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Abstract

Land cover changes are a persistent occurrence in both urban and rural areas, currently deemed
inevitable. This study delves into the transformations in land cover within Bandar Lampung City
from 2016 to 2021, employing Geographic Information Systems (GIS) and remote sensing
techniques. The data were procured through documentation, field surveys, and interpretation of
Landsat 8 imagery using the maximum likelihood classification method. Encompassing the entire
span of Bandar Lampung City between 2016 and 2021, the study site was subjected to a
comprehensive analysis. The technique for sample selection employed purposive sampling,
encompassing a total of 60 ground checkpoints for land cover assessment in both 2016 and 2021.
The process of data collection encompassed observation, documentation, and subsequent analysis.
This analysis entailed image interpretation through image analysis, spatial assessment, and
descriptive analysis. The study's results revealed land cover changes in Bandar Lampung from
2016 to 2021, with the most significant changes occurring in vegetated and built-up areas, totaling
12.361 km?. Meanwhile, the land type that underwent the most significant alteration was vegetated
land, experiencing a reduction in area by 6.813 km?. Vacant land exhibited the least change, with
an additional area of 2.345 km?. This research holds significant implications for local governments
in devising future plans that align with the prevailing trends in urban development. The findings
can serve as a reference model for enhancing urban spatial planning.
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Introduction

Humans are inseparable from land due to certain basic needs (Buraerah et al., 2020). According to
Lillesand et al. (2015), information on land cover is important for its planning and management
activities. It is defined as artificial vegetation and construction that covers the land surface
(Lindgren, 1985). Land cover is categorized into four groups, namely water bodies, vegetated,
vacant, and built-up lands (Malingreau, 1977). Land cover is dynamic, meaning it can change at
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any time (Husnah et al., 2022). These unavoidable changes tend to be triggered by various
elements, namely natural and human factors (Miswar et al., 2021). However, this usually occurs
when there is an increase in the demand for land while its supply, both in terms of quantity and
quality, is limited (Purwadhi & Sanjoto, 2008). In the 21st century, changes in land cover triggered
by human factors continue to experience a more rapid increase than in previous years (Giri, 2012).
The rapid demand for development has put pressure on land resources (Ritohardoyo, 2013).

The maximum likelihood classification is a supervised method to assess land cover changes
(Purwadhi & Sanjoto, 2008). This procedure calculates the probability of pixels belonging to a
pre-determined set of classes. However, these are further assigned to the class with the highest
probability (Tso & Mather, 2009; Heydari & Mountrakis, 2018). Maximum likelihood
classification employs the Bayesian Decision Rule, a theory used to calculate the probability of an
event based on its causes and impact realized through observation (Otukei & Blaschke, 2010).
This method produces accurate values for land cover identification compared to other techniques
(Myintetal., 2011; Chughtai et al., 2021). The maximum likelihood classification method involves
using two or more multi-temporal images located in the same area, although recorded at different
time intervals (Purwadhi & Sanjoto, 2008). One of the images utilized is Landsat 8 imagery, a
satellite launched by NASA and USGS with a spatial resolution of approximately 30 meters and
carries 11 bands (United State Geological Survey, 2019).

The maximum likelihood classification method can simultaneously utilize remote sensing
and GIS (Rozenstein & Karnieli, 2011). Remote sensing is a field of study related to extracting
information from an object without physically contacting the presumed item (Schott, 2007). It is
also used to identify land cover by storing and manipulating geographic information (Aronoff,
1989), such as land cover changes detected through overlays. Some experts stated that it has four
primary functions, namely mapping, modeling, monitoring, and measuring (Briggs et al., 1997;
Foda & Osman, 2010; Jat et al., 2008; Wijaya et al., 2022). Remote sensing and GIS have
contributed immensely to studying existing land cover changes in Indonesia (Batubara et al., 2019;
Pattilouw et al., 2019; Rotinsulu et al., 2018; Sugiatno et al., 2016).

Lampung Province is situated in the southern part of Sumatra Island, Indonesia. Based on
the outcome of the census conducted by the Central Statistics Agency in 2020, it was reported that
this province has a total population of 9,007,848 (Badan Pusat Statistik Provinsi Lampung, 2021).
In accordance with this large population, the residents were forced to acquire more land for
residential purposes, which led to land cover changes. Based on data released by the Indonesian
Ministry of Environment and Forestry, this incident was reportedly witnessed in Lampung
Province from 2014 to 2018, including a built-up area of 37.6 thousand hectares (Kementerian
Lingkungan Hidup & Kehutanan, 2020). The increasing need for built-up areas has led to a
decrease in vegetative and vacant lands.

Bandar Lampung City, the capital of Lampung Province, is one of the busiest cities in
Indonesia. In addition, there are various centers for human activities such as the economy, trade,
settlements, and education. The occurrence of land cover changes in this province cannot be used
as a benchmark to measure its manifestation in Bandar Lampung City. Based on the data acquired
in 2018, it is difficult to ascertain the current field conditions in Bandar Lampung City. In
accordance with existing doubts, this research aims to examine the occurrence of land cover
changes in Bandar Lampung City from 2016 to 2021, using spatial modeling procedures such as
the maximum likelihood classification method and satellite imageries, including GIS and remote
sensing.
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Methodology
Study area

Bandar Lampung City is the capital of Lampung Province, located in the southern part of Sumatra
Island. Interestingly, various events are held in this urban area and are also the center of
government, educational, political, social, and economic activities. Geographically, it occupies an
area of 197.22 km? or 19,722 ha, Bandar Lampung city consists of 20 districts and 126 urban
villages. In 2020, it was reported that this metropolis has a population of 1,166,066 people spread
over 20 sub-districts.

100°0'0"E 105°00"E 110°0'0"E 120°0'0"E 125°0'0"E 3 135°0'0"E 140°0°0"
ATy ¥ 7

TN ]
i
;;/"f’ 7

KALIANTAN
e 3

MANTAN MO

Dutors
135°0'0"E 140°0'0"E

104°00"E 106°0'0"E 105°120"E 105°16'0"E 105°200"E

5°20'0™
5°20'0"S

SUMATERA SELATAN

4°00°S

5°24'0"S
5°24'0"S

5°28'0"S
5°28'0"S

&00°S
e N
CR N
/ 6°00°s
/
=
&
EN
e

) 11 o CEBCO MO NGDC i 1G]
Gontrvutors

104°00"E 106°0'0"E. 105°120"E 105°16'0"E 105°200"E

Figure 1. Map showing the study area
Research method

This involves several stages, including (1) the purpose of this study was to examine land cover
changes in Bandar Lampung City from 2016 to 2021, (2) image pre-processing, which involves
image correction, layer stacking, and masking of the research area, (3) image composite, selection
of training areas and land cover classification, (4) field survey, (5) data interpretation check, (6)
accuracy test, (7) spatial analysis to determine changes in land cover, types, and area of the affected
region. Finally, a map of LULC occurrence in Bandar Lampung City from 2016 to 2021 was
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generated. The flowchart of the stages is shown in Figure 2.
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Figure 2. Research procedure

Research site samples

33

This research employed a purposive sampling technique, acquiring samples by categorizing them
and making specific considerations. During the selection process, several aspects are considered,
including (1) whether or not the sample is a ground checkpoint for land cover, (2) it represents all
types of land and cloud covers in Bandar Lampung City, (3) it depicts all sub-districts in this urban
area, (4) the sample can be used to clarify certain doubts arising from the results of the interpreted

images, (5) it also depicts the land and cloud covers, and (6) the sample site is easily accessible.
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The number of samples in the study area was determined as 120 checkpoints with a
distribution of the same ground checkpoints relatively 60 for land cover in 2016 and 2021. These
were realized through field surveys carried out in 2021. It involved visiting the study site in respect
to the ground checkpoint. In 2016, the 60 ground checkpoints were obtained through an
observation process using Google Earth imagery of Bandar Lampung City. Furthermore, the study
site is represented as a distribution map of ground check points discovered in 2016 and 2021, as
shown in Figure 3. This sampling was conducted at 50 similar and ten different points in 2016 and
2021, respectively. This is due to the location of land and cloud covers in Bandar Lampung City.
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Figure 3. The distribution map ground check point of Bandar Lampung in 2016 and 2021
Raw data and image processing

The data used in this study are Landsat 8 satellite images obtained from the United States
Geological Survey. It has a spatial resolution of 30 m, and the image was taken in 2016 and 2021.
The acquisition date, path and row of the images used are shown in Table 1. In addition, the
Landsat 8 images obtained from Google Earth were recorded in July 2016.

Table 1. Satellite image used in the study

Acquisition date Image Path/Row
02/04/2016 LCO08_L1TP_123064_20160402_20200907_02_T1 123/64
09/10/2021 LC08 L1TP 123064 20211009 20211019 02 T1 123/64

The first step is image pre-processing, where all of the Landsat 8 images used in this study
were radiometrically corrected. Several bands of the Landsat had the same spatial resolution of 30
m (band 2, 3, 4, 5, 6, and 7). These bands are merged through layer stacking which aims to make
it easier to perform color composites. In addition, part of the area in the satellite image was used
for masking. This was followed by image processing, which is realized through color composites
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first. Several preliminary tests made use of natural and infrared colors composite to helps in
identifying the land use land cover.

Color composites aim to make the image brighter, ensuring the object is easily recognized.
The item or object that needs to be easily discerned in this research is land cover. A group of
training samples are selected from the pre-determined Area of Interest to represent each land cover
classes. The training sample is entered according to the data obtained from the Area of Interest.
After the selection process, the land cover is grouped using the maximum likelihood classification
method.

To generate a map portraying land cover changes from 2016 to 2021, the results of the
Landsat 8 image classification were converted from raster to vector data. The purpose is to make
it easier to apply Geoprocessing Intersect function in ArcGIS 10.8 software. After the conversion
procedure, the two vectorized land use land cover data are overlayed to generate the change map.
Land cover change modeling is shown in Figure 4.
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Figure 4. Land cover change modeling using GIS

Results and discussion

The occurrence of land cover changes in Bandar Lampung City from 2016 to 2021 was detected
using Landsat 8 image and the maximum likelihood classification method. The results must be
further evaluated to determine the error rates and accuracy of the image classification. This can be
calculated using several procedures, such as producer, user, overall, and Kappa accuracies.
Meanwhile, the results of the Kappa formulation or calculation for the land cover map of Bandar
Lampung City in 2016 and 2021 are shown in Table 2.

Table 2. Producer’s accuracy & user accuracy in 2016 and 2021

Land cover 2016 2021
Producer’s accuracy User accuracy Producer’s accuracy User accuracy
Vegetated Land 94.74% 100% 88.24% 100%
Built-up Land 95% 95% 95.24% 100%
Vacant Land 100% 85.71% 100% 70%
Water Bodies 100% 100% 100% 100%

Source: Results of data processing, 2021
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Based on the calculated results, it is evident that in 2016, the accuracy level of land
cover in Bandar Lampung City was 94.09%, which can be grouped in the almost perfect
agreement category (Viera & Garrett, 2005). Therefore, the ability of the maximum likelihood
classification method to categorize Landsat 8 images was good. With a Kappa accuracy of
94.09%, a tentative map of land cover was generated from the interpreted image. Based on
this, the area of each land cover and the map of the ground checkpoint in Bandar Lampung
City are shown in Table 3 and Figure 5, respectively.
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Figure 5. Map of Bandar Lampung City land check points in 2016

The results of the calculations were obtained using kappa accuracy, and it is evident
that in 2021, the accuracy level of land cover in Bandar Lampung City was 91.33%, grouped
in the Almost Perfect Agreement category (Viera & Garrett, 2005). Therefore, the maximum
likelihood classification method used to categorize the Landsat 8 image was good. With a
kappa accuracy of 91.33%, a tentative map of land cover was generated from the interpreted
image classification. Based on this, the area of each land cover and the map of the ground
checkpoint are shown in Table 4 and Figure 6, respectively.
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Figure 6. Map of Bandar Lampung City land check points in 2021

Land cover changes in Bandar Lampung City from 2016 to 2021 were detected based on
the results of the modeling technique shown in Figure 7. After overlaying the two data, there were
changes in the land cover type, as shown in Table 3, besides these can be visually seen in (Figure
7).

Table 3. Land cover type changes in Bandar Lampung City, 2016-2021

No. Land cover 2016 2021 Total
ValL WB Vel BL
1 VaL 1.298 0 1.718 3.451 6.467
2 WB 0 0.2375 0 0 0.2375
3 Vel 5.472 0 61.160 12.361 78.993
4 BL 2.039 0 9.305 100.071 111.415
Total 8.809 0.2375 72.183 115.883 197.1125

Description: Vacant Land (VaL); Water Bodies (WB); Vegetated Land (VeL); Built Up Land (BL)

Table 3 shows that vegetated to built-up lands, which cover an area of 12.361 km?,
experienced the largest changes. Meanwhile, the vacant to vegetated lands with an area of
1.718 km? experienced the most minor changes. In simple terms, the area of land cover
changes is shown in Table 4.
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Figure 7. Land cover changes in Bandar Lampung City
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Table 4. Land cover changes in Bandar Lampung City, 2016-2021

No. Type of land cover Area 2016 (km?) Area 2021 (km?)  Area changes

1 Vacant Land 6.467 8.809 +2.342

2 Water Bodies 0.2375 0.2375 0.000

3 Vegetated Land 78.993 72.183 -6.81

4 Built Up Land 111.415 115.883 +4.468
Total 197.1125 197.1125

Source: Results of data processing, 2021

Table 4 shows that vegetated land experienced a reduction in size. The types of land cover
that experienced an increase in area were built up and vacant lands. Interestingly, water bodies did
not experience any changes. Changes in land cover are defined as a shift from one type to
another within a specific time in space. Table 5 shows that four ground checkpoints
experienced these changes. Dynamic land cover tends to indicate that these changes cannot
be ascertained. All regions have the potential to change, especially land covered by vegetation.
Specifically, the occurrence of this incident in the past five years and the 10 categories of
initial (2016), and final land changes (2021), are shown in Table 6.
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Figure 8. Changes in land cover of Bandar Lampung City in 2016-2021 according to each district

Similarly, development activities in the Bandung metropolitan area have led to significant
changes, where agricultural land and forests are converted mainly into residential land use
(Atharinafi & Wijaya, 2021). Liu et al. (2009), and Pandiangan et al. (2017) reported that land use
and cover changes always have ecological consequences, such as loss of biodiversity and
decreased ecological carrying capacity. Population growth is the main factor that triggers the need
for housing, and the formation of a settlement triggers the development of a city (Vitriana, 2017).
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Land cover changes in Bandar Lampung City are influenced by several factors, which can
be group into natural and human factors. Natural factors include slopes, soil types, and rainfall.
Bandar Lampung City is dominated by flat slopes (0 to 8%), covering an area of 63.88%. This
tends to support the development of land use for human activities. The soil type in this city is
mainly dominated by Latosol-Podsol, which is insensitive to erosion. Therefore, certain areas can
be used as a settlement. The average rainfall in Bandar Lampung City for the past 10 years has
been 1,788.72 mm/year and grouped in the low category. Humans usually prefer to carry out most
activities during low rainfall because there is little or no rain.

Human factors influencing land cover changes are population and region, social and cultural,
economic and technological factors, including government (Lambin & Meyfroidt, 2010; Ejaro &
Abdullahi, 2013). This urban area is the center of all human activities, such as the economy, trade,
settlements, and education (Dickinson, 2013). These activities are carried out by the majority of
the residents in Bandar Lampung City, including those residing in neighboring towns. The
increasing population aligns with development, resulting in excessive demand for land. Its low
availability causes a change in land cover that humans did not previously use to land that is used
by humans (Newbold et al., 2015).

The erection of adequate facilities in urban areas is a social and cultural factor that triggers
land cover changes. As a result, most of those residing outside the city started settling in it, thereby
triggering the need for housing. In addition, humans tend to be closer to existing jobs, which
triggers land conversion (Newman & Jennings, 2012). As the capital of Lampung Province,
Bandar Lampung City has the highest regional minimum wage compared to other regions. The
technology used in urban areas tends to be better than in rural communities. With higher wages
and better technology, there is a tendency for people to start and develop businesses in this area,
thereby converting the land into an area used for diverse human activities (Sachs, 2012; Massey,
2019).

The governments in both urban and rural areas are instrumental in regional spatial plans.
Indonesia has a regional spatial plan regulation, which commences with the use of the area, city
service center system, transportation network, and infrastructure (Surya et al., 2020). Due to this,
the government intends to implement development and control programs and improve regional
spatial planning (Boonstra & Boelens, 2011). With this effort, it will be able to change the existing
arrangement of land cover in Bandar Lampung City.

Conclusion

This research reported land cover change in Bandar Lampung from 2016 to 2021, with the
largest being vegetated and built-up lands of 12.361 km?2. Meanwhile, the type that
experienced the greatest change is land, with a reduced area of 6.813 km2. Vacant land
experienced the least change with an additional area of 2.345 km?. Several factors influence
changes in land cover; the existing ones are natural and human factors. Natural factors that
affect land cover changes in Bandar Lampung City are slopes, soil types, and rainfall. Human
attributes include population and region, social and cultural, economic and technological
factors, as well as government.
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