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A B S T R A C T

Forest restoration is the counterforce to deforestation. In many parts of the world it mitigates forest loss
and degradation, but success rates vary. Socio-political variables are important predictors of effectiveness
of restoration activities, indicating that restoration strategies need to be locally adapted. Yet, contextual
assessments of the biophysical, social and political characteristics of forest restoration are rare. Here, we
integrate a social-ecological systems framework with systematic decision-making to inform forest
restoration planning. We illustrate this approach through a prioritization analysis in a community-based
forest restoration context in Paser District, East Kalimantan, Indonesia. We compare the solutions of our
integrated framework with those identiﬁed on the basis of biophysical criteria alone. We discover that
incorporating a socio-political context alters the selection of priority areas. While the social feasibility
and political permissibility can be enhanced, ecological beneﬁts are likely to be reduced and/or
opportunity costs of alternative land uses are to be increased. Our conceptual framework allows the
appraisal of potential trade-offs between social and ecological outcomes of alternative options, and has
the potential to evaluate the efﬁciency of existing policies. Empirical testing in a range of contexts is
required to ensure broad applicability and transferability of our conceptual framework.
ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction
Tropical deforestation has been the primary contributor to
forest loss globally over the last decade (Hansen et al., 2013). An
estimated 500–600 million hectares (or 30–40%) of tropical forest
is considered to be in a degraded state (Blaser et al., 2011). In South
East Asia, primary forest represents a small proportion of total
forest cover, with most forests having experienced some form of
logging or extraction (Sodhi et al., 2009). As such, the goods and
services provided by forests, such as timber and non-timber forest
products, habitat for biodiversity and water regulation, have
deteriorated, often with severe consequences for forest-dependent
communities (Lamb et al., 2005; Wells et al., 2013; Abram et al.,
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2014). Forest restoration to mitigate forest loss and/or degradation
has had variable success, with performance strongly moderated by
country-speciﬁc socio-ecological and political contexts (Lamb
et al., 2005; Lamb, 2010; FAO, 2011; Meyfroidt and Lambin, 2011).
When implementing forest restoration, either through afforestation or reforestation, context is especially important in countries
such as Indonesia that are ecologically and socio-culturally
heterogeneous (Fearon, 2003; Nagendra, 2007; Lamb, 2010;
Ostrom and Cox, 2010). For example, the Government of Indonesia
has implemented a variety of forest restoration programmes since
the 1950s, mainly using a top-down approach (Murniati et al.,
2007). While most restoration programmes are considered
unsuccessful (Murniati et al., 2007), remarkable success has been
achieved in central Java through reforestation using teak (Tectona
grandis) on severely degraded lands on drought-prone limestone
soils (Nawir et al., 2007b). This achievement is largely due to
familiarity with teak planting (with the practice dating back to the
1800s), highly motivated communities seeking to enhance the
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provision of water, and compatibility of the programme with the
capacity of local communities (e.g. the communities have other
sources of income while the planted trees reach a harvestable size).
Conversely, a lack of ﬁt toward prescribed species (including teak)
with local experiences and resource needs contributes to limited
success of reforestation programmes in other regions such as in
Sumatra and Kalimantan (Indonesian Borneo), along with other
factors including unclear tenure and complicated funding mechanisms (Nawir et al., 2007a).
The methods available for planning restoration activities are
increasingly sophisticated, accounting for both spatial and
temporal heterogeneity (e.g. Birch et al., 2010; Budiharta et al.,
2014). Most of restoration design studies have focused on
ecological criteria with few analyses incorporating social elements
(e.g. Orsi and Geneletti, 2010; Jellinek et al., 2014). Furthermore,
spatial heterogeneity in the social context of where restoration will
be undertaken has not been captured. Instead, the social or
political feasibility of restoration is assumed to be homogenous
across large geographic extents, even including entire nations or
continents, ignoring the local context of the planning region (e.g.
Egoh et al., 2014; Carwardine et al., 2015). While contextual
assessments that account for both the socio-political and ecological characteristics of a region are becomingly available in the
environmental management literature (e.g. Basurto et al., 2013 in
ﬁsheries; Baur, 2013 in pasture; Cox, 2014 in irrigation systems),
similar analyses for planning forest restoration activities are
lacking.
The social-ecological systems (SES) framework proposed by
Elinor Ostrom (Ostrom, 2009; Ostrom and Cox, 2010) has potential
utility for diagnosing the local nuances of natural resource
management and informing restoration projects. In this framework, the motivations for restoration are seen as being locally

unique, analogous to the unique symptoms associated with a
patient in medical practice. While individuals may exhibit similar
symptoms, the treatments prescribed by a medical practitioner
vary depending on the individual physiological attributes of the
patient, such as age and blood pressure. Similarly, restoration
activities are more likely to be effective if the planning process is
based on a diagnostic style of investigation. This approach would
seek to characterise the socio-political and ecological context and
provide insight into the opportunities and constraints that could
inﬂuence the effectiveness of restoration activities.
Here we develop an analytical framework for operationalising a
contextual and systematic approach to restoration planning that
employs Ostrom’s SES framework in conjunction with methods for
systematic decision-making (Fig. 1). This approach enables priority
areas for restoration to be identiﬁed by integrating information on
ecological suitability, social feasibility and political permissibility.
We illustrate our analytical framework into developing forest
restoration plan in Paser District in the province of East
Kalimantan, Indonesia, where a recently developed community
forestry programme aims to achieve both ecological recovery and
improved livelihoods provision through increased beneﬁts from
forests (Sardjono et al., 2013).
2. Methods
2.1. Case study
Paser District has a total extent of 1.16 million hectares (Fig. 2;
Paser Statistics Service, 2014a). In 2013, approximately 256,000
people inhabited 144 villages within 10 sub-districts (Paser
Statistics Service, 2014a). The population is represented by
numerous ethnic groups including Paser indigenous people (Dayak

Fig. 1. Analytical framework for operationalising social-ecological systems concepts in restoration planning. Italic text illustrates applications to the contextual setting in the
case study area (Paser District, East Kalimantan) in relation to a speciﬁc goal. Black boxes depict the social-ecological systems framework adapted from Ostrom (2009)
including direct links (solid arrows) and feedbacks (dashed arrows). Blue boxes depict steps in systematic decision-making, adapted from Gregory et al. (2012) and Ban et al.
(2013). Grey shading shows the links between elements of the two frameworks.
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Fig. 2. The land uses of Paser District as of 2011. Protected areas (covering 209,355 ha) consist of two categories: Conservation Forest (e.g. National Park and Nature Reserve)
and Protection Forest (for protecting hydrological services). Areas for logging have either active concessions (302,239 ha) or are without any concession licenses (70,253 ha).
Other land uses include industrial timber plantations (18,323 ha), small-scale agriculture (32,771 ha), degraded lands/severely logged forests (260,570 ha), oil-palm
plantations (145,312 ha), mined areas (8,150 ha) and settled areas (12,937 ha). Data sources are from Ministry of Forestry (2012a, 2012b, and 2012c) and Gaveau et al. (2014).

Paser) who mainly live in forest frontier areas, and migrant
communities such as those from Java (Javanese), Sulawesi
(Buginese) and southern Borneo (Banjarese) who commonly
reside in coastal zones and lower plains (Belcher et al., 2004;
Bakker, 2008). ‘Dayak’ is an anthropological term that refers
broadly to indigenous ethnic groups living in the interior of Borneo
who mainly practice cultivation (Levang et al., 2005). Dayak Paser
are believed to be part of the wider Dayak Benuaq, who inhabit the
upper Mahakam River and have been practicing complex rotational
cultivation systems for centuries (Gönner, 2000; Saragih, 2011).
Paser District was previously densely forested, but is undergoing rapid land-use change and economic transition from a forestbased economy to a more diverse economy including rapid
development of oil palm plantation (Dewi et al., 2005; Saragih,
2011; Gaveau et al., 2014). Logging operations in Paser began in the
1970s, involving 13 concessions at its peak (Saragih, 2011).
Through logging however, many areas have depleted timber stocks
resulting in degraded forest, which has led to these areas being
converted to non-forested land uses mainly for oil palm plantation.
However, some logged areas remain in degraded conditions and
are not currently managed by any timber concessions (Saragih,
2011; Ministry of Forestry, 2012b). As of 2011, there were eight
broad land uses within the Paser District (Fig. 2) with this
landscape including traditional communities who are dependent
on forest resources and subsistence dryland agriculture (often
referred to as agroforestry); as well as more modernised
communities who employ various livelihood practises (Dewi
et al., 2005).

2.2. Diagnosing the social-ecological systems that represent an
opportunity for restoration
The goal of restoring degraded lands in order to support rural
livelihoods (Fig. 1) align with the Indonesia’s government vision
that forest restoration programmes should enhance community
empowerment and livelihoods (Article 42 par. 2 of Law No. 41/
1999). The explanation (Penjelasan) of this law also states a
paradigm shift in forest management from a timber focused one, to
a view of deriving multiple forest beneﬁts. This vision is supported
by Article 48 par. 1 of Law No. 26/2007 on National Spatial
Planning, which states that spatial planning for rural areas should
maintain ecosystem services, conserve biodiversity and sustain
food security.
Using background information about the planning region (e.g.
Dewi et al., 2005; Saragih, 2011; Paser Statistics Service, 2014a,b),
we apply Ostrom’s (2009) diagnostic approach to investigate
social-ecological systems that represent potential restoration
opportunities (Gregory et al., 2012; Moon et al., 2014). For this
study, we focused on local tree-based agroforestry systems that are
compatible with our stated goal, which is to restore degraded lands
while providing livelihoods for local communities (Fig. 1).
Although we acknowledge other land management such as oil
palm plantation could provide livelihood beneﬁts, we do not
include this as restoration opportunity in our study as it is unlikely
to deliver ecological beneﬁts (Fitzherbert et al., 2008; Carlson et al.,
2014). The agroforestry systems we use herein, are locally known
as awa pangeramu or simpukng and awa pangekulo or kebotn
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(herein called simpukng and kebotn as these are more popular
terms) (Gönner, 2000; Saragih, 2011). The elaboration of Ostrom’s
framework (i.e. Ostrom and Cox, 2010) is used to unpack the socialecological systems of simpukng and kebotn into multi-scale
subsystems (i.e. resource system, resource units, governance
system, users, action situation and outcomes) to identify the
contexts for restoration prioritisation (Fig. 1; Supplementary
Table 1).
Simpukng and kebotn are integral parts of a wider system of
agroforestry in Paser which has been practiced by Dayak Paser for
more than 300 years (Gönner, 2000). Both resource systems are
commonly established through enrichment planting in degraded
forests or young secondary forests using seedlings and wildlings of
various tree species grown alongside other naturally regenerating
vegetation (Saragih, 2011). Simpukng forms a complex agroforest,
containing more than 90 species of tree per hectare, mainly
important fruits such as a variety of durian species (Durio spp),
jackfruit (Artocarpus spp.) and rambutan (Nephelium spp.), creating
a multi-layered canopy similar to natural forest (Gönner, 2000;
Crevello, 2003). Kebotn generally has a simpler ﬂoristic structure
and composition, as the vegetation is dominated by perennial
crops such as rubber (Hevea brasiliensis) and coffee (Coffea spp)
(Crevello, 2003; García-Fernández and Casado, 2005).
A variety of products generated from simpukng and kebotn
provide a broad range of livelihood options in response to social
and ecological uncertainties such as market dynamics, forest ﬁres,
prolonged droughts and pest outbreaks (Gönner, 2010). As access
to markets and dispensaries in rural areas is limited, this form of
land management also provides a variety of goods for subsistence
needs. For example, agroforestry systems in rural Paser provide
between 47 and 88 plant species for consumption, 38–56 species
for medicinal purposes and between 15 and 23 species for
traditional ceremonies (Saragih, 2011).
The governance system in Paser District (as in many regions of
Indonesia) has developed from the interplay between informal and
formal systems, represented by customary rules and state law,
respectively. As agroforestry has been developed by Dayak Paser
over many generations, this system has been integrated with their
unwritten traditional customary practices (adat). Community
matters, such as decisions and disputes related to land tenure,
are discussed in a meeting (berinok) led by the community’s
customary head (kepala adat) (Saragih, 2011). Trust and reciprocity
are common, and group members are often willing to share labour
resources voluntarily (gotong-royong) on farming-related works
(Gönner, 2000; Saragih, 2011). However, many agroforestry lands
in Paser and other areas in Indonesia are under legal ownership of
the central government, and controlled by the Ministry of Forestry
as part of the ‘Forest Estate’ (Peluso, 1995; Saragih, 2011).
2.3. Identifying the context for restoration activities
2.3.1. Ecological context
There are two important ecological considerations for the
establishment of simpukng and kebotn: biophysical suitability and
compatibility with existing land cover (Supplementary Table 1).
Biophysical suitability depends on species-speciﬁc responses to
factors such as topography, climate and soil (Ritung et al., 2007).
The biophysical requirements for 11 of the most important tree
species commonly cultivated in simpukng and kebotn in Paser were
available (Saragih, 2011; Supplementary Table 2). Eleven biophysical attributes of each site were used to classify suitability for each
species into four categories: not suitable, marginal, moderate and
high—for which ordinal values from 0 to 3 were assigned (Ritung
et al., 2007; Ministry of Agriculture, 2012) (Supplementary Table 3).
Data on slope was generated from the CIAT-CGIAR digital elevation
model v. 4.1 based on the Shuttle Radar Topography Mission (Jarvis

et al., 2008). Annual average temperature and rainfall data were
obtained from the WorldClim database (Hijmans et al., 2005). Data
on soil properties including drainage, soil texture, coarse material,
base saturation and organic carbon were extracted from the
Harmonised World Soil Database version 1.2 (FAO/IIASA/ISRIC/
ISSCAS/JRC, 2012). Soil cation exchange capacity and pH were
obtained from ISRIC (ISRIC—World Soil Information, 2013), while
soil depth data was obtained from the World Resources Institute
(Gingold et al., 2012). All datasets had 1 1 km spatial resolution,
except for slope and soil depth, which was resampled to the
1 1 km resolution.
To identify land covers compatible with simpukng and kebotn
agroforestry, we primarily used a land cover map derived from
LANDSAT ETM + 7 (Ministry of Forestry, 2012c). This map classiﬁes
land cover into 23 categories. To simplify, we merged some classes
into broader categories; for example the classes for irrigated rice
ﬁeld, ﬁsh pond, freshwater swamp and mangrove were merged
into ‘wetlands’. In addition, locations of oil palm and industrial
timber plantations were identiﬁed from LANDSAT ETM and ALOS
PALSAR data (Gaveau et al., 2014). In the ﬁnal map, we deﬁned
‘compatible land cover types’ as logged forest, severely degraded
forest/bush (semak belukar) and mixed garden (kebun campur), and
excluded primary forest, wetlands, oil palm and pulp plantations,
settled and cleared areas, and mines.
2.3.2. Socio-economic context
We identiﬁed four important socio-economic characteristics for
simpukng and kebotn, for which spatial information could be
collated and synthesised (Supplementary Table 1):
1. The communities’ economic dependency on agroforestry
systems, measured by the prevalence of agroforestry as the
main occupation.
2. The communities’ cultural dependency on agroforestry systems,
expressed as the use of non-timber forest products (NTFPs) to
support subsistence needs and traditional customs.
3. The communities’ preference regarding the role of agroforestry
compared to other competing land uses.
4. The location of simpukng and kebotn.
Economic dependency on agroforestry was calculated using the
proportion of the village workforce whose primary occupation is in
the agroforestry sector (Dewi et al., 2005), based on 2010 national
census data (Central Bureau of Statistics, 2014). This dataset
differentiates occupational sectors into 19 categories. Agroforestry
is not deﬁned as a distinct sector and thus we employed a
combination of the agriculture, horticulture and plantation sectors
(Paser Statistics Service, 2014b). Forestry was excluded as this
sector is associated speciﬁcally with jobs in timber industries such
as logging concessions and wood processing. As the plantation
sector statistics relate to a combination of oil palm and
agroforestry (e.g. rubber and coconut), the proportion of the
workforce employed in agroforestry plantations was estimated
using the extent of agroforest relative to the total extent of
plantations (Paser Statistics Service, 2014a). We calculated an
adapted version of the Importance Value Index that is commonly
used in ecology (Cottam and Curtis, 1956) to obtain an index
ranging from 0 (no workers in the agroforestry sector) to 1 (all
workers in the agroforestry sector).
Cultural dependency on agroforestry was estimated by the
proportion of people in each village who use agroforestry products,
assuming that enrichment planting of 11 tree species described
above would also generate agroforestry products in a broader
sense (i.e. various NTFPs including fruits, vegetables and medicinal
plants; Saragih 2011). These estimates were provided by Abram
et al. (2014) who mapped local villagers’ perceptions on forest
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ecosystem services and land cover changes using interview data
for 1837 individuals within 185 villages in Kalimantan conducted
between 2008 and 2012. Spatial predictions of these perceptions
throughout the landscape used 39 social-economic and ecological
predictors. For our analysis, we incorporated a map representing
the use of a combined set of 29 NTFPs, which included products
such as small/ﬁre wood, rubber, fruits and vegetables. Speciﬁcally,
this map classiﬁed the use of at least one or more of these NTFPs
into three classes: low, moderate and high.
Among communities in Paser District, there are conﬂicting
opinions on land management between maintaining traditional
agroforestry system or converting their lands to oil palm (Belcher
et al., 2004; Saragih, 2011). To represent individual communities’
preference for agroforestry over competing land uses we used
spatial estimates of villagers’ negative perceptions of large-scale
clearing for agriculture and plantations (Abram et al., 2014). For
our analysis, we classiﬁed this perception into three levels: weak,
moderate or strong negative perceptions.
To allow for movement of labour and harvested goods, both
simpukng and kebotn are generally established in the vicinity of
transportation networks, such as roads and rivers (Gönner, 2000),
but not necessarily in close proximity to towns. This is because the
commercial products, such as dried rubber latex and coffee seeds,
can be prepared locally and do not require sophisticated postharvest technologies and processing factories (Saragih, 2011),
unlike oil palm fruits (Meijaard and Sheil, 2013). Instead, in the
case of simpukng and kebotn, traders from nearby towns regularly
visit villages or local markets to purchase crops (Saragih, 2011).
We mapped the proximity to transportation networks as the
Euclidean distance to roads (including logging and village roads)
and rivers, using data obtained from the Development Planning
Agency (Bappeda) of East Kalimantan Province. We classiﬁed
distance from transportation networks into four classes (Gönner,
2000): 0-0.5 km; 0.5–1 km; 1–2 km, and >2 km.
2.3.3. Political context
There are two possible legal contexts for the establishment of
simpukng and kebotn: one on lands outside the Forest Estate (Area
Penggunaan Lain/APL), and the other on state lands inside the
Forest Estate and under the institutional arrangement of community forest (hutan kemasyarakatan/HKm) (Supplementary Table 1).
In community forest, a farmer group is given rights to manage and
utilise forest resources over a 35 year contract which can be
extended every ﬁve years when the contract expires (Ministry of
Forestry, 2007). However, community forest involving tree
planting, such as required for establishing simpukng and kebotn,
can only be granted in areas designated as Production Forest (i.e.
Forest Estate designated to generate forest products such as
logging concession) without an active concession.
To identify areas legally allowable for establishing simpukng and
kebotn, we employed the forest classiﬁcation map (Ministry of
Forestry, 2012a) to delineate the Forest Estate. The Forest Estate
was then further differentiated into Production Forest and
Protected Areas (which consist of Protection Forest and Conservation Forest). A map of forest concessions (Ministry of Forestry,
2012b) was used to delineate areas of Production Forest without an
active concession.
2.3.4. Opportunity costs of restoration
We deﬁned costs as the proﬁts forgone from alternative land
uses (i.e. opportunity cost bear by competing land-based industries
eminent in Paser District) if a land parcel is managed for simpukng
and kebotn (Wilson et al., 2012). We considered two competing
land uses when estimating the opportunity cost: oil palm
plantations and logging. We assumed that if a land parcel is
suitable for oil palm, the opportunity cost is calculated as the net
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present value (NPV) of oil palm plus additional revenues generated
from harvesting timber during land clearing. Conversely, if a land
parcel is not suitable for oil palm, we assumed the opportunity cost
is equal to the value of timber that would be obtained either
through selective logging (of existing logged forest) or clear cutting
(of existing mixed gardens). We used data from Irawan et al. (2013)
as a baseline NPV for oil palm (i.e. US$6355 per hectare). We
adjusted the NPV of oil palm according to land suitability assuming
that highly suitable land would produce full yield (i.e. 100% NPV),
while moderately and marginally suitable land would generate
75% and 50% of full of the NPV, respectively. Land suitability for oil
palm was mapped using a similar method as for the agroforestry
species described above. We estimated the NPV of timber
extraction for each compatible land cover using data from Ruslandi
et al. (2011). For logged forest, the NPV of logging was adjusted to
US$1292 per hectare as commercial timber volumes in alreadylogged forests in Kalimantan are in average 57% of unlogged areas
(Putz et al., 2012). For areas that are currently under mixed
gardens, a conservative opportunity cost of US$300 per hectare
was assigned (assuming smallholder timber extraction since largescale commercial logging is unlikely to be feasible), while for
severely degraded forest we assumed no timber of value remains
(Budiharta et al., 2014).
2.4. Prioritisation analysis and planning scenarios
We assigned an ordinal value for biophysical suitability, cultural
dependency, community preference and accessibility; and an
index for economic dependency (continuous over the range 0–1).
We employed the decision support tool Zonation v.4 (Moilanen
et al., 2009) to produce a ranking of priority areas for restoration
(through the establishment of simpukng and kebotn agroforestry).
We prioritised land parcels with the highest aggregate values for
social feasibility (across four social variables) and biophysical
suitability (across 11 fruit and perennial crops) while minimising
opportunity cost (Moilanen et al., 2009). All spatial inputs had a
1 1 km grid size to produce planning unit with spatial extent of
100 ha, reﬂecting the scale of land management systems (e.g.
community forest), and the resolution of the spatial datasets used
to generate the social and biophysical suitability layers.
We tested four scenarios to explore the inﬂuence of different
socio-ecological perspectives on restoration priorities, and to
investigate the trade-offs in term of social and ecological beneﬁts
gained, and costs incurred under each scenario. In Scenario 1, we
accounted only for biophysical suitability layers. We incorporated
both social and biophysical suitability layers in Scenario 2, with
equal weight for these two classes of information. In Scenario 3, we
incorporated the political context by assuming that priority areas
for restoration are constrained by current legal systems for land
use. For this scenario, areas that occur in either the non-Forest
Estate or in Production Forest without active concessions were
prioritised over areas in Production Forest with active logging
concessions and protected areas. In Scenario 4, we allowed
agroforestry restoration on all Production Forests, disregarding
the location of active logging concessions. For this scenario, we
assumed that if priority areas occur in active concessions, the land
use would need to change from a logging concession to a
community forest.
For each scenario, restoration sites were selected as the top 20%
of potential areas in the ranked prioritisation. For each set of
selected sites, we calculated the value for each variable (e.g.
biophysical suitability of a speciﬁc crop, index of economic
dependency on agroforestry) as a proportion of its summed value
across the areas potentially available for restoration, and the
overall value across all variables in each class (social or ecological)
was calculated as the mean of these proportions. We also
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calculated cost-effectiveness of each scenarios formulated as total
cost required if the summed values of all variables in each social or
ecological class was retained.
3. Results
We identiﬁed 515,300 ha of land in Paser District that could
potentially be restored for agroforestry to achieve our goal. These

areas are suitable for at least one of 11 the fruit/crop types of
commonly employed in simpukng and kebotn for which suitability
criteria are known, and the present land cover is compatible
(Fig. 3). The top 20% priority sites (103,060 ha) under Scenario 1
(considering only biophysical criteria) had the overall greatest
biophysical suitability but low social feasibility (Fig. 4). This is due
to the selection of areas in the eastern part of the region that were
adjacent to oil-palm plantations (Fig. 3a), which have a low cultural

Fig. 3. Maps of priority areas for agroforestry restoration under four social-ecological scenarios: (a) Scenario 1 (ecological variables only); (b) Scenario 2 (ecological and social
variables); (c) Scenario 3 (ecological and social variables with existing political constraints); (d) Scenario 4 (ecological and social variables with constraints associated with
land use removed). The coloured areas show the potential areas for agroforestry restoration from the ecological context (i.e. areas suitable for at least one fruit/crop type, and
where the land cover is compatible).
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Fig. 4. Outcomes for each scenario in regards to biophysical suitability, social
feasibility and opportunity cost for the highest priority areas for agroforestry
restoration (areas within the top 20%). For each class of values (biophysical or
social), the aggregate value is the mean proportion of the landscape’s summed
potential value that is encompassed by the selected restoration areas. The
proportion of total landscape value was calculated separately for each variable in
each class, and then the mean taken across all variables within the class.

dependency on agroforestry and high economic dependency on
the oil-palm sector. Consequently, the areas selected under
Scenario 1 incurred the greatest opportunity cost, equating to
US$605 million (Fig. 4). The areas selected also encompassed at
least 8500 and 1,500 ha of Conservation Forest and Protection
Forest respectively.
When incorporating both social and ecological variables
concurrently (Scenario 2), priority areas showed a more distributed pattern, with many high priority areas in the central and southwest portions of the Paser District (Fig. 3b). The overlap in land
areas selected in Scenarios 1 versus 2 was only 54.9% (56,600 ha) of
top 20% priority areas, and these areas were primarily in the
central-west of the district. As expected, the integration of social
variables increased the social feasibility (Fig. 4) and the areas
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selected had higher economic and cultural dependency on
agroforestry (Fig. 3b). Conversely, the biophysical suitability of
the areas selected was lower than for other scenarios (Fig. 4),
mainly due to the selection of extensive areas in the south-western
tip of Paser District. Scenario 2 incurred the lowest opportunity
cost of US$480 million, which was approximately 20% less than
Scenario 1. Under this scenario, at least 1400 and 12,200 ha of
prioritised areas occurred in Conservation Forest and Protection
Forest areas respectively, reﬂecting the high level of cultural and
economic dependency on Protection Forests (e.g. for collection of
non-timber forest products).
Under Scenario 3, both social and ecological variables were
incorporated, but the selection was constrained to areas where
restoration was legally permitted (i.e. non-Forest Estate/APL, or
Production Forest without an active logging concessions; Fig. 3c).
As a result, only 46,500 ha (45.1%) of the priority areas under
Scenario 2 were selected under Scenario 3. Scenario 3 also had low
social feasibility and incurred a higher opportunity cost (US$598
million; Fig. 4) in part due to the selection of areas in the central
and eastern part of the region where the opportunity cost for the
oil-palm sector is high. Under this scenario, at least 23,500 ha
occurred in Production Forest without an active concession, and
could therefore be allocated for community forest to establish
simpukng and kebotn.
Scenario 4, where we assumed a legal framework that allows
agroforestry restoration in any area of Production Forest (regardless of concessions), delivered the best outcome across ecological,
social and cost criteria. This would offer greater social feasibility,
and a reduction in opportunity costs in the order of US$70.6 million
(11.8%) compared to Scenario 3 (Fig. 4). Under this scenario at least
10,800 ha occurred in Production Forest with no concessions, while
49,800 ha overlapped with active logging concessions. Many of
these overlapping areas occurred on severely logged forests with
limited opportunity costs for timber harvesting.
Scenario 1 was the most cost-effective in selecting areas with
high biophysical suitability (Fig. 5a), while Scenario 2 delivered the
greatest returns in relation to social feasibility (Fig. 5b). Differences
between scenarios were greatest in terms of social feasibility (i.e.
there were large differences in the total cost required to retain all
social values). Constrained by the existing political context,

Fig. 5. Cost-effectiveness across four scenarios formulated as total cost required to retain total values of (a) crop suitability and (b) social variables, when a given proportion of
the available landscape is selected.
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Scenario 3 incurred the greatest cost at the point when all legally
allowable areas (i.e. on non-Forest Estate or in Production Forest
without active concessions) have been selected (Fig. 5b: the
dashed line).
4. Discussion
Existing studies on assessment and systematic planning for
restoration emphasise biophysical aspects (e.g. Birch et al., 2010;
Budiharta et al., 2014), with much less attention given to the social
characteristics of the region (e.g. McElwee, 2009). We proposed an
integrated framework to diagnose socio-political and ecological
context of a region and to employ the diagnostic tool to inform the
development of forest restoration plans. We discovered that the
incorporation of socio-political and ecological contexts in restoration planning altered the selection of priority areas for restoration
(Fig. 3). This integration revealed trade-offs between the potential
social and ecological outcomes, as well as the opportunity costs
incurred (Fig. 4). Our analysis also provides policy direction to
Indonesia’s government in the context of allocating lands in the
Forest Estate to ‘community forests’ with the aim of delivering
socio-economic beneﬁts for forest-dependent communities.
We found that considering biophysical criteria alone (Scenario
1) would deliver the greatest ecological beneﬁts in term of
biophysical suitability for crops and fruit trees. Priority areas
under this scenario had the highest aggregated suitability across
11 species, representing greater opportunities to plant diverse
species and attain higher growth rates and yields. However, as the
social feasibility was comparatively low, there is a greater risk
that agroforestry restoration on these prioritised areas may be
unsuccessful in the long term. This failure could arise from a
preference for alternative livelihood options, such as in the oil
palm or mining sectors, rather than planting and maintaining
trees. The planted areas would then likely be converted into oil
palm plantations, if communities are in favour of or do not oppose
these developments. Many examples exist of restoration programmes being jeopardised because the main actors (e.g. local
communities) are either reluctant to implement the prescribed
activities, or they undertake activities that are counterproductive
to the overall goal even opposing the programmes (Nawir et al.,
2007b; Boedhihartono and Sayer, 2012).
Analyses by Le et al. (2014) in the Philippines indicate that
community dependency on forest, either as a main income source
or to fulﬁl subsistence needs, has a strong positive relationship
with the success of reforestation. In our analysis however,
incorporating the variable of community dependency on forest
aspect along with two social variables (i.e. community preference
on land use and agroforestry location) in order to increase
feasibility (Scenario 2) would be at the expense of the biophysical
suitability of restored areas. This implies that in some priority
areas, such as in the south-western tip of Paser District, rural
farmers would have fewer tree species available for planting that
could achieve maximum growth or productivity. Furthermore,
despite having the greatest social feasibility and the lowest
opportunity cost, agroforestry restoration would be legally
prohibited and undesired in some areas (e.g. protected areas)
and likely to lead to land use conﬂict.
While the political context is often neglected in restoration
studies (Baker et al., 2013), we discovered that integrating the
existing legal framework changed the priority areas for restoration,
and incurred substantially greater opportunity costs. Despite its
poorer performance, Scenario 3 was closest to the actual situation
of the current social-ecological system, and so its application
would likely entail the smallest legal and political ramiﬁcations, for
example by avoiding lengthy constitutional amendments, and
potential tenure disputes and social conﬂicts (Baker et al., 2013).

Our analysis reveals that current policies may lead to inefﬁcient
restoration programme design, because regulations for Forest
Estate lands only allow agroforestry restoration (in the form of
community forest) to occur in Production Forest areas without
active concessions. Our results suggest that re-allocating management of areas with logging concessions and high social-cultural
values to community forests (Scenario 4), would increase the costeffectiveness of agroforestry restoration. As these areas occur
mainly in severely degraded forests, the transfer of management
would incur minimal forgone opportunity costs from timber
harvesting, and this could mitigate potential opposition from
large-scale logging concession holders (Saragih 2011). Inefﬁciency
in land-use policies is not restricted to Paser District as it also
occurs across Kalimantan (Law et al., 2014; Runting et al., 2015;
Sumarga and Hein, 2015). In reality however, changing land-use
systems in the region would be challenged by current political
practices, which puts great emphasis on patronage and favouritism
toward elites, rather than fair and balanced distribution of beneﬁts
across stakeholders (Faisal, 2013). For example, severely logged
forest in some regions is being speculatively held by timber
concessionaires for future opportunities that may arise (e.g. land
banking for oil palm plantation or mining; Kartodihardjo and
Supriono, 2000).
In our case study, agroforestry restoration using indigenous
resource systems offers an opportunity to restore degraded lands
in the Paser District. Similar approaches in the Philippines with
institutional arrangements for community forestry show promising results, covering 37% (5.9 million hectares) of total state forest
lands with more than 4800 community groups involved (Poffenberger, 2006). This strategy has contributed to a steady increase of
forest cover (i.e. 0.75% annually) in the Philippines between 1990
and 2010 (FAO, 2011). The Indonesian Government has set a target
for designating two million hectares of their Forest Estate as
community forest by 2014, but only 438,000 ha have been
allocated so far (Sardjono et al., 2013; Ministry of Forestry,
2014). Our planning framework provides guidance on how such a
policy target could be achieved, for example, in Paser District this
could involve allocating 23,000 ha of Production Forest without
active logging concession to community forest. Further government support could be in the form of providing funds (e.g. using
the Reforestation Fund and national forest rehabilitation programme/GERHAN) for communities to undertake tree planting and
maintenance using performance-based funding mechanisms
(Government of Indonesia, 2002, 2008). This ﬁnancial support is
important, because there would be time lag for the farmers to
generate economic beneﬁts from the fruits or crops planted (Nawir
et al., 2007b).
To provide more realistic and meaningful solutions, we would
ideally incorporate all of the social variables proposed in Ostrom’s
diagnostic approach, such as leadership and network structures
among stakeholders (e.g. Guerrero et al., 2014), to complement the
four social variables employed in this study. The presence of wellcoordinated networks involving communities, local forestry
service and academic institutions proved to be an important
factor for the success of a reforestation programme using teak
species in central Java, Indonesia (Nawir et al., 2007b). We were not
able to include such variables in our analysis, due to limited
availability of this information in a data-poor region, especially in a
spatial format.
We demonstrated the operationalisation of our analytical
framework using a single restoration goal and a speciﬁc socialecological system (i.e. framed around agroforestry) as a restoration
strategy for illustrative purpose. However, multiple restoration
goals along with different restoration strategies that interact with
related social-ecological systems (e.g. oil-palm plantations and
logging concessions) could be incorporated into the framework.
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This is feasible, pending available data on social and political
aspects, to simultaneously incorporate various goals related to the
conservation of wildlife habitat and enhancement of carbon stocks
using, for example, native species plantings and natural regrowth
as restoration strategies, and ecosystem restoration concessions as
an institutional arrangement (Budiharta et al., 2014).
We quantiﬁed restoration beneﬁts by assigning an ordinal scale
for some variables (e.g. biophysical suitability of agroforestry
species, cultural dependency, and accessibility to transportation
networks), this judgement does not necessarily represent values
held by all stakeholders. As such, we suggest that for more
transparent and defensible implementation, stakeholders’ values
be captured during the planning processes, for example through
participatory workshop processes (e.g. Gregory et al., 2012).
Several rounds of learning processes during the workshops might
be required to familiarise stakeholders with our analytical
framework and to ﬁnd consensus among them to yield sound
decisions that have wide acceptance (Boedhihartono and Sayer,
2012). Nonetheless, empirical testing in a range of contexts and
case study systems is required to ensure broad applicability and
transferability of our framework.
5. Conclusion
Understanding the social-ecological context of a restoration
programme is likely to have a strong impact on its effectiveness,
especially in socio-culturally heterogeneous regions such as
Indonesia (Fearon, 2003; Lamb, 2010; Meyfroidt and Lambin,
2011). While social and political systems are often viewed as
complex, it is possible to explicitly incorporate them into
systematic planning for restoration by utilising a social-ecological
system framework and systematic decision making. Despite the
potential trade-offs between the social feasibility and ecological
beneﬁts of restoration, we demonstrate that this integration
results in more realistic and feasible solutions. There are, however,
challenges in translating existing social variables into relevant and
accurate spatially-explicit representations, especially in data-poor
regions such as in tropical developing countries.
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