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This investigation scrutinized the integration of geospatial intelligence in decision-
making related to Subak management in Tabanan Regency, Bali. Focused on ascertaining
comprehensive Subak data, evaluating local government readiness for Spatial Data
Infrastructure (SDI) implementation, and constructing a web GIS-based Subak
information system, this study was underpinned by a three-pronged methodological
approach. Primary data was collected via interviewing Tabanan's Office of Agriculture
personnel, supplemented by an in-depth secondary data analysis. Additionally, a web
GIS, using QGIS and JavasScript, was developed. Findings revealed a significant deficit
in the Office's preparedness for SDI implementation in Subak management due to the
unavailability of critical SDI components. Consequently, a web GIS was constructed to
facilitate Subak data dissemination. Usability testing suggested this system was 'easy’' to
use for 42.5% of respondents, while 52.5% found it 'very easy'. This research underscores
the importance of Subak data provision and its potential role in decision-making
processes for Subak preservation. The study was delimited to the evaluation of SDI in
Tabanan Regency, and the development of a web-based GIS was executed using the

waterfall method.

1. INTRODUCTION

As a cornerstone of Balinese culture in Indonesia, Subak is
a social organization that governs the distribution of water for
rice field irrigation. The preservation of this system is integral
to the sustainability of rice fields [1]. Effective data-sharing
tools that provide pertinent geospatial data, encompassing
diverse spatial objects such as area, pollution, fertilizer
requirement, land conversion, and socio-economic parameters
of Subak, have been proposed for conserving the Subak
system. Spatial Data Infrastructure (SDI) and Web GIS are
deemed to offer accurate geospatial data, enhancing data
accessibility and utilization, and thus bolstering the decision-
making process [2, 3].

Bali Province heavily relies on Subak for rice cultivation, its
staple food, with Tabanan Regency, one of the largest Subak
areas and rice producers, dedicating 28% of its total area to
rice cultivation [4, 5]. The Tabanan Office of Agriculture
holds the mandate for Subak data management and the
implementation of SDI. Successful SDI development
necessitates the presence of several components: legislation
and policies, data accessibility, data and standards, and human
resources [6-8]. Moreover, the SDI development should be
accompanied by an information system for monitoring
progress and facilitating data-sharing [9-11]. This underscores
the need for assessing the current state of SDI, a cornerstone
for evaluating SDI implementation for Subak data
management and developing an information system as a data-
sharing tool.

This research aimed to gather information on Subak in
Tabanan, assess the local government's readiness for SDI
implementation, and establish a web GIS-based Subak
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information system for data sharing among government
agencies and stakeholders in Tabanan. Previous studies on
Subak have primarily concentrated on mapping irrigated rice
fields and discerning the socio-economic and cultural aspects
of Subak [12-14], while SDI has been utilized and evaluated
for lahar hazard mitigation and tourism village promotion [7,
8]. This research, therefore, holds significant implications for
providing Subak data and developing an information system to
facilitate the sharing of high-quality Subak data, thereby aiding
decision making and the preservation of Subak. However, it is
noteworthy that this research is limited to the evaluation of
SDI in Tabanan Regency with respect to Subak data and the
development of a web GIS using the waterfall method on
existing Subak data.

2. LITERATURE REVIEW
2.1 Geospatial data

Geospatial data, or geodata, include information relating to
locations on the earth's surface [15, 16]. Objects, events, and
other real-world phenomena at a particular location can be
mapped and identified using a coordinate system. Geospatial
data are needed by every level of government, from local to
regional and central. They can be processed to produce useful
geospatial information to support various tasks and activities
and play an essential role in decision-making [17].

In many cases, spatial data are spread across different
agencies, institutions, or organizations according to their
respective authorities and duties. More often than not, the
available spatial data are incomplete and difficult to access and
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integrate [18]. Numerous constraints on data integration are
the use of different software, data formats, structures,
protocols, and policies, data duplication, and attribute
inconsistencies. These have caused problems in realizing
optimal data utilization. Moreover, the provision of spatial
data still revolves around the nature of data visualization and
is yet to realize easy access and data utilization in policy-
making.

2.2 Spatial data infrastructure

Spatial Data Infrastructure (SDI) is a system to manage
spatial data that has integrated components (human resources,
policy and legislation, technology, standardization, and spatial
data), thus enabling data sharing and ease of access to increase
the effectiveness and efficiency of spatial data utilization in an
area [17-19]. SDI is a computer-based system containing maps
or spatial data [20]. It was created to facilitate access to data
contained in government agencies and competent private
institutions and the process of manipulating and analyzing data,
as well as presenting the results of data analysis onto paper
[21].

SDI is built based on the information needed by users. In
addition to data retrieval and analysis, this system is also
useful as a tool to provide considerations in making decisions
and plans in certain fields. However, SDI can only be applied
at all levels if supported by active cooperation between map
data producers and users [22].

2.3 Subak

Subak is a traditional rice field irrigation system in Bali,
Indonesia, with an agricultural socio-religious concept and has
existed and been applied for a long time [23-25]. The term
subak is legally defined in Provincial Regulation Number 9 of
2012 as a traditional organization of water use and plant
management that is both socio-agrarian and religious at the
rice field level by the indigenous people of Bali [26]. Balinese
people are an agrarian society that preserves and adheres to
cultural and religious values. This is evident in the Balinese
subak system, which is rich in historical and cultural values

and has been actively practiced to this day.

Subak is governed by a traditional leader called Pekaseh and
usually also works as a farmer. Subak is a traditional
organization that refers to the concept of Tri Hita Karana,
which originated from Hinduism. Tri Hita Karana means a
harmonious relationship among people, with the environment,
and with God. Therefore, subak is a form of irrigation that is
able to accommodate the dynamics of the socio-cultural
system of the local community. Subak is characterized by the
spirit of mutual cooperation in an effort to obtain water with
the aim of meeting water needs in producing food crops [1].

According to the Bali Cultural Office, subak has existed in
Bali since 882 AD. This long-standing system proves that the
Balinese people care deeply about its existence. The United
Nations Educational, Scientific, and Cultural Organization
(UNESCO) also recognizes the substantial historical value of
the Balinese subak system and, considering such a rich history,
feels the need to protect, preserve, and develop it to prevent its
extinction. UNESCO finally approved and designated subak
in Bali as a world cultural heritage on June 29, 2012, at the 36"
session of the UNESCO World Heritage Committee in Saint
Petersburg, Russian Federation [26-29].

3. METHODOLOGY
3.1 Research location

Tabanan, one of the regencies in Bali Province, is located in
the southern part of the island of Bali. Geographically, it spans
from 114°54'52" to 115°12'57" E and from 8°14'30" to
8°30'70" S, covering an area of 839.33 km?. Tabanan consists
of ten districts: Tabanan, Kediri, Kerambitan, Selemadeg,
Selemadeg Barat, Selemadeg Timur, Penebel, Pupuan, Marga,
and Baturiti [30, 31]. It is bordered by Buleleng Regency to
the north, Badung Regency to the east, the Indian Ocean to the
south, and Jembrana Regency to the west. The leading
economic sector is agriculture because the livelihood of the
residents and existing land use are primarily associated with
farming practices [32, 33]. Figure 1 shows the position of the
research area.
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Figure 1. Map of the research location

1034



Table 1. Data collection methods

Data Collection

Method Objective

To seek information from trusted sources
regarding the existence of SDI and spatial
data on subak
To collect relevant information about SDI
and spatial data on subak during the
interview
To gather various data and information so
as to confirm statements obtained in the
interviews and questionnaires
To discover theoretical foundations,
frameworks for thinking, and research
hypotheses and to understand previous
documents and research on SDI and web
GIS development

[

Interviews

Questionnaire

Observation

Document studies

Table 2. Questionnaire about the readiness of SDI

SDI Component/Question
1. Legislation and Policies
a. Is there a regulation issued by the Regent regarding Spatial
Data Infrastructure (SDI)?
2. Access
a. Is there coordination between government offices in
producing, disseminating, and using geospatial data and
information?
b.  Does the Office of Agriculture share data with other offices
in the region? What mechanism is used in data sharing?
3. Human Resources
a. Intotal, how many people are working at the Office?
b. How many personnel have an educational background in
Earth Sciences (Geodesy/Geomatics/Geography)?
c.  In what capacity are the staff members with an educational
background in Earth Sciences (Geodesy/Geomatics/Geography)
involved in works related to geospatial data and GIS?
d. How many staff members graduated from majors other than
Geodesy/Geomatics/Geography work on geospatial data and GIS?
e.  Did the personnel participate in any courses/ training or self-
study?
f.  Are there staff members who manage or expertly handle the
hardware components of geospatial data management and
publication (e.g., servers, computers, dedicated server rooms) and
map server programs?
g. Is there a geospatial data management unit/section in the
Office?
4. Data and Standards
a.  Does the Office of Agriculture provide spatial data related to
subak?
b.  Are geospatial maps/data stored in the form of a digital
database?
c.  Are the geospatial data owned by the Office equipped with
metadata (information about data)?
d. Does the Office apply a particular set of standards in
handling spatial data?
e.  Does the Office have or use particular software to produce
and/or process GIS data (paid or open-source software)?
f.  Does the Office have a special internet subscription to the
SDI server and its bandwidth?
g.  Does the Office have a system to store, display, and share
spatial data?

3.2 Research design

This research employed a qualitative design, which is
conducted by examining the perspectives of respondents or
informants [34]. It comprised three stages of data acquisition
and analysis. In the first stage, primary data were collected by
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interviewing the personnel or staff members of the Tabanan
Office of Agriculture and observing the current spatial data
availability and SDI status. Second, relevant reports and
documents were gathered to obtain secondary data on existing
SDI. Finally, the third stage focused on data analysis and
developing a web GIS-based information system as a means
of sharing spatial data on subak.

3.3 Data collection

Data were collected through interviews, questionnaires,
observations, and document studies, with the objectives
summarized in Table 1.

3.3.1 Interviews

Interviews were conducted to find out information on SDI
from four aspects: legislation and policies, data accessibility,
human resources, and data and standards. The informants were
the heads of the agricultural data sectors, the heads of the
agricultural extension sectors, and five staff members
responsible for handling data. A questionnaire was also used
to record and summarize the results of the interviews. Table 2
shows the questionnaire for SDI readiness. The questionnaire
also includes respondent data such as name, contact, position
and address.

3.3.2 Observations

Observations were used to confirm findings from the
interviews and questionnaires. Observations were conducted
at the Tabanan Office of Agriculture to retrieve data related to
subak, data management system, internet network, the
availability of GIS staff, and relevant regulations and
standards (including Regent decrees, policies, standard
operational procedures, and national or provincial standards).

3.4 Web GIS development

The waterfall method was employed to develop the web GIS.
The system allows for repeated cycles (iterative) in smaller
portions each time (incremental), meaning that software
developers can learn from earlier versions or developments of
its applications [35, 36]. Figure 2 shows an illustration of the
waterfall method.

Requirements
Analysis

Design

Implementation

Testing

Maintenance

Figure 2. Illustration of the waterfall model

The web GIS display used qgis2web (a plugin for QGIS
application), Leaflet (leaflet, js) library and its plugins, and
maps from OpenStreetMap and Google Satellite Imagery. It
was developed with bootstrap (a CSS framework), PHP as the
backend language, and MySQL as the database. JavaScript
processes data on the client side and presents more interactive
web components, adding functionality and convenience to



web pages [37]. Leaflet JS is an open-source JavaScript library
that is used widely to build a web mapping application. It
supports most mobile and desktop platforms, as well as
HTMLS and CSS3, and is used by many web mapping sites
[38]. PHP is a server-side scripting language that can be
embedded and inserted into HTML and is designed for web
development [39]. MySQL is a database management system
(DBMS) commonly used by web-based application
programmers [40]. MySQL offers various advantages over
other DBMS because it is freely available, powerful, and
frequently updated. Moreover, MySQL often bundles with
web servers, making installation easier.

The architecture of the web GIS allows users to request
spatial information from the web server, which then provides
a response with a digital map. In other words, for each request,
users will receive the desired spatial data in a digital map. In
its implementation, subak is spatially expressed as polygons.

The web GIS was developed with a user-friendly front-end
design with different features: adjustable legends that can
show and hide layers, navigation (zoom in, zoom out, pan),
pop-up attribute identification, subak search, and
downloadable data. Figures 3 and 4 show the use case diagram
and the system architecture of the web GIS development.
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Figure 3. The use case diagram of the web GIS development
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3.5 System evaluation

Following the development, the web GIS was evaluated
with usability testing to measure user satisfaction [41]. User
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testing can directly provide information on the user’s
experience and any problems faced when utilizing the system.
In this research, 30 respondents from the Tabanan Office of
Agriculture were given eight tasks to be completed on the web
GIS app. Respondents were between 25 and 50 years old and
familiar with the features and functions of laptops and mobile
phones. Afterward, they were asked to score the difficulty of
completing each task on a scale of 1 (very difficult) to 5 (very
easy), as seen in Table 3. The scores were then calculated to
determine the task completion rate (in percent) to evaluate the
system (Table 4).

Table 3. Tasks to complete by respondents in the web GIS
evaluation

Score
1 2 3 4 5

zZ
©

Tasks

Display the main page
Select basemap
Download data

Filter data
Using attribute identification
Activate/deactivate a legend
Navigate (zoom in and zoom out)
Print data

O~NO U~ WN -

Table 4. System evaluation categories based on task
completion rates for the developed web GIS

No. Task Completion Rate  Category
1 80-100% Very Good
2 60-79.99% Good
3 40-59.99% Moderate
4 20-39.99% Poor
5 0-19.99% Very Poor

4. RESULTS AND DISCUSSIONS

Based on the interview data, the Tabanan Office of
Agriculture is not fully prepared to implement Spatial Data
Infrastructure (SDI) to support subak management. From the
legislation and political aspect, no regulation has been laid to
modulate SDI by the Regent. The only regulation pertinent to
spatial data is issued for regional planning at the regency level.
Related to access, the main governmental institution
responsible for maintaining the subak data is the Office of
Agriculture, even though others like the Culture and Tax
Offices also use these data in their database to preserve subak
as a world cultural heritage and regulate subak practices.
Coordinating the offices to produce, disseminate, and share the
subak data is difficult because they have dissimilar tasks and
responsibilities. Moreover, the data accuracy and details often
differ across the offices and are usually stored in formats other
than shapefile, e.g., printed versions, pdf files, or office
formats. Data can only be shared after an official request letter
has been submitted to the office in question and transferred
using a USB flash drive or emailed. In addition, data sharing
between the Office of Agriculture and other offices or agencies
at the regency, provincial, and national levels is considered
rare.

In terms of human resources, the Office employed 214
people at the time of the research. Like in other governmental
institutions, personnel are assigned to different sections or
units with their respective tasks and activities. However,
further observations showed that no unit is responsible for data



management. Also, the staff members do not have an
educational background in Earth Sciences (i.c., Geodesy,
Geomatics, or Geography) and have not attended any courses
or training related to spatial data, hardware management (e.g.,
servers, computers, dedicated server rooms), and map server
programs for the management and publication of geospatial
data. Employing more personnel from the geoscience fields is
potentially challenging because the Office can only hire staff
once a year through the selection tests held by the national
government.

Table 5. Subak data attributes for Tabanan Regency

Attribute Name  Type Description
NAMA_SUBAK  String Name of subak
DESA String Name of the village where subak is
located
KECAMATAN  String Name of the dlistrict where subak is
ocated
KABUPATEN String Name of the relgency where subak is
ocated
IML_PETANI String Number of farmers, including land
owners and sharecroppers
Awig-awig is a set of rules that
. contain provisions governing all
AWIG-AWIG String subak members, including subak
management.
JNS_TANAH String  The type of soil in subak rice fields
Irrigation type: technical (or
permanent irrigation canal with
JNS_IRIG String concrete lining), semi-technical
(semi-permanent), or non-technical
(not permanent)
SUMBER_AIR  String  Water source: from dams or springs
General conditions of irrigation
KOND_IRIGASI  String channels: good, moderate, or
bad/damaged
Arrangement of planting activities
on a plot of land, including the
. layout and order of plants
POLA_TNM String throughout the year (tillage,
cropping or cultivating seasons, and
fallow periods)
Cropping schedule in an area for a
year, including land preparation,
JDWL_TANAM  String planting, and harvesting; usually
presented in a month or two-week
period
Management and regulation of
. planting methods to provide an
SIST_TANAM String optimal space for plant growth and
development
A process of mechanically changing
the nature of the soil using tractors
PENG_LAHAN  String or plows (traditional) to provide
desirable arable land that is suitable
for plant growth
Decimal The number of agricultural yields
PROD_TON/HA obtained over a certain period;
Number
mostly expressed as tonnes per ha
MASL_UMUM  String Problems enco:inetledrsed in subak rice
HAMA String Undesirable organisms in rice fields

that are considered harmful to plants

Regarding data and standards, the Office stores several
spatial data on subak distribution in Tabanan in a shapefile
format, although without metadata. The subak data were
produced in 2017 with Universal Transverse Mercator (UTM)
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coordinates from surveys and participatory mapping with the
help of pekaseh, or head of subak rice fields. However, the
mapping results have never been followed up, updated, or used.
As listed in Table 5, the data attributes comprise the name of
the subak, the administrative location (village, district, and
regency), the number of farmers, awig-awig or a set of rules
containing provisions to govern all subak members, soil type,
irrigation type, water source, planting arrangement, planting
schedule, planting system, land tillage, production, problems,
and pests.

These subak data, however, cannot be shared and used
across governmental institutions in Tabanan because the
Office of Agriculture does not have a web GIS to store, display,
and share spatial data. One of the challenges is that the Office
has limited funding for servers and Geographic Information
System (GIS) software; hence, no special internet subscription
to the SDI server and its bandwidth. The current status (i.c.,
aspects) of SDI for subak management in Tabanan is explained
in Table 6.

Table 6. Current conditions of Spatial Data Infrastructure
(SDI) for subak management

No. SDI Condition
Category
Spatial data on subak are stored as
1 Data shapefiles, but the spatial information,
attributes, and metadata are incomplete.
No standards are applied to the data
2 Standards format and attribute.
Data can be accessed after submitting an
3 Access official request letter. No technologies are
available to access the data.
4 Policies No policies are regulating SDI.
Despite the many staff members, none
5 Human have the relevant educational backgrounds
resources or skills to manage and work with GIS

and SDI.

Based on the above situations, SDI development should be
focused on data availability and access network. To assist the
Tabanan Office of Agriculture in preparing SDI, a web GIS
has been built to store, display, and download the subak data
and to give government workers from different departments,
agencies, or offices and community members access to search,
discover, and visualize geospatial data related to subak. At the
same time, the web GIS increases the readiness of the Office
for developing SDI.

The web GIS was developed with a user-friendly front-end
view containing legends, navigation (zoom in, zoom out,
measure), data filters tool, search features, a pop-up window
for attributes, and downloadable data (Figure 5). Users can
access maps online and quickly display their data attributes
(see Table 5) using the identification feature with just one click
on the data. This identification feature allows users to
understand the information contained in the data attributes
using a pop-up window (Figure 6).

In addition, as seen in Figure 7, the developed system also
has a dynamic map legend where users can activate and
deactivate one or several items in the legend. Another
important component is the search feature (Figure 8). Users
can find the location of a specific subak and identify its data
attributes merely by typing the name of the subak in the search
field.
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Figure 11. Distance and area measurements with google satellite basemap

The web GIS also has data filters by subak name, village,
and district. As seen in the example in Figure 9, to find which
subak is located in Angseri Village, users can click on the
village name, and the system will return with the locations and
names of existing subak. Another feature is the option to
change the basemap on the screen between OpenStreetMap
and Google Satellite Image. The basemap from
OpenStreetMap allows users to find locations easier, while the
one from Google Satellite can help determine the boundaries
of a subak and changes in land utilization (Figure 10). The next
feature is the ability of the system to measure distance and area
on the displayed map, which can also be used to determine the
extent of land-use change (Figure 11). Coordinates for each
measurement point are recorded and displayed on the system
map.

The last features are map printing and data download that
allow users to obtain subak data and maps. The primary user
of the developed web GIS is the Tabanan Office of Agriculture
and related offices in the regency. With the map print feature,
users can print a map in a PNG format according to the display
on the system. Meanwhile, the download feature produces data
in a GeoJSON format. This web GIS is published on a free
hosting site to help the Office with cost-effective maintenance.
It can be accessed at this address
https://subaktabanan.000webhostapp.com/.

With a web browser application, the web GIS can also be
accessed from mobile devices like smartphones or tablet
computers. It has a responsive design in that the website layout
will automatically adjust to the user's screen size. As seen in
Figure 12, the mobile view clearly displays the system’s name
and all the designed features.

According to the system evaluation, the developed web GIS
can be easily used, navigated, and understood by the
respondents (i.e., personnel or staff members of the Tabanan
Office of Agriculture). Of the 30 respondents, 52.5% rated the
task completion on the web GIS as very easy and 42.5% as
easy. Only 5% found it moderately difficult to complete the
assigned tasks. Further, 22 users (73%) thought it was very
easy to display the main page by clicking on the provided link,
and 18 users (60%) considered the zoom-in and zoom-out
features very easy. The user testing results are presented in
detail in Table 7. The respondents also gave suggestions for
improving the web GIS, including adding the contact
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information of the Office, more non-spatial information
related to subak in addition to the spatial data, and a login
feature to prevent data misuse and developing the web GIS
into a mobile application.
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Figure 12. Mobile view of the developed web GIS for Subak

There is an increasing number of research reporting the use
of GIS-based information systems in agriculture [42-45]. With
technological advances, the subak web GIS is expected to
solve issues frequently faced in subak data inventory and
management and other spatial problems like land management,
suitability, and conversion. The ability of the subak web GIS



to switch the basemap between OpenStreetMap and Google
Satellite Image, the designed web GIS can help identify the
location of subak rice fields and track land-use conversion.
Through a comprehensive data inventory, the identification
feature can produce a combination of spatial and non-spatial
data (attributes). Thus, the developed web GIS helps promote
agricultural management with an integrated system and
improve subak sustainability by incorporating the spatial and
non-spatial dimensions of farming practices in making
agricultural policies. Web GIS development for subak is the
first time it has been carried out. Research on GIS for
agriculture in Bali mainly covers land suitability, soil fertility
status and disaster-related research [46-51].

Table 7. User testing results

Score
No Task 1 2 3 1 5
1 Display the main page 0 0 O 8 22
2 Select basemap 0 0 2 15 13
3 Download data 0 0 2 13 15
4 Filter data 0 0 3 13 14
5  Using attribute identification 0 0 2 17 11
6  Activate/deactivatealegend 0 0 1 12 17
7 Use zoom (in and out) 0 0 O 12 18
8 Print data 0 0 2 12 16
Total (Frequency) 0 0 12 102 126
Total (%) 0 0 5 425 525

. CONCLUSIONS

The Tabanan Office of Agriculture is not entirely prepared
to establish a full-fledged spatial data infrastructure (SDI) for
subak management. Even though the subak data are available
at the Office, most of the SDI aspects are lacking, including no
standards for data format and attribute, no technological
application to access the data, no policies regulating SDI, and
no human resources with the necessary educational
background and skills for SDI management. Based on the task
completion rate, the designed web GIS is generally easy
(according to 42.5% of the respondents) and very easy (52.5%)
to use and navigate. It suggests that web GIS can solve
problems frequently faced in managing subak data and
sustaining the existence and productivity of subak rice fields.

Effective SDI development must be preceded by issuing
data standards and sharing policies and building the necessary
technical and human capacity. Meanwhile, the Office of
Agriculture is expected to develop concrete strategies and

plans to build up the critical components of SDI systematically.

Relevant training and education for staff members should also
be prioritized.
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