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Abstract

Oil palm plantations provide the highest amount of foreign exchange earnings for the Indonesian government.
However, according to the Indonesian Ministry of Agriculture, the foreign exchange has dropped to 20%.
Therefore, to increase oil palm productivity, the President Republic of Indonesia issued Instruction No. 6 of
2019 regarding National Action Plan for Sustainable Oil Palm Plantation 2019-2024, one of the actions to
increase national oil palm productivity is strengthening data infrastructure. Considering that the oil palm
plantations in Indonesia are highly extensive and spread across almost all parts of Indonesia, cloud computing
remote sensing technology is a satisfactory solution for monitoring oil palm plantations. This study aims to
develop a spatial database system for monitoring oil palm plantation in Indonesia based on cloud computing
remote sensing data. The methodology includes user needs and spatial data identification as Indonesian
regulations, combined with focus group discussions, normalized geographic data normalization, and spatial
database development using conceptual, logical, and physical models and system design and data visualization.
The resulting spatial database system for monitoring oil palm plantations in Indonesia based on cloud
computing remote sensing has been constructed by leveraging data saved in the cloud on ArcGIS Living Atlas
of The World. The data recorded in ArcGIS Online are then linked to a visualization system created using the
ArcGIS operation dashboard. The dashboard has been developed based on user needs and displays information
about oil palm plantation age, administration boundaries, rainfall, terrestrial ecosystems, hot spots, and
weather conditions.
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1. Introduction

The oil palm (Elaeis Guineensis) is a palm tree often
cultivated throughout Southeast Asia, particularly in
Malaysia, Indonesia, and Thailand. It is used for
producing cooking oil, mechanical oil, and fuel, all
of which are widely used in everyday life and
business [1] and [2]. Palm oil derived from seeds or
parts of a hard mesocarp shell yields approximately
80% saturated fat, which may be used as a raw
material in the oleochemical industry to create soaps,
cleansers, and various other products [3] [4] and [5].
Moreover, oil palm has a high potential for future
usage as a biofuel [6]. Commercial plantation firms
are encouraged to grow oil palm plants on a large
scale owing to high yields and low production costs
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associated with oil palm [7]. Oil palm agriculture has
tremendously expanded on account of the rising
global need for food and fuel [8], making palm oil
one of the most consumed vegetable oils worldwide
[9].

In Indonesia, a large area is under oil palm
plantation (approximately 16.8 million ha) and
provides the highest foreign exchange for the
government [10]. However, the Indonesian Ministry
of Agriculture (2019) reported that the foreign
exchange earned from oil palm has dropped to 20%.
This is because of the large area under old plants,
which are less productive, and many diseased plants.


https://doi.org/10.52939/ijg.v20i11.3683

Therefore, to increase oil palm productivity, the
President of the Republic of Indonesia issued
Instruction No. 6 of 2019 regarding National Action
Plan for Sustainable Oil Palm Plantation 20192024,
in which one of the actions to increase national oil
palm productivity is through strengthening data and
infrastructure [11]. According to Presidential
Instruction No. 6 of 2019, oil palm productivity must
be supported by components of strengthening data
and infrastructure for effective oil palm management
[11]. This is necessary in terms of strengthening data
and information on oil palm plantations, referring to
the One Map Policy as an effort to realize a map with
one reference and one standard as per Presidential
Regulation Number 8 of 2016 issued on February 2,
2016. Therefore, to support Presidential Instruction
No. 6 of 2019 regarding oil palm management and
Presidential Regulation Number 8 of 2016 regarding
the One Map Policy, needed technology for
collecting and using national oil palm data.

Since 1990, remote sensing satellite imagery data
has been used to monitor oil palms [12] [13] and [14].
According to [15], remote sensing technologies have
now entered the era of big data. Remote sensing big
data have been attracting increasing interest from
governments, businesses, and academic sectors [15]
and [16], commonly referring to the 3Vs, i.e.,
extraordinary growth in data Volume, Velocity, and
Variety [17] and [18]. However, three prevalent
challenges, namely, big data computing, big data
cooperation, and big data methodology, have been
described in accordance with the trinity of
understanding big data in remote sensing [16].
According to [19], big data technologies, geo-
artificial intelligence, and cloud computing can be
used with the precision agriculture approach to make
right management decisions aimed at increasing oil
palm production. Furthermore, precision agriculture
uses Al to assist in the identification of pests,
insufficient plant nutrition in farms, among others. It
uses data recorders, yield monitors, GPS,
geographical information system (GIS), Internet of
Things (IoT) capabilities, sensors, and other devices.
These devices are attached to aerial equipment for
data collection [9].

Recently, cloud computing and remote sensing
data have emerged as transformative tools for
monitoring extensive agricultural areas, showing
significant potential in enhancing the efficiency and
precision of agricultural practices [15] and [16]. In a
notable study, researchers [20] delved into the smart
farming concept by integrating Internet of Things
(10T), mobile, and cloud technologies, harnessing the
power of big data analytics to optimize farming
operations. This approach has opened new avenues
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for real-time data collection and analysis,
significantly boosting productivity and sustainability
in agriculture. Further advancements have been made
as detailed in [21], which explored the burgeoning
role of 10T in enhancing smart agricultural practices.
This research also highlighted the innovative
application of digital twins in agriculture, providing
detailed simulations that aid in decision-making and
yield prediction, thereby enhancing harvest strategies
[22]. Concurrently, researchers in [23] introduced
GeoFarmer, a bespoke monitoring system designed
to streamline agricultural project development. This
system leverages geo-spatial data to provide
actionable insights, improving crop management and
resource allocation. Additionally, the study [24]
investigated the use of 10T technologies to develop
automated irrigation systems, demonstrating how
connectivity and automation can lead to more precise
water management, reducing waste and ensuring
optimal growth conditions. Meanwhile, [25]
examined the potential of green lIoT technologies for
intelligent agricultural monitoring. This research
focused on using predictive intelligence tools,
powered by machine learning algorithms and
prototype analysis, to forecast agricultural outcomes,
thereby enabling proactive management of farming
operations. The study also surveyed the latest
technological developments, indicating a growing
trend towards more interconnected and intelligent
agricultural ecosystems.

Although  there have been significant
advancements in technology, the implementation of
these technologies in many agricultural areas has
brought prominence to specific challenges,
especially in the monitoring of oil palm. For example,
[26] detailed the creation of an oil palm database
utilizing high-resolution images from Google Earth,
the Advanced Land Observing Satellite (ALOS)
Phased Array type L-band Synthetic Aperture Radar
(PALSAR), and Landsat optical images. This
database aims to enhance the precision and scope of
monitoring, yet the development of information
systems that cater to specific user needs and
effectively harness the capabilities of big data and
remote sensing in oil palm cultivation still encounters
notable limitations. These challenges include
integrating vast amounts of data, ensuring data
accuracy, and customizing applications to suit
specific  agricultural  conditions and  user
requirements. Transitioning from the broader
technological challenges to specific factors affecting
production, the age of the oil palm emerges as a
critical determinant. Several studies [1] [3] [27] and
[28] have identified oil palm age as a significant
influencer of fruit bunch yield.
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Information on oil palm age is an effective yield
indicator because it affects the quality and quantity of
fresh  fruit bunches [28]. Additionally, age
information is crucial in precision agriculture for
identifying anomalies within specific oil palm age
groups, planning counteractive  management
strategies, and optimizing management resources
[29]. In other contexts, oil palm age information is
necessary for tax estimation, replanting time
estimation, and disease diagnosis [1].

Moreover, a major issue impacting oil palm
productivity in Indonesia, as noted by the Indonesian
Ministry of Agriculture, is the 20% drop in foreign
exchange earnings. This significant decline
underscores the importance of management support
and the availability of relevant data to enhance oil
palm productivity [30]. Addressing these challenges
is essential for bolstering the sector's economic
resilience and sustainability. In response to these
challenges, this study aims to develop a spatial
database system for monitoring oil palm plantations
in Indonesia based on cloud computing and remote
sensing data. The spatial database system will
support Instruction No. 6 of 2019 issued by the
President of the Republic of Indonesia regarding the
National Action Plan for Sustainable Oil Palm
Plantations 2019-2024. This initiative aims to make
oil palm plantation management in Indonesia more
efficient, effective, and productive."
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2. Method

The methodology incorporates user needs and spatial
data identification as Indonesian regulations,
combined with focus group discussions, spatial data
normalization, development of spatial databases
using conceptual, logical, and physical models, and
then system design and data visualization (see Figure
1).

2.1 User Needs and Spatial Data Identification

The process of assessing user needs is designed to
ensure that the information built for oil palm
plantations is based on user needs. This process has
several stages [31] and [32]:

a. ldentification of User Needs on Indonesian Oil
Palm Laws and Regulations.

Data on oil palm plantations were identified by

analyzing the regulations and standards on oil

palm plantations. The following list presents the

amount of data points that may be determined

based on a review of the statute.

e Law Number 39 of 2014 concerning
Plantations.

e Government Regulation of the Republic of
Indonesia Number 23 of 2021 concerning
Forestry Administration.

Qil Palm in Indonesia

User Needs and Spatial Data
Identification For Monitoring

Normalized
Spatial Data

Designing
System & Visualization

|
v

Running No

&Testing

Spatial Database
Cloud Systems
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Spatial Database for
Monitoring of Oil Palm
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Figure 1: Development of spatial database design using conceptual, logical, physical stages, and visualization
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e Government Regulation of the Republic of
Indonesia Number 26 of 2021 concerning
Implementation of the Agricultural Sector.

e Regulation of the Minister of Agriculture
Number 18 of 2016 concerning Guidelines for
Rejuvenating Oil Palm Plantations.

e Regulation of the Minister of Forestry
Number P.56 Minister of Forestry of 2006
concerning Zoning Guidelines for National
Parks.

e Regulation of the Minister of Home Affairs
Number 76 of 2012 concerning Guidelines for
Confirming Regional Boundaries.

b. Identification of User Needs on Focus Group
Discussion

User needs for this monitoring application were
discussed in a group discussion forum (FGD)
with the Indonesian Oil Palm Research Center
(IOPRI) and an agriculture office. The
discussion was conducted by inquiring about the
information needed for oil palm plantation
management in Indonesia, such as information
on climate, land, and harvest management. The
necessary data will be later provided on a
monitoring program dashboard [31]. The
process of identifying data from laws and
regulations and research results produced 20 of
data categories.

2.2 Data Normalization

Data normalization is performed by checking each
piece of information that came from analyzing the
laws and rules and the results of the earlier study. If
the same data are found, they will be considered only
once to avoid data duplication [33]. The 20 data are
produced after identifying data from laws, rules, and
research findings. However, duplicates still exist;
consequently, the data normalization method must be
used to eliminate the duplicates and create 7 data
categories.

2.3 Spatial Database

The oil palm plantation data structure is created by
grouping the data into tables based on layers that
correspond to data type. The data structure in this
study divides data into three categories: basic data,
thematic data, and additional data [32] and [34], and
the spatial databases are developed based on a
conceptual model, logical model and physical model.
The conceptual model is designed by determining the
relationship between entities, The conceptual model
is designed by determining the relationship between
entities by determining the primary key and foreign
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key to produce a conceptual spatial database model
[35] and [36].

The logical model is developed by describing the
relationships between entities while constructing the
spatial database for oil palm farms in Indonesia.
Relationships between spatial databases can be one-
to-one (1:1), one-to-many (1:N), or many-to-many
(M:N) [36]. The physical model database is designed
by identifying the data attributes using an attribute
table and the contents of the attributes [31] and [37].
The attribute table contains Name, Format, Length,
and Description. The field name contains the name of
the attribute in a spatial database. The format
specifies field format. Text, integer/long integer,
double, geometry, or object id can be used as field
formats.

2.4 Design Systems and Visualization

This application was developed using a customized
ArcGIS process with a prototype approach, where
modifications must be made periodically,
specifically by means of requirements analysis,
application design, and application testing (see
Figure 2) [38] and [39]. The suggested system was
built to facilitate the collection, storage, processing,
and analysis of geographical data using a web
interface [40]. Although Esri’s commercial products
have been used for implementation, open-source
solutions may provide the same outcomes.

3. Results

3.1 Spatial Data Identification

The data used in this investigation and submitted to
the spatial data repository are presented in Table 1.
The development of the 10T is providing plantations
with copious amounts of data that can be accessed in
batches in real time [41]. The oil palm data used in
the application dashboard include:

3.1.1 Oil palm age

Oil palm age data are based on Landsat 8 satellite
images and are grouped into 3 categories: 0-4 years
(young), 5-25 years (mature), and >26 years (old)
[1]. These data may be used to provide information
on the age distribution of oil palm trees in each region
of Indonesia.

3.1.2 Administration boundary

The administrative boundary data collected from the
Geospatial Information Agency can be used to define
oil palm plantation borders in each Indonesian
region/province. These data could be used to
determine the spread of oil palm in each province.
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Figure 2: Design system and visualization

Table 1: Data source

0. Type of Data

Source

Oil palm Phenology Model Based on Remote Sensing [1].

Administration boundary The Geospatial Information Agency: https://tanahair.indonesia.go

N
1.  Oil palm age
2
3

Rainfall

The Meteorology, Climatology, and Geophysics Agency:

https://dataonline.bmkg.go.id

4.  Terrestrial ecosystem

ArcGIS Living Atlas of the World:

https://landscapel2.arcgis.com/arcgis/rest/services/World_Terre
strial_Ecosystems/Imag Server

5.  Weather station

ArcGIS Living Atlas of the World:

https://services9.arcgis.com/RHVPKKiFTONKTtxq3/arcgis/rest/
servicessNOAA_METAR_current_wind_speed_direction_v1/Fe

atureServer
6.  Hotspot

ArcGIS Living Atlas of the World:

https://services9.arcgis.com/RHVPKKiFTONKXxq3/arcgis/rest/s
ervices/MODIS_Thermal_v1/FeatureServer

7.  Weather imagery

ArcGIS Living Atlas of the World:

https://earthlive.maptiles.arcgis.com/arcgis/rest/services/GOES/
GOES31D/MapServr

3.1.3 Rainfall

On an average, the rainfall data obtained from
Meteorology, Climatology, and Geophysics Agency
are taken every week. These data can be used to
estimate rainfall in oil palm plantations every week,
and hence oil palm farmers can use these data as a
reference for determining the fluctuations of water
discharge in drainage in an oil palm plantation [42].
Water discharge in an oil palm plantation may affect
soil fertility, which in turn can also affect production
of fresh fruit bunches.

3.1.4 Terrestrial Ecosystem
The terrestrial ecosystem data were collected from
ArcGIS Living Atlas of the World, which was

created by many international organizations such as
the United States Geological Survey, The Nature
Conservancy, and Esri. These data can be automated
and updated in real time over a period of
approximately a year, and may clearly illustrate
surface conditions with a resolution of 250 meters.
The three categories are climate, landform, and land
cover. The use of terrestrial ecosystem data can assist
the public in understanding the ecosystems prevalent
in each location. For example, while planning to
establish an oil palm plantation, one must understand
the circumstances of the location for ensuring
favorable conditions for the plantation.
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3.1.5 Weather station

The weather station data were collected from ArcGIS
Living Atlas of the World; these data are provided by
National Oceanic and Atmospheric Administration
(NOAA) and are updated in real time every 1 hour.
These data are displayed on the dashboard
application as information, which ranges from
surface temperature to rainfall in a certain location.
According to [43], several techniques are available
for increasing crop and agricultural system resilience
to climate change. However, technological
requirements, as well as extension and training
approaches, must be thoroughly examined to
completely understand the role of a technology in
adaptability [44]. Accordingly, agricultural big data
are crucial for developing climate change adaptation
methods [45].

3.1.6 Hotspot

The hotspot data were collected from ArcGIS Living
Atlas of The World and were created by NASA's
Earth Observing System Data and Information
System. These data were collected using the satellites
Aqua and Terra, which monitor thermal activity on
the earth’s surface. Thermal activity recorded will
considered a hotspot or fire location. Within 2-4
hours, these data will be updated in real time.
Although the satellite detects significant thermal
signals, not all reported thermal activity represents a
hotspot. This information is used to track hotspots or
fires that occur in a certain area. This information is
also valuable for monitoring oil palm farms in
Indonesia, such as in terms of frequency of fires,
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which destroy oil palm plantations and renders them
permanently unproductive.

3.1.7 Weather imagery

The weather satellite imagery data were collected
from the ArcGIS Living Atlas of the World and were
created by NOAA’s Visualization Laboratory. These
data were obtained by merging data from the NOAA
satellites GOES-East and GOES-West, as well as the
Japan Meteorological Agency’s satellite Himawari,
with a resolution of 1.5 kilometers per pixel. These
data may be automatically updated in real time
throughout the 24-hour period. These data are
displayed as information on the application
dashboard to monitor local weather conditions.

3.2 Spatial Database

Spatial database is a data management method that
accommodates a collection of geospatial information
in the form of spatial data (see Figure 3) [31]. Most
geographic data consist of multiple data categories
that are too complex for conventional databases to
efficiently manage [32]. In this study, seven spatial
data will be stored in a GIS database. Generally, GIS
database processing involves storing the data entered
in the database, manipulating the data as needed, and
retrieving data to be presented as the output of the
application [35]. WebGIS, similar to the GIS desktop
program, requires database support for graphical
data, including vector and raster, and attributes such
as tables that link to graphical databases. Database
management systems (DBMS) are now used to
manage databases for GIS applications [32] and [35].
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Figure 3: Conceptual-Logical database model
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A DBMS has three data model description layers. At
the highest level, it contains a conceptual model, a
direct model of the real world in terms of the data
model, a logical/view model that interprets the
conceptual model in terms of database mechanisms,
and a physical model that applies the logical model
in a specific DBMS implementation [32].

3.3 Design Systems and Application

3.3.1 Use case

Use cases are employed in conducting system
analysis to identify, clarify, and manage the needs of
a system (see Figure 4) [31]. Discussions with
stakeholders regarding the required system have been
performed with IOPRI and the agriculture office.

3.3.2 Business Process and Architecture

The Business Process System is a useful instrument
for assisting utilities in increasing their efficiency and
making better use of their information technology
[46]. Business process management is a discipline
that encompasses techniques, ideas, and tools that not
only identify but also record, analyze, monitor, and
optimize processes within a company to maximize
the value for stakeholders [47]. A business process
has a lifecycle that structures the principles, methods,
strategies, and tools of Business Process discipline
and provides a sequential order of tasks to be

completed to manage and provide value to the
process [46] and [47]. We developed the system in
this study using the ArcGIS environment. There are
two bounding boxes, one of which is red and the
other is blue. The blue bounding box indicates the
extent of this study, which begins with data
collection, system building, and visualization [46]
(see Figure 5). The system architecture comprises
three layers: spatial database, middleware, and
application layers. The spatial database layer stores
data; the middleware layer publishes data into a
service; the application layer is used by GIS systems
(see Figure 6) [48]. The system architecture
comprises three layers: spatial database, middleware,
and application layers. The spatial database layer
stores data; the middleware layer publishes data into
a service; the application layer is used by GIS
systems (see Figure 6) [48]. The website for the
system was constructed as an application dashboard,
which can be used to monitor oil palm plantations in
Indonesia to identify occurrences or circumstances
that involve oil palm plantation (see Figure 7). Figure
7 shows a web-based dashboard using a customized
ArcGIS Environment process with a prototype
approach. A web-based dashboard that has been
designed to monitor several elements of oil palm
production and related environmental factors.
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Figure 7: Sitemap of the system of web-based dashboard

The primary dashboard provides as a center for
integrating several data visualizations, such as
demographic data on the age of vegetation,
distribution maps showing the growth of oil palm
plantations on wide chart, and graphs show rainfall
patterns on rainfall chart. These designs are important
for understanding the dynamics of oil palm
agriculture and its environmental impacts. The
dashboard also includes a monitoring map that likely
offers up-to-date geographical information on the
locations of plantations, processing facilities, and
places impacted by environmental changes. The
platform includes feedback tools, such as the
Feedback and Form Feedback sections, which enable
stakeholders to provide views and report issues about
oil palm production or environmental concerns. In
addition, the platform incorporates environmental
monitoring capabilities such as fire activity tracking,
satellite image weather analysis, and weather station
data.

These technologies are crucial for monitoring
environmental factors that impact oil palm
production, including cases of fire and weather
patterns. Furthermore, the flowchart demonstrates
validation for local governance through the province
administration  category, which enables the
management of regional data and decision-making.
The terrestrial ecosystem component of the

evaluation places special focus on the ecological
impact of oil palm farming, on biodiversity, soil
health, and other ecological indicators. However,
web-based dashboard for monitoring sustainability
and productivity in Indonesia's oil palm sector. In
other circumstances, oil palm age information is
necessary for tax estimation, replanting time
estimation, and disease analysis.

3.3.3 Implementation

Based on the data obtained through discussions with
IOPRI and the agriculture service in the FGD forum
for this application, monitoring data is needed
including climate, land and harvest management in
the management of Indonesian oil palm plantations.
In this application, the required data are obtained by
using existing information in the ArcGIS Living
Atlas of the World cloud storage. These data are then
linked to the established system, i.e., the oil palm
plantation monitoring application dashboard. The
application can be found at https://bit.ly/KelapaS
awitNasional. The application dashboard (Figure 8)
provides various geographic data that are
automatically updated in real time. These
informational resources contain statistics on fire
activity, meteorological data, weather satellites
images, and terrestrial ecosystems information.
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Figure 8: Dashboard application

The information obtained from these data define a
situation or occurrence, particularly that relating to
Indonesian oil palm plantations. The application
dashboard contains several features, including the
following:

e Visualization of Spatial Data

This feature, which displays data in the spatial form,
can show an incident or the state of Indonesian oil
palm plantations. There are several basic maps,
including picture maps, road maps, and others, in the
visualization of spatial data. The visualization of
spatial data features displays data from several
sources (Figure 9(a)).

e | arge Area

This feature provides information on the area of oil
palm plantations in various Indonesian regions, and
the information is displayed in graphical form. The
area unit used in this graph is Ha (hectare) (Figure

9(b)).

e Oil Palm Age

Oil palm age is one of the user-required data points,
and it is displayed as a graph. The oil palm age is split
into 3 categories: 0 to 4 years, 5 to 25 years, and over
26 years. In the three sections, oil palm age is paired
with area, so that total area based on oil palm age can
be determined (Figure 9(c)).

e Legends

The legend feature displays conventional symbols or
signs used in the application dashboard. The symbols
will appear on the application dashboard when a
certain layer is activated (Figure 9(d)).

e Layer

This feature displays all data that have been
processed and compiled from several sources to form
a layer. This functionality can be accessed by
activating the relevant layer. Activatable layers
include weather stations, fire activity, oil palm age,
precipitation, administrative borders, weather
satellite images, and land cover (Figure 9(e)).

ArcGIS and its JavaScript APl were used for spatial
analysis and dataset visualizations. Using the
platform, certain geospatial analysis scenarios were
carried out as ArcGIS maps. In order to create a large-
scale geographic database for spatiotemporal
analysis, imported datasets were abstracted as layers
in ArcGIS [48]. The application has already been
tested for seeing the quality of a website application
made, both in the quality of the website to the quality
of the information provided. Testing using the 1SO
9126 standard approach, because 1SO 9126 is a
software quality benchmark which can later be
assessed through certain measures and methods [49].
There are 3 application testing results, including the
following, Usability, Functionality, and Reliability.
The overall test results get a “Good” interpretation
with an average percentage of 81%.

However mapping the distribution of oil palm is
essential for managing and organizing the sustainable
operations of oil palm plantations [50]. A database
management system using GIS and visualization can
assist solve the issue since the data produced by the
system can make it easier to monitor and analyze
plant growth, according to [51] and [52].
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Plantation management information requirements,
including GIS integration, comprise infrastructure,
production planning, mapping, and control analysis
for several plantations at different phases of growth
[1]. Unmanned aerial vehicles (UAVs) and
Geographical Information Systems (GIS) for base-

remote sensing are promising tools to help with
environmental conservation in oil palm plantations
and to improve crop quality and productivity [53].
Satellite images can be used to monitor palm oil
plantations effectively and sustain the sustainability
of palm oil in Malaysia [54].
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Therefore, in order to manage oil palm, it is necessary
to look into six factors that affect oil palm yield:
elevation [42] mean annual minimum and maximum
temperatures, mean annual rainfall, average number
of rainy days per year, average annual relative
humidity, and environmental conditions and oil palm
varieties [2] and [55]. For the upcoming study, a
geodatabase system will be used to speed up the
identification and transmission of data regarding the
quantity of oil palm plants, as well as any dead or sick
plants. Additionally, an android application will be
developed to help insertion officers with maintenance
tasks related to unhealthy palm trees or insertion.

4. Conclusions

The development of a spatial database system to
monitor oil palm fields is a significant improvement
for oil palm management in Indonesia. This method
including development spatial database using
conceptual, logical, physical stages, and
visualization. Spatial data base utilizes cloud
computing and remote sensing data stored in ArcGIS
Living Atlas of the World to provide a thorough
analysis of significant variables that influence oil
palm sustainability. Once the data is collected in
ArcGIS Online, it is simply integrated into the
visualization system built with the ArcGIS operating
dashboard. This specifically designed dashboard has
been customized to fit the unique requirements of
users and provides significant insights into several
elements including the age of oil palm plantations,
administrative borders, rainfall patterns, terrestrial
ecosystems, hotspots, and meteorological conditions.
This detailed information correlates with the
purposes of Instruction No. 6 of 2019, issued by the
President of Indonesia, which aims to improve the
management of oil palm plantations as part of the
National Action Plan for Sustainable Oil Palm
Plantations 2019-2024. The strategy aims to improve
the efficiency, effectiveness, and productivity of
plantation management.

Despite these technological developments, the
effective management of oil palm plantation needs
the accessibility of up-to-date remote sensing data
that can accurately measure environmental variables
such as temperature, precipitation, humidity, and
particular conditions of oil palm's various types and
elevation. To achieve these requirements, the next
improvements will include the development of a
geodatabase system. This system will simplify the
process of discovering and transmitting data on the
amount of oil palm trees, including those that are
deceased or afflicted with diseases. Additionally, an
Android application will be designed to help field
officers in maintaining diseased palm palms.
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This application will simplify the fast execution of
maintenance tasks and upgrades, ensuring timely
actions that are essential for maintaining the health
and productivity of the plantations.

Finally, the spatial database system has provided
a framework for improved management practices.
However, continuing integration of real-time data
and user-friendly applications will be crucial in
effectively addressing the changing challenges of oil
palm management. These developments will not only
improve the efficiency of plantation management but
also contribute to the larger objectives of
sustainability and productivity in Indonesia's oil palm
sector. In other circumstances, oil palm age
information is necessary for tax estimation,
replanting time estimation, and disease analysis.

Acknowledgments

We would like to thank The National Research and
Innovation Agency (BRIN) and Agency Indonesia
Endowment Fund for Education (LPDP) for research
funding contract No. 21/1VV/KS/06/2022 and Institute
for Research and Community Service (LPPM) Itenas
Bandung.

References

[1] Darmawan, S., Carolita, ., Hernawati, R.,
Dirgahayu, D., Agustan, Permadi, D. A., Sari,
D. K., Suryadini, W., Wiratmoko, D. and
Kunto, Y, (2021). The Potential Scattering
Model for Oil Palm Phenology Based on
Spaceborne X-, C-, and L-Band Polarimetric
SAR Imaging. Journal of Sensors, Vol. 2021,
1-14. https://doi.org/10.1155/2021/6625774.

[2] Hernawati, R., Wikantika, K. and Darmawan, S.,
(2022). Modeling of Oil Palm Phenology Based
on Remote Sensing Data: Opportunities and
Challenges. Journal of Applied Remote Sensing,
Vol. 16(02). https://doi.org/10.1117/1.jrs.16.
021501.

[3] Purnomo, H., Okarda, B., Dewayani, A. A., Ali,
M., Achdiawan, R., Kartodihardjo, H., Pacheco,
P. and Juniwaty, K. S., (2018). Reducing Forest
and Land Fires through Good Palm Qil Value
Chain  Governance. Forest Policy and
Economics, Vol. 91, 94-106. https://doi.org/
10.1016/j.forpol.2017.12.014.

[4] Uning, R., Latif, M. T., Othman, M., Juneng, L.,
Hanif, N. M., Nadzir, M. S. M., Maulud, K. N.
A., Jaafar, W.S. W. M., Said, N. F. S., Ahamad,
F. and Takriff, M. S., (2020). A Review of
Southeast Asian Oil Palm and its CO2 Fluxes.
Sustainability, Vol. 12(12),1-15. https://doi.org
/10.3390/5u12125077.

International Journal of Geoinformatics, Vol. 20, No. 11, November, 2024
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



[5] Ramdani, F., (2019). Recent Eexpansion of Qil
Palm Plantation in the Most Eastern Part of
Indonesia: Feature Extraction with Polarimetric
SAR. International Journal of Remote Sensing,
Vol. 40(19), 7371-7388. https://doi.org/10.108
0/01431161.2018.1508924.

[6] Basiron, Y. and Weng, C. K., (2004). The Qil
Palm and its Sustainability. Journal of Oil Palm
Research, Vol. 16(1), 1-10.

[7] Mukherjee, I. and Sovacool, B. K., (2014). Palm
Oil-Based Biofuels and Sustainability in
Southeast Asia: A Review of Indonesia,
Malaysia, and Thailand. Renewable and
Sustainable Energy Reviews, Vol. 37, 1-12.
https://doi.org/10.1016/j.rser.2014.05.001.

[8] Khan, N., Kamaruddin, M. A., Sheikh, U. U,
Yusup, Y. and Bakht, M. P., (2021). Oil Palm
and Machine Learning: Reviewing One Decade
of Ideas, Innovations, Applications, and Gaps.
Agriculture, Vol. 11(9), 1-26. https://doi.org/
10.3390/agriculture11090832.

[9] Mubin, N. A., Nadarajoo, E., Shafri, H. Z. M. and
Hamedianfar, A., (2019). Young and Mature
Oil Palm Tree Detection and Counting Using
Convolutional Neural Network Deep Learning
Method. International Journal of Remote
Sensing, Vol. 40(19), 7500-7515. https://doi.
0rg/10.1080/01431161.2019.1569282.

[10]Carolita, I, Darmawan, S., Permana, R. P.,
Dirgahayu, D., Wiratmoko, D., Kartika, T. and
Arifin, S., (2019). Comparison of Optic
Landsat-8 and SAR Sentinel-1 in Oil Palm
Monitoring, Case Study: Asahan, North
Sumatera, Indonesia. IOP Conference Series:
Earth and Environmental Science, Vol. 280(1),
1-9. https://doi.org/10.1088/1755-1315/280/1
/012015.

[11] Junaedi, D., (2020). Percepatan Pembangunan
Perkebunan Sawit Berkelanjutan (Webpage).
Auvailable:https://spks.or.id/file/publikasi/Perce
patan_Pembangunan_Perkebunan_Sawit_Berk
elanjutan-Dirjenbun_-_Dedi_Junaedi.pdf.
[Accessed Feb. 2, 2022]

[12] Xu, Y., Yu, L., Li, W., Ciais, P., Cheng, Y. and
Gong, P., (2019). Annual Qil Palm Plantation
Maps in Malaysia and Indonesia from 2001 to
2016. Earth System Science Data Discussions,
Vol. 3467071, 1-35. https://doi.org/10.5194/e
ssd-2019-137.

[13] Darmawan, S., Sari, D. K., Takeuchi, W.,
Wikantika, K. and Hernawati, R., (2019).
Development of Aboveground Mangrove
Forests’ Biomass Dataset for Southeast Asia
Based on ALOS-PALSAR 25-m Mosaic.
Journal of Applied Remote Sensing, Vol.

51

13(04), 1-15. https://doi.org/10.1117/1.jrs.13.0
44519,

[14] Darmawan, S., Takeuchi, W., Shofiyati, R., Sari,
D. K. and Wikantika, K., (2014). Seasonal
Analysis of Precipitation, Drought and
Vegetation Index in Indonesian Paddy Field
Based on Remote Sensing Data. IOP
Conference Series: Earth and Environmental
Science, Vol. 20(1), 1-9. https://doi.org/10.108
8/1755-1315/20/1/012049.

[15] Liu, P., Di, L., Du, Q. and Wang, L., (2018).
Remote Sensing Big Data: Theory, Methods
and Applications. Remote Sensing, Vol. 10(5),
1-4. https://doi.org/10.3390/rs10050711.

[16] Chi, M., Plaza, A., Benediktsson, J. A., Sun, Z.,
Shen, J. and Zhu, Y., (2016). Big Data for
Remote Sensing: Challenges and Opportunities.
Proceedings of the IEEE, Vol. 104(11), 2207—
2219. https://doi.org/10.1109/jproc.2016.259
8228.

[17] Kitchin, R. and McArdle, G., (2016). What
makes Big Data, Big Data? Exploring the
Ontological Characteristics of 26 Datasets. Big
Data and Society, Vol. 3(1), 1-10.
https://doi.org/10.1177/2053951716631130.

[18] Laney, D., (2001). 3D Data Management:
Controlling Data Volume. Application Delivery
Strategies.

[19] Sishodia, R. P., Ray, R. L. and Singh, S. K.,
(2020). Applications of Remote Sensing in
Precision Agriculture: A Review. Remote
Sensing, Vol. 12(19), 1-31. https://doi.org/10.
3390/rs12193136.

[20] Rajeswari, S., Suthendran, K. and Rajakumar,
K., (2018). A Smart Agricultural Model By
Integrating 10T, Mobile and Cloud-Based Big
Data Analytics. Proceedings of 2017
International  Conference on Intelligent
Computing and Control, 12C2 2017, Vol.
2018(8), 1-5. https://doi.org/10.1109/i2¢c2.2017
.8321902.

[21] Lakhwani, K., Gianey, H., Agarwal, N. and
Gupta, S., (2019). Development of loT for
Smart Agriculture a Review. Emerging Trends
in Expert Applications and Security, VVol. 841,
357-363. https://doi.org/10.1007/978-981-13-
2285-3.

[22] Alves, R. G., Souza, G., Maia, R. F., Tran, A. L.
H., Kamienski, C., Soininen, J. P., Aquino, P. T.
and Lima, F., (2019). A Digital Twin for Smart
Farming. 2019 IEEE Global Humanitarian
Technology Conference, GHTC 2019, 5-8.
https://doi.org/10.1109/ghtc46095.2019.90330
75.

International Journal of Geoinformatics, Vol. 20, No. 11, November, 2024
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



[23] Eitzinger, A., Cock, J., Atzmanstorfer, K.,
Binder, C. R., L&derach, P., Bonilla-Findji, O.,
Bartling, M., Mwongera, C., Zurita, L. and
Jarvis, A., (2019). GeoFarmer: A Monitoring
and Feedback System for Agricultural
Development  Projects. Computers and
Electronics in Agriculture, Vol. 158, 109-121.
https://doi.org/10.1016/j.compag.2019.01.049.

[24] Rani, D., Kumar, N. and Bhushan, B., (2019).
Implementation of an Automated Irrigation
System for Agriculture Monitoring using loT
Communication.  Proceedings of IEEE
International Conference on Signal Processing,
Computing and Control, Vol. 2019, 138-143.
https://doi.org/10.1109/ispcc48220.2019.8988
390.

[25] Majumder, R., Reich, B. J. and Shaby, B. A.,
(2022). Modeling Extremal Streamflow using
Deep Learning Approximations and a Flexible
Spatial Process. Computer Science, 1-41.

[26] Kulpanich, N., Worachairungreung, M.,
Thanakunwutthirot, K., and Chaiboonrueang,
P. (2023). The Application of Unmanned Aerial
Vehicles (UAVs) and Extreme Gradient
Boosting (XGBoost) to Crop Yield Estimation:
A Case Study of Don Tum District, Nakhon
Pathom, Thailand. International Journal of
Geoinformatics, Vol. 19(2), 65-77. https://doi.
0rg/10.52939/ijg.v19i2.2569.

[27] Carolita, 1., Sitorus, J.,, Manalu, J. and
Wiratmoko, D., (2017). Growth Profile
Analysis of Oil Palm By Using Spot 6 the Case
of North Sumatra. International Journal of
Remote Sensing and Earth Sciences (IJReSES),
Vol. 12(1). https://doi.org/10.30536/j.ijreses.2
015.v12.a2669.

[28] Darmawan, S., Takeuchi, W., Haryati, A., Najib,
R. A. M. A. M. and Na’Aim, M., (2016). An
Investigation of Age and Yield of Fresh Fruit
Bunches of Oil Palm Based on ALOS PALSAR
2. IOP Conference Series: Earth and
Environmental Science, Vol. 37(1). https://doi.
0rg/10.1088/1755-1315/37/1/012037.

[29] Hernawati, R., Wikantika, K. and Darmawan, S.,
(2022). Modeling of Oil Palm Phenology Based
on Remote Sensing Data: Opportunities and
Challenges. Journal of Applied Remote Sensing,
Vol. 16(02), 1-28. https://doi.org/10.1117/1
jrs.16.021501.

[30] Barcelos, E., De Almeida Rios, S., Cunha, R. N.
V., Lopes, R., Motoike, S. Y., Babiychuk, E.,
Skirycz, A. and Kushnir, S., (2015). Oil Palm
Natural Diversity and the Potential for Yield
Improvement. Frontiers in Plant Science, Vol.
6, 1-16. https://doi.org/10.3389/fpls.2015.0
0190.

52

[31] Abraham, R., Schneider, J. and vom Brocke, J.,
(2019). Data Governance: A Conceptual
Framework, Structured Review, and Research
Agenda. International Journal of Information
Management, Vol. 49, 424-438. https://doi.
0rg/10.1016/j.ijinfomgt.2019.07.008.

[32] Howari, F. M. and Ghrefat, H., (2020).
Geographic Information System. In abdel-M.
O. Mohamed, E. Paleologos, and F. Howati
(Eds.), Pollution Assessment for Sustainable
Practices in Applied Sciences and Engineering
(1st ed., 165-198). Elsevier Inc. https://doi.
0rg/10.1016/b978-0-12-809582-9.00004-9.

[33] Singh, D. and Singh, B., (2020). Investigating
the Impact of Data Normalization on
Classification Performance. Applied Soft
Computing, Vol. 97, 105524. https://doi.org
/10.1016/j.as0¢.2019.105524.

[34] Slusarski, M. and Jurkiewicz, M., (2019).
Visualisation of Spatial Data Uncertainty. A
Case Study of a Database of Topographic
Objects. ISPRS International Journal of Geo-
Information, Vol. 9(1), 1-15. https://doi.org
/10.3390/ijgi9010016.

[35] Sutanta, E. and Nurnawati, E. K., (2019). The
Design of Relational Database for Multipurpose
WebGIS Applications. Journal of Physics:
Conference Series, Vol. 1413(1). https://doi.org
/10.1088/1742-6596/1413/1/012029.

[36] LU, G., Batty, M., Strobl, J., Lin, H., Zhu, A. X.
and Chen, M., (2019). Reflections and
Speculations on the Progress in Geographic
Information Systems (GIS): A Geographic
Perspective. International  Journal  of
Geographical Information Science, Vol. 33(2),
346-367. https://doi.org/10.1080/13658816.20
18.1533136.

[37] Ariffin, A., Ibrahim, N., Desa, G., Ujang, U.,
Ali, H. M., Malik, T. A. and Mukhelas, H. K.,
(2014). A Framework of Local Geospatial Data
Infrastructure ~ for  Sustainable Urban
Development. Jurnal Teknologi, Vol. 71(4),
123-129. https://doi.org/10.11113/jt.v71.3834.

[38] Janicki, J., Narula, N., Ziegler, M., Guénard, B.
and Economo, E. P., (2016). Visualizing and
Interacting with Large-Volume Biodiversity
Data Using Client-Server Web-Mapping
Applications: The Design and Implementation
of antmaps.org. Ecological Informatics, Vol.
32, 185-193. https://doi.org/10.1016/j.ecoinf.
2016.02.006.

[39] Huntington, J. L., Hegewisch, K. C., Daudert,
B., Morton, C. G., Abatzoglou, J. T., McEvoy,
D. J. and Erickson, T., (2017). Climate Engine:
Cloud Computing and Visualization of Climate
and Remote Sensing Data for Advanced Natural

International Journal of Geoinformatics, Vol. 20, No. 11, November, 2024
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



Resource Monitoring and Process
Understanding. Bulletin of the American
Meteorological Society, Vol. 98(11), 2397-
2409. https://doi.org/10.1175/bams-d-15-0032
4.1.

[40] Peterson, G. N., (2015). GIS Cartography. In G.
N. Peterson (Ed.), GIS Cartography (2nd ed.).
Taylor & Francis Group. https://doi.org/10
.1201/b17010.

[41] Ouafig, E. M., Elrharras, A., Mehdary, A.,
Chehri, A., Saadane, R. and Wahbi, M., (2021).
loT in Smart Farming Analytics, Big Data
Based Architecture. Smart Innovation, Systems
and Technologies.Vol. 189. https://doi.org/10.
1007/978-981-15-5784-2_22.

[42] Abubakar, A., Ishak, M. Y., Abu Bakar, A.,
Uddin, M. K. and Umar, N. K. (2023).
Geospatial Mapping and Biophysical Analysis
of Factors that Affect Oil Palm (Elaeis
Guineensis) Yields in Peninsular Malaysia.
Journal of Agrometeorology, Vol. 25(1), 128—
133. https://doi.org/10.54386/jam.v25i1.1871.

[43] del Pozo, A., Brunel-Saldias, N., Engler, A.,
Ortega-Farias, S., Acevedo-Opazo, C., Lobos,
G. A, Jara-Rojas, R. and Molina-Montenegro,
M. A., (2019). Climate Change Impacts and
Adaptation  Strategies of Agriculture in
Mediterranean-climate  Regions  (MCRs).
Sustainability, Vol. 11(10), 1-16. https://doi.
0rg/10.3390/su11102769.

[44] Belcore, E., Angeli, S., Colucci, E., Musci, M.
A. and Aicardi, I., (2021). Precision Agriculture
Workflow, from Data Collection to Data
Management using FOSS Tools: An
Application in Northern Italy Vineyard. ISPRS
International Journal of Geo-Information, Vol.
10(4). https://doi.org/10.3390/ijgi10040236.

[45] Cravero, A., Bustamante, A., Negrier, M. and
Galeas, P., (2022). Agricultural Big Data
Architectures in the Context of Climate
Change: A Systematic Literature Review.
Sustainability, Vol. 14(13). https://doi.org/10
.3390/su14137855.

[46] Calvet, E., Falcdo, R. and Thom, L., (2022).
Business Process Model for Interoperability
Improvement in the Agricultural Domain Using
Digital Twins. ArXiv Preprint
ArXiv:2206.08589. 1-17. https://doi.org/10.48
550/arXiv.2206.08589.

[47] Dumas, M., Rosa, M. L., Mendling, J. and
Reijers, H. A., (2018). Fundamental Business
Process Management. In M. Dumas, M. La
Rosa, J. Mendling, & H. A. Reijers (Eds.),
Lecture Notes in Business Information
Processing (2nd ed., Vol. 168). Springer.

53

[48] Tummers, J., Kassahun, A. and Tekinerdogan,
B., (2021). Reference Architecture Design for
Farm Management Information Systems: A
Multi-Case ~ Study  Approach.  Precision
Agriculture, Vol. 22(1), 22-50. https://doi.org
/10.1007/s11119-020-09728-0.

[49] Kartiko, C., (2019). Evaluasi Kualitas Aplikasi
Web Pemantau Menggunakan Model Pengujian
Perangkat Lunak ISO/IEC 9126. Jurnal
Nasional Teknik Elektro Dan Teknologi
Informasi (JNTETI), Vol. 8(1). https://doi.org/
10.22146/jnteti.v8i1.485.

[50] Shaharum, N. S. N., Shafri, H. Z. M., Ghani, W.
A.W. A. K, Samsatli, S., Al-Habshi, M. M. A.
and Yusuf, B., (2020). Oil palm mapping over
Peninsular Malaysia using Google Earth Engine
and machine learning algorithms. Remote
Sensing Applications: Society and
Environment, Vol. 17. https://doi.org/10.1016/
j.rsase.2020.100287.

[51] Daliman, S., Mohd Azmi, N. A. and Alvin Lau
Meng Shin, (2017). Implementation of Open
Source GIS to Palm Oil Tree Plantation
Database: A Case Study in Bukit Kerayong and
Bukit Rajah Estate. Journal of Tropical
Resources and Sustainable Science (JTRSS),
Vol. 5(3), 121-127. https://doi.org/10.47253/
jtrss.v5i3.656.

[52] Warid, H. and Asrol, M., (2022). GIS-based
Sustainability Assessment for Palm Qil
Industry. TEM Journal, Vol. 11(4), 1432-1438.
https://doi.org/10.18421/tem114-02.

[53] Izzuddin, M., Hamzah, A., Nisfariza, M., Idris,
A., Nor Aizam, A., Sharul Aikal, B., Nordiana,
A., Mohd Najib, A. and Mohd Shukri, 1.,
(2023). Denoising of Hyperspectral Signal from
Drone for Ganoderma Disease Detection in Qil
Palm. International Journal of Geoinformatics,
Vol. 19(5), 55-60. https://doi.org/10.52939%/ijg.
v19i5.2659.

[54] Sum, A. F. W. and Shukor, S. A. A. (2019). Oil
Palm Plantation Monitoring from Satellite
Image. 10P Conference Series: Materials
Science and Engineering, Vol. 705(1). https://
doi.org/10.1088/1757-899x/705/1/012043.

[55] Xu, Y., Ciais, P., Yu, L., Li, W., Chen, X.,
Zhang, H., Yue, C., Kanniah, K., Cracknell, A.
and Gong, P., (2020). Oil Palm Modelling in the
Global Land-Surface Model ORCHIDEE-
MICT. Geoscientific Model Development
Discussions, 1-32. https://doi.org/10.5194/gmd
-2020-25F.

International Journal of Geoinformatics, Vol. 20, No. 11, November, 2024
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



