(48–91)

−63
(48–91) −73

Carbon storage 149 149 149 140 147
Cultural and amenity services

Sacred forest – 309 – – 309
TEV 2970 6563 3917 7729 6520

Marketed ES
(% of TEV)

2263
(76.2%)

3144
(47.9%)

2454
(62.7%)

5489
(71.0%)

4331
(66.4%)

Non-marketed
ES

(% of TEV)

707
(23.8%)

3419
(52.1%)

1463
(37.3%)

2240
(29.0%)

2189
(33.6%)

The highest proportions of the TEVs for each village were generated by provisioning services.
The average TEV of all provisioning services was USD 4331 ha−1 year−1 (range = USD 2263–5489
ha−1 year−1). The highest proportion of provisioning services in terms of value was from oil palm
fruits, with an average TEV of USD 1707 ha−1 year−1 (range = USD 1315–2043 ha−1 year−1). Other
commodities that offered significant economic value included rubber (USD 170–1569 ha−1 year−1),
areca nuts (USD 0.02–1594 ha−1 year−1), and cacao (USD 240–738 ha−1 year−1), as shown in Table 3.

Across the four study areas, non-marketed ecosystem services contributed, on average, USD 1852
ha−1 year−1 (range = USD 707–3110 ha−1 year−1). This component accounted for nearly a quarter
(23.8%) of the TEV for Ujung Batu, and just over half (52.1%) in Tapung, shown in Table 3. These high
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proportions were not surprising, as most of these ecosystem (regulating and maintenance and cultural)
services are not available in the marketplace.

Water is a basic requirement for all crops, making water regulation and its economic valuation a
critical parameter in ecosystem services investigations. The value of water regulation in the villages
studied ranged between USD 631 and 3038 ha−1 year−1, with an average of USD 1806 ha−1 year−1,
as shown in Table 3. Groundwater recharge was noticeably higher in Tapung than the other three
villages, which can be accounted for by its high annual rainfall totals and more porous soils than the
other villages.

In Tapung, there was a 200 ha patch of remnant local forest located in the community-owned, but
company-managed, oil palm plantations. It is deemed sacred by Tapung residents, which means it can
be considered a common pool forest resource claimed by the local people and, in the context of this
study, provides a cultural and amenity service. Its value was estimated at USD 309 ha−1 year−1, as
shown in Table 3.

The ecosystem dis-service that impacted these landscapes most is soil erosion, which is often
associated with the conversion of tropical forests to oil palm plantations. The estimated soil erosion
incurred cost on average is USD −73 ha−1 year−1. It was at its lowest (USD −63 ha−1 year−1) in Bunga
Raya in the peat swamps of eastern Riau, and its highest (USD −78 ha−1 year−1) in the hilly terrain on
Kerinci Kanan, as shown in Table 3.

The TEVs of the ecosystem services are illustrated in Figure 2. This figure exhibits clearly the
marked differences between marketed (provisioning) and non-marketed (regulating and maintenance,
and cultural and amenity) services in all villages except Tapung. These differences are probably lower
than Figure 2 indicates because not all non-marketed services were identified by farmers and, therefore,
were not included in the calculations. Groundwater recharge is high in all villages except Ujung Batu,
while the economic values of soil erosions, carbon storage, and cultural services are relatively low
compared to both provision services and groundwater recharge.

6000 

5000 

4000 

111 

3000 
-
111 

-

2000 

1000 

0 

-1000

Ujung Batu Tapung Kerinci 

Kanan 

Bunga Raya 

• Provisioning services

� Groundwater recharge 

1111 Soil erosion 

:;:; Carbon storage 

• Cultural services

Figure 2. Summary of economic value of ecosystem services and dis-services provided by oil palm
landscapes in Bunga Raya, Kerinci Kanan, Tapung, and Ujung Batu. The provisioning services category
includes oil palm fruits, rubber, coconut, bamboo, areca nuts, cacao, rice, cattle, and chickens.
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5. Discussion

5.1. Ecosystem Services Associated with Oil Palm Landscapes

This research recognises that oil palm-dominated landscapes provide many ecosystem services
that benefit humans, despite the often-heralded changes in biodiversity brought about by forest
conversion for oil palms, as shown in Table 2.

Industrial-scale monoculture farming practices are used to cultivate oil palm [89,90], regardless of
whether it is grown on estates by companies (which is not the focus of this paper) or by smallholders
who supply oil palm fruit to companies [91]. It can be argued that oil palm-dominated landscapes not
only provide products for the market, but that in doing so, support the livelihoods of many growers and
labourers. This study argues that these benefits derive not just from oil palm, but also from other crops
and livestock that share the landscapes with oil palm plantations. The research, therefore, confirms an
earlier study that contends that smallholders in Indonesia grow a variety of tree crops to hedge against
fluctuations in income from the main crops they grow [92]. Because of the substantial amounts of
liquidity among farmers in oil palm-dominated landscapes, increasing the local ruminant population is
another livelihood diversification strategy [26,84] and one that also provides a return to the landscape
through organic manure to manage soil fertility [26,93,94]. Diversification into other tree crops, either
by planting new trees or retaining established plantations, is more common than diversification into
ruminants among the households researched. All of the villages (62.9% of households in total) grew
coconuts, as shown in Table 3. Areca nuts were grown by 14 households (22.5% of all households) and
cacao by eight (12.9%) in three villages. Nineteen households in Bunga Raya and Tapung grew rubber,
while three households in Tapung grew bamboo, as shown in Table 3. These statistics can be compared
to the six households in Tapung, as shown in Table 3, that had developed livestock rearing in addition
to oil palm cultivation.

The expansion of agriculture often results in changes to ecosystem services, and in the context
of this study, the expansion of oil palm cultivation in these landscapes dovetail with arguments that
have been made about other types of agriculture [95,96]. According to this research, stands of oil palm
provide some positive regulating and maintenance services within broader landscapes, such as water
regulation and carbon storage. However, the high number of smallholder oil palm plantations in
these oil palm-dominated landscapes has meant that the natural forests that existed between other
forms of agriculture (e.g., rubber plantations), which would have provided a range of cultural and
amenity services such as sacred forest groves, have generally been lost [97]. Provisioning services
and regulating services, such as water regulation, carbon storage, and soil erosion change as forests
and former farmland are converted oil palm-dominated landscapes. The magnitude and direction
of these changes depends on whether oil palm is replacing native forest, cropland, or another type
of plantation (e.g., rubber), and the physical environment. For example, changes in the provision of
ecosystem services when oil palms replace rice or forest on the almost level peatlands of eastern Riau
will be significantly different to the changes experienced in western and central Riau when upland
forest, rubber plantations, or dryland paddy rice on sloping terrain and mineral soils are replaced by
oil palms.

Six households in Tapung provided some evidence of ruminant production being integrated into
oil palm production, which is in line with the observation that oil palm plantations can play a role
in integrated oil palm-ruminant systems without harming the environment [80]. Integrated systems
have been shown to decrease costs and maximise land use, and thereby increase incomes from both
the oil palm and livestock elements of the system [94,98]. The integration of these elements involved
cattle and goats being kept in feedlots between stands of oil palms, with palm fronds being used as
additional feed for cattle, and animal dung being used to manure oil palms. In other instances, cattle
are grazed in plantations [99], with grasses between the rows of trees being grazed. This has the added
benefit of reducing weeding costs by 16–40% [91]. Cattle grazing in oil palm-dominated landscapes
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has been shown to increase biodiversity (of dung beetles) and conserve soils [100]. However, it can
also have negative impacts in terms of soil compaction, impaired drainage and damage to trees [93].

Comte et al. [68] evaluated oil palm cultivation practices that affect hydrological processes.
Water use by oil palm is difficult to quantify because it depends on the time periods between
intra-annual and inter-annual variations in climate. Nevertheless, mean monthly rainfall and potential
evapotranspiration have proven the most suitable variables for estimating water supply for oil palm [75].
Carr [76] estimated that the evapotranspiration rate of mature trees is around 4–5 mm/day.

As is the case with other man-made landscapes, oil palm cultivation often brings about
environmental degradation [100] and therefore impacts regulating and maintenance services. Oil palm
has triggered the loss of tropical forests in South East Asia, which has in turn led to substantial losses
of biodiversity [21]. One of the biggest threats posed by oil palm agriculture to biodiversity relates
to large animals, such as elephants, tigers, rhinoceroses, and orangutans. This effect is inevitable,
and common to any agricultural expansion that leads to massive habitat conversion [41]. Foster et
al. [22] summarise biodiversity loss in terms of reduction in species richness and total abundance in
oil palm plantations compared to other habitats. Yet, they have also shown that oil palm plantations
provide some positive outcomes; e.g., bee species richness is higher in oil palm plantations than native
tropical forests and oil palm plantations have a greater number of dung beetle communities in riparian
reserves within oil palm plantations than in surrounding logged forests [101]. These are not flagship
species, such as tigers or elephants, and they do not attract the same attention that the losses of flagship
species do.

A regulating dis-service identified in these landscapes was soil erosion by water. Oil palm has
been implicated in increasing erosion rates when forest is cleared to create plantations as this exposes
soils to intense rainfall before ground cover is re-established [102]. In general, accelerated soil erosion
is restricted to young oil palm plantations; however, as trees mature, soil erosion still occurs, and the
rates may continue to increase depending on slope properties and soil management practises [78]. Soil
erosion also often leads to a reduction in soil nutrient levels [68,78]. The latter author has estimated
that soil erosion rates range from 7 to 21 Mg ha−1 year−1. Estimates of the value of soil erosion were
based on proxy values based on the market price of soil. However, a better estimation should include
values related to crop yield decline due to soil loss and the value of environmental externalities such
the siltation of rivers and oceans (potentially reducing biodiversity, fish catch, etc.).

Oil palm landscapes also provide cultural services. When large areas of forest have been converted
to oil palm, these services may originate from logged forests or degraded land and not from primary
forests [22]. However, the opposite is also true, as is the case in this study where, in Tapung village,
primary forest adjacent oil palm plantations have been kept intact and provide cultural services. The
preserved forest here is considered sacred by the people who live in the surrounding oil palm plantation
landscape [79]. It has a direct impact on human wellbeing, providing recreational, spiritual, and
religious benefits. It is, in some ways, similar to the concept of land sparing, where blocks are reserved
for biodiversity conservation and are interspersed within homogenous farmed landscapes [103].

The respondents could not identify some valuable ecosystem services that are relevant to oil palm
due to the lack of awareness amongst these respondents. For example, any impacts on habitat provision,
pollinators, species abundance, and richness, etc., were not identified, due to lack of understanding by
the households in this context.

5.2. Economic Value of Ecosystem Services in Oil Palm Landscapes

The economic value of provisioning, regulating, and cultural services in the four oil
palm-dominated landscapes in Riau was estimated. Revenue from each provisioning service was
generated from the marketable commodities, while the costs for non-marketed services were generated
by the methods outlined in Section 3.4.

The research shows that oil palm generates the highest potential value in terms of per-hectare land
use (USD 1315–2043 ha−1 year−1) compared to other commodities, as shown in Table 3, although some
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other crops generate reasonable returns per unit area. These include rubber (USD 1569 ha−1 year−1)
and areca nut (USD 1594 ha−1 year−1), as shown in Table 3. Such crops could provide significant
alternatives to oil palm, and the returns from these provisioning ecosystem services underline their
importance for household diversification strategies. However, as with all crops and livestock options,
the possibility of growing any particular crop, or rearing specific animals, depends on factors such as
soil properties, water availability, land-use histories, market opportunities and farmer preferences.

The mean TEV of the oil palm-dominated landscapes sampled was USD 6520 ha−1 year−1, with
the highest value being in Bunga Raya and the lowest in Ujung Batu, as shown in Table 3. If these
estimates of total economic value are compared to claims about the economic value of the Riau forest
estate in their original condition (i.e., various types of humid tropical lowland forests), they are higher
than the estimates of the TEV of ecosystem services in tropical forests, which range from USD 5264 to
5382 ha−1 year−1 [88,104]. Furthermore, the average economic value of provisioning services in this
study (USD 4331 ha−1 year−1) is much larger than that of the provisioning services of “unconverted”
tropical forests, which consists of food, water, raw materials, and genetic and medicinal resources,
which has been estimated at USD 1828 ha−1 year−1 [88].

Some of the differences in estimates that have arisen between the findings of this study and
previous studies can also be ascribed to differences in the assumptions made when calculating values
by different researchers. This does bring into question the issue of the confidence limits of the values
of regulating and maintenance, and cultural and amenity ecosystem services, as well as dis-services
from this study, compared to more accurately estimated provisioning services. Nevertheless, the
estimates can be considered indicative of values that the services provide. For example, the average
economic value of groundwater recharge is about USD 1806 ha−1 year−1. On the one hand, this is much
higher than the average value of water regulation in tropical forests (USD 8 ha−1 year−1, estimated by
Costanza et al. [104] and USD 342 ha−1 year−1, estimated by de Groot et al. [89]). While, on the other
hand, the value of carbon storage quantified in this study (USD 147 ha−1 year−1) was much lower than
the USD 2044 ha−1 year−1 ascribed to the average levels of climate regulation provided by tropical
forests [88,104].

Soil erosion in tropical forest has been valued at USD 337 ha−1 year−1 [104], a cost that is much larger
than the dis-services of soil erosion from oil palm calculated in this study, which was, on average, USD
71 ha−1 year−1 as compared to the much lower estimate of USD 15 ha−1 year−1 by de Groot et al. [88].
This difference is likely due to the generally subdued topography of oil palm-dominated landscapes in
Riau compared to the wider range of topographic situations under which tropical forests occur, which
include major mountain chains and thin, mineral soils. In addition, established oil palm plantations
provide a better ground cover than many annual crops that are extensively grown in the tropics, such
as cassava and maize. Nonetheless, this study indicates that the negative economic value of soil erosion
is not very large in Riau and that the overall global averages for the tropics needed to be considered
carefully when local situations are examined in detail. These observations are supported by some of
the statements made by farmers when surveyed, which concur with the observation made by Corley
and Tinker [75] that the rapid establishment of ground cover makes oil palm landscapes relatively
resistant to erosion compared to many other types of agricultural crops [75]. This was accentuated in
the villages studied by the relatively low frequency of manual weed control.

Finally, the use of tropical forest for recreation and cultural activities was estimated at USD 867
ha−1 year−1 [88,104]. This is over double the value assigned to the single example of a small sacred
forest in this study (USD 309 ha−1 year−1), but given that there was only one example of a remnant
forest in this research, and that this was the only element that could be ascribed as having cultural
significance in this study, the comparison is highly tentative.

Tropical forest plantations, such as oil palm, are typically assumed to be poor substitutes for
natural forests, particularly in terms of biodiversity conservation, carbon storage, and the provision
of water and other goods and services. They are often monocultures that do not appear to invite
recreational opportunities or other direct uses. Nonetheless, on the basis of this research, it is believed
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that oil palm-dominated landscapes have a legitimate place in the sound management of rural
landscapes in the humid tropical forest biome. Well-planned oil-palm plantations can alleviate some of
the social, economic, and ecological pressures that households face, which in turn exert stresses on
natural forests [105]. Utilising these economic benefits must be the key management objective, yet
this is hampered by the fact that the economic valuation of ecosystem services in oil palm-dominated
landscapes areas has not been carried out thoroughly in the past. In part, this is because the focus
has been only on oil-palms and not their contributions to the landscapes that they dominate. Holistic
economic valuation might help to facilitate the sustainable management of the many ecosystem
services that oil palm-dominated landscapes provide. Such economic valuations could be used in
landscape design to enhance the broad provision of ecosystem services, based on sound ecological
knowledge [106]. This in turn could further improve smallholder incomes by replacing reliance
on unsustainable inputs and by better managing natural resources in order to support and ensure
long-term sustainable oil palm cultivation in the face of the current increasing demand for palm oil.

5.3. Limitations of the Study

The high economic values of ecosystem services provided by the oil palm-dominated landscapes
illustrated in this study should be used with caution in light of these important caveats:

1. Contemporary market prices were used in the calculations. Therefore, the values assigned to
all resources is dependent on the context of the valuation and varies across time and space. For
example, if there are changes in the demand and supply of oil palm, the prices will change, as
will the valuations.

2. The economic values estimated in this study were derived mostly from data generated from the
interviews with smallholders. For example, agricultural commodity prices were based on the
respondents’ answers. Prices may vary between villages, districts, and provinces and will largely
depend on the cultivation or livestock rearing cycles. Therefore, different samples (villages) may
result in different responses.

3. The values of provisioning services do not account for the input costs or variable costs (e.g.,
capital investments, fertilizer and farm equipment running costs) of the built infrastructure.

4. There may be some plurality in the valuation of ecosystem services in this research that other
researchers [48,49,104] have also discovered. This occurred because the MEA categorization of
ecosystems services was used.

5. In estimating the economic value of the sacred forest, we used an assumption that the land value
of sacred forests equalled the value of land if it was used for oil palm production over 25 years.

6. Part of the interviews allowed farmers to identify ecosystem services. However, because an
ecosystem service known to be generated by oil palm cultivation was not identified by a farmer
during the interviews does not mean that it is not present; it may not, for instance, seem valuable
to the farmer or household or it may be something that would be recognized and valued in
another season of the year.

7. All of the calculations for regulating services relied on data from other studies in oil palm
plantations. These will not apply exactly to all of the oil palm-dominated landscapes sampled
in Riau. For example, the interception rate of 17% precipitation was used in the water balance
calculation [68], although it is known that this varies with tree age and rainfall intensity.

8. The average price of soil for construction in Pekanbaru was used in the soil erosion calculation.
The real price of soil in agricultural areas, if it were traded, rather than as a construction or garden
material in an urban centre, would likely be less than the value used in the calculations in this
study. That in turn would make the average values of soil erosion for each village lower. A
better estimation would include values related to crop yield decline due to soil loss and the value
of environmental externalities, such as the siltation of rivers and oceans (potentially reducing
biodiversity, fish catch, etc.).
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9. With only one example from the four villages, the arguments for the inclusion and valuation of
cultural ecosystems services in this research can only be considered highly tentative.

6. Conclusions

This study shows that oil palm-dominated landscapes provide a range of ecosystem services.
Thirteen ecosystem services were identified and valued by smallholders in four villages in oil
palm-dominated landscapes in the Riau Province. The economic values of the direct and indirect benefits
derived from these landscapes were substantial. The majority of the value, between approximately
47% and 76% depending on the village, was derived from provisioning services. Approximately one
quarter (24%) to a half (52%) of the TEV of ecosystem services was provided by four non-marketed
ecosystem services identified by smallholders.

This research provides an opportunity for policy responses at the provincial, and probably the
national, level in Riau and Indonesia, respectively, that can aid smallholders in developing sustainable
and economically viable and diversified landscapes, instead of ones dominated by oil palm. Such
diversified landscapes could ensure the income and livelihood security of smallholders and the
protection of biodiversity and ecosystem services
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