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Abstract

Forest in Indonesia is among one of the richest biodiversity in the world.
However, this forest is currently under threat due to several factors such as illegal
logging, forest fire, and forest conversion. Considering the ecological and eco-
nomic importance of this forest, the local government is committed to its protec-
tion and sustainable use under the umbrella of “Green Regency” and has been
working with several organizations to develop long-term landscape planning.
This research focuses on Sintang, West Kalimantan, that has a vast tropical forest
with high biodiversity of flora and fauna. In 2016, the Sintang Regency has
declared its commitment as a sustainable regency and committed to protecting the
forest within the framework of the Sustainable Development Goals (SDG). The
research aims are to analyze land use and land cover (LULC) changes from 2006
to 2016 and forecast the land use and land cover on business as usual (BAU) and
green scenario. The analysis used Land Change Modeler (LCM) module in
TerrSet software to project the land cover. Based on the analysis of land cover
change from 2006 to 2016, the secondary forest area experienced the largest
decrease (�87,680 ha), while the plantation area had the largest increase
(87,540 ha). The BAU scenario projected that plantations would grow to
253,571 ha in 2030 while only 180,300 ha under the Sintang Lestari scenario
(green scenario). The results of the Sintang Lestari scenario showed that
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significant plantation development can still be achieved while protecting the
remaining forest cover. However, limiting the expansion of plantation areas is
only possible if current spatial plans are monitored and non-compliance with
spatial planning is strictly enforced. The findings of the analysis can serve as a
strong basis for future land development in Sintang Regency.
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6.1 Introduction

Forest plays a major role in supporting human life. Forest provides its services
through the source of food and energy, reserving water supply, maintaining soil
fertility, preventing humans from natural disasters such as floods and land erosion
control, education and research, natural tourism, and others (García-Nieto et al.,
2013; Nowak et al., 2015; Brockerhoff et al., 2017; Aznar-Sánchez et al., 2018).
García-Nieto et al. (2013) and Brockerhoff et al. (2017) highlighted that forest
diversity plays an important factor in sustaining human life through ecosystem
function and the provision of ecosystem services. Protecting the forest means
preserving the natural habitats and their ecosystem including sustaining the
human-life balance (Aznar-Sánchez et al., 2018).

In Indonesia, as in many other parts of the world, population growth, economic
growth, and climate change issues turn out to increase pressures on natural
resources. These challenges need to be addressed simultaneously. Studies have
proven the relationship between economic growth and CO2 emissions (Fankhauser
& Tol, 2005; Hwang & Yoo, 2012; Shahbaz et al., 2013; Knight & Schor, 2014).
Higher growth rates result in higher emissions, which contribute to climate change.
Climate change has a direct impact on the economy and caused global warming and
reduced future welfare (Fankhauser & Tol, 2005). Future development should be
consistent with the implementation of the green growth plan while simultaneously
focusing on economic growth with low carbon emissions and, finally, achieving the
Sustainable Development Goals (Noorbakhsh & Ranjan, 1999; Knight & Schor,
2014). Sustainable development is a development that meets the needs of the present
without compromising future generations’ ability to meet their own needs (Pearce
et al., 1994), and natural capital owned by regions must be preserved in the long run
(Noorbakhsh & Ranjan, 1999).

Indonesia forest stands are under severe threat due to deforestation and forest
degradation which have occurred in both mineral soil and peatland. Deforestation
has contributed to CO2 emissions as a result of forest conversion to other land uses
particularly oil palm plantation expansion which creates an additional source of
greenhouse gas emissions (Schebek et al., 2018). Emission from mineral lands
mostly comes from forest encroachment, forest conversion to other land use, and



forest fires (Malahayati & Masui, 2019; Afriyanti et al., 2019). Emission from
peatlands originates in forest conversion, degradation, peat decomposition, peat
fires, and mangrove conversion. Margono et al. (2014) highlighted that Indonesia
forest cover loss between 2000 and 2012 was about 16 million ha of which 38% of it
occurred within the Indonesian primary forest. From that period, the average forest
cover loss was increased by 47,600 ha/year. Kalimantan Island is the second-highest
forest loss after Sumatra Island. Most of the primary forest loss occurred in the
lowland areas. Studies indicate that agricultural area expansion is the main driving
factor causing deforestation in Kalimantan (Gunarso et al., 2013; Laurance et al.,
2014; Margono et al., 2014; Abram et al., 2017). The remaining tropical forest in
Kalimantan is under threat caused by the growing agricultural demand in the region.
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6.1.1 Sintang and Sustainable Regency (Sintang Lestari)

Sintang is one of the regencies in West Kalimantan that has a vast tropical forest with
high biodiversity of flora and fauna. In 2019, it has a total population of 403,000
people and a population density of 19 people/km2 (Central Bureau of Statistic
Indonesia, 2020). Of the total area (21,638 km2), 59% of the regency area is
designated as a forest area, and it also has a national park located in the southern
part of the regency (Bukit Baka Bukit Raya National Park). The total forest area is
1,286,944 ha which consists of limited production forest (28%), protected forest
(21%), production forest (6%), conservation area (3%), and convertible production
forest (1%). Among the forested area, 396,566 ha is categorized as primary dryland
forest and mostly located in the protected forest, limited production forest, and
conservation areas. Despite its large designated forest area, the Sintang Regency
experiencing the highest rates of deforestation, forest degradation, and forest fires.
Deforestation in Sintang is primarily caused by high demand for land-based products
(agriculture, plantation, and mining), encroachment, and other economic activities.
Most people rely on agriculture as a source of income, and the agricultural sector
plays an important role in the Sintang economy with high job opportunities. How-
ever, Sintang Regency faces serious development challenges, including the poverty
rate of its population, which is currently among the highest in West Kalimantan,
economic growth that is still below target, inadequate and inequitable basic infra-
structure provision, and other issues. At the same time, pressure on natural resources
is increasing. More than a hundred thousand indigenous people who live in the forest
rely on it for a living, and most of them rely on the environmental services it
provides, such as clean water and high air quality.

Since declaring its commitment as a Sustainable Regency in 2016, the local
government has continued to improve itself and strive to provide greater welfare
for its people while still paying attention to the sustainability of natural resources,
particularly forests and land, and environmental conditions. This commitment cer-
tainly requires synergy between all elements of stakeholders in the Sintang District,
including the district government and civil society. In addition, Sintang Regency has
committed its district to move sustainably in the landscape and development



planning. In light of the ecological and economic importance of the forest, the local
government is committed to its protection and sustainable use under the framework
of Sustainable Development Goals (SDG). With the commitment, the Sintang
Government had conducted a multi-stakeholder and institutional design towards
the sustainable regency and green growth pathways. This process accumulated
stakeholders’ voices in formulating a shared vision of the future landscape, with
the forested area remaining constant or even expanding due to no room for defores-
tation. In addition, the government commitment to the green pathway needs to be
assessed as the regency relies on natural and land-based resources for attracting
economic growth.
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In general, the purpose of this research is to conduct a trade-off analysis of
sustainable landscape planning of the Sintang Regency. The research has two
goals: (1) to analyze land use and land cover (LULC) changes from 2006 to 2016
(past 15 years) and (2) to project the land use and land cover on business as usual
(BAU) and green scenario from 2016 to 2030. The outcomes of this research will be
utilized to help the government make decisions and comprehend past land use
changes. Furthermore, this will serve as a solid foundation for future land use
projects aimed at achieving sustainable regency.

6.2 Data and Methodology

6.2.1 Study Area

The study covers an area of Sintang Regency, West Kalimantan Province. Sintang
Regency is one of 14 regencies in West Kalimantan Province with a high forest
cover. Sintang Regency is the third largest district in West Kalimantan Province,
after Ketapang Regency (31,240 km2) and Kapuas Hulu Regency (29,842 km2).
Sintang Regency has a total area of 21,638 km2 and is divided into 14 sub-districts.
The regency is endowed with an abundance of natural resources and forest
ecosystems, which serve as the economic foundation for both the government and
the local community. The topographic condition of the Regency is mostly hilly
(62.74%) with elevation ranging from 8 to 2040 m above sea level (Fig. 6.1).

Sintang has two major rivers, Kapuas and Melawi, which were once the primary
modes of community transportation. Currently, Sintang Regency’s total forest area is
59% of its total area, accounting for 1.3% of Indonesia’s total forest area (Central
Bureau of Statistic Indonesia, 2020). Sintang Regency is committed to achieving
sustainable development by preserving the remaining forest area.

6.2.2 Data

Data is gathered from both primary and secondary sources. Primary data were
obtained through direct interviews with government stakeholders of the Sintang
Regency. The study used secondary data, both spatial and non-spatial data. Spatial



data includes administration boundary, series of the land cover map, and forest
status. Administration data and base map derived from Indonesia Geospatial Agency
(BIG), while data related to land cover and forest status derived from the Ministry of
Environment and Forestry (MoEF). Land cover data from 2006 to 2016 were used in
this study to analyze the trend of land use and land cover changes (LULCC), which
was then used as the basis for the land use projection model for the year 2030
(Table 6.1).
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Fig. 6.1 Sintang Regency. (Source: Indonesia Geospatial Agency (2006))
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Table 6.1 Data description

Data Description Source

Land cover (2006
and 2016)

Land cover in 2006 and 2016
in the Sintang Regency

Ministry of Environment and Forestry
(KLHK)

The road National roads, provinces,
districts, and sub-districts/
villages

Geospatial Information Agency; scale 1:
50,000

The river Big river Geospatial Information Agency; scale 1:
50,000

Hub (central
activity)

Hub location Geospatial Information Agency; scale 1:
50,000

Mills Location of mills World Wildlife Fund (WWF)

Business use
permits and
location permits

Business use permits and
location permits in the
Sintang Regency

Business use permits from National Land
Agency (BPN) and location permit from
spatial planning (RTRW)

Forest cover 2016 Forest cover in 2016 Ministry of Environment and Forestry
(KLHK)

Deforestation
2006–2016

Deforestation areas between
2006 and 2016

Ministry of Environment and Forestry
(KLHK) analyzed by Hatfield Indonesia

Plantation
2006–2016

Plantation area between 2006
and 2016

Ministry of Environment and Forestry
(KLHK)

6.3 Methodology

6.3.1 Land Projection Model

Land projection analysis was performed by comparing two scenarios: Business as
Usual (BAU) and Sintang Lestari scenario (SL) or known as a green scenario. The
definition of scenario planning was obtained from a series of discussions and
workshops facilitated by the Conservation Strategy Fund (CSF) and the Sintang
Regency Government.

The projection model is based on the analysis of historical land cover changes,
transition potential, and factors driving land use change. Land use projections for
both scenarios were projected until 2030, following the above scenario’s planning
targets.

1. Scenario Development
The scenario was developed in collaboration with relevant stakeholders in
Sintang through the Focus Group Discussion (FGD). Scenario planning was
carried out through a multi-stakeholder process from October 1–5, 2018. The
facilitators for this scenario planning were representatives from academic
institutions, Non-Government Organizations, Civil Society Organizations, and
government staff in Sintang with a total of 15 facilitators. Each institution sends
representatives of five people. The facilitators were trained for 2 days by the CSF
team on how the scenario planning process took place and how to facilitate these
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Table 6.2 Key indicators for the SL model scenario

Indicator Model description Model application

Zero deforestation Forest cover based on land cover
in 2016 must be protected, and
conversion is prohibited

Zero deforestation
(applies to primary
and secondary
forests)

Sustainable utilization of natural
resources without damaging the
environment

Forests are protected to maintain
river water quality

Protected forests are free from
illegal farming and illegal logging

Follow/respect rules of strategic
environmental assessment (KLHS)
and spatial planning (RTRW)

Cultivation areas are restricted.
No planting is permitted outside
the current concession area

Plantations are
restricted

activities. The scenario planning was attended by 60 representatives from cross-
institutional/stakeholder participants.

During the FGD process, the land projection model scenario was defined and
agreed upon by the stakeholders. The definition of each modelling scenario is as
follows:
(a) BAU scenario: This scenario is based on the current district planning, where

each land allocation is defined as in the District Spatial Plan. Under this
scenario, no restrictions are implemented for areas allocated as development
areas. Forested land is categorized under development areas and is allowed to
be cleared.

(b) SL scenario: This scenario is generated based on land cover in 2016 in which
forest cover must be protected and conversion is forbidden, cultivation area is
restricted and planting is not allowed outside the current concession area.
Land cover predictions are generated with the following limitations:
• Zero deforestation: forest cover is considered as a protected area and no

conversion of forest cover is allowed.
• Plantation restrictions: plantation is restricted outside the current

concession area.

Limitations used in the SL scenario are taken from indicators in the policy
direction matrix in the regional medium-term development plan (RPJMD) of the
Sintang Regency for the 2016–2021 period. The planning documents have been
aligned with sustainable district goals which are reflected through several
indicators including forest and protected area conservation, air and environmental
quality improvement, and others. Indicators included in the model are only those
that can be displayed spatially. Furthermore, selected indicators were treated as a
limiting factor for development areas in the modelling of the SL scenario as
shown in Table 6.2.

2. Projection of Land Use and Land Cover (LULC)
We used the Land Change Modeler (LCM) module in TerrSet software to project
the land cover. LCM predicts land change based on historical changes that
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occurred at two points in time. In this study, land cover in 2006 and 2016 is used
as initial data to see trends in historical change. Land cover prediction is carried
out for 2030. In general, there are three steps in LCM, namely, change analysis,
transition potential, and change prediction, as follows (Eastman, 2021):
(a) The change analysis stage compares and analyzes land cover between two

periods. At this stage, the most dominant land cover changes can be identified
and mapped so that the driving factors for each change can be determined.

(b) The transition potential stage identifies and maps potential changes that may
occur based on historical change data. Change projections can be made on
one transition or multiple transitions based on the same driving factor. The
change probability modelling is done using Multi-Layer Perceptron (MLP).
MLP was chosen because it can model more than one change at the same
time. Driving factor use was defined based on their influence on the transi-
tion. In this study, distance from the road, distance from the open area, and
distance to existing plantation area are considered as the most influencing
factors to land change in Sintang.

(c) Change projection is the last stage of the modelling process. At this stage,
LCM projects land cover for the year 2030. The model determines how the
variables influence future change and how much change took place between
2006 and 2016 and then calculate a relative amount of transition to the year
2030. To make the model more robust, Land Change Modeler allows for the
incorporation of constraints or limiting factors; in this study forest cover on
the year 2016 and plantation permits are treated as a limiting factor for
deforestation and plantation expansion. The workflow for the model is
shown in Fig. 6.2.

6.4 Results and Discussion

6.4.1 Land Use and Land Cover Changes (LULCC) in Sintang from
2006 to 2016

Land use and land cover (LULC) maps for the period 2006–2016 are used as a basis
for mapping historical LULC changes in Sintang Regency. Between 2006 and 2016,
the total LULCC in Sintang Regency was 226,311 ha, contributing to 10% of the
total regency boundary (Fig. 6.3). Historical land cover change trends were obtained
from land cover maps in 2006 and 2016. During this period, land cover change in
Sintang Regency was dominated by plantation expansion (e.g., oil palm or rubber)
(4.19%), secondary forest loss (�4.08%), and swamp shrub loss (0.98%). Further
analysis showed that the conversion of the secondary forest was mostly to plantation
(35%), shrubs (32%), and mixed dryland agriculture (29%). From the result, it can be
seen that the increase in plantations occurred quite rapidly between the period of
2006 and 2016. This can be observed in the contribution of the Agriculture,
Plantation, Forestry, and Fisheries sector, which reached 30% in 2011, followed



by the Trade, Hotel, and Restaurant sector (20%) and other sectors (Central Bureau
of Statistics, 2012).
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Fig. 6.2 The methodology used to analyze land use and land cover in Sintang using Land Change
Modeler (LCM) software

This is also supported by the increase in the number of plantation crops, espe-
cially in oil palm plantations. The increase in the number of plantations in Sintang is
almost the same as the decrease in the number of deforested areas in secondary
forests. This means that the process of changing land status from forest to plantation
has begun by changing from secondary forest to plantation. The main contributor to
the increase in plantations during this period in Sintang Regency was secondary
forest conversion. This trend is expected to be continued in the future, especially for
oil palm plantations to meet the production target set by the government.
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Fig. 6.3 Land use and land cover changes in Sintang from 2006 to 2016. (Source: Map produced
based on the analysis)

6.4.1.1 Projection of Changes in Land Use and Land Cover from 2016
to 2030

BAU Scenario
The result of the BAU scenario in Fig. 6.4 is generated using Land Change Modeler
Software. Under the BAU scenario, the software projected the future land cover
based on the information from historical changes that occurred within the area. There
are no limiting factors applied in the scenario. The result showed that, under the
BAU scenario, by the year 2030 the regency expects to continue secondary forest
loss (107,000 ha) and primary forest loss (10,000 ha). Plantation and open land are
expected to be increased continuously to meet the government’s development target
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of 2030. By 2030, some forest areas will be replaced by plantations, shrubs, dryland
agriculture, mining, and open land. The majority of deforestation is expected to
occur in secondary forest areas. This is assumed due to the accessibility factor of the
forest area, where the secondary forest is located in a flat and accessible location
compared to the primary forest area.
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Sintang Lestari (SL) Scenario
The result of the Sintang Lestari scenario in Fig. 6.4 is generated using Land Change
Modeler Software. The SL Scenario expects LULCC to implement a zero-
deforestation policy, which means that existing forested land will remain the same
in 2030. Plantation areas, shrubs, and mixed agricultural land are expected to
change. As a result of the increased plantation area, the agricultural area, scrub,
and mixed dryland are expected to decrease. Expansion of plantation areas will be
limited as a result of implementing constraints for areas outside the current cultiva-
tion permit.

Compared to the BAU scenario, the SL scenario reduces plantation expansion by
more than 50% in 2030. This is due to the implementation of a zero-deforestation
commitment that preserves the remaining forest cover in 2016. Moreover, the second
constraint implemented in this scenario only allows plantation expansion under
existing permits. Changes in land cover from 2006 to 2016 showed that secondary
forest is the biggest contributor to the increase in plantations, so this limits the
massive plantation expansion. However, plantation land is still experiencing expan-
sion from shrubs (3592 ha) and conversion to dryland agriculture (34,295 ha). This is
in line with finding from Sharma et al. (2019) using three scenarios (BAU, conser-
vation, and sustainable-intensive scenario) of land use projection in West
Kalimantan which showed that oil palm plantation will continue increasing up to
3.2 million ha in 2030, while the conservation scenario is only 0.53 and 2.8 million ha
under sustainable-intensive scenario.

BAU Scenario Vs. Sintang Lestari Scenario
Figure 6.5 illustrates a comparison of the LULC for 2016 conditions, the BAU 2030
scenario, and the SL 2030 scenario. Under the BAU scenario, forest cover almost
disappears in the northwest, near the border with Malaysia, as a result of plantation
development. In the southwest, forest cover has shifted to mixed scrub and dryland
agriculture, leaving a small patch of forest cover. Deforestation is also found in the
eastern part of the district, which is an ecotone area between forest and non-forest.
This condition is inconsistent with the district’s spatial plan, where the eastern part of
the district is allocated as a forestry development area.

The most significant difference in land change between the BAU and SL
scenarios occurred in the southwest of the district. Additional information can be
obtained by running the BAU and SL scenarios on an annual basis to determine
annual trends in LULC changes. In both scenarios, the results showed a similar
pattern for changes in the plantation area. Under the BAU scenario, plantations are
expected to grow and then decline gradually. However, the SL scenario revealed no
changes in primary forest, secondary forest, open land, or mining.



6 A Trade-Off Analysis of Sustainable Landscape Planning: A Case Study. . . 103

Fig. 6.5 Comparison of the LULC for 2016, the BAU 2030, and the SL 2030 scenarios

Generally, the total change in the area of Sintang Regency from 2006 to 2016 is
226,311 ha or 10% of the regency area. The high rate of deforestation in secondary
forests is due to Sintang’s economic structure, which still relies on natural resources
and land. Deforestation also occurs in bushland and primary forest, but at a slower
rate than in the secondary forest. Previous studies discovered that the status of the
deforested land area had changed its function into plantations, shrubs, and dryland
agriculture (Sukri et al., 2020). Meanwhile, the number of plantation crops, particu-
larly oil palm plantations, has increased. The increase in the number of plantations in
Sintang is almost the same as the deforested areas in secondary forests. This means
that the process of converting land from forest to plantation has started by converting
secondary forest to the plantation. Our findings were consistent with previous
research indicating the rapid expansion of plantations, particularly oil palm, in
Kalimantan (Carlson et al., 2012; Siregar et al., 2018). From 1992 to 2012, the
pattern of forest conversion in West Kalimantan Province started with forest conver-
sion to other land use (mostly rain-fed paddy fields or shrubs), followed by conver-
sion to the plantation as the final land use (Siregar et al., 2018).

6.4.1.2 Further Analysis and Comparison with More Recent Landscape
Planning and Sintang Lestari Regulations Is Needed

The scenarios presented in this analysis are not based on the most recent data, nor are
they compared to the most recent Sintang landscape planning and policy documents.
However, by the time the scenario was completed, the government of Sintang was



made aware of these results, and open discussions with relevant agencies (viz., the
Landscape and Spatial Planning Agency, and the Development Planning Agency)
were held to inform on their further planning.
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By 2022, Sintang plans to revise its primary landscape planning document (the
Regional Spatial Plan) and also to have a detailed sectoral spatial planning (or the
Rencana Detail Tata Ruang). The scenarios presented here need to be further
updated with recent data and aligned with Sintang priorities. And at the same time,
the leading agency of landscape planning would need to use the updated version to
inform their decision-making as well as to further align the trade-off presented in the
scenarios to actual planning.

6.5 Conclusion

Land use in Indonesia is very dynamic and changes over time. Understanding
landscape dynamics and ongoing processes within the landscape requires an under-
standing of land use change. It is used to assist the government in making decisions.
Understanding historical land use change can also serve as a strong basis for future
land use projects. This is to comprehend the consequences of current planning
practices and to design government interventions in a landscape for future benefits.

Based on the analysis of land cover change from 2006 to 2016, the secondary
forest area experienced the largest decrease (�87,680 ha), while the plantation area
had the largest increase (87,540 ha). Further analysis showed that most of the
secondary forest was converted to plantations. This trend is projected to continue
under the BAU scenario in which plantations will grow to 253,571 ha in 2030. The
SL scenario (green scenario) predicted only 180,300 ha of plantation growth by
2030. However, the projection results for the SL scenario used “zero deforestation,”
indicating that significant plantation development can still be achieved while
protecting the remaining forest cover in Sintang Regency.

If the government chooses the SL scenario, it can still maintain economic growth,
but it will require significant efforts to improve the value added of current forest and
land-based resources, increase the current productivity of agricultural and plantation
products, and shift the GDP main sectors from land-based resources to other sectors
such as service and financial sectors, communication, and others to generate GDP.

However, limiting the expansion of plantation areas is only possible if current
spatial plans are monitored and enforcement on non-compliance with spatial
planning is implemented. The trade-offs should also be acknowledged and described
clearly in the forthcoming planning documents.
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