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Abstract. Oil palm plantations are undoubtedly recognized as a significant contributor to economic
development in Indonesia. However, uncontrolled expansion of oil palm cultivation presents challenges due
to its potential negative consequences on the environment and society. This study aims to assess the
distribution of oil palm plantations and their suitability with spatial planning in the Aceh Province,
Indonesia. We obtained spatial data on plantations from official authorities, which underwent an extensive
inventory process during the year 2021. The total area of oil palm plantations in Aceh was reported at
706,943.87 ha, primarily concentrated in the eastern and western lowland areas of Aceh mainland. Through
spatial analysis, we identified that approximately 40% of the oil palm plantations are located in areas where
plantation development should not be permitted according to existing spatial planning regulations. This
study provides important information for land use management in Aceh and offers policy recommendations

to promote sustainable oil palm cultivation practices.

1 Introduction

Oil palm industry holds significant importance for
Indonesia's economy, considering its contribution to
regional income generation and job opportunities. Oil
palm is favored over other plantation commodities due
to its advantages in terms of cultivation system
efficiency, productivity, return on investment, and
versatility [1]. Globally, Indonesia plays a major role as
the leading producer of crude oil palm (CPO), which is
further processed into various food, cosmetic, hygiene,
and bioenergy products. The Ministry of Agriculture of
the Republic of Indonesia reported that the volume of
CPO exports reached 7,170,956 tons in 2020, valued at
4.7 billion USD [2]. Additionally, rural communities
greatly benefit from the existence of oil palm
plantations, providing livelihoods, accelerating
development, and offering various socioeconomic
advantages.

Despite its positive influences, oil palm production
is frequently criticized for its detrimental effects on the
environment and society. For instance, the expansion of
oil palm plantations is deemed responsible for the loss
of forest cover in recent decades [3]. Improper
agricultural practices contribute to increased risks of
forest fires and the destruction of critical lands,
particularly tropical peat swamp ecosystems [4]. These
issues become more complex when combined with
escalating tenure conflicts among various actors,
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including local communities, private companies, and
state [5].

Sustainable oil palm certification is regarded as a
key solution to ensure the governance of plantations that
adhere to environmental, social, and economic
sustainability principles. At the global level, the concept
of sustainable oil palm is promoted by the Roundtable
on Sustainable Oil palm (RSPO). In Indonesia, this
certification scheme is known as the Indonesian
Sustainable Oil palm (ISPO), mandated by the
government for both plantation companies and
smallholder farmers. However, research indicates that
the implementation of ISPO certification still faces
structural and sociocultural challenges, leading to
suboptimal control over sustainability standards [1].

In Indonesia, the largest oil palm production centers
are found in Sumatra and Kalimantan Islands. Aceh is
one of the provinces in Sumatra where oil palm
dominates the plantation commodities, thanks to its
ideal geographical settings. As shown in Figure 1, the
availability of lowland areas and its proximity to the
equator (which has implications for climate) are crucial
indications of the suitability of oil palm production.
Statistics Indonesia noted oil palm as the commodity
with the largest plantation area in Aceh [6]. Its average
productivity is 2745 kg/ha per year in the form of CPO.
The production has shown an increasing trend in the past
five years.

The aim of this study is to describe the spatial
distribution of oil palm plantations throughout the Aceh
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Fig. 1. Study area.

Province and identify their compliance with spatial
planning policies. We utilized spatial data on oil palm
plantations that were inventoried by official authorities
in 2021. Evaluating the land use of plantations is an
essential step in reviewing and reinforcing commitments
to sustainable oil palm initiatives. For decision-makers,
this study indicates the effectiveness of implementing
land use planning regulations and serves as a
consideration for policy improvements in the future.

2 Research method

The distribution of oil palm plantations and spatial
pattern plans are two key data in this research. The
plantation map was acquired from the National Land
Agency through extensive inventory activities covering
all commodities in 2021 [7]. The data collection process
involved multiple stages over the course of one year,
including on-screen digitization of high-resolution
satellite imageries, field surveys, and several
coordination meetings with key stakeholders. The data
extracted from the plantation map focused on oil palm,
considering it as the largest plantation commodity in
Aceh based on recent statistics. While the inventory of
plantation areas is updated annually by the authorities
responsible for the agricultural sector, we argue that this
data is the most comprehensive (including in tabular and
spatial formats) and accurate for the current period.
Meanwhile, the spatial pattern plan maps were
compiled from various regency/city-level regulations.
Generally, the division of spatial patterns is agreed upon

as protective and cultivation functions, but the specific
classifications of each function vary across regions. For
analysis purposes, we simplified and modified the
classes into two broad categories: plantations and non-
plantations.

Data processing and analysis were facilitated using
QGIS software. The area of oil palm plantations in each
regency/city was calculated, along with its proportion to
the total area of all plantation commodities. Further
analysis involved overlaying the land use layer with the
spatial planning layer (Figure 2). With this technique,
the suitability of land use with spatial planning could be
estimated in detail for each region.
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Plantations|

° Suitability Assessment

Not
Analyzed

+

° Spatial Planning

Plantations

Fig. 2. Suitability assessment workflow.
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Fig. 3. Distribution of oil palm plantations in Aceh.

3 Results and discussion

3.1 Distribution of oil palm plantations

Based on the processing of spatial data, the total area of
plantations in Aceh Province is 1,185,666.66 ha, which
accounts for one-fifth of the province's total area. In this
study, plantations were classified into two broad
categories: oil palm and other plantations. The area of
oil palm plantations reached 706,943.87 ha,
representing 60% of the total plantation area. It is
important to note that the scope of oil palm plantations
in this study is not limited to monoculture and
productive plantations. It also includes mixed-crop
plantations, newly planted areas, and even newly
cleared land for oil palm cultivation. Such criteria may
differ from previous research that produced regional and
global-scale oil palm map datasets [8, 9].

Oil palm plantations are distributed throughout the
administrative regions of Aceh Province, with a
significant concentration in the eastern and western part
of the Aceh mainland (Figure 3). Environmental factors
such as water availability, air temperature, land
topography, and soil types significantly influence the
suitability of oil palm cultivation. Nineteen out of the 23
regencies/cities in Aceh Province have oil palm
plantations. The four regions that do not have oil palm
plantations include Banda Aceh, Sabang, Gayo Lues,
and Aceh Tengah. Due to its role as the administrative
and urban center of Aceh Province, it is understandable
that Banda Aceh does not have plantation areas. Sabang,
a port city on a small island in Aceh waters, has limited
land use for plantations, but oil palm plantations have
not been identified in that region. Aceh Tengah and
Gayo Lues, on the other hand, have geographical

characteristics of highland areas that are not suitable for
oil palm trees.

The calculation of oil palm plantation areas in each
regency/city in Aceh is shown in Figure 4. The largest
distribution of oil palm plantations is found in Aceh
Timur (147,099.89 ha), followed by Nagan Raya
(123,414.78 ha) and Aceh Tamiang (84,761.77 ha).
Meanwhile, the three areas with the smallest oil palm
plantations, in consecutive order, are Aceh Besar
(693.81 ha), Lhokseumawe (761.00 ha), and Pidie
(908.49 ha).

Aceh Timur 147,099.89
Nagan Raya 123,41478
Aceh Tamiang 84,761.77
Aceh Singkil 68,772.62
Aceh Utara 65,344.96
Aceh Barat 52,758.15
Subulussalam 41,341.21
Aceh Selatan 32,461.89
Aceh Barat Daya 31,775.99
Aceh Jaya 21,163.94
Bireuen 13,632.11
Aceh Tenggara 6,587.90
Simeulue 6,445.57
Langsa 5,726.24
Pidie Jaya 1,684.20
Bener Meriah 1 1,609.35
Pidie  908.49
Lhokseumawe  761.00
AcehBesar  £93.81

0 30,000 60,000 90,000 120,000 150,000 180,000
Area (Ha)

Fig. 4. Area of oil palm plantation by regency/city.
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Fig. 5. Ratio of oil palm to all commodities.

Furthermore, this study calculates the proportion
between the land area used for oil palm plantations and
the total land area used for various types of plantations
(Figure 5). This metric provides an overview of the
contribution of oil palm plantations in the context of the
total plantation sector in a region. The results show that
there are seven regions where more than three-quarters
of their plantations consist of oil palm as the main
commodity. These regions include Aceh Barat Daya
(99%), Nagan Raya (97%), Aceh Singkil (96%), Langsa
(96%), Aceh Tamiang (94%), Subulussalam (87%), and
Aceh Timur (86%). Aceh Utara, Aceh Jaya, and Aceh
Barat can also be considered to have a significant
dominance of oil palm plantations, with percentages
ranging from 51% to 75%. On the other hand, three
regions with the lowest ratios (excluding regions
without oil palm plantations) are identified in Pidie
(3%), Bener Meriah (3%), and Aceh Besar (7%).

3.2 Evaluation of spatial planning

The mismatch between existing land use and spatial
planning can be accurately determined by overlaying
these two thematic layers. Suitable conditions occur
when oil palm plantations are located in areas
designated for plantation purposes. Conversely,
unsuitable conditions occur when oil palm plantations
are situated in areas not designated for plantations (such
as forests, food agriculture, horticulture, riverbanks,
settlements, industries, etc.).

Table 1 shows the area of oil palm plantations based
on their compatibility with spatial planning in each
regency/city. The area of plantations that align with their
designated land use is 421,572.75 ha, while the area that
does not align is 285,371.12 ha. In essence, this means
that 60% of the plantation land use is suitable, while the
remaining 40% is unsuitable.

Table 1. Area of oil palm plantations based on their
suitability with spatial planning.

Region Area (Ha)

Suitable Not Suitable
Aceh Timur 105,352.51 41,747.38
Nagan Raya 52,804.13 70,610.66
Aceh Tamiang 42,307.98 42,453.80
Aceh Singkil 33,816.56 34,956.06
Aceh Utara 60,831.14 4,513.82
Aceh Barat 26,947.03 25,811.12
Subulussalam 22,658.31 18,682.90
Aceh Selatan 17,005.12 15,456.77
Aceh Barat Daya 24.614.07 7,161.92
Aceh Jaya 11,954.96 9,208.98
Bireuen 8,159.56 5,472.55
Aceh Tenggara 2,142.04 4,445.87
Simeulue 5,481.41 964.16
Langsa 4,008.10 1,718.13
Pidie Jaya 962.49 721.71
Bener Meriah 1,554.49 54.86
Pidie 290.74 617.75
Lhokseumawe 354.30 406.70
Aceh Besar 327.82 365.99
Total 421,572.75 285,371.12

The proportion of spatial planning compatibility
varies greatly in each region (Figure 6). While in
absolute terms, the largest area of plantations that do not
comply with spatial planning is identified in Nagan
Raya (70,610.66 ha), the highest percentage of
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Fig. 6. Percentage of consistency of oil palm plantations with spatial planning.

inconsistency is found in Pidie (68%), despite its
relatively small area. Apart from Pidie, there are six
other regions where half or more of their oil palm
plantations do not align with the spatial pattern plans,
namely Aceh Tenggara (67%), Nagan Raya (57%),
Aceh Besar (53%), Lhokseumawe (53%), Aceh Singkil
(51%), and Aceh Tamiang (50%). The distribution of
incompatible oil palm plantations in Aceh Timur and
Aceh Tamiang is almost identical and quite substantial
as well (following Nagan Raya), at around 40 thousand
hectares. Meanwhile, both in terms of absolute and
relative values, the extent of spatial planning
incompatibility in Bener Meriah is the smallest in the
entire Aceh Province, with only 54.86 ha or representing
3% of the total oil palm plantation area.

3.3 Issues and recommendations

Official data indicates that oil palm is a strategic
plantation commodity in Aceh, as evidenced by its
extensive coverage, surpassing other plantations in
terms of land area. However, our findings show that
approximately two-fifths of oil palm plantation areas
(covering 285,371.12 ha) are incompatible with spatial
planning. Six specific regions exhibit a more dominant
percentage of inconsistency, namely Pidie, Aceh
Tenggara, Nagan Raya, Aceh Besar, Lhokseumawe,
Aceh Singkil, and Aceh Tamiang. Meanwhile, in terms
of absolute area, the major contributors to spatial
planning inconsistency are identified in Nagan Raya,
Aceh Tamiang, and Aceh Timur. Therefore, it is crucial
for the Aceh government to promptly implement
corrective strategies and promote better governance of
the oil palm industry.

Oil palm industry is widely recognized for its
significant contribution to economic development
through multiplier effects. However, the neglect of
essential land use guidelines is counterproductive to the

principles of sustainable development. Considering the
promising benefits, the expansion of oil palm not only
impacts existing non-oil palm plantations but frequently
leads to uncontrolled transformations of land previously
used for rice farming and forested areas [10, 11]. This
conversion can be initiated by both small-scale farmers
and plantation companies.

Oil palm expansion, especially involving vital
ecosystems in tropical regions such as primary forests
and peatlands, tends to attract special attention from
experts and environmental activists. The establishment
of wunplanned oil palm plantations is widely
acknowledged for its detrimental effects on the crucial
functions of these environments, such as carbon storage,
hydrological cycles, biodiversity conservation, and the
provision of other essential ecosystem services. Despite
regulations prohibiting such activities in Aceh, previous
research revealed oil palm expansion is continuing in
protected areas [11, 12]. The lack of effective law
enforcement by local authorities has led to rampant
illegal logging. Additionally, corrupt practices in
granting plantation permits contribute to facilitating
deforestation activities. The destruction of primary
forests and peatlands can lead to multidimensional
impacts such as greenhouse gas emissions, declining
water and soil quality, disruption of biodiversity,
conflicts between protected wildlife and humans,
increased disaster risks, and social tensions [11-14]

Furthermore, the issue of overlapping spatial
planning has long been a complex challenge in
Indonesia. It arises from policy conflicts across various
sectors, including agriculture, industry, trade, land
administration, and forestry. Different sectors often
prioritize their own interests, resulting in inconsistent
land allocations. For example, agricultural policies tend
to encourage the expansion of commercial crops such as
oil palm, while forestry policies insist on protecting and
preserving forest areas. The lack of transparency and



BIO Web of Conferences 80, 02006 (2023)
ICoSIA 2023

https://doi.org/10.1051/bioconf/20238002006

accountability complicates the harmonization of natural
resource management policies. In addition, the
governance challenges of oil palm plantation permits in
Aceh are found to be interconnected, demanding
fundamental improvements in problematic licensing
processes [15].

Improving land use planning regulations is the main
pathway to reduce policy conflicts. This requires policy
alignment related to natural resource management and
spatial planning [16]. Such harmonization is crucial for
providing legal certainty for investors. Another benefit
is related to preventing agrarian conflicts [17]. To
achieve these goals, increased transparency and active
engagement of stakeholders, both governmental and
non-governmental actors, are needed in the planning and
decision-making processes.

Strengthening spatial utilization control as an
instrument for spatial planning implementation needs to
be reinforced, such as imposing sanctions on illegal oil
palm plantation operators causing socio-environmental
harm. Assessments of spatial planning implementation,
monitoring, and evaluation can be conducted across
sectors, accompanied by the establishment of complaint
systems from the regional to the central levels. In
addition to strengthening spatial utilization control, the
government can consider these findings in spatial
planning  revisions,  especially = since = most
regencies/cities in Aceh are entering a period of spatial
planning revision, ensuring consideration of
environmental carrying capacity and land status
(smallholder or large-scale plantation). However, spatial
planning revisions should not merely align spatial
patterns with existing permits or land use. For example,
monoculture oil palm cultivation in protected areas with
high conservation value cannot be justified or
maintained for any reason [18, 19]. If possible,
converted forest areas should be restored by
incorporating strategies for improving community
welfare based on non-timber forest products (such as the
social forestry scheme).

For oil palm plantations that are in line with spatial
planning, sustainable farming practices must still be
evaluated. Oil palm production should ideally not cause
negative consequences for the surrounding environment
(e.g., good agricultural practices). Plantation locations
adjacent to protected areas should be more closely
monitored to prevent illegal encroachment. Relevant
stakeholders need to evaluate oil palm plantation lands
that do not achieve maximum production. These efforts
can be integrated with ISPO or RSPO certification for
communities or companies. Also, oil palm producers
should shift their paradigm from an extensification-
oriented approach to adopting environmentally friendly
intensification strategies. Meanwhile, the negative
impacts that have already occurred need to be addressed
by the government through the implementation of
incentive and disincentive mechanisms [20].

4 Conclusion

In tropical areas like Indonesia, oil palm plays a strategic
role in the agricultural sector. Focusing on Aceh

Province, our research aims to describe the spatial
distribution of oil palm plantations and identify their
compatibility with spatial planning. Official data reveals
that oil palm is predominantly concentrated in the
eastern and western lowland areas of Aceh mainland,
covering a total area of 706,943.87 hectares, which
accounts for nearly 60% of the total plantation area for
all crops. This commodity is found in all regencies/cities
except for Banda Aceh, Sabang, Aceh Tengah, and
Gayo Lues. The three regencies with the largest oil palm
plantations are Aceh Timur, Nagan Raya, and Aceh
Tamiang. These regions also have a very high
proportion of oil palm plantations (>75% of the total
plantation area), along with four other regions: Aceh
Barat Daya, Aceh Singkil, Subulussalam, and Langsa.

Appropriate plantation practices are an integral part
of land management based on sustainability principles.
To achieve this goal, it seems that the Aceh government
needs to make more efforts to improve the governance
of the oil palm industry. We found that approximately
40% of oil palm plantations are located in areas
designated for non-plantation purposes. Areas with
substantial spatial deviations should certainly receive
special attention.

Our analysis contributes to laying the groundwork
for future research and policy initiatives aimed at
creating a balance between socio-economic
development and environmental conservation. Regular
monitoring of oil palm plantations is crucial in the
context of land use supervision. In this regard, remote
sensing technology offers concrete solutions to support
multi-temporal observations of oil palm expansion. In
addition to spatial planning, it is advisable to investigate
the legality of plantation operations, taking into account
location permits, forest area status, and peatland.
Finally, further research could consider building upon
this work to explore the determinants of spatial misuse
in detail and evaluate the potential impacts on various
dimensions.

The author would like to express gratitude to the staff and
individual consultants at the Regional Office of the National
Land Agency of Aceh Province who have assisted in gathering
spatial data of oil palm plantations.
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