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ABSTRACT

This research aims to analyze land use change in Slawi Sub-district, Tegal Regency, from 2014 to 2024
using high-resolution satellite image data. This study used Worldview-2 high resolution satellite image
data in 2014 and Geoeye-1 in 2024. This study was classified into 14 land use classes consisting of
rivers, roads, railways, agriculture, green open space, other vegetation, industry, housing, government,
public service facilities, trade services, transportation, defense and security and open land. The spatial
analysis method was used to map changes in land area based on the main use classes such as
agriculture, housing, and infrastructure. The results showed a significant decrease in agricultural land
area as well as an increase in residential land area and infrastructure, reflecting the changing pattern
of regional growth and development. In conclusion, an in-depth understanding of land use dynamics in
Slawi Sub-district is important to support environmental management policies, natural resource
conservation, and sustainable regional development in the future.
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INTRODUCTION

Land use refers to the modifications made by humans to the living environment,
such as fields, agriculture, and settlements [1],[2]. Land use also includes the land cover
of the earth's surface and the use of that land cover in an area [3], [4]. Land use
information is different from land cover information that can be recognized directly
from remote sensing satellite images [5], [6]. Land use is the result of human activities
in a land or land use or land function, so it cannot always be assessed directly from
remote sensing images, but can be indirectly recognized from the association of land
cover [7], [8]. Land use has adverse side effects such as deforestation, erosion, soil
degradation, desert formation, and increased soil salinity [9], [10]. Land use can be
related to land use planning, which is planning in the utilization and use of land in an
area so that it has its own function [11], [12]. Thus, land use is an important aspect in
environmental management and spatial planning.

Land use change is the process by which an area or region undergoes a change in
the type of land use over time [13],[14]. This change can involve a shift from one type of
land use to another, such as a change from agricultural land to residential land, forest
land to industrial land, and so on [15],[16]. Land use change can be influenced by
various factors, including population growth, urbanization, government policies, and
socio-economic changes [17], [18].

This research is based on the need for a deeper understanding of the dynamics of
land use in the region over the past decade. Slawi Sub-district, located in Tegal Regency,
Indonesia, is an area that experienced significant growth and development during this
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period [19]. Population growth, urbanization, and economic activities are the main
factors influencing changes in land wuse patterns [20]. Slawi sub-district is
geographically and economically important in the context of Tegal regency. As an
administrative, commercial, and educational center, changes in land use here can have
a major impact on surrounding social, economic, and environmental developments
[21].

In addition, global climate change and rapid urbanization have significantly
altered the landscape of Slawi Sub-district during the period under investigation. These
changes include conversion of agricultural land to housing or infrastructure,
deforestation for commercial development, as well as an increase in built-up surface
area. In the context of sustainable development, an in-depth understanding of land use
change is crucial. Spatial analysis using high-resolution image data makes it possible to
identify, map and analyze land change with a high level of detail, which in turn can
support Dbetter decision-making in environmental planning and regional
development.vin addition, this study is also relevant in the context of natural resource
and environmental conservation. Changes in land use often result in ecosystem damage,
habitat loss and environmental degradation [22]. By understanding these change
patterns, protection and restoration measures can be designed and implemented to
maintain ecological balance and environmental sustainability [23]. In addition to
environmental aspects, understanding land use change also has significant social and
economic implications [24]. Changes in land use patterns can affect the livelihoods,
access to resources and well-being of local communities. Therefore, this analysis can
also provide insights into the social and economic impacts of such changes. In the
context of development planning, an understanding of land use change is also very
important [25]. This analysis can provide valuable information for the government and
other stakeholders in designing sustainable and effective development policies,
programs and projects. This research can also serve as a foundation for further, more
in-depth studies on the dynamics of land use and its influencing factors in Slawi Sub-
district, Tegal Regency, as well as the surrounding areas. With a better understanding
of land use change, more effective measures can be taken to maintain environmental,
economic and social sustainability in the future.

RESEARCH METHODS

This research was conducted in Slawi Sub-district, Tegal Regency, Central Java
Province, which has a high development of land cover, especially built-up areas, among
other sub-districts in Central Java Province. This research began with a preparatory
phase containing literature studies from books, journals, or from the internet. The
literature study was conducted to understand the basic theories related to land use
change. After the preparation stage, the next stage is data collection. The data collected
consists of primary data and secondary data, where this research uses a lot of
secondary data. The primary data used in this research, namely Worldview-2 high-
resolution satellite image data in 2014 (50 cm resolution) and Geoeye-1 in 2024 (40 cm
resolution), was obtained from Maxar Technologies, a space technology company
headquartered in Westminster, Colorado, United States, and has a representative office
in Singapore. The company specializes in the provision of communications, Earth
observation, radar and orbiting satellites, satellite products and other services.

Worldview -2 Satellite Imagery Data is a commercial remote sensing satellite
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launched by DigitalGlobe in 2009. It is equipped with a multispectral camera system
that can produce imagery with a spatial resolution of up to 50 cm. GeoEye-1 is a remote
sensing satellite launched by GeoEye in 2008. This satellite is equipped with a
multispectral camera that can produce imagery with a spatial resolution of up to 41 cm.
The research used administrative boundary data in Slawi Subdistrict, Tegal Regency,
Central Java Province obtained from the Geospatial Information Agency (BIG).
Worldview -2 satellite image data in 2014 and Geoeye-1 in 2024 obtained from Maxar
Technologies has been carried out an orthorectification correction process. and RGB
band compositing has been carried out. The following are some of the data processing

stages carried out including:

1) Digitization was carried out to create a land use map and view settlements in the
study area, with visual image interpretation using the interpretation key.
Digitization was done using ArcMap software. Digitization was conducted to
obtain actual 2014 and 2024 land use area data and temporal land use fraction.

2) Interpretation of land use is done based on interpretation keys, namely hue or
color, shape, size, texture, pattern, shadow, site, and association. In addition,
interpretation is carried out based on land use classification referring to Permen
Agraria/Head of BPN No. 14 of 2021 which consists of land use classes of rivers,
roads, railways, agriculture, green open space, other vegetation, industry,
housing, government, public service facilities, trade services, transportation,
security defense and open land. The complete research workflow can be seen in

Figure 1.

MAXAR

TECHNOLOGIES

v

Worldview -2 »

(2014) & Geoeye-
1 (2024) imagery

BADAN INFORMASI
GEOSI;ASIAL

Administrative
Boundary

ArcGIS w4

____, Band komposit

Cropping of
satellite images

|

Interpretation &
digitization of
land cover

L

[_I

Land cover map 2014 & 2024

=

Hal. 53



Journal of Data Analytics, Information, and Computer Science
(JDAICS)

Volume 1, No 2 - April 2024

e-ISSN : 3032-4696

Dnenal o v sl (ormeadien, wod Compuiet by

Figure 1. Workflow

RESULTS AND DISCUSSION
Interpretation of High Resolution Satellite Imagery

Land use data is obtained through interpretation of high-resolution satellite
imagery, with the method used being visual interpretation. For urban areas with large-
scale and high-resolution satellite image data, visual image interpretation produces
better land use data in terms of data completeness and accuracy [26]. Land use
interpretation is done with the interpretation key and local knowledge of the
interpreter. Each land use has a different interpretation key for recognizing its objects
on satellite imagery. In Figure 2 part (1) rivers can be identified by their linear pattern,
texture, and color which are different from the surrounding environment. Rivers
usually have a clear shape and direction of flow. The key to interpretation is to look at
the flow pattern, the shape of the river, and the association with other elements such as
bridges and riverbanks. In the image above part (2) the road is seen as a darker or
lighter line pattern depending on the hue of the image, elongated in shape and cutting
through land with certain characteristics. The interpretation keys used are the size of
the road, its shape and direction, and association with roadside buildings. In Figure 2
part (3), it can be seen that the railway line is a straight line that is wider than the road.
The interpretation keys used are the longitudinal pattern of the rail line and the
association with the station. Agricultural land (Figure 2 part 3) has a regular pattern
and can be distinguished by its dark or light green color with smooth texture and boxy
shape. The interpretation keys used are green color/tone, pattern, shape, texture and
size.

12 13
Figure 2. Comparison of 2014 and 2024 High Resolution satellite imagery
of each of the 14 land use types in Slawi sub-district

In Figure 2 part (5) it can be seen that green open spaces are characterized by
regular and uniform vegetation with brighter colors compared to other land cover
types. The interpretation keys used are hue pattern, bright green color, regular pattern,
and association with government offices. Other vegetation includes forest, shrubs, or
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overgrown land that is not categorized as agriculture or green open space. The
interpretation keys used are density, dark green color, rough texture, and random
pattern shown in Figure 2 part 6. In Figure 2 part 7, it can be seen that the industrial
area has a dense pattern of buildings and structures, a larger size than other building
objects, and has a roof with a bright hue and white color. The interpretation keys used
are hue/color, pattern, and size. Housing can be recognized by the regular pattern of
buildings, uniform size and located in urban or suburban areas as can be seen in figure
2 section 8. The key to interpretation uses size, pattern, and rough texture and
association with roads.

Government areas include government buildings, such as administrative
buildings, government offices, or other public institutions as can be seen in figure 2
section 9. The interpretation key takes into account the structure of the building and
the association with public open spaces and roads. Public service facilities include
hospitals, schools, and other important facilities that serve the community. The
interpretation key notices the square shape, the size of the building is larger than
residential, and the association with other public service facilities can be seen in Figure
2 section 10. The trade and service area includes shopping centers, markets, hotels, and
the like. The interpretation key pays attention to the square shape, large size compared
to housing, association with parking lots and arterial roads in Figure 2 section 11. The
transportation area in Slawi Sub-district is a bus terminal. The key to interpretation
used is the pattern of the terminal which has 2 access doors, an elongated shape, and
association with bus parking lots (Figure 2 section 12). The security defense area
includes military bases, defense facilities, and other restricted zones. The keys to
interpretation are the regular pattern of buildings and roads, dark green roof hue and
color, and association with a large field (Figure 2 section 13). Open fields are areas that
do not have significant structures or vegetation. The key to interpretation is a brighter
hue than the surrounding objects, no buildings or little vegetation on it, has a finer
texture than vegetation or buildings can be seen in Figure 2 section 14.

Land Use of Selawi Sub-district in 2014

Land use in Selawi Subdistrict 2014 is classified into 14 classes, namely Industry,
road, railroad, open land, government, trade services, security, defense, agriculture,
residential, green open space, public service facilities, river, transportation and other
vegetation. The industrial area has an area of 12.61 hectares with a percentage area of
0.82%. This shows that industry plays an important role in land use in Slawi Sub-
district, covering a small portion of the total land area.
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Figure 3. Land Use Map 2014

The road area is 37.17 hectares with a percentage area of 2.42%. Roads play an
important role in the infrastructure of the sub-district, covering a small portion of the
total land. Railroad area: The area is 5.92 hectares with a percentage area of 0.39%.
Railways represent an important transportation infrastructure for the connectivity of
the area. In Figure 3 the open land area has an area of 43.45 hectares with a percentage
area of 2.83%. Open land includes open spaces that have not been developed or used
for other purposes. The government area has an area of 26.26 hectares with a
percentage area of 1.71%. This indicates an area used by the government for various
administrative purposes. The trade service area has an area of 91.55 hectares with a
percentage area of 5.96%. Trade services include areas used for trading activities, such
as markets and shops. The defense and security area has an area of 10.84 hectares with
a percentage area of 0.71%. This indicates that there are areas used for defense and
security purposes. The agriculture area has an area of 490.50 hectares with a
percentage area of 31.92%. Agriculture includes areas used for agricultural production,
being the largest land use class.

Residential areas have an area of 605.60 hectares with a percentage area of
39.41%. Housing covers the area used for housing development, being the second
largest land use class. The green open space area has an area of 8.29 hectares with a
percentage area of 0.54%. Green open space includes areas used for recreation and
nature conservation. The public service facility area has an area of 36.84 hectares with
a percentage area of 2.40%. Public service facilities include areas used for health,
education and other facilities. The river area has an area of 8.19 hectares with a
percentage area of 0.53%. Rivers include areas used for irrigation and natural
purposes. The transportation area has an area of 3.20 hectares with a percentage area
of 0.21%. Transportation includes areas used for other transportation infrastructure.
Other vegetated areas have an area of 156.37 hectares with an area percentage of
10.18%. Other vegetation includes areas used for other purposes such as forests and
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green fields. The results show that land use in Slawi Sub-district in 2014 was
dominated by agriculture and housing, with significant percentages of area. This
reflects the focus on sustainable economic and infrastructure development in the area.

Land Use of Selawi Sub-district in 2024

In 2024 the Industrial area in Slawi Sub-district has an area of 12.61 hectares with
a percentage area of 0.77%. This shows that industry plays an important role in land
use in Slawi Sub-district, covering a small portion of the total land. The Road land use
type has an area of 37.17 hectares with a percentage area of 2.28%. Roads play an
important role in the infrastructure of the sub-district, covering a small portion of the
total land. Railroad area has an area of 5.92 hectares with a percentage area of 0.36%.
Railways represent important transportation infrastructure for regional connectivity.
The open land area has an area of 43.69 hectares with a percentage area of 2.67%.
Open land includes open spaces that have not been developed or used for other
purposes.

The results of digitization and interpretation show that the government area has
an area of 31.21 hectares with a percentage area of 1.91%. This indicates an area used
by the government for various administrative purposes. The trade services land use
type has an area of 96.69 hectares with a percentage area of 5.92%. Trade services
include areas used for trading activities, such as markets and shops. Defense and
security area has an area of 10.84 hectares with a percentage area of 0.66%. This
indicates that there are areas used for defense and security purposes. The agriculture
area has an area of 374.04 hectares with a percentage area of 22.89%. Agriculture
includes areas used for agricultural production, being the largest land use class. The
residential land use type has an area of 794.38 hectares with a percentage area of
48.62%. Housing covers the area used for housing construction, being the second
largest land use class.

The green open space area has an area of 8.29 hectares with a percentage area of
0.51%. Green open space includes areas used for recreation and nature conservation.
The public service facility land use type has an area of 39.17 hectares with a percentage
area of 2.40%. Public service facilities include areas used for health, education and
other facilities. Rivers have an area of 8.19 hectares with a percentage area of 0.50%.
Rivers include areas used for irrigation and natural purposes. The transportation land
use type has an area of 5.21 hectares with a percentage area of 0.32%. Transportation
includes areas used for other transportation infrastructure. The other vegetation land
use type has an area of 166.53 hectares with an area percentage of 10.19%. Other
vegetation includes areas used for other purposes such as forests and green fields.
Overall, the results show that land use in Slawi Sub-district in 2024 is dominated by
agriculture and housing, with significant percentages of area. This reflects the focus on
sustainable economic and infrastructure development in the area. The spatial land use
of Slawi Sub-district in 2024 can be seen in Figure 4.
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Figure 4. Land Use Map 2024

The land use of Slawi Sub-district in 2014 and 2024 experienced no significant
changes. The land area for industry, road and rail remained stable from 2014 to 2024,
indicating that there were no significant changes in land use for these three classes over
the period. Although there is a slight increase in the area of open land from 43.45
hectares in 2014 to 43.69 hectares in 2024, this change is relatively small and may not
be statistically significant. The land area for government and public service facilities has
increased from 2014 to 2024. Government land increased from 26.26 hectares to 31.21
hectares, while public service facilities increased from 36.84 hectares to 39.17 hectares.
The land area for trade and services also experienced a significant increase from 91.55
hectares in 2014 to 96.69 hectares in 2024, indicating the growth of this sector in the
ten-year period.

One of the most significant changes is the decrease in agricultural land from
490.50 hectares in 2014 to 374.04 hectares in 2024. This indicates the conversion of
agricultural land to other land uses, possibly due to urbanization or industrial and
residential development. Residential land area experienced a significant increase from
605.60 hectares in 2014 to 794.38 hectares in 2024. This indicates urban growth and
increased housing development in the area. Land area for transportation also increased
from 3.20 hectares in 2014 to 5.21 hectares in 2024, indicating a possible increase in
transportation infrastructure such as roads or terminals. The land area for other
vegetation also experienced a significant increase from 156.37 hectares in 2014 to
166.53 hectares in 2024. Thus, overall, land use change in Slawi Sub-district from 2014
to 2024 reflects changes in the pattern of growth and development of the area, with a
significant decrease in the area of agricultural land and a significant increase in the area
of residential land, trade, and public service infrastructure. Based on the results of field
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validation in 2024, the change of use in Slawi Sub-district is dominated by agricultural
land into housing. The housing land is in the form of middle-class housing and high-
class housing. The characteristics of the housing location are close to collector roads
and the city center.

Using high-resolution satellite image data to analyze land use change in Slawi Sub-
district has several significant benefits:

1) High Resolution Change Detection: High-resolution satellite imagery enables
the identification of land use change with a high level of detail [27]. This
allows users to detect changes even on a relatively small scale, such as
conversion of agricultural land to housing or infrastructure development.

2) Periodic Monitoring: High-resolution satellite image data can be used for
periodic monitoring of land use change over time [28]. This allows
stakeholders to understand long-term trends in land use, identify patterns of
change, and plan for sustainable regional development.

3) In-depth Spatial Analysis: High-resolution satellite imagery provides rich and
detailed spatial information on land use in Slawi Sub-district. This allows for
more in-depth analysis of the spatial distribution of land use, identification of
relationships between different land use classes, and mapping of potential
land use conflicts.

4) High Accuracy Change Mapping: High-resolution satellite imagery enables
mapping of land use change with high accuracy [29]. This allows stakeholders
to precisely identify the location, type, and scale of change, thus providing a
solid basis for decision-making.

5) Integration with Other Data: High-resolution satellite imagery data can be
easily integrated with other data, such as spatial data, demographic data, or
other environmental data [30]. This allows for a more holistic and
comprehensive analysis of the factors that influence land use change in Slawi
Sub-district.

Thus, using high-resolution satellite image data for land use change analysis in
Slawi Sub-district can provide a better understanding of land use dynamics, support
better decision-making, and assist in sustainable and effective regional development
planning.

CONCLUSION

The results of this study provide an in-depth understanding of the dynamics of
land use change and its impact on social, economic and environmental development in
Slawi Sub-district. Using high-resolution satellite image data, this research provides
detailed information on land use change from 2014-2024, enabling high-accuracy
change detection, periodic monitoring, in-depth spatial analysis, high-accuracy change
mapping, and integration with other data. The results of this study are expected to
support better decision-making in environmental planning, natural resource
conservation, and sustainable regional development in Slawi Sub-district as well as the
surrounding areas.
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