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A B S T R A C T

Forest ecosystems provide benefits to people locally and globally. Sustainable management of forest resources is
required to ensure continued supply of these benefits, but complex social-ecological processes are often a
constraint to the design of such forest management strategies. In this study, we developed a model of adaptive
forest zonation to facilitate forest ecosystem management. We employed the ecosystem services concept and a
land-use change model to identify potential areas for conservation and for economic use in the Kapuas Protected
Forest Management Unit in Indonesia. Local people actively participated in this study to jointly define man-
agement zones and stakeholders’ associated rights and responsibilities. Our results show that a stakeholder
agreement facilitated the reduction of threats to forest ecosystems and increased local awareness of the need for
forest ecosystem conservation. Compared to current forest zonation, we show that the availability of an eco-
nomic development zone in adaptive forest zonation could potentially increase ecosystem benefits for local
communities by about 40% through rattan and jelutong collection and agroforestry rubber and jelutong pro-
duction. Although our results are specific for the Kapuas District, the methodology of adaptive forest zonation
can be applied more generally. We recommend our methods be included in guidelines for zonation and man-
agement plans to help improve sustainable forest management practices of all forest management units in
Indonesia.

1. Introduction

The Ecosystem Services (ES) concept has been used for framing the
relationship between human well-being and ecosystems in the context
of ecosystem management since the last few decades (Turner et al.,
2003; Millenium Ecosystem Assessment, 2005; Balmford et al., 2010;
UN et al., 2014). Integrating ecosystem services into ecosystem man-
agement requires consideration of the broader economic, social and
political context. In this context, stakeholder participation is important
in order to understand local and regional perceptions and interests in
ecosystem management (Stringer et al., 2006; Reed, 2008; Seppelt
et al., 2011; Luyet et al., 2012).

In order to effectively conserve forest ecosystems, sustainable forest
management must secure local livelihoods for forest-dependent com-
munities (Pagiola et al., 2002; Kroeger and Casey, 2007; LaRocco and
Deal, 2011; Deal et al., 2012). The integration of the ES concept in
sustainable forest management can thus be used to understand the
benefits forest communities and other stakeholders receive under dif-
ferent forest management regimes (Deal et al., 2012; Quine et al.,

2013). However, forest ecosystems generally provide a broad range of
ES involving multiple stakeholders from local to global. The application
of the ES concept for ecosystem management is challenging due to a
lack of quantitative information on flows of ES and the value different
stakeholders place on them (Hein et al., 2006, Deal et al., 2012; Quine
et al., 2009).

The evolution of sustainable forest management practices in
Indonesia has seen the introduction of Forest Management Units
(FMUs) through Government Regulation No 6/2007. The concept of
FMUs has its origins in the Forestry Law of 1967 but earlier attempts at
achieving sustainable forest management through forest utilisation and
conservation programmes failed (FORCLIME Forest and Climate
Change Programme, 2011; Setyarso et al., 2014). The FMUs’ task is to
ensure that economic, environmental and social functions are sustain-
ably implemented in forest management, as stipulated in Law No. 41/
1999 on forestry, and Government Regulation No. 44/2004 on forest
planning. The regulation governing the establishment of FMU areas was
then strengthened through the Ministry of Forestry Regulation No. P.6/
Menhut-II/2009. Meanwhile, the criteria, standards and procedures for
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developing the management plans for FMUs are governed by the Min-
istry of Forestry Regulation No. P.6/Menhut-II/2010 and strengthened
by the Ministry of Forestry Regulations No. P.47/Menhut-II/2013 and
No. P.46/Menhut-II/2013. FMUs are required to develop FMUs as per
the Ministry of Forestry Regulation No. 47/Menhut-II/2013 However,
to date, FMUs have not explicitly considered ES in the formulation of
forest management plans.

The objective of this study was to test how the ES framework in
combination with land use modelling can be used to enhance forest
management in an FMU, and develop a replicable method for doing so.
In particular, we developed and analysed adaptive forest zonation, as
the foundation of the forest management plan for Kapuas Protection
FMU, in Kapuas District, Central Kalimantan. The FMU is for the largest
part located in a peatland area. Reconciling local use and conservation
is a challenge in peat forests where drainage-dependent land uses in-
crease fire risk (Taufik et al., 2017). Adaptive forest zonation is a novel
approach, which involves the identification of specific zones for

different forest uses to meet the interests of different stakeholders. In
our case study, these zones have been identified on the basis of both a
quantitative analysis of ES flows under different types of management
in combination with extensive stakeholder workshops with local forest
users. We employed the LUCES model described in Suwarno and
Suyamto (2014), Suwarno (2016) and Suwarno et al. (2016b) to iden-
tify potential future land-use change resulting from the current forest
governance system. Next, potential areas to be allocated to conserva-
tion and economic development zones were identified and delineated
based on a combination of potential land-use change and biophysical
criteria in sustainable forest management. Subsequently, a participa-
tory process was conducted to discuss the zonation draft with the local
communities and revise it to meet the agreement between the com-
munities and the management of Kapuas Protected FMU. Finally, to
assess ES delivery of two management plans (scenarios) for this parti-
cular area, we calculated and analysed the potential benefits from ES
that the communities and management of Kapuas Protected FMU would

Fig. 1. The Kapuas Protected FMU area and neighbouring villages.
Source: Kapuas Protected FMU.
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