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Abstract: East Kalimantan Province holds significant potential in developing cocoa commodities, a key sector in
regional plantation development. However, there is a lack of an effective, web-based information system to visualize
and manage data related to cocoa land distribution. This limitation hampers access for both the public and
policymakers. To address this issue, a web-based Geographic Information System (GIS) application was developed
using Leaflet JS and GeoJSON. This application aims to provide an interactive map that can display the location of
cocoa plantations in the distribution of East Kalimantan Province, especially in Kutai Kartanegara, East Kutai, West
Kutai, Mahakam Ulu, Penajam Paser Utara, Paser, Berau, Samarinda, Balikpapan, and Bontang, as well as providing
information about the land area and cocoa production. Spatial data and cocoa production data are integrated into this
application so that users, including farmers, entrepreneurs, and governments, can obtain comprehensive information
about cocoa commodities in the East Kalimantan Province. By visualizing cocoa land distribution, the GIS tool is
expected to support informed policymaking aimed at improving productivity and land use efficiency. It also serves to
raise public awareness of cocoa potential in local communities.

Index Terms: Cocoa Mapping, Agricultural Commodities, Geographic Information System, Leaflet JS, GeoJSON

1. Introduction

Indonesia ranks as the world’s third-largest cocoa producer and exporter, following Ghana and Ivory Coast. Cocoa
(Theobroma cacao L.) is a vital plantation commodity contributing significantly to national foreign exchange earnings,
alongside oil and natural gas. In 2020, the country recorded a cocoa plantation area of 1.51 million hectares and a cocoa
bean output of approximately 720.66 thousand tons, marking a 1.92% increase from the previous year[1-4]. However, a
major challenge in cocoa development lies in the inappropriate selection of plantation sites—often without proper
consideration of soil quality and climatic conditions—resulting in suboptimal productivity and limited expansion
potential.

East Kalimantan stands out as a significant cocoa-producing province, with approximately 6,833 hectares of
plantations, 2,537 tons of dry bean production, and an average productivity of 611 kg/ha, supported by 3,672 registered
cocoa farmers as of 2020. Among its regencies, East Kutai is notable for its high cocoa output.
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East Kutai Regency has a cocoa producer located in Busang District in the Pandan Bay area which has a land area
of about 4,818 ha. Determined by East Kutai as one of the regencies in the East Kalimantan Province as a cocoa
producer due to the total production of 1,410 tons with a productivity of 593 kg/ha [5-7].

Technological innovations are increasingly integrated into the plantation sector. One such advancement is the
Geographic Information System (GIS), which enables the processing, storage, visualization, and analysis of geographic
data related to land use and surface features [8-10]. According to Adiansyah and Kardono (2017), GIS has components
covering hardware, software, data, applications, and humans [11-14].

Currently, the existing web-based cocoa information systems in East Kalimantan are inadequate in delivering
accessible, accurate, and interactive content. To address this gap, the authors developed a GIS platform using Leaflet JS
for dynamic mapping. This application can display geographically referenced information, one of which is location-
based information. Leaflet is a javascript library (JS) designed to create interactive maps for websites [15-17].
GeoJSON is a data format that can accommodate geographical elements based on JSON (Javascript Object Notation)
and compatible with many programming models on maps [18-20].

Through the integration of spatial data and cocoa result attribute data, this GIS web application can show the
mapping of cocoa land in the East Kalimantan Province to facilitate the visualisation of areas that can be the centre of
superior commodities that can be used to design policies to increase cocoa yield or productivity. People in East
Kalimantan Province are easier to access cocoa production information thanks to web-based GIS.

Based on the above explanation, this research created a Web-based Geographic Information System (GIS) to map
cocoa fields in the East Kalimantan Province. This GIS can be used to help and increase awareness of information given
to the local community. It is hoped that the public who need information about the mapping of cocoa land in the East
Kalimantan Province can easily access it directly. With this system, the platform aims to facilitate direct public access to
mapping data, empowering communities to monitor and evaluate cocoa commodity developments. Furthermore, it
serves as a strategic tool for decision-makers, particularly within the East Kalimantan Plantation Office, to guide
planning and development initiatives.

2. Research Methodology

This study employed two primary methods: data collection and the Rapid Application Development (RAD) model.
RAD is a linear software development framework that prioritizes a short development cycle, making it especially
suitable for web-based applications [21-25]. The RAD model includes four structured phases: requirements planning,
user design, construction, and cutover—each phase interlinked to ensure iterative and fast-paced development. The data
diagram, as shown in Fig. 1, represents the system's data flow and highlights the interaction between the admin, users,
and the GIS system for cocoa land mapping.
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Fig. 1. Data Diagram
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Figure 2 presents the Level 0 Data Flow Diagram (DFD), which provides a high-level overview of the system. It
highlights the two main actors: Admin and User. Admins are responsible for data entry and management, while users
primarily view cocoa land data. This diagram simplifies the internal data interactions of the application.

— Admin User

Access Maps &
Land Information

Managing Land Data &
Users

Geographic Information
System for Cocoa Land
Mapping

Access Maps &
Land Information

Fig. 2. Data Flow Diagram Level 0

A more detailed representation is shown in Fig. 3, the Level 1 DFD. It breaks the system into two key subsystems:
cocoa data management and user account management. Admins have full control over both, while users can only access
cocoa-related data. Each function is supported by specific databases to ensure proper data organization.

Interactive Map
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Land Information
Access Inferactive Maps &
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Admin . Manage Cocoa Land Data
Add/EditDelete Land Data
Cocoa Land Data
» Manage User User Data

Add/Edit/Delete Data

User Data

Fig. 3. Data Flow Diagram Level 1
The flowchart in Fig. 4 outlines the sequential operation of the GIS application. It starts with the login stage, where

user roles (Admin or User) are verified. Admins can add, edit, and delete data, whereas users are restricted to viewing
cocoa land maps. This flowchart provides a clear, step-by-step understanding of the system's logic.
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2.1 Data Collection

Data for this research was collected using a non-participant observation method, wherein the researcher remains an
external observer and does not intervene in the observed activities. The data collection process included the following
steps:

1. Literature

A comprehensive review of academic journals, books, and prior studies was conducted to understand existing
approaches to Geographic Information Systems and cocoa commodity management.

2. Observation

Primary data, including cocoa field coordinates and land-use documentation, was obtained through non-intrusive
observation at the Sungai Langka village office.

2.2 Needs Plan

System requirements were identified by gathering relevant information and statistics from the official website of
the East Kalimantan Provincial Plantation Office.

2.3 System Design Process

The system design phase involved analyzing user requirements and translating them into programming logic to
create a functional prototype that was then visually presented to users.

2.4 Development

During the development phase, the system design was implemented into functional code using PHP, Leaflet JS,
GeoJSON, and the Codelgniter framework to build a responsive and dynamic web-based GIS application.

2.5 Testing

System testing was conducted using the black-box testing method to validate whether functional inputs and outputs
behaved as expected [26-30]. This ensured the application met the functional specifications outlined during the needs
assessment phase.

2.6 Reporting

In the final stage, the research findings were compiled, including problem identification, testing results, and
conclusions, and presented in a structured research report.

3. Results and Discussion

This study successfully developed a web-based Geographic Information System (GIS) application for mapping
cocoa plantations in East Kalimantan, with implementation focused on Sungai Langka Village in Pesawaran Regency.
The system utilizes Leaflet JS and GeoJSON for interactive spatial representation. The application integrates Leaflet JS
to render interactive maps that visualize both spatial and non-spatial data related to cocoa cultivation areas. GeoJSON is
employed to encode geographic features, enabling seamless integration of location data within the web mapping
interface. This ensures accurate and structured cocoa land representation on the map. The following steps outline the
process of developing the web-based GIS application.

1. Importing Leaflet CSS and JavaScript libraries
2. Displaying base maps using OpenStreetMap tiles integrated via Mapbox
3. Loading and displaying GeoJSON files on the map using the Leaflet-Ajax plugin

3.1 Research Results

The developed GIS application enhances public accessibility to cocoa plantation data, facilitating location
identification, monitoring, and evaluation of cocoa production across East Kalimantan. The application supports
multiple access levels—admin and general user—with different privileges. The main page includes two primary menus:
“Home” (which presents the main map interface) and “Info” (which provides background information about the
system). While the info menu contains a brief explanation of the application. As illustrated in Fig. 5, the home page
serves as the central user interface, displaying an interactive map with clickable markers. Each marker reveals specific
data about cocoa land area and its related sub-district.
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Balikpapan

Fig. 5. Home Page Display
Users can interact with the map by clicking markers to display detailed pop-up information, including sub-district

names and cocoa land areas, as shown in Fig. 6. This feature enhances user experience by delivering contextual data
directly through the map interface.

Tt

COCOA GARDEN /

Regency : Samarinda /
Land Are : 161 Ha /
Production : 3Ton /

Fig. 6. Popup Info Page Display

Access to the system dashboard is granted via a login page, where users (either admin or general users) must
authenticate using registered credentials. Fig. 7 displays this interface, which ensures secure system access control. This
mechanism verifies user roles and grants corresponding permissions, with admins having data management access and
users limited to viewing cocoa land information.

Login Page

Login Your Account

Password

[Er—

Fig. 7. Login Page Display

Upon successful login, administrators are directed to the dashboard interface (Fig. 8), which features a sidebar
menu including “Home,” “Cocoa Mapping,” “Info,” and “User Management”. Upon successful login, admins are
directed to the administrator dashboard, as shown in Fig. 8. This dashboard serves as the control center, providing
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access to menus such as Home, Cocoa Mapping, Info, and User Management. Administrators can manage cocoa data,
update records, and control user account settings.

Administrator

- 4
W ﬁ Home Page
ﬁ

ﬁ Home Page ¢ :
Cocoa Mapping » : 9
a Users e ° mg,.

Fig. 8. Dashboard Administrator Page Display
To ensure system security, the GIS application allows users to log out after their session. Fig. 9 depicts the logout
page, where admins can end their session by selecting the logout option in the upper right corner. The system then
redirects them to the login page, clearing session data to prevent unauthorized access.
Administrator

——y
W h Home Page
D ’
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Fig. 9. Logout Page Display

The Cocoa Land Data menu is a key feature of the admin dashboard, enabling the management of cocoa plantation
information. Fig. 10 shows the interface where admins can view, add, modify, or delete data about cocoa plantations
across East Kalimantan Province. This functionality ensures accurate and up-to-date information is available for users.

Administrator

A
ﬁ Cocoa Land Data
<
Admin
(CAgapea ) ©
@ Menu NO Regency Total Area Production

/ﬂ\ Home Page 1 samarinda 161 Ha 3Ton (/) (1]
2 Balikpapan 11 Ha 1Ton o [E]-
Cocoa Mapping 3 Berau 4.057 Ha 3.439Ton Q0
4 Bontang 5Ha o [I_nlj
a User Data 5 Kutai Timur 4.818 Ha 2,503 Ton QO

Fig. 10. Cocoa Land Data Page Display
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The User Data menu, as shown in Fig. 11, allows admins to manage user accounts within the system. This includes
adding new users, editing existing user details, and removing accounts when necessary. This functionality is crucial for
maintaining control over system access and ensuring appropriate role assignments.

Admin <
1 %
User Data
w 2
Admin
Tambah owa) C—c)
C‘ Menu
P NO User Name City Of Origin
ﬁ Home Page —
1 Arulpakboy Samarinda 9 ]
Cocoa Mapping 2 Wyrrhea Berau o [ﬁj
" User Data 3 BimWasHere Samarinda o _@

Fig. 11. Data Users Page Display

3.2 System Testing

The developed system was evaluated using the black-box testing method to verify that functional inputs and
outputs align with the defined system requirements and specifications. This approach also helps identify functional
errors and ensures that the application performs reliably and in accordance with its intended use. Table 1 presents the
black-box test scenarios and outcomes for each core function of the GIS application.

Table 1. System Test Results Using Black Box

# Case Test System Testing Scheme Expected Target Result
1. Home Page Click the cocoa icon The system successfully navigates to the Succeed
main page
2. Location Search Fill in the district location The system will display cocoa plantation Succeed
locations based on the search
3. Info Click the info menu The system displays a popup containing a Succeed
brief description of the system

4. Map Pin Location Click one of the pins on the map The system displays a popup with district Succeed
information and cocoa area coverage
Fill in the username and password The system successfully logs into the

S. Login correctly administrator dashboard Succeed

Click the home menu The system displays the main page

6. Home Menu Succeed
Click the cocoa mapping menu Admin can view all data in the cocoa

7. Cocoa Mapping Menu Admin can add data mapping menu Succeed

Cocoa Land Data Admin can add, modify, and delete data in
8. Admin accesses the user menu the cocoa table Succeed
User Menu Admin can add, modify, and Admin can view all data in the users menu
9. delete user data Admin can add, modify, and delete user data Succeed
User Data Click the logout button on the in the user table
10. system (top right) Login data is deleted from the session and Succeed
Logout returns to the login page
11. Succeed

Table 1 includes 11 test scenarios designed to evaluate core functionalities such as login, data input, map
interactivity, and user management using the black-box testing approach. The test results indicate a 100% success rate
across all test cases, confirming that the system operates as intended and meets all functional requirements.

4. Conclusion

This study successfully developed a web-based Geographic Information System (GIS) to support community
members and government agencies in monitoring and analyzing cocoa plantation distribution across East Kalimantan
Province. The application utilizes Leaflet JS and GeoJSON technologies to provide interactive mapping capabilities that
integrate geographic and attribute data into a cohesive web interface. System validation through black-box testing
demonstrated full compliance with functional specifications, with a 100% success rate, confirming both system

60 Volume 15 (2025), Issue 6



Cocoa Land Mapping Based on Geographic Information System in East Kalimantan Using Leaflet JS and GeoJSON

accuracy and operational reliability. Future enhancements may include real-time data integration, advanced analytical
tools for policy decision-making, and mobile responsiveness to ensure broader usability across devices and user groups.
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