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ARTICLE INFO ABSTRACT

Received :

5 July 2023 Indonesia is a developing country that experiences high population growth

every year. Population growth has an impact on the high demand for land use.
Land use is often not in harmony with population growth, so land use does
not align with regional spatial conditions. This study aims to determine land
use in 2021 in Binjai City based on the 2020-2040 Regional Spatial Plan
Accepted : (RTRW) using Spot 6 imagery and determine the suitability of 2021 land use
19 April 2024 in Binjai City based on the 2020-2020 Regional Spatial Plan (RTRW) 2040

using Image Spot 6. This study is located in Binjai City, administratively
Published : flanked by two significant regencies: Langkat Regency and Deli Serdang
25 April 2024 Regency. The population of this research is the City of Binjai, with an area of
90.23 km?. Data collection techniques are documentation study techniques,
image interpretation, and field observations. Data analysis was carried out in
a qualitative descriptive manner. The results of the study show that Land use
in Binjai City in 2021 includes an agricultural area of 52.93 km? with a
percentage of 58.66%, then a residential area of 33.85 km? with a percentage
of 37.63%, area conservation has an area of 1.58 km? with a percentage of
1.75%, river bodies have an area of 0.90 km?2 with a percentage of 1%, local
protected areas have an area of 0.38 km2 with a percentage of 0.39%, defense
and security areas have an area of 0.45 km? with the percentage of 0.42%,
industrial designation area of 0.12 km2 with a percentage of 0.15%, tourism
area of 0.01 km? with a percentage of 0.01%, and lakes/situ area of 0.01%
0.01 km?2 with a percentage of 0.01%. The suitability of land use in 2021 with
the Binjai City Spatial Plan (RTRW) for 2020-2040 is an area of 43.64 km?2
with a percentage of 48.36% which is suitable while that which is not suitable
is 46, 59 km? with a percentage of 51.64%.
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7 April 2024

Keywords: Land Use; Land use suitability; Spatial Plan

INTRODUCTION

Agricultural, mining, and mineral management activities significantly impact the
environment and natural resources (Singh et al., 2018). Basommi et al. (2016) stated that human-
related land-use activities are important drivers of environmental change at different temporal
scales. Land has an essential role in human life because the land is where all life activities take
place, such as land use as a place to live and grow crops, as well as economic, social, and political
activities (Bagheri et al.,, 2021). The form of land use carried out by humans is called land use
(Saputra & Santosa, 2020). Various mapping techniques regarding land change and suitability
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have been developed and applied in the last decades (Mishra et al., 2020). This is because changes
regarding land use towards land suitability have become a significant issue in natural resource
conservation policies and environmental monitoring (Tariq et al., 2021).

Land use suitability refers to how land is used by humans and their habitat, which
emphasizes the functional role of land for economic activity (Liping et al., 2018). Land use is
dynamic, and this is because it can always change over time and space. Mapping land use in urban
areas is essential for effective urban management and planning due to rapid changes in urban
processes (Huang et al., 2020). These changes are, of course, in line with the growth in population
in one region (Adiyaksa & Djojomartono, 2020).

The rapid population growth and the increasing demands of the community's need for
land have resulted in a discrepancy between land use and its allotment plan and can affect land
value increases. In recent decades, the rapid migration of the population from villages to cities
has resulted in changes in land use and suitability in urban areas (Li et al.,, 2016). Along with this,
the growth of the urban population has also caused the distribution of settlements where people
live to become unequal (Parry et al., 2018). Land suitability is essential for development studies,
planning, and biological conservation. It is also beneficial in analyzing the natural and
anthropogenic changes brought to the region over time (Mishra & Jabin, 2020).

Land suitability is a description of the suitability of a plot of land for a particular use
(Taghizadeh-Mehrjardi et al., 2020), whereas land suitability analysis is a process carried out to
determine the suitability of a specific area for the service under consideration. It expresses the
concordance between a site regarding its intrinsic characteristics (match or mismatch) (Mugiyo
et al., 2021). The concept of suitability for land use informs policymakers when deciding the
economic and social consequences of land use (McDowell et al., 2018). Luan et al. (2021) stated
that land use suitability assessment is an essential step in land use planning to support the
development of urban areas. Land suitability evaluation provides an overview of information for
planning regional development in the future (AL-Taani et al., 2021).

Land use and suitability are important driving factors in the global ecological
constellation, especially in the agricultural sector which can be disrupted if not used
appropriately (Molotoks et al., 2021). The various dynamics that occur, especially changes in land
use, have even changed much of the landscape of the earth's surface. In addition, careless and
inappropriate land use also significantly impacts ecosystem processes, biological cycles,
biodiversity, development, and socio-economic sustainability (Malek & Verburg, 2020; Li et al.,
2020; Hinz et al,, 2020). On the other hand, FAO also defines land suitability evaluation as an
assessment process that considers the performance of land for certain purposes. The assessment
process identifies land use to best meet community needs. In addition, the assessment process
can then determine land suitability for specific uses through a land suitability analysis that
considers the nature of the land and user needs.

In recent times, the soil surface has been heavily degraded by humans. Intensive
agriculture, mining, and urbanization are the main factors for land degradation (Awotwi et al,,
2018). Therefore, it is necessary to conduct a study regarding the suitability of land use in an area
to determine the appropriateness of land use in that area to increase land productivity (Mazahreh
et al., 2019). In the context of land use, suitability determines the innate capacity of the land to
perform a particular service with optimal efficiency and sustainability (Morales & de Vries, 2021).

Problems regarding land use and suitability are of serious concern to various parties. In
this case, technology such as Geographic Information Systems and remote sensing is considered
to be a solution to this problem. Inland suitability mapping and remote sensing integrates various
sources of geospatial data, including satellite imagery, mapping data from drones, and ground
network sensor data (Mansour et al., 2020). This data integration allows for a more holistic and
accurate analysis of land characteristics, such as topography, water availability, and soil nutrient
content. In addition, advances in information technology have encouraged the development of
mobile and web-based GIS applications, enabling easier and faster access to information
regarding sui (Xie et al., 2020). This application can be used by various stakeholders, including
the government, to make more informed decisions based on the latest geospatial data. According
to Abebe et al. (2022), mapping and calculating the status of changes in use through remote
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sensing can identify vulnerable areas and design sustainable ecosystem services. Utilizing remote
sensing data and geographic information systems is one of the essential techniques and tools to
obtain spatial data related to land use and cover that is accurate, timely, efficient, and analyzes
changes in the study area (Reis, 2008; Srivastava et al,, 2018) as well as practical and cost-
effective (Dubertret et al.,, 2022).

The results of the land suitability mapping are then described in map form using
Geographic Information System (GIS) technology. This geographical information system has been
widely applied in fields such as forestry, agriculture, and urban/regional spatial planning Fields
(Rahmawaty et al., 2019). The images produced by SPOT 6 are known to have good quality, with
little distortion and noise (Widyaningrum et al., 2021). This makes SPOT 6 imagery very suitable
for high-precision and accuracy applications. As a study by Sulyantara et al. (2020), SPOT 6 high-
resolution imagery is beneficial for regional spatial planning, monitoring, planning, and
supervision in an area.

GIS technology can assist in mapping the suitability of residential land in Binjai City. GIS
with overlays can unify all the base maps, which are the area's parameters for residential land
use. Binjai, located in North Sumatra Province, Indonesia, has experienced rapid growth in recent
decades (Laia et al, 2020). With population growth and rapid economic development, it is
essential to understand how land in the city can be optimized for various purposes, such as
housing, industry, agriculture, environmental conservation, and others. This research combines
satellite mapping technology, geospatial analysis, and the latest data to develop land use
suitability mapping that aligns more with the Regional Spatial Planning (RTRW) established by
the city government. The purpose of this study is to be able to determine land use in 2021 in Binjai
City based on the 2020-2040 Regional Spatial Plan (RTRW) using Spot 6 imagery and to
determine the suitability of 2021 land use in Binjai City based on the 2021 Regional Spatial Plan
(RTRW). 2020-2040.

METHODS
Study Area

This study was conducted in Binjai City (Figure 1), which is administratively flanked by
two large regencies, namely Langkat Regency and Deli Serdang Regency, with an area of 90.23
km2 and astronomically located between 3°31'40"N - 3°40' 2" N and 98 °27'3"E - 98°32'32"E.
The consideration of the researchers in choosing this location was seen from the aspect of land
area, which relatively still has an impact on land use conditions due to high population growth in
Binjai City and the establishment of Binjai City as a Medinding area, which encourages national
scale growth resulting in increased land use requirements.

Research Methods

We used is a quantitative descriptive method with a spatial analysis approach with the
help of a GIS (Geographic Information System) analysis tool using SPOT-6 Imagery. Spatial
analysis is used to determine the existing conditions of settlements and identify area functions
and land suitability in Binjai City.

Data Sources and Data Collection Techniques

The source of the data in this study was carried out using the Purposive Random Sampling
technique (selected), namely taking selected samples that represent other land units. The
characteristics of taking sample points are appropriate land use that does not follow the RTRW
of Binjai City and can be reached to make it easier for researchers to carry out field surveys. In
addition, research data was also obtained by conducting a documentation study to obtain
secondary data such as spatial data in the form of Spot 2021 satellite imagery, administrative
maps of Binjai City, and maps of Binjai City Spatial Planning.
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Figure 1. Study Area

Data Analysis
Data processing was carried out using the ArcGIS 10.8 application. In this research, the data that
has been collected is then analyzed through several stages, including the following.

1. Cropping Area, in order to assess an area in more detail, we cropped an study area using

2.

ArcGIS 10.8.
Digitization, data analysis should be used digital format data, therefore raster data has
been converted to digital format data.
Determining Conformity, the Map overlay process is carried out at this stage. Land use in
2021 in Binjai City based on the 2020-2040 Regional Spatial Plan (RTRW) using Spot 6
imagery and determining the suitability of 2021 land use in Binjai City based on the 2020-
2040 Regional Spatial Plan (RTRW) obtained from digitized using ArcGIS software. For
more details on the research method, see Figure 2 below.

80



Darwin Parlaungan Lubis et al. / Geosfera Indonesia 9(1), 2024, 77-90

/
/
/

4
/ Land Use inBinjai City  /

1

/
/ SPOT Image in 2021 /

/

/

A /
l

Image Interpretation

l

/ /
/

/
/  2021LandUseMap /
A 4

/' Regional Spatial Plaming ~ /
/ (RTRW) Map for 2020-2040/

l

Overlay

l

v

Information
Map of Suitability of Land Use in
Binjai Cityin 2021 LoDt

/
/ /

1

Field Test (\ Results

/ / / /
/‘/. // }‘/ 4
—/1 it is not in accordance with / / In accordance /

/ / 4
/ / / /

Suitability of Land Use Based on
the RTRW of Bmjai City

Figure 2. Research Framework

RESULTS AND DISCUSSION
Land Use in Binjai City in 2021

An analysis of land use in the City of Binjai in 2021 is carried out based on an analysis of
its area by calculating the location of each area. This needs to be done because, based on 2018
BPS data, population growth in the Binjai City area has increased significantly, with the
population growth rate reaching an average of 1.21% per year. The impact of population growth
resulted in land use conditions changing to residential areas with a percentage change rate
reaching 1% (Zevri et al, 2020). Land use analysis has many vital uses in urban planning, regional
development, and environmental conservation. Land use management in urban areas is
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necessary to reduce the surface runoff Field rate (Nurhamidah & Junaidi, 2018). Land use in 2021
in Binjai City is identified as having nine land use classifications according to the Regional Spatial
Plan (RTRW) for the Binjai City area for 2020-2040. Land use areas are classified as river bodies,
lakes/situ, conservation areas, tourism areas, local protected areas, residential areas, defense and
security areas, agricultural areas, and industrial designated areas. The classification of land use
in 2021 can be seen in Table 1.

Table 1. Land Use in Binjai City in 2021

No Land Use Wide (Km?2) Percentage (%)
1 River Body 0.90 1
2 Lake 0.01 0.01
3 Conservation Areas 1.58 1.75
4 Tourism Area 0.01 0.01
5 Local Protected Areas 0.38 0.39
6 Residential Area 33.85 37.63
7 Defence and Security Area 0,45 0.42
8 Agricultural area 52.93 58.66
9 Industrial Allotment Area 0.12 0.13
Amount 90.23 100

Based on Table 1, the current land use in Binjai City covers an area of 90.23 km2 with land
use dominance. The most extensive land use is an agricultural area of 52.93 km2, with a
percentage of 58.66%. The farm area is dominated by rice, corn, soybeans, peanuts, green beans,
cassava, and sweet potatoes (BPS, 2021). Utilization of space for residential areas with an area of
33.85 km2 with a ratio of 37.63%. The space allocation for this residential area has increased over
the previous few years. This is supported by Laia et al. (2020) which stated in 2017, it was
discovered that the residential area in Binjai City was 2,658.10 Ha or 29% of the total area of
Binjai City. These residential areas are spread throughout all sub-districts, with the broadest
being in North Binjai District, which is 787.71 Ha or 30% of the total settlement area in Binjai
City, while the smallest is in Binjai Kota District, with an area of 230.14 Ha or only 9 % of the total
residential area in Binjai City.

Utilization of space for a conservation area with an area of 1.58 km2 with a percentage of
1.75%. Utilization of room for the river body has an area of 0.90 km2 with a ratio of 1% and Space
utilization for the local protected site has an area of 0.38 km2 with a percentage of 0.39%. The
space utilization for the defense and security area is 0.45 km?, with a ratio of 0.42%. The
utilization of space as an area for industrial designation is 0.12 km?2 with a percentage of 0.15. In
a previous study conducted by (Pinem, 2016), North Binjai District, Binjai City, was designated as
the location of an industrial area in the RTRW of Binjai City for 2011 - 2030. The space utilization
as a tourism area is 0.01 km2 with a ratio of 0.01%. The City of Binjai is a strategic city with great
potential for the development of tourism business; even though the City of Binjai does not yet
have natural tourism objects, the City of Binjai still has tourism potential that can be relied on,
namely Culinary, Agro, Culture and History Tourism. The least space utilization in Binjai City in
2021 is a lake/situ area of 0.01 Km2 with a percentage of 0.01%.
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Figure 3. Land Use Map for the City of Binjai for 2021

Suitability of Land Use in 2021 Based on the Regional Spatial Plan (RTRW) for Binjai City
for 2020-2040

The suitability of land use in 2021 for the Binjai City Spatial Plan (RTRW) for 2020-2040
is carried out by analyzing the results of the overlay between land use in 2021 and the Binjai City
Spatial Plan for 2020-2040, carried out to determine the classification of land use that is suitable
or not following The Binjai City Spatial Plan for 2020-2040 which is seen through the aspects of
use/allocation, area, and location. The results of the suitability and incompatibility analysis of
land use in 2021 with the Binjai City Spatial Plan for 2020-2040 can be seen in Table 2.
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Table 2. Suitability of Land Use in 2021 with the RTRW of Binjai City Years 2020-2040

Binjai City Suitable Not Suitable
No Classification of Allotment La; (? Zlise Spatial Year
of Space 2020-2040  (km?) (%) (km2) (%)
(km?)
(km?)
1 River Body 0.90 0.73 0.71 97.26 0.02 2.74
2 Lake 0.01 0.02 0.014 70 0.006 30
3 Conservation Areas 1.58 14.67 1.56 10.22 13.11 89.78
4 Tourism Area 0.01 0.16 0 0 0.16 100
5 Local Protected Areas 0.38 2.36 2.02 85.60 0.34 14.40
6 Residential Area 33.85 63.44 30.67 48.35 32.77 51.65
7 Defence and Security Area 0.45 0.45 0.45 100 0 0
8 Agricultural area 52.83 6.99 6.90 98.71 0.09 1.29
9 Industrial Allotment Area 0.12 1.41 1.32 93.62 0.09 6.38
Amount 90.23 90.23 43.64 48.36 46.59 51.64
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Figure 4. Map of Land Use Suitability for Binjai City in 2021 against the Binjai City Spatial Plan
for 2020-2040
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The area of each land use that is suitable and not following the Binjai City Spatial Plan
(RTRW) for 2020-2040 is 43.64 km?2 with a percentage of 48.36%, which is practical, while that
which is impractical or not suitable is 46.59 km? with a ratio of 51.64%. The land use suitability
classification for the 2020-2040 Binjai City Spatial Planning, namely the use of river body land
based on the Binjai City Spatial Plan, has an area of 0.71 km?2 and is not suitable for an area of 0.02
km?2, the suitability of lake/situ land use based on the Binjai City Spatial Plan has an area of 0.014
km2 and unsuitable has an area of 0.006 km?, land use suitability for conservation areas based on
the RTRW of Binjai City has an area of 1.56 km? and problematic has an area of 13.11 km?,
suitability of land use for tourism based on the RTRW of Binjai City has an area of 0.16 km2 and
categorized as unsuitable, suitability for local protected area land use based on the RTRW of
Binjai City has an area of 2.02 km? and problematic has an area of 0.34 km2. Based on the RTRW
for Binjai City, land use suitability for regional agriculture has an area of 6.90 km?2 and is not
suitable for 0.09 km2. Land use suitability for industrial allotment areas based on the RTRW for
Binjai City has an area of 1.32 km?2 and is not ideal for 0.09 km?2 Meanwhile, from the analysis
results, the use of the area for defense and security rooms is the only space allotment following
the Binjai City Spatial Plan for 2020-2040, which has an area of 0.45 km?2.

Accuracy Test

Based on the results of the research that has been carried out, the results of the land use
map are carried out by an accuracy test to determine the level of accuracy of the resulting map.
Accuracy test using confusion matrix table. The 2020-2040 Binjai City land suitability map has an
Overall Accuracy of 81%. This level of accuracy was obtained based on the results of field checks
and data processing. For more details on the accuracy test, see Table 3 below.

Table 3. Accuracy Test (Confusion Matrix)

River Conservation Tourism Local Residential Defence and Agricultural Industrial Usser’s

Error

i ! L
RTWT Body Lake Areas Area Pr/(;;cﬁzzt:d Area Se::g;ty Area A ZE?:M Total ACE;;]aCy Omission
River o o
Body 6 - - - 1 - - - - 7 86% 14%
Lake 2 - - - 1 - - - 3 67% 33%
C"“frl"a"":“’“ 7 1 1 1 10 70% 30%
Tourtsm 1 1 100%
Local Protected 6 1 7 86% 14%
Residential Area 1 12 1 1 15 80% 20%
Defence and
Security 1 1 100%
Area
Agricultural area 1 9 10 90% 10%
Industrial 0 o
Allotment Area ! ’/ 8 88% 13%
Total 6 2 7 9 17 1 12 8 62
Producer’s 100 100 Overall Accuracy
0, 0, 0, 0, 0, 0, 0,
Accuracy (%) % % 100% 67% 71% 100% 75% 88% %) 81%
Error Omission 33% 29% 25% 13% Kappa (%) 78%

Land Conversion into Residential Areas in Binjai

Land in Binjai City is vulnerable to being converted into residential areas due to rapid
population growth. Land use suitability for residential areas based on the RTRW of Binjai City has
an area of 30.67 km?2 and is not ideal to have a place of 32.77 km2. This needs to be done because,
based on 2018 BPS data, population growth in the Binjai City area has increased significantly,
with the population growth rate reaching an average of 1.21% per year. The impact of population
growth resulted in land use conditions changing to residential areas with a percentage change
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rate reaching 1% (Zaveri et al., 2020). Land use analysis has many important uses in urban
planning, regional development, and environmental conservation. Land use management in
urban areas is very necessary to reduce the rate of surface runoff.

The incompatibility of land use in Binjai City as a growing city is a problem that has been
solved previously. This is in line with the study by Havara & Djoeffan (2022) which showed that
the land designated as rice fields, forests, and other protected spaces in the city is slowly
decreasing due to changes in its function to residential areas. This can threaten the sustainability
of several city functions, such as a water catchment area, and cause various natural disasters. The
consequences can have a negative impact if the construction is not by applicable policies and does
not pay attention to environmental aspects.

The land conversion was carried out due to the increased need for community life support
activities and the increased population. This is accompanied by other supporting developments
so that the need for land or productive land rises yearly. Indirectly, land conversion makes land
prices more expensive. Study by Sonyinderawan (2020) which showed that converting land into
residential areas is often a major problem that impacts environmental damage and touches on
issues related to human survival with massive development.

On the other hand, Binjai City has experienced large-scale land conversion into residential
areas in recent years. Apart from rapid population growth, this condition is also supported by the
designation of Binjai City as a Medinding area, which encourages national development. This
encourages investment in large amounts of housing and residential land. These findings align
with study by Purba & Idham (2021) which showed that land conversion to non-agriculture is
increasingly widespread due to development policies that emphasize a growth perspective
through ease of investment, both for local and foreign investors in providing land.

CONCLUSION

From the analysis that has been carried out on land use in Binjai City and the suitability
of existing land use in Binjai City based on the 2020-2040 Regional Spatial Plan (RTRW) using
Image Spot 6, it can be concluded that land use in Binjai City in 2021 is dominated by agricultural
areas of 52,93 Km? with a percentage of 58.66%, then a residential area of 33.85 km?2 with a ratio
of 37.63%, a conservation area of 1.58 km?2 with a percentage ratio of 1.75%, a river body which
has an area of 0.90 km2 with a ratio of 1%, locally protected areas have an area of 0.38 km?2 with
a percentage of 0.39%, defense and security areas have an area of 0.45 km?2 with a percentage
ratio of 0.42%, industrial designation areas with an area of 0.12 km2 with a percentage of 0.15%,
a tourism area of 0.01 km? with a ratio of 0.01%, and finally a lake/situ area of 0.01 km? with a
percentage ratio of 0.01%. From the results of an analysis of the suitability of land use in 2021
against the Binjai City Spatial Plan (RTRW) for 2020-2040, it was found that land use was suitable
or not suitable, namely an area of 43.64 Km?2 with a percentage of 48.36% which was suitable
while those that were impractical or not accordingly is 46.59 Km?2 with a ratio of 51.64 %.
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