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Executive summary

This study provides an analysis and evaluation

of ecosystem services and their trade-offs under

the future scenarios of oil palm expansions in

two provinces, Central Kalimantan and West
Kalimantan, of Indonesia. The future land-use
scenarios for oil palm expansions are based on the
historical rates, current land-use policies (such as
the forest moratorium), spatial planning and the
existing suitability maps for oil palm plantations in
both provinces. An extensive review of the literature
and published documents and reports were used

to understand past and future land-use changes,
impacts on ecosystem services and socioeconomic
conditions. National and provincial land-use policies
and factors relevant to oil palm development were
explored and analyzed. Further, relevant experts

and stakeholders were consulted to consolidate
knowledge for future land-use changes and oil palm
development scenarios in the study area. The spatial
analysis tool in ArcGIS and the Integrated Valuation
of Ecosystem Services and Trade-offs Tool (InVEST)
were used to analyze historical and future land-use
changes, and to evaluate and analyze trade-offs with
ecosystem services. This study focused on mapping,
quantifying and evaluating the following five most
relevant and vital ecosystem services: (i) carbon
storage, (ii) habitat quality, (iii) water yield, (iv)
palm oil production, and (v) timber production.

Based on the current land-use policy, spatial
planning and maps of oil palm expansion in
Indonesia, this study identified three plausible future
scenarios; namely business as usual, conservation and
sustainable intensification for future development of
oil palm plantations in the study area. The business-
as-usual scenario assumes that oil palm concession
license holders will expand their plantations

to all concession areas to access the economic
opportunities of the high demand for palm oil

for domestic as well as international demands.

The conservation scenario considers that stringent
criteria will ensure environmental integrity and
sustainability. The forest moratorium on primary

forest and peatland will be supported by strict
enforcement and monitoring to avoid the clearing
of intact forest and peatland for oil palm and timber
plantations. The sustainable intensification scenario
considers that future expansions will occur within
land suitable for oil palm plantations by applying
yield enhancement technology.

Trade-offs and synergies with these ecosystem
services were found to depend on the extent and
types of land-use transition to oil palm plantations
under the selected future land-use scenarios. Except
for timber production, there are trade-offs in the
four other ecosystem services under the business-
as-usual scenario, primarily due to expansions of

oil palm plantations on old-growth and regrowth
forests. However, the model results showed synergy
between increased palm oil yield (due to an extensive
expansion of oil palm plantations) and water

yield (reducing). This synergy occurred under all
future land-use scenarios due to the conversion of
agricultural land, scrublands and other land uses into
oil palm plantations.

This study concludes that ecosystem services

are negatively impacted in the business-as-usual
scenario due to expansions of oil palm plantations
on old-growth forest and regrowth forest. Assuming
the lowest intensity of oil palm expansion, the
conservation scenario enhances carbon stock

and maintains a stable habitat quality relative

to the current land use (2016). The sustainable
intensification scenario with oil palm expansions
only on suitable areas and enhancement of yield
generates a positive impact on carbon stock

and water yield, whereas habitat quality slightly
deteriorates in the study areas. A detailed study at a
local level (household or village) that evaluates the
economic value of crucial ecosystem services and
their trade-offs or synergies is recommended for
accurate evaluation to better understand the impacts
of oil palm expansion on the local community and
the environment.






1 Introduction

Indonesia is the principal producer and exporter
of palm oil to global markets (FAOSTAT 2017).
Its palm oil production doubled between 2007
and 2017 from 18 million tons (Mt) to 36 Mt
and met about 54% of the total global production
(IndexMundi 2017). Primary drivers for this
increase are considered to be: (i) highest yields
(up to 12 tons per hectare per year) among all
oilseed crops (Woittiez et al. 2017; Yan 2017);
(ii) low production costs (Corley 2009) and high
profit margins (Koh and Wilcove 2007); and

(iii) growing domestic consumption of vegetable
oil (Gaskell 2015) and biofuels (Kharina et al.
2016). The domestic consumption of palm oil

is rapidly increasing in Indonesia, reaching 8.6
Mt in 2015 (Pacheco et al. 2017) from 5 Mt in
2010 (Gaskell 2015). If this trend continues, the
predicted domestic demand of 10 Mt by 2035
(Gaskell 2015) will be reached much earlier.
Further, based on population projections and per
capita consumption, the demand for edible oilseed
is predicted to double to 240 Mt by 2050, which
would require an additional 12 million hectares
(Mha) of oil palm plantations (Corley 2009).

The increased production of palm oil has resulted
in significant land-use change in Indonesia. In
2015, oil palm plantations accounted for over

11 Mha (Kharina et al. 2016), or 6% of Indonesia’s
total area. Recent spatial data analysis showed

a rapid and extensive expansion of oil palm
plantations since the 1990s (Gunarso et al. 2013;
Gaveau et al. 2014, 2016). Between 1990 and
2015, industrial plantations' expanded to about
5.5 Mha in Kalimantan, a greater than nine-

fold increase in area since 1990 (Gaveau et al.
2016). Between 2005 and 2015, the same study

1 According to a study by Gaveau et al. (2016) in Borneo,
industrial plantations are predominantly oil palm plantations,
accounting for almost 86% of the total area; the remaining
14% are pulpwood plantations.

observed an expansion of industrial plantations

in Kalimantan by almost three times the average
annual expansion (357,000 ha per year) on the
previous decade (127,000 ha per year), i.e. between
1995 and 2005.

The unprecedented expansion of oil palm
plantation has significantly changed the landscape
of Indonesia in the past few decades (Gunarso et
al. 2013; Busch et al. 2015; Eldeeb et al. 2015).
In addition to oil palm plantation on already
cleared land or degraded land, industrial scale
plantations were established on old-growth

forests in Indonesia. A recent study estimated

that out of 14.4 Mha of old-growth forest cleared
between 1973 and 2015, oil palm plantations were
established on more than half of that area, i.e. 7.8
Mha, and an additional 1.3 Mha area was used
for pulpwood plantations (Gaveau et al. 2016).
However, the analysis of time series data for land-
use change showed that illegal logging and forest
fires were the primary drivers of deforestation of
old-growth forest before oil palm plantations were
established (Gaveau et al. 2016).

The impacts of land-use change have been used to
understand the gain or loss of ecosystem services
in Indonesia. Many researchers have assessed and
reviewed the impacts of oil palm plantations on
the availability of multiple ecosystem services

(e.g. Sumarga and Hein 2014; Dislich et al. 2016;
Petrenko et al. 2016; Sumarga and Hein 2016;
Vijay et al. 2016). They reported a significant

loss of ecosystem services in landscapes modified
by oil palm plantations compared with previous
land uses, such as primary forests and peatlands.
Sumarga and Hein (2014) observed the loss of
timber production, destruction of orangutan
habitat and increased carbon emissions resulting
from the conversion of peatlands to oil palm
plantations in Central Kalimantan, Indonesia. A
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review of studies confirms that the biodiversity
loss is more evident in oil palm plantations than
in forest and other tree covers (Fitzherbert et

al. 2008). A global study highlighted that the
potential expansion of oil palm into vulnerable
forests posed the threat of extinction of mammal
and bird species (Vijay et al. 2016). Further,
Dislich et al. (2016) found that conversion

of forest into oil palm plantation results in a
reduction of 11 out of 14 ecosystem functions
(or services) available from the forest, with the
exception of food and raw materials.

However, the change in ecosystem services depends
on the previous land use prior to establishing an oil
palm plantation. Dislich et al. (2016) also reported
that oil palm plantations on already cleared or
deforested land can enhance the land’s capacity

by producing a high-value commodity (i.e. palm
oil), as well as offering some positive impacts

on multiple ecosystem services such as climate
regulation, water regulation and erosion control
relative to the deforested land. It is evident that oil
palm plantation offers an additional sequestration
of carbon on above- and belowground biomass.
Oil palm plantation enhances carbon stocks by an
average of 50.5 tC per hectare (Sumarga and Hein
2014) relative to the deforested land.

Despite the reported negative impacts on the
delivery of ecosystem services, oil palm plantations
have become an important contributor to
Indonesia’s national economy and support the
livelihoods of rural people. Indonesia’s export
revenue from palm oil increased by over fivefold
from US$3.4 billion in 2004 to US$17.5 billion
in 2014 (Pacheco et al. 2017) and will continue

to rise with the growth in palm oil production. A
study in Riau Province found that industrial oil
palm plantations enhanced local economic growth
with positive impacts on livelihoods through
increasing access to basic needs (e.g. school, health)
and other development opportunities (e.g. roads,
electricity, banks) (Budidarsono et al. 2013).
Conversion of about 93,000 ha of peatlands to
smallholder oil palm plantation in Siak generated
over 37,000 jobs and increased the average
household income by US$4556 per year (Agustira
et al. 2016). The net economic benefit was
estimated to be US$1036 million per year to the
community after accounting for the environmental
cost of US$1116 million per year due to
conversion of peatlands to oil palm plantation.

However, the expansion of oil palm plantation
depends on permits issued by government
authorities and is guided by existing land-use
policies and plans. The forest moratorium initially
adopted in May 2010 applies to all new oil

palm concessions and restricts further clearing

of primary forests and peatlands for oil palm
development (Murdiyarso et al. 2011; Austin et al.
2014). In 2011, the indicative moratorium map
delineated a total of 22.5 Mha, which includes 7.2
Mha of primary forests, 11.2 Mha of peatlands
and an additional 4.1 Mha of other land across
Indonesia (Murdiyarso et al. 2011). Although the
moratorium is criticized for its narrow scope in
applying only to primary forests and peatlands
(Busch et al. 2015), this policy can be effectively
used to restrict oil palm expansion to outside these
areas and also to support Indonesia’s voluntary
commitment to abolish deforestation from palm
oil production and supply chains by 2020 (UN
Climate Summit 2014).

The recent history and driving forces for oil

palm expansion imply that future expansion

of plantations is inevitable in Indonesia for the
following reasons: (i) ever-growing demand for
palm oil in both domestic and global markets

(e.g. Abdullah 2011; Kharina et al. 2016); (ii)
contribution to national and local economic
growth (e.g. Agustira et al. 2016; Pacheco et

al. 2017); and (iii) expansion of oil palm in
smallholder farms, which accounted for about
40% of the total oil palm plantation area in 2013
(Daemeter Consulting 2015). Understandably,
many factors, including regulatory, social,
economic and environmental, interact to
determine the actual expansion of oil palm
plantation on the ground. However, there have
been attempts to delineate the areas for future
expansion of oil palm plantation based on land use
and characteristics. The available maps showing
potential areas for future oil palm expansion

in Indonesia include: (i) the provincial spatial
land-use planning maps developed by Central
Kalimantan and West Kalimantan provincial
government, which identify lands based on their
functions and delineate the land available for
other uses including agricultural land and oil palm
expansion (CIFOR 2014); (ii) the World Resource
Institute’s (WRI) oil palm concession maps, which
show all oil palm plantation areas where the palm
industries have already secured rights to develop
oil palm as of 2010 - these companies have permits
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from relevant government authorities to clear
forest, plant and manage oil palm plantations;

and (iii) the suitability maps that identify

potential areas for oil palm expansion using

various suitability criteria for sustainable palm oil
production by avoiding clearing of forests, peatland
and threats to loss of biodiversity (e.g. Mantel et al.
2007; Gingold et al. 2012).

This study is designed to examine the change in
ecosystem services and their trade-offs for the
period between 2017 and 2035. It focuses on

oil palm expansion in two provinces, Central

Kalimantan and West Kalimantan, of Indonesia.

The future land-use scenarios for oil palm

expansion are based on the historical rates, current

land-use policies, such as the forest moratorium,
spatial planning and the existing suitability maps
for oil palm plantations in both provinces. The
specific objectives of this study are to:

* identify plausible future land-use scenarios
associated with oil palm expansion in Central
Kalimantan and West Kalimantan

* quantify, evaluate and map key ecosystem
services using ecosystem services mapping and

modeling tools such as InVEST

* analyze trade-offs or synergies among multiple
ecosystem services under different future land-
use scenarios

* estimate and compare the total economic
valuation of the ecosystem services under
contrasted future oil palm expansion scenarios.

The economic valuation of ecosystem services
enables a comparison of the gain or loss of the
associated values of the ecosystem services due

to land-use change under the future land-use
scenarios. The research outcomes will inform
management decisions at local, regional and
national levels and assist stakeholders, such as
government and nongovernment officials, the
private sector and communities, to visualize

the future expansion of oil palm in the study

areas and to understand their impacts on the

key ecosystem services. The economic valuation
of the ecosystem services illustrates their value

in monetary terms and provides evidence and
justification for future sustainable land-use
planning. However, this study is a desktop analysis
only and is restricted to examining the impacts of
future oil palm expansion on ecosystem services in
the study areas examined.

3



2 Materials and methods

2.1 Study area

The study areas comprised two provinces in
Kalimantan, the Indonesian part of Borneo, i.e.
Central Kalimantan and West Kalimantan (Figure
1). This region has been identified as a part of one
of the 25 biodiversity hotspots for conservation
priorities in the world because of its high number
of endemic species and the threat of habitat loss
(Myers et al. 2000). Both provinces encompass
some parts of the ‘Heart of Borneo’, the central,
mountainous region of Borneo with intact natural
rainforests and biodiversity, which supports the

livelihoods of millions of people, including forest-
dwelling indigenous Dayaks (WWEF 2013).

Central Kalimantan (Kalimantan Tengah) is the
second largest province in Indonesia, with a total
territorial area of 153,564 km?. Geographically, it
is located at latitude 0°45'N-3°30’S and longitude
110°45’-115°50’E. This province comprises 13
regencies with a total population of over 2.2
million in the last census 2010 (BPS 2017). More
than the half of the province has been assessed as
high conservation value (HCV) areas. However,
about two-thirds of the HCV areas are considered
at high risk due to planned development activities
(Ibie et al. 2016). Sabangau National Park has been
established in this province to protect the natural
habitat of orangutans.

West Kalimantan (Kalimantan Barat) is the

third largest province in Indonesia occupying
147,307 km?. It is located to the northwest of
Central Kalimantan at latitude 2°08'N-3°05’S
and longitude 108°0’~114°10’E. About 4.4
million people, twice the population of Central
Kalimantan, inhabit this province. Kapuas Hulu
regency on the northeast frontier is mountainous
with a peak elevation of 2059 m. The regencies on
the western part have low-lying plain areas.

2.2 Research framework

Figure 2 shows the framework outlining the
research methods and tools used in this study to
accomplish the objectives. An extensive review

of the literature and published documents/
reports helped explain past and future land-

use change, impacts on ecosystem services

and socioeconomic conditions. National and
provincial land-use policies and factors relevant

to oil palm development were explored and
analyzed. Further, relevant experts and stakeholders
were consulted to consolidate knowledge and
understanding for future land-use change and oil
palm development scenarios in the study area. A
total of 35 stakeholders, representing government,
nongovernment, industry and smallholder farmers,
participated in a field-level consultation workshop
held in Palankaraya, Central Kalimantan on

21 November 2016. Three potential future oil
palm expansion scenarios were identified based on
the existing land-use policies, suitability maps for
oil palm in the study areas and the stakeholders’
perspectives on the future of oil palm. The spatial
analysis tools in ArcGIS version 10.2 were used to
derive future land-use maps under the selected oil
palm expansion scenarios.

The Integrated Valuation of Ecosystem Services
and Trade-offs Tool (InVEST) was chosen to
evaluate ecosystem services and analyze trade-

offs. The key reasons for the selection of this
particular tool were: (i) freely available computer
software; (ii) widely used in terrestrial ecosystems
and tested globally; (iii) capacity for generating
spatially explicit maps; (iv) enables analysis of
trade-offs between different land-use scenarios; and
(v) provides specific models for various ecosystem
services. The InVEST modules for the selected key
ecosystem services were run for each scenario and
the outputs were analyzed for spatial and temporal
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Figure 1. Central Kalimantan and West Kalimantan, study area within Indonesian Borneo.

Inset shows study area on map of Indonesia.

distribution of the ecosystem services and their
trade-offs resulting from land-use change under
these scenarios.

2.3 Analysis of oil palm expansion and
mapping of future land use under oil
palm expansion scenarios

To analyze the expansion of oil palm plantations
between 2000 and 2016, this study used a

recent spatial dataset from Borneo developed by
Gaveau et al. (2016). The dataset represents a
comprehensive methodology involving digitization
of LANDSAT time series imagery followed by map
refinement through ground verification, expert
review and crosschecking with other datasets. Table
1 lists the land-use and land-cover datasets, their

sources and a brief description of each dataset
used in this study.

The land-use map (2016) was used to investigate
future land use under various oil palm expansion
scenarios. The forest cover map and the
industrial plantation map of 2016 developed

by Gaveau et al. (2016) were integrated. The
following six land-use classes were identified

in the forest cover map: (i) intact forest, (ii)
logged forest, (iii) regrowth forest, (iv) oil palm
plantation, (v) timber plantation and (vi) non-
forest. The industrial plantation map in 2016
was extracted from a time series mapping of
industrial oil palm plantations (IOPPs) and
industrial timber plantations (ITPs) in Borneo
since 1973.? In addition to industrial-scale oil

2 https://data.cifor.org/file.
xhtm[fileld=1627&version=2.0

5
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Figure 2. The framework of the methods and tools

palm plantations, oil palm on smallholder farms
has significantly increased in Indonesia (Jelsma et
al. 2009; Sheil et al. 2009). In 2013, smallholder
oil palm plantations represented about 16% and
35% of total oil palm plantations in Central
Kalimantan and West Kalimantan, respectively
(Daemeter Consulting 2015). The spatial mapping
of the smallholder oil palm is currently being
undertaken by CIFOR but a complete map is not
yet ready for the study area.

About 90% of non-forests in the derived map
correspond to the non-forest areas of the Ministry
of Forest’s land cover of 2015* (MOF 2015) for
the study areas. The MOF 2015 land-cover map
categorized the non-forest areas into scrubland,
agricultural land, other land and water bodies.

The other land included housing, transmigration,
mining and an airport on the MOF 2015 map.
Hence, the derived land-use map and MOF 2015
map were merged to reclassify non-forest areas on
the former map to corresponding non-forest land-
use classes on the MOF 2015 map. Table 2 defines
the land-use classes in the 2016 land-use map for
the study areas. Section 3 provides further detail on

3 hutp://www.greenpeace.org/seasia/id/Global/seasia/
Indonesia/Code/Forest-Map/en/data.html

Biophysical Valuation
maps maps

Analysis of Ecosystem
ervices, their trade-offs
and synergies

>

used in this study.

these land-use classes and also presents maps of the
study areas.

2.4 Identifying and mapping of future
oil palm expansion scenarios

Based on the current land-use policy, spatial
planning and existing maps of oil palm expansion
in Indonesia, three future plausible scenarios,
namely, business as usual, conservation and
sustainable intensification were identified in the
study areas. Table 3 summarizes the key features of
these scenarios.

These future land-use scenarios and mapping
procedures are provided below.

2.4.1 Business-as-usual scenario

The business-as-usual scenario assumes that oil
palm concession license holders will expand
their plantations to all concession areas to
access economic opportunities created by the
high demand for palm oil for domestic as well
as international use. In addition, the demand
for wood is also growing for biofuel energy
(UN Energy 2007) and timber supply (Hetsch
2009; Penna 2010). The WRI-compiled timber
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Table 1. A summary of land-use and land-cover datasets used in this study.

Dataset name Source

Description

Planted industrial
oil palm plantation

in 2016 atlas/

Ministry of Forestry’s Accessed from http://www.

land cover 2015

Map/en/data.html

Land-use map for
West and Central
Kalimantan

and Ministry of Forestry land
cover

2014 Peatland map Wahyunto et al. (2014)

Gaveau et al. (2016), accessed
from https://www.cifor.org/map/

greenpeace.org/seasia/id/Global/
seasia/Indonesia/Code/Forest-

Derived from Gaveau et al. (2016)

Maps the previous land-use classes as intact
forest, logged forest, regrowth forest or non-
forest, before establishment of oil palm and pulp
wood plantations in Borneo

Classifies Indonesia’s land use and land cover
into 21 classes: forest cover (6), plantation (2),
agricultural land (3), non-forest cover (3) and

other land uses (7)

This map distinguishes nine land-use and land-
cover classes in the study area: intact forest,
logged forest, regrowth forest, scrublands,
agricultural land, other land, oil palm plantation,
timber plantation and water

The peatland map classifies the peatland depth
into four classes: 50-100 cm, 101-200 cm,
201-400 cm and above 400 cm.

Table 2. Definition of forest cover and land-use classes on the 2016 land-use map.

Forest cover or land use Definition

Intact forest
or peat soils

Logged forest
Regrowth forest

Scrublands

Pristine, old-growth forest with a closed canopy (over 90%) growing on mineral

Old-growth forest, which has been selectively mechanically logged after 1973
Various old successional stages following swidden agriculture

Degraded and previously forest areas (old-growth and selectively logged

forests) converted into scrublands due to deforestation, drought and recurrent
fires. This includes scrublands and bare land on the MOF's land-cover map

Agricultural land
Other land

Oil palm plantation
plantation areas

Timber plantation

Water bodies

Rice land, dry rice land, and dry rice land mixed with scrublands
The areas under housing, transmigration, mining and airport in MOF (2015)

IOPPs as mapped by Gaveau et al. (2016); does not show smallholder oil palm

Pulpwood plantations as mapped by Gaveau et al. (2016)

Rivers, lakes or any forms of water in the study area

concession map depicting the potential areas of
timber plantation expansion in both provinces
allowed timber plantation expansion to be
considered in this scenario. Hence, favorable
market conditions (i.e. increasing demand) and

a profitable investment return drive a rapid
expansion of both oil palm and timber plantations
to all concession areas not planted before 2016 by
2035 in this scenario.

The concession maps for oil palm and timber were
extracted for the study areas from the concession
maps of Kalimantan compiled by the WRI based
on data from the Ministry of Forestry prior to
2010 (Gingold et al. 2012). Overlaying the
concession maps of oil palm and timber onto

the study area land-use maps in 2016 shows the
areas for future expansions of oil palm and timber
plantations under this scenario.
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Table 3. Key features of the future oil palm expansion scenarios.

Scenarios Key features

Business as usual « This scenario assumes that oil palm and timber plantation expansions
occur on the respective concession areas as depicted on the concession
area maps for 2035.
« The high demand for palm oil for domestic use as well as from
international markets is a main driver for oil palm expansion.
« The growing demand for wood for biofuel energy and timber supply
leads to expansion of timber plantations on concession areas.

Conservation « No oil palm expansion occurs on forest cover (intact forest, logged
forest and regrowth forest) and peatlands to conform to the forest
moratorium and zero deforestation commitment.

« Qil palm expansions are confined to the non-forest estate (APL: Areal

Penggunaan Lain).

« Qil palm expansions mainly occur on agricultural areas, regrowth forest,
scrubland and other land.
« High conservation value (HCV) and high carbon stock (HCS) areas are

protected.

Sustainable intensification « This scenario considers oil palm expansion on limited areas of the
potential suitable land as mapped by WRI and SEKALA Project (Gingold

etal. 2012).

« Oil palm plantations are established by using improved varieties of
cultivars and intensively managed to enhance palm oil productivity to
5.1 tons crude palm oil per hectare per year.

« The expansion of timber plantations is not taken into account in this
scenario because a suitability map for timber plantations was not

available.

2.4.2 cConservation scenario

The conservation scenario considers stringent
criteria to ensure environmental integrity and
sustainability. Strict reinforcement and monitoring
to avoid the clearing of intact forest and peatland
for oil palm and timber plantations ensures
conformation to the forest moratorium on primary
forest and peatland. Further, logged forest and
regrowth forest are also excluded from clearing,
abolishing the deforestation of logged forest, which
conforms to the zero deforestation’ criterion set
out to ensure sustainable palm oil production. In
addition, this scenario also adheres to provincial
spatial planning by restricting future expansion

of oil palm and timber in the non-forest estate,

i.e. the Areal Penggunaan Lain (APL) land class.
The APL land class delineates the non-forest land
and is legally available for other uses including
agricultural land and settlement (Rosenbarger et al.
2013). The exclusion of all land classes except APL

guarantees that future expansions of oil palm and

timber only occur in the non-forest estate. This
scenario will protect HCV and high carbon stock
(HCS) areas due to the protection of the intact
forest, logged forest, regrowth forest, peatland
and restricts future expansion only on the APL
land class.

The exclusion areas (intact forest, logged forest,
regrowth forest, peatland and land classes other
than APL) on the spatial planning map were
combined to delineate the areas of exclusion for oil
palm and timber expansions under this scenario.
The exclusion or constraint map was generated

by integrating areas for: (i) intact forest, logged
forest and regrowth forest on the 2016 land-use
map; (ii) peatland; and (iii) the non-APL areas on
the spatial planning map. The 2014 peatland map
was developed and validated by Wahyunto et al.
(2014). The peatland map classifies the peatland
depth into four classes: 50-100 cm, 101-200 cm,
201-400 cm and above 400 cm. Before integrating
the peatland map into the constraint map, all peat
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depth classes were merged to exclude plantation
on all peatland with a depth of more than 50 cm.

The non-APL areas were extracted from the spatial

planning maps for Central Kalimantan and West

Kalimantan obtained from CIFOR. To incorporate

a conservation perspective into this scenario, the
plantation intensity is assumed to be one-quarter
of the plantation rate between 2000 and 2016 in
the respective province.

2.4.3 Sustainable intensification scenario

The sustainable intensification scenario considers
that future expansions will occur within the land
suitable for oil palm plantations and applies
yield enhancement tools and technology. It

uses the existing suitability map to allocate

the future expansion of oil palm in the study
areas. The expansion of oil palm plantations is
only considered on non-forest lands including

scrubland, agricultural land and other land, which

are characterized by low carbon stock, i.e. with
less than 35 tons of carbon per hectare and low

biodiversity value (Gingold et al. 2012). However,

the expansion of timber plantations is not taken
into account in this scenario because a suitability
map for timber plantations was not available.

The suitability maps for oil palm are based

on various criteria for IOPP for Indonesian
Kalimantan. Mantel et al. (2007) used relevant
biophysical criteria, constraints and management
needs to determine suitability ratings for oil
palm plantation in Kalimantan. The suitability
map developed by WRI and SEKALA uses 21
indicators of sustainable palm oil production
set out by the Roundtable on Sustainable Palm
(RSPO) standard (Gingold et al. 2012). Since
the latter oil palm suitability map is more
comprehensive and complies with the criteria
for sustainable oil palm production, it was used
to predict future oil palm expansion. All natural

forests, including primary forests, secondary forests

and peatland, are protected in the study area.

The suitability map classifies approximately 3.2
Mha or about 21% of the total area in Central
Kalimantan and 5.2 Mha or about 35.3% of total

land in West Kalimantan as potentially suitable for

sustainable oil palm plantations. However, some
suitable areas are located on the forest cover and
peatland areas. This intersection of suitable land

with forest and peatland can be attributed to the
difference in forest cover and peatland datasets
used in the suitability mapping. To avoid losing
these areas, a constraint map encompassing
forest cover and peatland was combined with
the land-use map to generate a scenario map
that avoided clearing forest cover and peatland.

This scenario conservatively assumes that future
oil palm plantations (2017-2035) increase at
similar historical expansion rates between 2000
and 2016. Hence, an average annual expansion
of 76,000 ha and 71,000 ha was applied to
Central and West Kalimantan, respectively.
Since oil palm plantations are established on
suitable lands by using improved varieties

of cultivars and are intensively managed to
significantly enhance the oil palm productivity,
this scenario assumes an average yield of

5.1 tCPO ha'yr'on par with the average
yield under the RSPO-certified plantation
(WWEF 2012).

The suitability map for oil palm represents

the potential areas for oil palm expansion in
future. The proximity to existing road networks
and mills may have a role in determining

the locations of future expansion of oil palm
plantations. With a massive road network and
high density of mills across the study areas, all
suitable areas have an equal chance of being
used for oil palm plantation. Hence, the subset
feature in Geostatistical Analyst of ArcGIS 10.2
was used to randomly identify an equivalent
area for expansion between 2017 and 2035
based on a similar annual rate of oil palm
expansion between 2000 and 2016.

2.5 Mapping, quantifying and
valuating of ecosystem services
under future land-use and land-
cover scenarios

2.5.1 Key ecosystem services

This study focused on the five most relevant and
important ecosystem services from the oil palm
landscape based on stakeholder consultation,
literature reviews (Bhagabati et al. 2014;
Sumarga and Hein 2014; Vijay et al. 2016)

and expert knowledge. These ecosystem services
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include: i) Climate regulation service: Carbon
storage; ii) Habitat quality; iii) Water yield; iv)
Provisioning Service: Palm oil production; and
v) Provisioning Service: Timber production.

Climate regulation service: Carbon storage

The land-use and land-cover changes (LULC) can
represent a significant source of greenhouse gas
(GHG) emissions in Indonesia. In 2005, about
63% of Indonesia’s emissions were attributed to
deforestation, particularly through peatland and
forest fires (Government of Indonesia 2015). The
expansion of oil palm plantations is considered a
major driver of forest conversion and the resulting
significant emissions. Oil palm development is
predicted to contribute over a quarter (i.e. 26%)
of net carbon emissions in West Kalimantan under
the business-as-usual scenario by 2010 (Kimberly
et al. 2012). Hence, carbon storage was selected as
a key ecosystem service for this study. The change
in carbon stock was analyzed to assess the impacts
on climate regulation and understand trade-offs or
synergies with other key ecosystem services under
a different trajectory of future land-use scenarios.
The InVEST Carbon Storage and Sequestration
model was used for mapping, quantifying and
evaluating carbon stored and sequestered under

a LULC scenario. It applied carbon stock in the
above- and belowground biomass, soil and dead
organic matter to the current and future LULC
maps (Equation 1). The model estimates the
economic value of this ecosystem service to society
by applying the carbon price and the discount
rate, i.e. annual rate of devaluation of money. The
model outputs include biophysical model outputs,
comprising the carbon stock maps for the current
and future LULC scenarios, and the valuation
model output, comprising an economic valuation
map and a sequestration map for future LULC
(Sharp et al. 2016).

(1)
CZ’ =20:M ( C;;GB,_‘*' CB(IBi+ C\‘OMI+ CDW[ )X Ai’&li
...Equation 1

where C' ' is total carbon in tC at time t
(¢=0,1,2,3, ... T years); CAGBl_ is carbon in above
ground biomass (AGB) in land-use class, i

(i = 1,2,3,... Iland-use class); Cis, is carbon in
belowground biomass (BGB) in land-use class,
i (i =1,2,3,...] land-use class); Csou, is carbon
in soil organic matter (SOM) in land-use class,
i (i = 1,2,3,...1 land-use class); CDWi is carbon in

dead wood in land-use class, 7 ( = 1,2,3,...7 land-
use class); and Area is theareaof i (i = 1,2,3,...1
land-use class).

Carbon stock data were mainly sourced from
Sumarga and Hein (2014), who compiled the
carbon stock data from various sources and applied
it to Central Kalimantan (Table 4). The carbon
stock in peatland was obtained from Suwarna et

al. (2012). They estimated carbon stock in the soil
and vegetation of tropical peat forest in Indonesia.
A global average carbon price of US$18.7 per

tC was applied an average price of US$5.1 per
tCO2-eq for the carbon from forestry and land-use
sectors in the voluntary markets in 2017 (Hamrick
and Gallant 2017). A default value of 7% was used
to estimate net present value (NPV).

Habitat quality

The direct measurement of biodiversity (in terms of
genes, species or ecosystems and their abundance
and frequency) is beyond the scope of this study
because measurements are complex (e.g. Baral et al.
2014), and require significant resources and time
to collect. Instead, habitat quality is used as a proxy
measure for biodiversity and assessed in a landscape
by employing threats of different land-use classes
and their relative vulnerability, accessibility and
proximity to the identified threats (Arunyawat and
Shreatha 2016; Sharp et al. 2016). This habitat-
based approach is relatively simple and requires
minimal data inputs for mapping biodiversity
conservation status in a landscape. Hence, the
InVEST Habitat Quality Model was used by
applying threats from agricultural development and
road networks. The data inputs require current and
future LULC maps, sources of threat, accessibility
to threat, sensitivity of LULC classes to each threat
and a half-saturation value. The half-saturation
constant represents a landscape degradation value.
This parameter was set to the default value of 0.5
(Sharp et al. 2016). Equation 2 calculates the
habitat quality of a grid cell x in land-use class ;.

z

Qx]:[_[] {]—(Dijjk_z)} ...Equation 2
where Qx] is the habitat quality in the grid

cell x in land-use class ;. H.: implies the habitat
suitability of land-use class’j. D, represents

the total threat level in the grid cell x in land-use
class j. K'is the user-defined value for the half-

saturation constant.
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Table 4. Carbon stock for various carbon pools in the land-use classes in the study areas.

Carbon in Carbon in Carboniin Carboniin Total

Land-use class Aboveground Belowground Soil organic  Dead wood, Carbon. tC

biomass, tC biomass, tC matter, tC tC !
Intact forest 234.8 43.2 37.2 29.8 345
Logged forest 161.76 39.2 43 26.7 270.66
Regrowth forest 139.05 39.2 43 26.7 247.95
Scrubland 19.4 3.9 43.1 24 68.8
Agricultural land 4.8 1 43.1 0 48.9
Other land 0 0 0 0 0
Oil palm plantation 425 8 37.2 0 87.7
Timber plantation 91.2 8.2 37.2 29 149.5
Water bodies 0.1 0 0 0 0.1
Peatland-scrubland 19.4 0 1205.59 24 1227.39
Peatland-intact forest 189.45 0 1537.37 29.8 1756.62
Peatland-logged forest 161.76 0 1713.77 26.7 1902.23
Peatland-regrowth forest 139.05 0 1486.39 0 1625.44

Water yield

Several studies have acknowledged the significance
of water-related ecosystem services and investigated
the impacts on water yield and water quality due
to land-use change (e.g. Schmalz et al. 2015;
Ardaban et al. 2016, 2017; Arunyawat and
Shrestha 2016). During our field trip, many local
people highlighted the change in water yield
following land-use change and expressed their
interest in better understanding the impact of

oil palm plantations on water yield. Water yield

is considered to be equal to net water run-off in
given environmental and climatic conditions.
Given the simplicity of the model and its low data
requirement, InVEST Water Yield Model was
chosen to assess the impact on water yield under
future land-use scenarios. This model applies the
Budyko curve and annual average precipitation to
estimate water yield for a defined LULC class as
given by Equation 3 (Sharp et al. 2016).

A

Y, =(I- iZ)X]gC ...Equation 3

where Y. is the annual water yield for the grid
cell x in a landscape. AET, represents the annual
actual evapotranspiration for the grid cell x and P.
is the annual precipitation on the grid cell x.

The following input datasets were obtained from
various sources:

* Root restricting layer depth: A GIS raster
dataset for root restricting layer depth
was derived from WRD’s soil depth map
for Kalimantan.

* DPrecipitation map: This map was extracted from
WRI’s average annual precipitation data set
for Kalimantan.

* Plant available water content: A GIS raster
dataset for this input was developed by using
the soil profile in FAO’s soil map (Fischer et
al. 2008) and the corresponding value for the
available water fraction was obtained from Soil-
Plant-Atmosphere-Water (SPAW) at https://
hrsl.ba.ars.usda.gov/SPAW/Index.htm.

* Average annual reference evapotranspiration:
This was obtained by multiplying Pan
Evapotranspiration data by 0.7 based on Allen
et al. (1998). The Pan Evapotranspiration data
set was sourced from http://www.cgiar-csi.org/
data/global-aridity-and-pet-database.

* Evapotranspiration coeflicient (KC): This is a
factor for potential evapotranspiration for each
plant type and was derived based on the sample
evapotranspiration coefficient for different
vegetation types in Sharp et al. (2016).
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* Z parameter: The model default value of 0.5
was applied.

Provisioning Service: Palm oil production

An assessment of palm oil yield under future
land-use scenarios, in conjunction with impacts
on other ecosystem services, provides a holistic
understanding of trade-offs or synergies between
the ecosystem services. Despite the focus of this
study being on a spatially explicit assessment of
ecosystem services, the lack of discrete spatial data
on oil palm plantations (for example, plantation
location, age, typologies (industrial or smallholder),
management regime and productivity) prevented
any spatial analysis of palm oil production.
Instead, a simple quantitative approach was
applied using average palm oil productivity in oil
palm plantations and plantation area to estimate
total palm oil production under these scenarios as

described by Equation 4.
(t=1)
Psz 20:1) (Yt X EOAt) +
(Y, < 5" NOA,) «,

... Equation 4

where POy is total value of palm oil production
inyears(r=1,23...7) in US$. Z represents
the palm oil yield in tCPO ha''yr". FOA ,
represents the area of existing oil palm plantation
in hectares and [V OAS is the new oil palm
plantation at 5 years and over s (s = 5,6,8 ...... 18
years). The plantations reach 18 years in 2035. 7
is the price of palm oil per tCPO in USS$.

Many studies reported great variability in palm

oil productivity across regions and typologies
(industrial or smallholder) (Shiel et al. 2009;
Sumarga and Hein 2014; Fargeon 2015; Woittiez
etal. 2017). With uncertainty and variation

in the yield data, this study applied an average
yield of 3.8 tCPO ha'yr! (Woittiez et al. 2017).
However, the sustainable intensification scenario
uses an average yield of 5 tCPO ha™'yr' due to the
productivity enhancement.

A recent price of US$665 per tCPO from the
Malaysian Palm Oil Council (MPOC)* was
used to evaluate the oil palm asset price. New

4 htep://www.mpoc.org.my/Daily_Palm_Oil_Prices.aspx

plantations are assumed to expand at the annual
rate determined for the respective future land-
use scenario and are considered to produce palm
oil after 5 years as suggested by Sumarga and
Hein (2014).

Provisioning Service: Timber production

Timber plantation is also a driver for land-use
change in the study areas and is likely to grow
in the concession areas under the business-as-
usual and conservation scenarios. Hence, timber
production is a provisioning ecosystem service
from the timber plantation landscape. The total
value of timber production is estimated by
multiplying the area of timber plantation, the
allowable cut per hectare and the timber price as
given by Equation 5.

TP, =X, (AC,x TPA,) x P,
... Equation 5

where TPt is total value of timber in year 7 (¢ =
1,2,3...7) in US$. AC; represents the annual
allowable cut per hectare in m*ha'yr'. 7PA P
implies the area of timber plantation in hectares.

P, is the price of timber per cubic meter in US$.

This study applied an average annual allowable cut
of 0.86 m>ha'yr! based on Sumarga and Hein’s
(2014) estimate for Central Kalimantan. The
timber price of US$205 m~ (Suwarno et al. 2016)

was used for both provinces.

2.5.2 Total economic valuation of
ecosystem services

The economic valuation of ecosystem services has
been popularized to appreciate the significance
of the natural ecosystem by expressing the values
in monetary terms or a dollar value (Costanza et
al. 1997; de Groot et al. 2012; Kubiszewski et

al. 2013; Anderson et al. 2017). The monetary
values of ecosystem services are considered highly
useful in decision making, emphasizing the
protection and conservation of ecosystems that
provide an array of ecosystem services to society
(Tallis and Polasky 2009). Assigning a monetary
value to ecosystem services is very subjective and
challenging, particularly for sociocultural values,
or loss or gain of biodiversity. However, different
value aggregation methods have been developed
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and used for economic valuation of ecosystem
services (Kubiszewski et al. 2013; Costanza et al.
2014). The benefit transfer method is the most
widely used in the emerging field of ecosystem
services valuation and is recommended for
applying the economic values measured in one
location to a similar location (Costanza et al.
1997) from social, economic and environmental
perspectives (de Groot et al. 2012). However,
this has not restricted the application of global
economic values compiled in the ESV Database
by The Economics of Ecosystem and Biodiversity
(TEEB)>, Costanza et al. (1997), Costanza et

al. (2014) and de Groot et al. (2012) to similar
biomes. Since the first global valuation of
ecosystem services in 1997 by Costanza et al.,
subsequently updated by de Groot et al. (2012)
and Costanza et al. (2014), many studies have used
biome-level values to demonstrate the significance
of natural ecosystems to human well-being and
to inform decision making on natural resource
management and investment (e.g. Kubiszewski
et al. 2013; Kundu et al. 2016; Anderson et al.
2017; Tolessa et al. 2017). These studies justified
the application of biome-level data through the
lack of country-level, regional or local data and
did not account for geographical variability and
uncertainty in valuation. Although these values
are not the market value or a price for ecosystem
services, the economic values help all stakeholders
to understand and appreciate the relative values
of the ecosystem services. They also enable
comparison of the change in these values over
time and space in conjunction with the drivers

of change.

There is little data available for the economic
valuation of ecosystem services for Indonesia.
Despite some data on economic valuation of
ecosystem services from protected areas (van
Beukering et al. 2003) and forest ecosystems
(van Beukering et al. 2009), it is not enough to
assess the total economic valuation (TEV) of
ecosystem services in the study area. Hence, this
study chose to use the benefit transfer method
and apply the relevant biome-level global data for
economic valuation of ecosystem services. One
of the advantages of applying a global value to
ecosystem services is that it generalizes ecosystem

5 (http://www.fsd.nl/esp/80763/5/0/50)

service values and enables comparison in different
geographic locations worldwide.

This study applied the global values for TEV

of ecosystem services at biome level based on

de Groot et al. (2012) to similar biomes in the
study areas. These global values were derived
from a comprehensive compilation of ecosystem
services values at 665 data points across the
world. They reported ecosystem services values
ranges (minimum, maximum), mean and median
for distinct subservices under the provisioning,
regulating, habitat and cultural services from 10
broadly categorized biomes. The tropical forest
biome was used for the valuation of ecosystem
services from forest covers in the study areas.
Based on the current vegetation structure and
disturbances, the forest covers were categorized
into intact forest, logged forest and regrowth
forest. Applying the mean values for ecosystem
services of the tropical forest biome to these forest
covers ignores the difference in their capacity to
provide ecosystem services. This valuation leads to
overestimation or underestimation of ecosystem
services depending upon the proportion of these
forest covers. In highly disturbed areas, the mean
value approach overestimates the total value,
whereas in less disturbed areas, the total value is
underestimated.

To differentiate the landscape’s capacity to deliver
ecosystem services, unique landscape indexes

are increasingly used to value ecosystem services
(Burkhard et al. 2009, 2015; Sohel et al. 2015).
This approach could be used to identify and assign
relative indexes for different conditions of a land-
use class. By considering the valuation of ecosystem
services in the original database, the minimum
and maximum values encompass the differences in
the biome conditions and their capacities in terms
of delivery of ecosystem services. The maximum
values of ecosystem services represent an excellent
biome condition with high capacity, whereas

the minimum values indicate a poor biome with
low capacity for delivering ecosystem services.

To ensure some confidence in the valuations

and account for the variation in ecosystem
services across different biome conditions, the
minimum and maximum values from de Groot

et al. (2012) were consecutively applied to

the poor and the excellent biome conditions,
whereas the mean value was used for the average
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biome condition. The intact forests are primary
forests in excellent condition with minimum or
no human interference. Hence, this forest was
assigned maximum values for ecosystem services
for the tropical forest biome. Logged forests and
regrowth forests represent disturbed old-growth
forests and were considered to be in an average
state. Hence, these forests were assigned the mean
value of the tropical forest biome. However, de
Groot et al. (2012) presented a huge discrepancy
on the economic values for habitat services
between the tropical and woodland biomes. For

a tropical biome, the maximum value of habitat
services is unrealistically low at US$110, whereas
the woodland biome has a very high value with

a minimum value of US$1274. To provide a
reasonable estimate of the economic value of the
habitat services, the maximum (US$1630), mean
(US$1328) and minimum (US$279), derived from
analysis of 30 studies on tropical forests, were used
(Carrasco et al. 2014).

In the case of planted forests, ecosystem services
are significantly reduced where these plantations
were established following a clearing of natural
old-growth forest. However, several studies have
investigated and recognized the roles of planted
forests in providing habitats for different species
(e.g. Brockerhoff et al. 2013), climate change
mitigation (e.g. Carle and Holmgren 2008; Peng

et al. 2014), water regulation (e.g. Jackson et al.
2005) and reducing pressure on natural forests

(e.g. Warman 2014). To conform to these findings
and to account for the ecosystem services from
plantations, the minimum values for ecosystem
services for the tropical forest biome were applied
to oil palm and timber plantations. In addition, the
market values of palm oil and timber yields from
these plantations were added to the provisioning

services for TEV.

Scrublands were previously forested areas (old-
growth and selectively logged forests) and became
degraded due to deforestation, drought and
recurrent fires. To value ecosystem services from
scrublands, these areas were considered equivalent
to a woodland biome in a poor state and were
assigned the minimum value for this biome.
However, applying the minimum economic value
of US$1274 for the woodland-to-scrubland area
remarkably overestimates the value. Scrublands
are in a degraded state and experience high
disturbance. In the absence of an economic
valuation of habitat services from scrubland in
the study area or the region, this study applied a
minimum value of habitat services from tropical
forest. Since agricultural land was not included in
the de Groot et al. (2012) biome list, this study
used the economic value of ecosystem services from
the ‘crop’ category compiled by Costanza et al.

Table 5. Land-use classes, the equivalent biome, value range and the economic values for four major

ecosystem services.

Land use in Equivalent Value Provisioning Regulating Habitat Cultural Total economic

the study biome used services services  services  services values of

areas (USS) (US$) (USS) (USS) Ecosystem

Services (US$

per ha per year)

Intact forest Tropical Maximum 4,229 10,789 1,630 9,040 25,689

Logged forest  Tropical Mean 6,106 2,934 1,328 1,006 11,373

Regrowth Tropical Mean 6,106 2,934 1,328 1,006 11,737

forest

Scrublands Woodland Minimum 1,593 65 279 8 1,945

Agricultural Crop Mean 2,949 2,205 279 95 5,567

land

Other land - - - - - -

Oil palm Tropical Minimum 4,361 - 5,225 46 279 0 4,687 - 5,551

plantation

Industrial Tropical Minimum 2,010 46 279 0 2,336

plantation

Water bodies ~ Water Mean 1,914 187 0 2,166 4,267

lakes
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(2014). However, the economic value for habitat
services from agriculture was adjusted to the
minimum value of habitat services from tropical
forest. These values were converted into 2016 US
dollar values by applying the percentage increase in
CPI for the relevant periods (Williamson 2017). In
terms of TEV of ecosystem services, logged forests
and regrowth forests accounted for about 42%,
agricultural land 23%, oil palm plantation 20%,
water bodies 18%, scrublands 13% and timber
plantations 9% of the ecosystem services provided
by the intact forests. Table 5 summarizes the land-
use classes, the equivalent biome, value ranges, the
economic values for four major ecosystem services
and the percentage values relative to intact forests.

The NPV is often used to convert the future return
or benefit in the current value by applying a desired

rate of depreciation or discounted rate. This value
represents the TEV over the period in today’s
value. After estimation of the total economic
values of ecosystem services for the current and
future land-use scenarios, the TEV over time
(between 2017 and 2035) was converted into the
NPV by applying Equation 6:

(t=17) Y—vE“/ﬂr

... Equation 6
“(1+r)

NPV, =2

where NP ‘/5 is the NPV for the land-

use scenario s. s represents current land use,
business-as-usual, conservation and sustainable
intensification scenarios. 7EV/, is the TEV for
scenario, s in year, # (¢ =1, 2, 3, 4...7). ris the
discount rate.



3 Reslults

3.1 Current land use in the study areas

The land-use map (2016) represents the nine land-
use classes in both provinces (Figures 3 and 4).
Table 6 presents the spatial extent of each land-use
class in both provinces. Oil palm plantation covers
about one-tenth of the area of both provinces. Oil
palm mainly dominates in the southwest region

in regencies Kotawaringin Barat, Seruyan and
Kotawaringin Timur in Central Kalimantan. In West
Kalimantan, plantation mainly occurs in the central
part in regencies Landak, Sanggau, Sekadau, Sintang
and in the south in Kab Ketapang regency. ITP was
mapped onto approximately 112,000 ha in Central
Kalimantan and 67,000 ha in West Kalimantan.

3.2 Oil palm expansion between 2000
and 2016

Central Kalimantan and West Kalimantan share over
60% of the total IOPP (5.06 Mha) of Indonesian

Kalimantan. One-third of the IOPP has been
developed on the forest cover, shrub and non-
forest in Kalimantan. Figure 5 compares the
land-use categories that have been converted to
IOPPs in Central Kalimantan, West Kalimantan
and Indonesian Kalimantan between 2000

and 2016.

In Central Kalimantan, the area of IOPPs
increased considerably between 2000 and 2016,
by about five fold from 0.3 Mha to 1.6 Mha.
They expanded by about 81,180 ha per year in
this period and accounted for about 11% of the
provincial territory. Figure 6 summarizes the
conversion of different land-use classes to oil
palm plantation in Central Kalimantan between
2000 and 2016.

West Kalimantan has also experienced a similar
area expansion of IOPD, i.e. about 11% of the
province, in this same period. The plantations
increased over four fold to approximately 1.57
Mha in 2016 from 0.4 Mha in 2000 with an

Table 6. Land-use classes and their areas in Central and West Kalimantan in 2016.

Land-use classes

Central Kalimantan, area (ha)

West Kalimantan area (ha)

Intact forest 3,668,508
Logged forest 3,389,895
Regrowth forest 2,720,392
Scrublands 1,610,658
Agricultural land 1,831,809
Other land 342,159
Oil palm plantation 1,607,635
Industrial plantation 113,598
Water bodies 107,761

Total area

15,392,415

3,804,271
1,901,026
243,842
1,914,060
5,175,098
110,535
1,579,123
66,973
30,479
14,825,407
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Figure 3. Land-use map of Central Kalimantan in 2016. Between 2000 and 2016, IOPPs extensively
increased in the southwest region in regencies Kotawaringin Barat, Seruyan and Kotawaringin Timur

in Central Kalimantan.
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Figure 4. Land-use map of West Kalimantan in 2016. In West Kalimantan, IOPPs mainly expanded on the
central part in regencies Landak, Sanggau, Sekadau, Sintang and on the south in Kab Ketapang regency.

annual expansion rate of 73,287 ha. Figure 7
summarizes the conversion of different land-use
classes to oil palm plantation in West Kalimantan
between 2000 and 2016.

3.3 Future land use under the
selected oil palm expansion scenarios

Figures 8 and 9 show spatial maps of the study
areas under three future oil palm expansion

17
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Figure 5. Comparison of land-use categories converted to IOPPs in Central Kalimantan, West Kalimantan

and Indonesian Kalimantan between 2000 and 2016.
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Figure 6. Land-use categories converted to IOPPs
in Central Kalimantan between 2000 and 2016.

scenarios by 2035. The major features of these
scenarios are presented in Table 7 for Central and
West Kalimantan.

3.3.1 Business-as-usual scenario

WRTIs oil palm concession map (2010) delineates
3.21 Mha or about one-fifth of the total area of

Uncertain
Scrub 0%

12% Intact Forest

15%

Regrowth

1%\

Other
Non-Forest
14%

Logged Forest
26%

Non-Forest since 1973
32%

Figure 7. Land-use categories converted to IOPPs
in West Kalimantan between 2000 and 2016.

the province as oil palm concessions in Central
Kalimantan. There is an overlap of about 186,000
ha between oil palm and timber concessions.
However, oil palm plantation is the preferred
option over timber plantation on the intersected
areas for the high economic returns. Out of 1.6
Mha of oil palm plantation mapped in 2016, about
1.57 Mha of the existing oil palm plantation had
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been developed on concession areas. Applying the
assumption that oil palm expands across the entire
concession area, the plantation area grows to the
remaining 2.01 Mha under the business-as-usual
scenario by 2035. Thus, total oil palm plantations
exceed 3.58 Mha under this scenario (Figure 8a).

Excluding the overlapping areas between oil palm
and timber concessions, timber plantations expand
across additional areas of 401,763 ha based on the
WRI’s timber concession map by 2035. Of total
timber plantations, 486,780 ha comprise 85,017
ha of the existing timber plantations established
before 2017. Over half of the timber plantations
develop on forest areas resulting in further loss of
80,744 ha of intact forest, 90,485 of logged forest
and 55,377 ha of regrowth forest. The remaining
expansions of timber plantations occur on
scrublands (70,657 ha), agricultural land (60,882
ha) and other land (7250 ha).

Based on WRI’s oil palm concession map (2010),
4.43 Mha of the province has legal permission for
oil palm concessions in West Kalimantan. About
1.2 Mha of 1.58 Mha of the existing oil palm
plantation was developed on the concession areas
in West Kalimantan. Under the business-as-usual
scenario, oil palm plantations grow across the
remaining concession areas of 3.3 Mha by 2035. In
West Kalimantan, oil palm plantations expand at
the rate of 181,000 ha per year with a total area of
4.8 Mha of the province (Figure 9a).

In West Kalimantan, timber plantations increase
to 1.88 Mha from about 67,000 ha on the WRI’s
timber concession map under this scenario by
2035. About 50% of timber plantations expand
at the expense of agricultural land (about 0.9
Mha), whereas forest cover contributes over 30%
or 0.55 Mha. The remaining expansions of timber
plantations occur on scrublands (331,051 ha or
18%) and oil pam plantation (46,438 ha).

3.3.2 Conservation scenario (CON)

Applying the assumptions of the conservation
scenario, oil palm plantations slightly increase

by 216,000 ha, whereas timber plantation areas
expand by about 17,000 ha by 2035 in Central
Kalimantan. Altogether over 13.7 Mha are
excluded from the future expansions of oil palm
and timber plantations under this scenario,
including forest cover (0.98 Mha), peatland
(2.66 Mha) and areas other than APL land in the

spatial planning map (12.8 Mha). However, the
existing oil palm plantations (1.6 Mha) and timber
plantations (109,000 ha) in the constrained area
before 2017 are continually used for palm oil and
timber productions under this scenario (Figure 8b).

In West Kalimantan, excluding the forest cover
and peatland, and restricting plantations to the
designated land for agriculture and other uses
(APL) on the spatial planning map, oil palm will
expand by an additional 0.54 to 2.1 Mha. Timber
plantations will also increase by about 74,000 ha to
141,022 ha (Figure 9b).

3.3.3 Sustainable intensification scenario
(SUS-INT)

In Central Kalimantan, applying a similar historical
annual rate of oil palm expansion between 2000
and 2016, oil palm plantations should expand by
1.59 Mha by 2035. The resulting scenario map
shows an expansion of oil palm plantations by
about 1.37 Mha to a total of 2.98 Mha. Central
Kalimantan experiences an average expansion of
76,000 ha per year of oil palm between 2017 and
2035 (Figure 8¢).

In West Kalimantan, the areas of oil palm
plantations should expand by 1.32 Mha by 2035
with a similar annual rate to oil palm expansion
between 2000 and 2016. With the exclusion

of intersected forest cover and peatland on the
suitability map, oil palm plantations increase by
about 1.28 Mha on suitable land to a total of 2.86
Mha under the sustainable intensification scenario.
Oil palm plantations will expand at an average
rate of 71,000 ha per year between 2017 and 2035
(Figure 9¢).

3.4 Land use transitions in
future land-use

Figure 10 summarizes the land-use transition to

oil palm plantation in Central Kalimantan. In the
business-as-usual scenario, about two-thirds (1.2
Mha) of oil palm expansions occur on forest covers
resulting in further loss of 215,158 ha of intact
forest, 358,222 ha of logged forest and 586,244 ha
of regrowth forest. Both scrublands and agricultural
land contribute about one-fifth each. Oil palm
plantations also replace about 28,581 ha of timber
plantations under this scenario. Approximately

133,000 ha of agricultural land and 78,000 ha of
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(a) Central Kalimantan land-use
map for the business as usual
scenario in 2035.

(b) Central Kalimantan land-use map
for the conservation scenario in 2035.

(c) Central Kalimantan land-use map
for the sustainable intensification
scenario in 2035.

Figure 8. Central Kalimantan land-use maps for the three future oil palm expansion

scenarios in 2035.
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(a) West Kalimantan land-use map for
the business as usual scenario in 2035.

(b) West Kalimantan land-use map for
the conservation scenario in 2035.

(c) West Kalimantan land-use map
for the sustainable intensification
scenario in 2035.

Figure 9. West Kalimantan land-use maps for the three future oil palm expansion

scenarios in 2035.
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Table 7. Major features of the three oil palm expansion scenarios in Central and West Kalimantan by

2035.

Oil palm expansion scenarios

Central Kalimantan

West Kalimantan

Business as usual (BAU)

Conservation (CON)

Sustainable intensification
(SUS-INT)

Oil palm plantations expand by
2.01 Mha to 3.58 Mha, enveloping
over 23% of the province.

About two-thirds (1.2 Mha) of oil
palm expansion occurs across
forest cover.

Timber plantations increase by
373,000 ha to about 487,000 ha.
About half of timber plantations
occur across forest cover.

Oil palm plantations increase by
about 218,000 ha to 1.82 Mha,
whereas timber plantations expand
by about 17,000 ha to about
114,000 ha.

Over 13.7 Mha of land is excluded
from the future expansion of oil
palm and timber plantations.

Oil palm plantations grow at an
annual average rate of 76,000 ha
and increase by about 1.37 Mha to
a total of 2.98 Mha.

Expansion primarily occurs on
suitable non-forest lands (about
94%).

Timber plantations reduce by over
82,000 ha due to transition to oil
palm plantations.

« QOil palm plantations grow at a rate

of 181,000 ha per year and increase
by 3.3 Mha to a total area of 4.8
Mha, covering over 32% of the
province.

About two-thirds or 2.0 Mha of

oil palm expansion occurs across
agriculture areas.

Timber plantations increase by
1.82 Mha to 1.88 Mha.

Oil palm plantations increase by
about 534,000 ha to 2.11 Mha,
whereas timber plantations expand
by about 74,000 ha to about
141,000 ha.

Over 9.63 Mha of land is excluded
from the future expansion of oil
palm and timber plantations.

Oil palm plantations grow at an
annual average rate of 71,000 ha
and increase by about 1.28 Mha on
suitable land to a total of 2.86 Mha.
About 87% of oil palm expansion
occurs on agricultural land and
nearly 12% on shrubland.

Timber plantation area remains the
same.

scrubland transition to oil palm plantations in
the conservation scenario. Under the sustainable

intensification scenario, about 94% of the oil palm
plantations develop on non-forest areas including

agricultural land, scrubland and other land. The
remaining 82,366 ha of timber plantations are
converted into oil palm plantations.

In West Kalimantan, about two-thirds or

services

2.0 Mha of the oil palm expansions occur in

agricultural areas, whereas about 0.6 Mha of

forest cover transitions to oil palm plantations in
the concession areas. Further, about 0.6 Mha of
scrubland is also converted to oil palm plantation
under this scenario. Since the forest cover and
peatland are protected in the conservation scenario,
the plantations only expand on the non-forest
lands, primarily agricultural land (about 413,000
ha) and scrubland (about 114,000 ha). Under the

sustainable intensification scenario, plantations

mainly replace agricultural land (about 1.2 Mha)
and scrubland (over 145,080 ha) (Figure 11).

3.5 Mapping, quantifying and
economic valuation of ecosystem

3.5.1 Carbon storage and sequestration

By applying the secondary source of carbon stock
data for land-use classes with and without peatland,
the model estimates that 6516 million tons of
carbon (million tC) are stored in the current land
use in Central Kalimantan. Carbon storage is
reduced by about 9% (591 million tC) under the
business-as-usual scenario, whereas conservation
and sustainable intensification scenarios result

in an increase of the carbon stock by 10 million
tC and 39 million tC, respectively (Table 8).
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Figure 10. Land-use categories transitioned to oil palm plantation in Central Kalimantan under the
three future scenarios: business as usual, conservation and sustainable intensification between 2017

and 2035.
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Figure 11. Land-use categories transitioned to oil palm plantations in West Kalimantan under the
three future scenarios: business as usual, conservation and sustainable intensification between 2017

and 2035.

Obviously, the reduction of carbon stock is
expected in business as usual due to the conversion
of HCS areas, i.e. old-growth and regrowth

forests. However, the carbon stock increases in

conservation and sustainable intensification due to

avoiding clearance of the HCS areas, including forests
and peatland, and most of the expansion occurring on
agricultural land and scrubland.
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Table 8. Carbon stock in the current and future land-use scenarios in Central Kalimantan.

Current and future Total carbon stock,

Carbon stock change,

Net Present Value from current to

LULC scenarios million tC million tC future LULC scenarios, US$ million
Current LULC-2016 6516

BAU - 2035 5925 —-591 —6442

CON - 2035 6526 10 105

SUS-INT - 2035 6555 39 424

Table 9. Carbon stock in the current and future land-use scenarios in West Kalimantan.

Current and future Total Carbon Stock, Carbon Stock Change, Net Present Value from current to
LULC Scenarios million tC million tC future LULC scenarios, US$ million
Current LULC - 2016 3925

BAU - 2035 3146 -779 —8489

CON - 2035 3951 26 282

SUS-INT - 2035 3964 39 429

In West Kalimantan, the current land use stores
about 3925 million tC, which is approximately
60% of the carbon stock in Central Kalimantan.
Aggressive expansion of oil palm and timber
plantations into HCS areas results in about 20%
loss of carbon stock (779 million tC) in the
business-as-usual scenario. Carbon stock increases
by 26 million tC in the conservation scenario

to 3951 million tC, i.e. 1.6-times more than in
Central Kalimantan due to the relatively high
intensity of oil palm expansion on agricultural
land and scrubland, i.e. low carbon stock areas

in West Kalimantan. However, the carbon stock
increases by the same amount, i.e. 39 million tC,
as in Central Kalimantan under the sustainable
intensification scenario to 3964 million tC in West

Kalimantan (Table 9).

Regarding the NPV, the loss of carbon stock in
the business-as-usual scenario results in a negative
NPV of (-)US$6.4 billion in Central Kalimantan
and (-)US$8.5 billion in West Kalimantan at

a 7% discount rate without an increase in the
carbon price of US$18.72 per tC. The NPV is
proportional to the amount of carbon stock loss
or gain in the future scenarios. Due to the increase
in carbon stock in conservation and sustainable
intensification scenarios, the NPVs are positive

with the highest return of US$429 million in

sustainable intensification in West Kalimantan

(Tables 8 and 9).

The spatial distribution of carbon stock under the
current land use and future scenarios is visualized
in Figure 12a—d for Central Kalimantan and
Figure 13a—d for West Kalimantan. Since the
change in carbon stock is not prominent on the
provincial maps, a small area is highlighted to focus
on carbon stock change as a result of plantation
expansions in these scenarios.

3.5.2 Habitat quality

The model estimated relative habitat quality

values between 0 and 1 across the province under
the future land-use scenarios. Habitat quality is
expected to decline in future land-use scenarios due
to expansions of oil palm plantations at the expense
of forest cover. However, the conservation scenario
presents an exception with almost no change in
habitat quality in both provinces. This is attributed
to the protection of old-growth and regrowth
forests under this scenario. Under the business-
as-usual scenario, the habitat quality declines
significantly with an almost 12% reduction in

the average habitat quality value from 0.572 in
current land use to 0.503, in Central Kalimantan.
Similarly, the habitat quality decreases by over 14%
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Figure 12. Carbon stock map in Central Kalimantan: (a) current land use (LULC 2016); (b) business as usual
scenario 2035; (c) conservation scenario 2035; (d) sustainable intensification 2035.
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Figure 13. Carbon stock map in West Kalimantan: (a) current land use (LULC 2016); (b) business as usual
scenario 2035; (c) conservation scenario 2035; (d) sustainable intensification 2035.
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Figure 14. Carbon stock map in Central Kalimantan: (a) current land use (LULC 2016); (b) business as usual
scenario 2035; (c) conservation scenario 2035; (d) sustainable intensification 2035.
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from 0.418 to 0.358 in West Kalimantan. The
old-growth and regrowth forests in the concession
areas are cleared for expansion of oil palm and
timber plantations, which entails a remarkable loss
of habitat quality in both provinces. Besides, these
expansions also open up the habitat frontiers in the
adjacent areas of old-growth and regrowth forest
by increasing the level of threat due to proximity
to these areas causing a decline in habitat quality.
The model predicts a very nominal loss of habitat
quality, i.e. less than 1% in both provinces from
the oil palm expansions under the sustainable
intensification scenario. The change in habitat
quality is less distinct on the provincial maps.
Hence, a small area is highlighted to demonstrate
the impact on habitat quality as a result of oil
palm expansion under three scenarios (Figures 14

and 15).

Under the conservation and sustainable
intensification scenarios, the old-growth and
regrowth forests are protected ensuring no loss
of habitat quality. Hence, high habitat quality
areas are located in the northeast regions of both
provinces, which correspond to the areas of forest
cover. Habitat quality tends to decline from a
conversion of scrublands to plantation, while it
slightly increases due to conversion of agricultural
land to plantation. Habitat quality is considered
to deteriorate on plantations (oil palm and
timber) relative to scrubland. The conversion of
scrubland to oil palm plantation evidently causes
loss of habitats of native flora and fauna and may
also negatively impact aquatic ecosystems due to
water contamination. However, by employing
some conservation strategies, the habitat quality
might improve in plantations (oil palm). A

small increase in the number of forest-dwelling
species was reported in oil palm plantations after
implementation of conservation efforts in these

plantations (Koh 2008).
3.5.3 Water yield

The model predicts a decline in water yield under
all future land-use scenarios relative to the current
land use. In Central Kalimantan, the water yield
will decrease by 0.62%, 0.14% and 0.13% under
sustainable intensification, business-as-usual and
conservation scenarios, respectively. In contrast,
the business-as-usual scenario will experience the
highest loss of water yield (1.7%), followed by
the sustainable intensification scenario (0.54%)
in West Kalimantan. The lowest decline in water

yield is predicted for the conservation scenario

in both provinces. Although, these reductions in
water yields do not show any significant loss at

the provincial level, the changes in water yield

are evident at the local level, as illustrated in
Figures 16 and 17. With the same bioclimatic

and biophysical variables, the reduction in water
yield is solely attributed to a change in current
land use to plantation (oil palm or timber) in

the future scenarios at the provincial level. The
expansion of oil palm and timber plantations

on agricultural land, scrublands and other lands
increases the transpiration from these areas. Thus,
the water yield is negatively impacted due to a
decrease in water available as run-off. In both
provinces, the highest percentage loss of water yield
is supported by increased conversion of these land
uses to plantations. For instance, in the sustainable
intensification scenario in Central Kalimantan,
above 90% or over 1.0 Mha of oil palm expansions
occur on agricultural land (57%), scrublands
(33%) and other land (4%), which corresponds to
the highest percentage loss in water yield. Similarly,
about 2.7 Mha of these lands are converted to

oil palm and timber plantations resulting in the
highest loss in water yield in the business-as-usual
scenario in West Kalimantan.

3.5.4 Palm oil production

In Central Kalimantan, the business-as-usual
scenario produces 8.45 million tons of crude palm
oil per year (Mt CPO yr™') from an average area of
2.22 Mha based on the average yield of 3.8 tCPO
per ha per year between 2017 and 2035. Assuming
an enhancement of productivity to 5.1 tCPO

per ha per year equivalent to the average yield
under the Roundtable for Sustainable Palm Oil
(RSPO), the sustainable intensification scenario
supplies almost the same amount of palm oil as the
business-as-usual scenario, i.e. 8.37 Mt CPO yr!
from 2.05 Mha. In the conservation scenario, the
existing oil palm plantation dominates the palm oil
production with an annual yield of 6.49 Mt CPO
from 1.71 Mha (Figure 18). Based on the current
price of US$665 per t CPO from the MPOC,® the
gross revenue is estimated to US$5.61 billion for
business-as-usual, US$5.56 billion for sustainable
intensification and US$4.31 billion for the

conservation scenarios.

6 htp://www.mpoc.org.my/Daily_Palm_Oil_Prices.aspx
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In contrast to Central Kalimantan, the business-
as-usual scenario produces 16% more palm oil,
i.e. 9.85 Mt CPO yr', in West Kalimantan due
to an average oil palm area of 2.6 Mha between
2017 and 2035. This yield is about 20% more
than in the sustainable intensification scenario

(8.08 Mt CPO yr). While the existing oil palm

plantation accounts for about 6.0 Mt CPO

yr', the conservation scenario yields a slightly
higher annual yield of about 6.63 Mt CPO yr!
(Figure 19). Based on the current price of palm
0il US$665 per t CPO, the gross revenue per
year is estimated to about US$6.55 billion for
business-as-usual, US$5.37 billion for sustainable
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Central Kalimantan and West Kalimantan.

Note: LULC - land use, land cover; BAU - business as usual; CON — conservation; SUS-INT - sustainable intensification.

intensification and US$4.41 billion for the

conservation scenarios.
3.5.5 Timber production

Based on the allowable cut of 0.86 m? per ha

per year (Suwarno et al. 2016), the total timber
production increases to about 0.42 million

m?® per year (m’ yr™') in the business-as-usual
scenario from about 0.10 million m® yr' in the
current land use in Central Kalimantan. Due to a
restriction on expansion of timber plantation on
forest cover, timber production decreases to about
0.11 million m? yr' and 0.03 million m? yr!

in conservation and sustainable intensification
scenarios, respectively. In West Kalimantan, timber
production is projected to increase by many fold to
1.62 million m? yr™! in business as usual from 0.06
million m?® yr! in the current land use. In contrast
to Central Kalimantan, timber plantation increases
by 74,000 ha in the conservation scenario resulting
in a rise in timber production to 0.12 million

m?® yr! in West Kalimantan. However, sustainable
intensification produces the same quantity of
timber, i.e. 0.06 million m?® yr! as in the current
land use because the timber plantation area does
not change in this scenario relative to current land

use (Figure 20).

3.5.6 Total economic valuation of
ecosystem services

Table 10 summarizes the transitions in land-use
classes relative to current land use in 2016 under
the three scenarios: business as usual, conservation
and sustainable intensification in Central
Kalimantan and West Kalimantan. These land-use
transitions have direct impacts upon the supply
of various ecosystem services and determine the
associated TEV of these services.

Based on the ecosystem services valuation of
different biomes from de Groot et al. (2012)
and Costanza et al. (2014), the total values of
ecosystem services (TEV) decline under future
land-use scenarios relative to values of current
land use. The TEV of the current land use were
US$185.61 billion per year and US$162.14
billion per year in Central Kalimantan and
West Kalimantan, respectively. Among the
three future scenarios, the conservation scenario
has the highest value in both provinces, with a
value of US$185.12 billion per year in Central
Kalimantan and US$161.06 billion per year in
West Kalimantan. Under the business-as-usual
scenario, the value decreases by about 9% or

US$17 billion per year to US$168.61 billion per
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Table 10. Transition of land-use classes under the future land-use scenarios in Central Kalimantan
and West Kalimantan.

SN Landuse Central Kalimantan West Kalimantan
classesin Business- Conservation  Sustainable Business- Conservation Sustainable
the study as-usual Scenario Intensification as-usual Scenario Intensification
areas Scenario Scenario Scenario Scenario

1 Intact N7 = = N7 = =
Forest

2 Logged v = = W = =
Forest

3 Regrowth 27 = = 27 = =
Forest

4 Scrublands (17 7 7 (177 7 7

5 Agriculture 27 7 (217 (277 7 (17

6 Other Land

7 Oil Palm MA r "M MA A "M
Plantation

8 Industrial MA M 2727 MA MA =
Plantation

9 Water 17 = = v - -
Bodies

Note: Where equals sign (=) represents less than 5% change, the upward or downward arrow (4 or W) represents 5-19%
change; MM or W represents 20-40% change and MM or W represents above 40% change in land use relative to land
use in 2016.
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Figure 21. TEV of ecosystem services under the current land use and the three future land-use scenarios
in Central Kalimantan and West Kalimantan.

Note: LULC - land use, land cover; BAU - business as usual; CON - conservation; SUS-INT - sustainable intensification.
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Table 11. Net Present Value (NPV) of Total Economic Value (TEV) of ecosystem services under
current and future land-use scenarios.

Central Kalimantan

Discount rate Current Business as usual  Conservation (US$) Sustainable intensification

(US$) (Us$) (US$)
3.5% 2,540 2,312 2,538 2,527
—228 -2 -12
5.0% 2,239 2,038 2,237 2,228
—201 -2 -1
10.0% 1,550 1,410 1,549 1,542
-139 -1 -8
15.0% 1,148 1,045 1,147 1,143
-103 -1 -6

West Kalimantan

Discount rate Current Business as usual Conservation (USS) Sustainable intensification

(US$) (US$) (US$)
3.5% 2,223 1,906 2,208 2,192
-317 =15 =31
5.0% 1,960 1,680 1,946 1,932
—280 -13 -27
10.0% 1,356 1,163 1,347 1,337
-194 -9 -19
15.0% 1,005 862 998 991
-143 -7 -14

year in Central Kalimantan. In West Kalimantan,
the value declines significantly by over 13% or
US$23 billion per year to US$139.00 billion

per year in the business as usual scenario. Under
the sustainable intensification scenario, the value
reduces by less than 2% to US$184.35 billion per
year in Central Kalimantan and US$159.87 billion
per year in West Kalimantan (Figure 21).

The NPVs of the TEV of the ecosystem services
were estimated for the current land use and the
three future land-use scenarios at the discount
rates of 3.5%, 5%, 10% and 15% (Table 11). The
negative sign () indicates a total loss of ecosystem
services under the future land-use scenarios relative
to current land use. The NPVs of the ecosystem
services decrease with an increase in the discount

rate from 3.5% to 15%. At the lowest discount rate
of 3.5%, business as usual results in an equivalent
to (-)US$228 billion in Central Kalimantan and
(-)US$317 billion in West Kalimantan. The NPV
indicates the lowest loss of ecosystem services
under the conservation scenario equivalent to
(-)US$2 billion in Central Kalimantan and (-)
US$15 billion in West Kalimantan at the 3.5%

discount rate.

The reductions in these TEV are directly attributed
to the loss of old-growth and regrowth forests in
the business-as-usual scenario. The conservation
scenario offers the highest TEV among the

three scenarios because of the protection of all
forest covers from the expansion of oil palm and
timber plantations.
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Table 12. Relative availability of four major ecosystem services and the Total Economic Valuation
(TEV) of the land-use classes relative to intact forest.

SN  Land-use classes Provisional Regulating Habitat Cultural Relative total

in the study areas Services Services Services Services economic values of
ES to Intact Forest

1 Intact Forest +++ +++++ +++++ +++++ 100%

2 Logged Forest ++++ ++ ++++ ++ 44%

3 Regrowth Forest ++++ ++ ++++ ++ 44%

4 Scrublands ++ + + + 8%

5 Agriculture ++ +++ 22%

6 Other Land - - - - -

7 Oil Palm +++ + + - 20%
Plantation

8 Timber Plantation ++ + + - 9%
Water Bodies ++ ++ - +++ 17%

3.6 Trade-offs or synergy between
ecosystem services under future land-
use scenarios

The model results in Section 3 show a synergy
between increased palm oil yield (due to an
extensive expansion of oil palm plantations) and
water yield (reducing). The reduction in water
yield is considered a positive ecosystem service for
reducing or avoiding the negative consequences of
increased water flows, such as flooding, landslides
and loss of property and lives (Arunyawat and
Shrestha 2016). This synergy occurs under all
future land-use scenarios due to the conversion

of agricultural land, scrublands and other land
uses into oil palm plantations. Water yield is
significantly reduced through the increased rate

of transpiration compared with land uses before
conversion. The expansions of oil palm on old-
growth or regrowth forests under the business-as-
usual scenario result in trade-offs between palm oil
yield and carbon stock as well as habitat quality. In
the business-as-usual scenario, the increased palm
oil yield results in a significant loss of the carbon
stock and habitat quality due to the conversion of

HCS and habitat quality forest covers to oil palm
plantation.

Table 12 summarizes the relative availability

of four ecosystem services and the TEV of the
land-use classes relative to intact forest. Trade-
offs or synergies are evident due to the change

in the ecosystem services attributed to the land-
use change under a future scenario. Under the
business-as-usual scenario, the expansion of oil
palm plantations across intact forest results in
trade-offs of all four ecosystem services. The TEV
of ecosystem services show a reduction in value
of 80% due to the conversion of intact forest to
oil palm plantation. The development of oil palm
plantation on logged forest or regrowth forest
also results in trade-offs as the TEV of ecosystem
services reduce by over 50%. Oil palm expansions
onto agricultural land increases the value of
provisioning ecosystem services by about 75% due
to the revenue from palm oil production, whereas
regulating and cultural services are significantly
reduced. After clearing intact forest, timber
plantations retain about 9% of the ecosystem
services from the previous land use (Table 12).



4 Discussion

4.1 Assessing ecosystem services on
oil palm landscapes

Ecosystem services are often mapped, valued and
analyzed to assess the impacts of future land-use
scenarios (Lawler et al. 2014; Sumarga and Hein
2014). This study assessed three key ecosystem
services supplied by an oil palm landscape of local
and global significance: carbon stock, habitat
quality and water yield (e.g. Ardaban et al. 2016;
Arunyawat and Shrestha 2016). In addition, palm
oil yield and timber production were also assessed
in conjunction with future land-use scenarios (e.g.
Sumarga and Hein 2014) and their trade-offs or
synergies with key ecosystem services analyzed.

The accuracy and reliability of data are critically
important to assess and evaluate these ecosystem
services with high confidence. In the absence of
primary data on carbon stock and water yield
variables from the study area, this study relied
upon secondary data sources. Carbon density

(tC per ha) data compiled from the previous
studies in the area (e.g. Sumarga and Hein 2014)
were applied to the land-use classes in the study
areas. This meant that the accuracy of the data
could not be ascertained. With peatland present in
both study areas, carbon could be underestimated
or overestimated if the carbon stock data and
peatland maps do not represent reality.

In the absence of data on habitats for key species
and their level of disturbance, this study employed
the InVEST Habitat Quality Model to map
habitat quality in both study areas. This approach
is considered preferable to other biodiversity
assessment methods based on vegetation condition
without taking into account threat sources (Baral et
al. 2014). The representation given by the Habitat
Quality Model can be improved by incorporating

all typologies of habitats based on vegetation,
conditions and disturbance levels. Nonetheless, the
habitat quality approach is not a comprehensive
method for assessing biodiversity. In the InVEST
Habitat Quality Model, sensitivities of different
habitats to threats are very subjective and user bias
is likely to be present for different threats, resulting
in a misleading interpretation of habitat quality.

Regarding water yield, several hydrological

studies suggest that forest vegetation with high
evapotranspiration rates reduces water yield,

while agricultural crops or urbanization increases
surface run-off or overland low (Hamilton 2008;
Suryatmojo et al. 2013). The InVEST Water
Yield Model demonstrated a correlation between
water yield (reducing) and expansion of oil palm
plantation on agricultural land or scrublands in
both study areas. Water yield increases with loss
of vegetation cover, whereas it decreases with an
increased vegetation cover. This result is consistent
with water yield predictions for the agriculture-
dominated sub-watershed in Northern Thailand
using the InVEST Water Yield Model (Arunyawat
and Shreatha 2016). Since this study did not
validate the model outputs, the results are an
indicative representation of water yield in the
study area due to expansion of oil palm plantation.
Further, the model might not have fully captured
the impact on water yield due to the hydrology of
peatland in the study area, which needs to be taken
into account for an accurate understanding of the
relationship between land-use change and water
yield. To improve confidence and the reliability of
outputs for its application in decision making (e.g.
Guswa et al. 2014), water yield prediction needs
to be performed at a district or sub-watershed
level using accurate data and subsequent model
calibration and sensitivity analysis (e.g. Sanchez-
Canales et al. 2012; Hamel and Guswa 2016).
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4.2 Trade-offs or synergies and
economic valuation of ecosystem
services

Several studies have explored the trade-offs or
synergies between multiple ecosystem services
under specific land-use and management regimes
or land-use change scenarios (e.g. Power 2010;
Klasen et al. 2016; Sumarga and Hein 2016).
The management regime or land-use change

can cause trade-offs or synergies due to either an
enhancement or a reduction of multiple ecosystem
services. Such knowledge is needed to understand
the realities of whether the specific ecosystem
service of interest is enhanced or lost from the
land-use change or management intervention
(e.g. Power 2010; Sumarga and Hein 2014;
Klasen et al. 2016). There is a broad interest in
the impacts of oil palm plantations on ecosystem
services and their trade-offs (e.g. Obidizinski et
al. 2012; Sumarga and Hein 2014; Dislich et al.
2016; Petrenko et al. 2016; Sumarga and Hein
2016; Vijay et al. 2016). For example, Obidizinski
et al. (2012) studied the environmental and
social impacts of existing oil palm plantations
and highlighted the trade-offs of an inequitable
distribution of economic benefits and the
significant damage to the environment. A review
of the ecosystem services (or functions) from oil
palm plantations identified trade-offs for 11 out of
14 ecosystem services under forest cover (Dislich
et al. 2016). This study highlighted that some of
the trade-offs are irreversible with much broader
impacts (e.g. climate regulation, habitat loss) and
showed that the intensity of trade-offs increases
if the oil palm plantation replaces forest cover

or peatlands.

The trade-offs for oil palm plantations are evident
between the provisioning service from palm oil
production and losses of regulating, cultural and
habitat functions. Trade-offs or synergies between
ecosystem services are evaluated against the
previous land-use or the land management regime
or between the current and future land use. Oil
palm can offer climate regulation services where the
previous land use has a lower capacity for carbon
sequestration and storage. For example, Germer
and Sauerborn (2008) observed a synergy for
climate regulation from the conversion of tropical
grassland to oil palm plantation with net carbon
sequestration in biomass and soil. This study
confirmed the trade-offs or synergies observed in

the above studies by demonstrating (i) trade-offs in
four ecosystem services due to oil palm expansion
on old-growth forest and regrowth forest under
the business-as-usual scenario and (ii) synergies

for climate regulation from oil palm expansion on
degraded or agricultural land by enhancing carbon
sequestration and storage in green biomass and soil
in all future land-use scenarios.

This study focused on the entire province level
and generated spatial maps for five key ecosystem
services. These spatial maps showed the change in
ecosystem services and their trade-offs or synergies
under three future land-use scenarios. Another
study (Klasen et al. 2016) demonstrated that
trade-offs tend to vary at different spatial scales,
and that a study focusing on local (i.e. households
or village) or regional (i.e. district) scales can be
used to undertake a detailed analysis of trade-offs
or synergies between ecosystem services due to oil
palm expansion. Such a study can assist land-use
planners or decision makers in making better-
informed land-use decisions.

The global value of ecosystem services at the
biome level might not provide accurate values for
ecosystem services in the study area. However,
global values have been used to understand the
economic values of ecosystem services at the
global level (e.g. Costanza et al. 1997, 2014;

de Groot et al. 2012) and at landscape (Kundu

et al. 2016; Tolessa et al. 2017) and country
(Kubiszewski et al. 2013; Anderson et al. 2017)
levels. By applying global ecosystem services
values to the representative biome, a preliminary
value of ecosystem services can be generated in
any geographic location and thus help to develop
an understanding of the contribution of these
ecosystem services to humans. This approach
enabled an assessment and evaluation of ecosystem
services TEV in the study area under three future
land-use scenarios and demonstrated a significant
loss of ecosystem services under the business-as-
usual scenario. This supports the perspective that
intensive expansion of oil palm, as in the business-
as-usual scenario, could seriously harm the
province’s capacity to supply ecosystem services.
The high associated cost signifies the gravity of the
loss of these services. However, valuation of these
ecosystem services based on local- or provincial-
level data would increase the accuracy and
confidence in the valuation of ecosystem services
in the study area.



5 Conclusion

The analyses of future land-use scenarios have
shown significant impacts on the supply of
ecosystem services based on the intensity of oil
palm expansions under these scenarios. The
business-as-usual scenario results show detrimental
impacts on ecosystem services due to an intensive
expansion of oil palm plantation including

across areas of old-growth forest and regrowth
forest. Assuming the lowest intensity of oil palm
expansion, the conservation scenario enhances
carbon stock and maintains a stable habitat
quality relative to the current land use (2016). The
sustainable intensification scenario with oil palm
expansions only on suitable areas and enhancement
of yield generates a positive impact on carbon
stock and water yield, whereas habitat quality
deteriorates slightly in the study areas.

Based on the TEV of ecosystem services, the
conservation scenario generates the highest values
of ecosystem services under the three future
land-use scenarios in both study areas. However,
the sustainable intensification scenario offers a
compromise solution for future expansion of oil
palm by ensuring a supply of ecosystem services
comparable to the conservation scenario, and

without significantly affecting palm oil yield. This
scenario would help meet the future demand
for palm oil through area expansion of oil palm
and yield enhancement. However, a potential
issue of food security might emerge because of
the extensive conversion of agricultural land

to oil palm plantations under the sustainable
intensification scenario. Therefore, future oil
palm expansion should be approached cautiously
to achieve sustainable land use and balance
human and environmental needs.

The TEV of ecosystem services must not be taken
as a market value or for payment of ecosystem
services. These values should be understood in
relative terms between these scenarios and used
to enhance awareness regarding the impacts of
future expansion of oil palm plantations on key
ecosystem services. A detailed study at a local
level (household or village) that evaluates the
economic values of key ecosystem services and
their trade-offs or synergies is recommended
for an accurate valuation of ecosystem services
to better understand the impacts of oil palm
expansion on the local community and

the environment.
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