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Abstract. Sumarga E, Swandhi I, Hairatunnisa, Susilowardani D, Nurrahman AY, Sadida A. 2021. Disturbances-based plan of
delineating protected area’s buffer zone: A case study in Masigit Kareumbi Mountain, West Java, Indonesia. Biodiversitas 22: 51155122. The harmony between ecosystems and people, particularly those who live around and inside protected areas, is a key factor for the
success of ecosystem protection. This subsequently will ensure the maintenance of ecosystem capacity in providing different types of
services. Unfortunately, human activities are still commonly linked to different types of disturbances inside protected areas. This study
aims to spatially analyze the anthropogenic disturbances inside a protected area, with a case study in Mount Masigit Kareumbi Protected
Area, Indonesia. Two types of disturbances, which can be directly and indirectly related to human intervention, are analyzed, i.e., fires
and encroachment for agricultural purposes. This study used Maximum Enthropy (MaxEnt) to analyze the risk of forest fire, while the
encroachment was analyzed based on a combination of satellite image interpretation and direct field observation. Fire risk modeling
performed well with a mean AUC of 0.98, estimating high fire risk (fire probability more than 0.5) distributed in about 109 ha area
inside the Mount Masigit Kareumbi Protected Area. This study also identified about 428 ha of forest encroachment inside the protected
area. This study further used the spatial information of the disturbances to determine the priority for selecting and designing areas for
buffer zone development.
Keywords: Conservation area, ecosystem protection, forest fires, forest encroachment, spatial planning

INTRODUCTION
There has been an increasing awareness of the critical
role of protected areas in safeguarding the remaining
biodiversity. This is particularly prominent for countries or
regions experiencing high pressure of biodiversity loss
such as Indonesia. Indonesia is recognized as a mega
biodiversity country (Cleary and DeVantier 2019;
Convention on Biological Diversity 2021), but on the other
hand, has a long list of species that are threatened with
extinction (Convention on Biological Diversity 2021).
Indonesia has 794 animal species (including 564 birds, 137
mammals and 37 reptiles) and 127 plant species that are
categorized under extinction risk and currently protected by
Indonesian law (Indonesian Ministry of Environment and
Forestry 2018).
In total, 554 protected areas have been established by
Indonesian government with a total area of 27.1 million ha.
The protected areas include 54 national parks that cover
around 16.2 million ha and hundreds of other types of
protected areas such as nature reserves, wildlife santuary,
and game reserves (Indonesian Ministry of Environment
and Forestry 2020). The protected areas are managed for
three main purposes, i.e. to protect life support system,
particularly hydrological system, to conserve biodiversity,
and to sustainably utilize biological resources, particularly
in the form of ecotourism.

Effective management of protected area requires
support from stakeholders, in particular from local
communities living inside and around protected area.
Unfortunately, in many cases, different types of
disturbance inside protected areas in Indonesia are still
commonly linked to human activities (Brun et al. 2015;
Cleary and DeVantier 2019). The disturbances that
commonly take place in Indonesian protected areas include
forest fire, forest encroachment, illegal logging and illegal
poaching (Johnson et al. 2015; Siswanto 2017; Kahler
2018).
Development of buffer zone is often taken as an option
to protect ecosystem inside protected areas against external
pressures, particularly the risk of anthropogenic
disturbances, and at the same time to provide benefits to
local people (Sayer 1991). Buffer zone is commonly
established to support ecosystem protection by providing
extra area where the interaction between protected area and
local community can be buffered (Bamford et al. 2014;
Bhusal 2014; Mashapa et al. 2021). Resource utilization by
local people can be localized inside buffer zone (Nguyen et
al. 2019; Duong et al. 2021), hence the potential
disturbances from human activities can be prevented. On
the other hand, buffer zone can also provide extra habitat
for wild animals (Jotikapukkana et al. 2010; Paolino et al.
2016), hence the potential damages caused by wild animals
to local community can be minimized.
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One of the critical aspects in establishing buffer zone is
selection of the best location for the buffer zone. Different
studies have analyzed the use of different approaches in
selecting and designing area for buffer zone of protected
area. Alexandre et al. (2010) used a landscape species
concept to design the buffer zone, using the information on
the minimum area requirement for population viability of a
selected wildlife species to define the size of buffer zones
around protected area. In a more general context, Guevara
and Laborde (2008) proposed a centrifugal model for
biosphere reserve zoning, where the buffer zone should be
established between the core area and the transition zone,
and should function as a connector that facilitate the
movement of species from the core area. Liu and Li (2008)
used a habitat suitability approach for protected area’s
zoning design that considered both natural landscape
factors and anthropogenic disturbance factors.
In the context of mitigation of ecosystem disturbances
due to human activities, buffer zone should be established
around the border of protected area where the high risk of
anthropogenic disturbances exists. This study proposes a
framework for development of buffer zone of protected
area using spatial information of anthropogenic
disturbances. This study aims to spatially analyze the
anthropogenic disturbances inside a protected area as a
basis for selecting the best sites for buffer zone
development. Two types of disturbances that can be linked
to human activities were analyzed, i.e. forest fire and
encroachment for agricultural purposes. This study also
shows how the disturbances-based buffer zone
establishment can be further used to develop specific
design of vegetation structure inside the buffer zone in
response to specific disturbance encountered.

This study selects Masigit Kareumbi Mountain
Protected Area (MKMPA), West Java, Indonesia as the
study area, where evidences on anthropogenic disturbances
took place in different places in this protected area.
Management of the MKMPA currently still deal with big
challenges in regard to finding the best solution for the
human-caused problems. This study is then highly in line
with the efforts to formulate a mutually beneficial
relationship between protected area and local community,
which can be implemented both in MKMPA and other
protected areas dealing with similar problems.

MATERIALS AND METHODS
Study area
The MKMPA is a protected area in the middle of West
Java province, Indonesia. Figure 1 presents the
geographical information about the protected area. The
MKMPA covers area of 12,470 ha with the highest
elevation of 1763 meters above sea level. Most areas of the
MKMPA are still covered by forests (90%). There are two
settlement areas (enclaves) inside the protected area, with a
total area of 25 ha. The MKMPA is specifically designated
as a game reserve, one of the protected area types in
Indonesia, but up till now the legal hunting activity still
could not be implemented in the protected area. The main
conservation programmes of the MKMPA are focused on
general conservation purposes such as biodiversity
conservation and ecosystem services protection,
particularly in the form of carbon sequestration and
hydrological services.

Figure 1. Geographical location and forest cover of the Mount Masigit Kareumbi Protected Area, West Java, Indonesia
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Data collection and analysis
This study analyzed two anthropogenic disturbances
inside a protected area, i.e. forest fire and encroachment for
agricultural purposes. The spatial information of the
disturbances was then integrated to formulate the selection
and design of buffer zone. The procedures of data
collection and analysis for this study are described below.
Forest fire risk analysis
We used the Maximum Entropy (Maxent) version 3.3.3
(Phillips 2017) for mapping the risk of forest fire. Maxent
requires two main inputs, i.e., presence data as training
points, and environmental variables as predictors. We used
26 fire spots found in the MKMPA in 2015 as the presence
data of forest fire. We visited the location of the fire spots
to confirm the post-fire evidence and to observe the current
vegetation condition. For environmental variables, we used
Normalized Difference Vegetation Index (NDVI)
generated from Sentinel 10 satellite image 2017, annual
precipitation, elevation, slope, aspect, distance from roads,
distance from settlements, distance from rice field, and
distance from perennial crop area. We used annual
precipitation data provided by WorldClim with a spatial
resolution of around 1 km (30 arc seconds). For elevation
data, we used the Digital Elevation Model (DEM) from the
Shuttle Radar Topography Mission (SRTM) with a spatial
resolution of 90 m. We used all default basic settings of
MaxEnt, except for the random test percentage (set to 30%)
and the replicates (set to 15). In addition, we used the
logistic format as the representation of probabilities used in
writing output grids. Among several measures that are
commonly used to analyze the performance of MaxEnt, the
area under receiver operating characteristic (ROC) curve
(AUC) was used to indicate the model accuracy in this
study. The AUC value ranges from 0.5 to 1, where a higher
AUC indicates a better model performance.
Forest encroachment analysis
Forest encroachment in this study was ascribed to the
agricultural practices inside the protected area. The
encroachment inside the MKMPA was mapped by a
combination of visual interpretation of a satellite image and
field survey to the encroached area. We used Landsat OLI
8 image 2015 and identified the encroached areas using onscreen digitizing method (Decker 2001) based on
information collected from field survey. In addition, the
encroached areas were also visited to collect data from
local farmers and to describe the agricultural practices in
the encroached areas.
Selection and design of buffer zone
Selection of area for buffer zone development was based
on the spatial information of forest fire and forest
encroachment. In response to the types of disturbances used in
this study, two types of buffer zones were developed, i.e. fire
prevention zone and encroachment prevention zone. The areas
inside the MKMPA (with a width of 600 meters from the
border of the protected area) with high risk of forest fire (the
probability of fire > 0.5) were selected as fire prevention zone.
All encroached areas, distributed around the border of the
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protected area, were set as encroachment prevention zone.
These approaches were in line with the common
considerations used in selecting areas for a protected area’s
buffer zones, i.e areas around the border of protected area that
can reduce the potential disturbances derived from human
activities (e.g. Martin and Piatti 2009; Alexandre et al. 2010).
Design of vegetation structure inside the buffer zones
comprised of two main analyses, i.e. the selection of
vegetation species and the layout of the selected species.

RESULTS AND DISCUSSION
Fire risk
This study used the 2015 fire evidence in the MKMPA,
where fire incidences were distributed in 26 sites during
October-November 2015. Field visit was conducted in
2018 to observe the post-fire condition, particularly the
current vegetation structure. In terms of land cover, most of
the fire spots were distributed in shrub areas (69%), and the
rest were dispersed in pine forest (20%) and mixed forest
(11%). Figure 2 represents the general view of a post-fire
site, acquired by an unmanned aerial vehicle (Phantom 4
Pro drone) that was equipped with a 1-inch 20 megapixel
camera.
From vegetation survey in the post-fire sites, this study
found 11 tree species (dominated by Pinus merkusii, Trema
orientalis, Visenia umbellata, Schima wallichii, and
Homalanthus populneus), seven shrub species (dominated by
Lantana camara, Austroeupatorium inulifolium and Clidemia
hirta) and 12 herb species (dominated by Imperata cylindrica,
Ageratina riparia and Polygala paniculata).
MaxEnt modeling using nine environmental predictors
resulted in a fire risk distribution as shown in Figure 3. The
modeling performed well, indicated by a mean AUC of
0.99 for training data and 0.98 for testing data. By
classifying the fire risks into five classes (with an equal
interval of fire probability), this study found that the areas
with high and very high fire risk only cover about 0.89% of
the MKMPA area. Most of the MKMPA areas (about 96%)
have a shallow fire risk. The relationship between fire risk
and four variables that represent human activities (distance
to road, distance to settlement, distance to plantation, and
distance to rice field) are presented in Figure 4.

Figure 2. One of the post-fire areas in the MKMPA, Indonesia
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Figure 3. Fire risk distribution inside the MKMPA, West Java, , Indonesia

Figure 4. Curves of fire risk probability in response to four variables representing human activities: A. Distance to road, B. Distance to
settlement, C. Distance to plantation, D. Distance to rice field

Figure 4 shows a reasonable relationship between fire
risk and the four variables. By using a fire risk threshold of
0.5, fire will potentially take place in areas with a distance
interval of 300 m to 1200 m from road, 0 m to 1800 m
from settlement, 1300 m to 2800 m from plantation, and
~480 m to 1550 m from rice field. In terms of distance to
road, fire risk tends to sharply increase from 0 to 400 m
and steadily decreases afterward. In terms of distance to

plantation and rice field, there is a quite similar fire risk
pattern, which gradually increases from 0 m to the distance
with the highest risk (2300 m from plantation and 800 m
from rice field) and gradually decreases afterward. The
distance shows a different pattern to settlement. Starting
from the distance of 0 m, fire risk tends to decrease
following the increase of distance continuously. In general,
the four response curves show that high fire risk tends to
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distribute in areas with relatively close distance to several
places representing human activities. This finding aligns
with the common characteristics of Indonesian forest and
land fire, which can be linked to human activities
(Medrilzam et al. 2013; Sumarga 2017).
Forest encroachment
This study identified about 428 ha of forest
encroachment inside the MKMPA (about 3.4% of the
protected area). Figure 5 presents the general view of an
encroached area in the form of expansion of agricultural
area inside the protected area.
Based on field observation and interview with local
farmers performing agricultural production inside the
MKMPA, this study found that the farmers usually
cultivated seasonal crops in the encroached areas for
monetary reasons, without fully understanding that their
cultivation was illegal. This was noted to be common for
many cases of forest encroachments inside protected areas
in Indonesia (Supriatna et al. 2020; Knott et al. 2021).
The main considerations for farmers in selecting area
for the cultivation were the close distance to their
settlement and the availability of water sources to irrigate
their crops. Figure 6 presents the map of the encroached
areas inside the MKMPA, which are distributed around the
protected area border. The encroached areas were adjacent
to 18 villages around and inside the protected area. The
most common problems farmers encountered were pest
attacks and decrease in soil fertility. In some cases, farmers
abandoned their infertile land and cleared new places inside
the protected area for crop production.
Selection and design of buffer zone
Based on the maps of fire risk and forest encroachment,
the priority area for development of buffer zone in response
to the two types of disturbances can be specified. Figure 7
presents the selected area proposed for buffer zone
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development in the study area. The buffer zone consists of
two zones: fire prevention zone (109 ha) and encroachment
prevention zone (384 ha). About 44 ha of encroached areas
have high fire risk, and were categorized as a fire
prevention zone.
The fire prevention zone is designated as a firebreaks
area. Shrubs and agricultural areas in this zone will be the
main target for reforestation with specific purpose for fire
prevention. One of the critical aspects of reforestation is the
selection of tree species. This study considers the following
characteristics for the selection: relatively resistant to fire,
local species, fast growing species, evergreen, requiring
less maintenance, and wide tree canopy. Based on this
consideration, this study selected seven tree species (Table
1) to develop the fire prevention zone.
The design of tree composition and configuration for
the fire prevention zone, with a sample layout area of 20 ×
20 m2, is presented in Figure 8.

Figure 5. One of the encroached areas inside the MKMPA

.

Figure 6. The distribution of forest encroachment inside the
MKMPA

Figure 7. Priority areas for buffer zone development in dealing
with fire and encroachment risks
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Table 1. Selected tree species for fire prevention zone development
Tree species

Local name

Albizia procera
Schima wallichii
Aleurites moluccanus

Ki Hiyang
Puspa
Kemiri

Castanopsis acuminatissima
Homalanthus populneus
Castanopsis argentea
Bischofia javanica

Jarak anak
Kareumbi
Saninten
Gadog

General characteristics
Fire-resistant, windbreak, drought tolerant, fast growing, local species
Fire-resistant, dense canopy, evergreen, fast growing
Windbreak, wide canopy, drought tolerant, fast growing, requiring less
maintenance, local species
Evergreen, dense canopy, fast growing, local species
Evergreen, wide canopy, fast growing, local species
Evergreen, climax species, local species
Fire-resistant, dense canopy, climax species, local species

A

B

Figure 8.A. Design of tree composition and configuration in the fire prevention zone. Yellow circle represents pioneer tree species that
consist of: 1. Albizia procera, 2. Schima wallichii, 3. Aleurites moluccanus, 4. Castanopsis acuminatissima, and 5. Homalanthus
populneus. Green circle represents climax tree species that consist of: 1. Castanopsis argentea and 2. Bischofia javanica; B.
Representative growth of canopy cover after plantation

The design suggests a combination of pioneer and
climax tree species, which will be planted alternately. The
pioneer trees, which can grow faster, potentially cover the
area in a short period. The climax trees, generally shade
tolerant in their initial growing period, should be planted
once pioneer trees provide enough shade. The existence of
the climax, fire-resistant trees is intended to accelerate the
ability of the zone to prevent the potential fire spread in the
MKMPA forest.
The encroachment prevention zone is designated as a
special use zone for local people. In this zone, the need to
reforest the deforested areas will be combined with the
provision of multiple benefits for local people in the form
of non-timber forest products. The main purpose is to
promote collaboration between the MKMPA and local
people to conserve forest ecosystem and utilize forest
ecosystem services. The best scheme for this purpose is
development of an agroforestry system.
Agroforestry is a forest system, in which crops are
cultivated in between trees or under forest canopy. In
support of developing an agroforestry system, the tree
species selection may be based on some criteria, including

local fast-growing multipurpose tree species (MPTS) with
high adaptability, requiring less maintenance and requiring
high solar radiation. The criteria for crops include having
high economic value, shade tolerant crop, requiring less
maintenance and the availability of market. Based on those
criteria, this study selected 11 tree and crop species (Table
2) for the development of the encroachment prevention
zone.
Table 2 lists four MPTS (Aleurites moluccanus,
Artocarpus heterophyllus, Persea americana, and
Mangifera indica), two annual crops (Citrus reticulata and
Coffea arabica) that potentially produce fruit in shorter
time compared to MPTS, and five seasonal crops
(Capsicum annuum, Curcuma domestica, Zingiber
officinale, Amomum compactum, Ananas comosus). This
combination will provide different types of products (nontimber forest products and agricultural products) in
different production periods.
The design of tree and crop composition and configuration
for the agroforestry system in the encroachment prevention
zone, with a sample layout area of 30 × 30 m2, is presented in
Figure 9.
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Table 2. Selected tree and agricultural crop species for encroachment prevention zone development
Tree species

Local name

General characteristics

Aleurites moluccanus

Kemiri

Artocarpus heterophyllus
Persea americana
Citrus reticulata
Mangifera indica
Coffea arabica
Capsicum annuum
Curcuma domestica
Zingiber officinale
Amomum compactum
Ananas comosus

Nangka
Alpukat
Jeruk keprok
Mangga
Kopi
Cabai
Kunyit
Jahe
Kapulaga
Nanas

High competitiveness against shrubs and weeds (including Imperata cylindrica), high
selling price
High competitiveness against shrubs and weeds (including Imperata cylindrica)
High selling price, high demand
high demand, suitable for highland
High selling price, high demand, high productivity
Shade tolerant, high selling price
High selling price, high demand
Shade tolerant, less maintenance
Shade tolerant, less maintenance
Shade tolerant, high selling price, less maintenance
Protecting crops from disturbance caused by animal

A

B

Figure 9. A. Design of tree and crop composition and configuration for the agroforestry system in the encroachment prevention zone; B.
Representative growth of canopy cover after plantation

Figure 9 shows that the agroforestry system physically
resembles a forest ecosystem. This potentially supports the
ecosystem in providing services other than provisioning
services (non-timber forest products and agricultural
products). The services include hydrological services,
carbon sequestration and storage, and habitat for wild
animals.
The agroforestry system has been widely promoted as
part of protected area management in different countries,
with particular purposes to provide economic benefits to
local people, alongside conserving local biodiversity
(Schroth and da Mota 2013; Mukul and Saha 2017; Riani et
al. 2017). However, considering that the encroachment
protection zone is inside a protected area, development of
an agroforestry system should pay attention to several
points, e.g. maintaining the forest status and function, and
not granting the land ownership of the encroached areas to
the local people. The agroforestry development inside a
protected area should also be treated as a transition stage.
The best scheme for empowering local people living
around a protected area is by involving them in the nonextraction economic activities inside the protected area,
particularly in the form of ecotourism and payment for
ecosystem services (e.g. carbon sequestration service).

In conclusion, this study demonstrated spatial
information of anthropogenic disturbances inside a
protected area in selecting and designing area for buffer
zone development, with a case study in Masigit Kareumbi
Mountain Protected Area (MKMPA), West Java,
Indonesia. Two types of anthropogenic disturbances were
spatially analyzed, i.e. forest fire and forest encroachment
for agricultural practices. The spatial distribution of fire
risk in the study area was modeled well using MaxEnt with
an AUC of 0.98. This study found that about 109 ha area
located in the border of the MKMPA has fire risk of more
than 0.5, and suggested to select these areas as the fire
prevention zone. This study proposed the use of seven tree
species in the design of the fire protection zone, with the
fire-resistant characteristic as the main consideration. This
study also identified 428 ha agricultural area inside the
MKMPA based on a combination of satellite image
(Landsat OLI 8) interpretation and field observation. The
agricultural practice inside the MKMPA is considered as
illegal, and categorized as an encroachment. This study
proposed to select the encroached area as buffer zone, with
a specific purpose to prevent further encroachment by
developing an agroforestry system. The agroforestry
development in this zone was designed to combine
reforestation and agricultural practices that are compatible
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with forest ecosystem. This study hence clearly shows a
framework of an anthropogenic disturbances-based buffer
zone development that can further be implemented for
different types of disturbances and different types of
protected areas.
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