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Abstract

Article I'_‘fo : Urban expansion is one of the key indicators of spatial change in coastal urban
10{16/‘:06317; 32 6 settings. Kendari City, especially the coastal area of Kendari Bay, has undergone
Revised: swift urban growth due to a rise in population, infrastructure advancements, and
21/03/2026 economic concentration. This research seeks to examine the spatial dynamics of
Accepted: urban land growth and coastal land-use change in Central Kendari from 2019 to
05/04/2026 2024. The study utilizes Sentinel-2 satellite images analyzed via Google Earth

Engine (GEE) by integrating the Normalized Difference Built-up Index (NDBI),
Corresponding Author*: Normalized Difference Vegetation Index (NDVI), and land mask classification.

hermonkarwur@unima.ac.id The approach involves image preprocessing, calculating spectral indices,
classifying land, and performing spatial overlay analysis to identify temporal
variations in land cover. Quantitative analysis indicates that developed regions
grew from 1,391.99 hectares in 2019 to 1,437.25 hectares in 2024, reflecting an
overall increase of 45.25 hectares. The geographic distribution of urban
expansion is focused on coastal areas and key transit routes, demonstrating a
significant impact of accessibility and economic factors. The findings also show
a negative relationship between NDBI and NDVI values, suggesting that
vegetation cover has increasingly been substituted by developed land. The
change is mainly fueled by infrastructure expansion, coastal economic
initiatives, and urban connectivity. This research emphasizes the efficacy of
combining remote sensing metrics with cloud-based geospatial analysis to track
urban growth, underscoring the necessity for sustainable spatial planning in
coastal urban areas.
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INTRODUCTION

Land-use change represents one of the most visible manifestations of socioeconomic transformation
and is widely recognized as an important indicator of urban development. The expansion of cities is
rarely a purely spatial process; rather, it reflects the interaction between demographic growth, economic
activity, infrastructure development, housing demand, and changing patterns of human mobility. As
urban populations increase and economic functions become increasingly concentrated in strategic
locations, land that was previously occupied by vegetation, agricultural areas, wetlands, or other forms
of open space is progressively transformed into residential, commercial, institutional, transportation,
and industrial uses. Such transformation is particularly pronounced in rapidly developing cities where
the demand for land frequently exceeds the capacity of existing urban areas to accommodate new
activities. Consequently, monitoring changes in land use and land cover is essential not only for
understanding the physical growth of cities but also for evaluating the environmental implications of
urbanization and informing sustainable spatial planning.

Remote sensing has become an important methodological approach for examining these dynamics
because it provides repeated, spatially continuous, and relatively objective observations of the Earth's
surface. Unlike conventional field-based surveys, which may require considerable time and resources
to collect information across extensive areas, satellite observations enable researchers to investigate
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land-cover conditions over large spatial and temporal scales. This capability is particularly relevant to
urban environments because land-cover transformation may occur rapidly and in spatially fragmented
patterns. Remote sensing imagery allows these transformations to be identified by examining
differences in the spectral characteristics of vegetation, soil, water, and built-up surfaces. Consequently,
the integration of satellite imagery with geographic information system (GIS) techniques has
increasingly become a fundamental approach for detecting, quantifying, and interpreting urban
expansion (Drusch et al., 2012).

The relationship between urban development and land-cover transformation is particularly
important because the conversion of natural or semi-natural surfaces into built-up environments changes
the physical characteristics of the urban landscape. The replacement of vegetated and permeable
surfaces by buildings, roads, parking areas, and other impervious structures can alter the balance
between infiltration, evapotranspiration, and surface runoff. Urbanization can therefore generate
consequences that extend beyond the simple increase in the spatial extent of buildings. Changes in
surface permeability may influence drainage systems, flood generation, groundwater recharge, surface
temperature, ecological conditions, and the availability of urban green spaces. Pasquier et al. (2022),
for example, demonstrated that impervious surfaces associated with urban development can
substantially modify the partitioning of rainfall between infiltration and surface runoff, thereby
influencing groundwater recharge and urban hydrology. Their findings reinforce the importance of
considering land-cover change not merely as a spatial phenomenon but also as a process with direct
environmental consequences. These issues become increasingly relevant in coastal cities, where urban
expansion is frequently concentrated along relatively accessible and economically valuable areas.
Coastal urban zones generally accommodate a combination of residential settlements, commercial
activities, transportation infrastructure, public facilities, and other economic functions because of their
strategic location and accessibility. At the same time, these areas may contain environmentally sensitive
ecosystems and drainage pathways that are important for maintaining ecological and hydrological
functions. The expansion of built-up areas into coastal and low-lying landscapes may consequently
generate multiple forms of environmental pressure. Changes in vegetation cover, for instance, can
reduce the capacity of urban landscapes to provide ecological services, while increasing impervious
surfaces can modify the movement and accumulation of stormwater. The spatial identification of these
changes is therefore an important prerequisite for understanding the direction and intensity of urban
development.

Kendari City, the capital of Southeast Sulawesi Province, provides an important context for
examining these processes. As a provincial capital and an important urban center in eastern Indonesia,
Kendari functions as a concentration of administrative, economic, educational, commercial, and service
activities. Its development has progressively increased the demand for land and infrastructure,
particularly in areas with high accessibility and strategic connections to major urban functions. Central
Kendari District represents one of the areas that deserves particular attention because of its location
along Kendari Bay and its relationship with the broader development of the urban area. The combination
of coastal accessibility, settlement growth, commercial activity, public services, and transportation
infrastructure creates conditions in which land-use transformation can occur intensively within a
relatively limited spatial area. The development of Central Kendari should consequently be understood
as part of a broader process of urban restructuring. Increasing demand for residential and commercial
land may encourage the conversion of vegetated surfaces and other open areas into built-up land. At the
same time, infrastructure development can strengthen the accessibility of previously less-developed
areas, creating additional incentives for subsequent settlement expansion. This process may generate a
cumulative spatial effect in which the expansion of individual buildings, roads, and supporting facilities
gradually produces a more continuous built-up landscape. Identifying the spatial distribution of these
changes is important because the physical pattern of urban expansion may provide information about
the direction, concentration, and intensity of development.

The environmental significance of such transformation is equally important. Vegetated and open
surfaces perform several ecological functions within urban landscapes, including supporting
evapotranspiration, intercepting rainfall, reducing surface runoff, facilitating infiltration, moderating
local microclimates, and providing habitat for urban biodiversity. When these surfaces are replaced by
impervious structures, their ecological functions may be reduced. Urban hydrological studies have
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consistently emphasized that the expansion of impervious surfaces can alter the relationship between
rainfall, infiltration, and runoff. Pasquier et al. (2022) found that extensive impervious development can
redirect a substantial proportion of water away from infiltration and toward surface runoff. Similarly,
research on urbanization and groundwater systems has shown that changes in land cover can influence
groundwater recharge and the urban water balance, although the magnitude and direction of these
effects vary according to local environmental and infrastructural conditions (Kumar et al., 2018).

This consideration is particularly significant for Central Kendari because the district is spatially
connected with Kendari Bay. Urban expansion in coastal environments needs to be considered in
relation to both terrestrial and coastal processes. Increased surface runoff from developed areas may
transport sediments, nutrients, and other pollutants toward drainage channels and receiving waters.
Meanwhile, the reduction of vegetation and open areas can diminish the landscape's capacity to regulate
water flows. Although remote sensing analysis alone cannot directly quantify all of these hydrological
and ecological processes, mapping the spatial transformation of built-up and vegetated areas provides
an essential first step for identifying locations where environmental pressure may be increasing.

The development of remote sensing technology has substantially enhanced the capacity to conduct
such analyses. Among the satellite missions currently available for land-cover monitoring, Sentinel-2
provides particularly useful characteristics for urban and environmental studies. The Sentinel-2 mission
is equipped with the Multispectral Instrument (MSI), which records 13 spectral bands across the visible,
near-infrared, red-edge, and shortwave-infrared portions of the electromagnetic spectrum. Four of its
bands have a spatial resolution of 10 m, six bands have a resolution of 20 m, and three atmospheric
bands have a resolution of 60 m. The two-satellite constellation also provides a nominal five-day revisit
interval at the equator. These characteristics make Sentinel-2 suitable for monitoring land-use and land-
cover changes at relatively detailed spatial and temporal scales. The European Space Agency identifies
land-use and land-cover monitoring, vegetation assessment, and coastal observation among the major
applications of the Sentinel-2 mission.

The spectral characteristics of Sentinel-2 are particularly valuable for differentiating built-up
surfaces from vegetation. Vegetation exhibits a strong spectral response in the near-infrared region and
relatively strong absorption in the red portion of the electromagnetic spectrum. This spectral contrast
forms the basis of the Normalized Difference Vegetation Index (NDVI), which has become one of the
most widely used indicators for estimating vegetation conditions from remotely sensed imagery. The
foundations of vegetation monitoring using spectral ratios can be traced to the work of Rouse et al.
(1974), who demonstrated the potential of multispectral satellite observations to quantitatively assess
vegetation conditions over broad areas. Subsequent developments have established NDVI as an
important tool for characterizing vegetation distribution, density, and temporal changes. In an urban
context, NDVI can therefore be used not only to identify vegetation but also to complement built-up
area detection by distinguishing areas characterized by strong vegetation responses from surfaces
dominated by buildings and other artificial structures.

In parallel with vegetation indices, the Normalized Difference Built-up Index (NDBI) has been
widely applied to identify and map built-up surfaces. Zha et al. (2003) introduced NDBI as an approach
for automatically mapping urban areas based on the distinctive spectral characteristics of built-up land.
The method was developed to facilitate the extraction of urban land from remotely sensed imagery and
demonstrated its applicability in mapping built-up areas in Nanjing, China. Their study reported an
overall mapping accuracy of 92.6%, highlighting the potential of NDBI as a relatively simple and
efficient method for identifying urban surfaces. The original formulation of NDBI is based on the
contrast between shortwave-infrared and near-infrared reflectance, allowing built-up surfaces to be
emphasized relative to other land-cover types.

Nevertheless, the use of NDBI should not be interpreted as an independent or universally definitive
representation of built-up land. Spectral similarity among urban surfaces, bare soil, exposed sediment,
and certain other land-cover types can generate classification ambiguities. Consequently, combining
NDBI with NDVI provides a more informative framework for urban land-cover extraction. Areas with
high NDBI and relatively low NDVI may indicate surfaces dominated by buildings or other impervious
structures, whereas areas characterized by stronger vegetation responses can be distinguished through
higher NDVI values. This combined interpretation is particularly useful in heterogeneous urban
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environments, where buildings, vegetation, bare land, roads, and water bodies may occur within close
spatial proximity.

The use of a water or land mask can further improve the interpretation of built-up areas. Water
bodies have distinct spectral characteristics that may interfere with the identification of built-up surfaces
if they are not excluded from the analysis. This consideration is particularly important for Central
Kendari because the study area is associated with Kendari Bay. By incorporating a land mask, water
surfaces can be excluded before the analysis of built-up and vegetated land, thereby reducing the
possibility that coastal and aquatic features will be incorrectly interpreted as terrestrial land-cover
classes. The resulting analytical framework can provide a more spatially coherent representation of the
relationship between built-up expansion and changes in vegetation or open land.

The methodological advantages of Sentinel-2 become even more significant when combined with
Google Earth Engine (GEE). Conventional remote sensing workflows often require researchers to
download, store, preprocess, and analyze large volumes of satellite imagery locally. These procedures
can become increasingly demanding when the research involves multiple observation years or repeated
analyses. Google Earth Engine addresses this limitation by providing a cloud-based platform that
combines a large geospatial data catalogue with high-performance computational infrastructure.
Gorelick et al. (2017) described GEE as a planetary-scale geospatial analysis platform designed to
facilitate large-scale processing of remotely sensed and other geospatial datasets. Its architecture
enables users to access and process extensive satellite archives without having to manage the entire
computational burden locally.

The application of GEE is particularly appropriate for multitemporal urban analysis because the
platform contains extensive satellite imagery archives and allows researchers to filter imagery according
to spatial boundaries, acquisition dates, and cloud conditions before performing spectral calculations.
Sentinel-2 imagery can therefore be processed consistently for different observation years, allowing
changes in NDBI and NDVI to be examined using comparable procedures. This approach is
advantageous for the 2019-2024 observation period because it enables the identification of changes
occurring over a five-year interval while maintaining a consistent analytical framework. Rather than
relying solely on visual interpretation of individual satellite images, the integration of spectral indices
and temporal image processing provides a more systematic basis for identifying the spatial expansion
of built-up areas.

Despite the increasing application of remote sensing for urban studies, spatially explicit analyses of
urban expansion remain important at the local scale because the patterns and environmental
consequences of urbanization are highly context dependent. A general increase in built-up area at the
city scale does not necessarily reveal where development is concentrated, which land-cover types are
being converted, or how expansion relates to specific environmental settings. In a coastal district such
as Central Kendari, these questions become particularly relevant because urban development occurs
within a landscape where terrestrial settlement patterns intersect with coastal environmental systems.
Therefore, examining changes in built-up areas together with vegetation conditions and the spatial
configuration of land surfaces can provide a more meaningful understanding of urban development than
simply measuring total urban area.

Against this background, the present study focuses on the spatial dynamics of built-up area
expansion in Central Kendari District during the 2019-2024 period. Sentinel-2 imagery is utilized as
the principal source of multitemporal remote sensing data, while Google Earth Engine provides the
computational environment for image processing and spatial analysis. NDBI is employed to identify
the spectral characteristics of built-up surfaces, NDVI is used to characterize vegetation conditions, and
a land mask is incorporated to minimize interference from water bodies associated with Kendari Bay.
The integration of these approaches is expected to provide a consistent spatial representation of changes
in built-up areas and their relationship with the transformation of vegetated and open surfaces.

Accordingly, this study aims to analyze the spatial expansion of built-up areas and the conversion
of coastal settlement landscapes in Central Kendari District between 2019 and 2024 using Sentinel-2
imagery processed through Google Earth Engine. More specifically, the analysis is intended to identify
the spatial distribution of built-up areas, examine changes in their extent between the two observation
periods, and interpret the direction and pattern of urban expansion in relation to vegetation and land-
cover conditions. The resulting information is expected to contribute to a more comprehensive
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understanding of urban development in Central Kendari and provide spatial evidence that can support
environmentally sensitive urban and regional planning. In this context, remote sensing is not positioned
merely as a technical instrument for producing land-cover maps, but as an analytical means of
understanding how urban growth reshapes the relationship between human activities, land resources,
and environmental sustainability.

MATERIALS AND METHODS

This study was conducted in Central Kendari District, Kendari City, Southeast Sulawesi Province,
Indonesia. The study area is situated along Kendari Bay and represents an urban coastal environment
characterized by residential development, commercial activities, public facilities, transportation
infrastructure, and other supporting urban functions. The spatial setting of the district provides an
appropriate context for examining urban land transformation because increasing development pressure
may result in the conversion of vegetated and open surfaces into built-up areas. The analysis was
designed to examine the dynamics of built-up area expansion during the 2019-2024 period by
comparing the spatial distribution of built-up surfaces between the two observation years. The
methodological framework combined multitemporal satellite imagery, spectral indices, spatial masking,
and overlay analysis to identify and quantify changes in the built-up landscape. The primary data used
in this study were Sentinel-2 Surface Reflectance imagery accessed and processed through the Google
Earth Engine (GEE) cloud computing platform. Sentinel-2 imagery was selected because of its
multispectral characteristics and spatial resolution, which are appropriate for detailed land-cover
analysis in urban environments. The use of Surface Reflectance products also provides an important
advantage for multitemporal analysis because the imagery has undergone atmospheric correction,
resulting in surface reflectance values that are more appropriate for comparisons across different
observation dates. The use of a consistent satellite data product for the two observation years was
intended to reduce potential differences arising from variations in data processing. Google Earth Engine
was utilized as the computational environment because it provides access to extensive satellite image
collections and facilitates large-scale geospatial processing without requiring all imagery to be
downloaded and processed locally. The platform has been widely recognized as an effective
environment for planetary-scale analysis of remotely sensed and geospatial data (Gorelick et al., 2017).
This capability is particularly useful for multitemporal urban analysis because image filtering, spectral-
index calculation, masking, compositing, and spatial analysis can be implemented within a consistent
computational workflow.

The image preprocessing stage was undertaken before the spectral indices and built-up area maps
were generated. Sentinel-2 imagery corresponding to the 2019 and 2024 observation periods was first
filtered according to the spatial extent of Central Kendari District and the availability of imagery with
relatively low cloud contamination. The selection of images with minimal cloud cover was important
because clouds and their associated shadows can substantially influence spectral reflectance and
consequently affect the calculation of spectral indices. Following image selection, the imagery was
clipped to the administrative boundary of Central Kendari District so that subsequent calculations were
restricted to the study area. The use of Sentinel-2 Surface Reflectance imagery further reduced the
influence of atmospheric scattering and absorption, thereby improving the consistency of spectral
information used for the comparison between 2019 and 2024. These preprocessing procedures
established a standardized dataset before the calculation of NDBI, NDVI, and NDWI. Built-up areas
were subsequently extracted using the Normalized Difference Built-up Index (NDBI). NDBI is a
spectral index developed to emphasize built-up surfaces based on their different reflectance
characteristics in the short-wave infrared (SWIR) and near-infrared (NIR) portions of the
electromagnetic spectrum. Zha et al. (2003) demonstrated the usefulness of NDBI for automatically
mapping urban areas and showed that the index could provide an efficient approach for distinguishing
built-up land from other land-cover types. In this study, NDBI was calculated using Sentinel-2 Band
11, representing SWIR at approximately 1,610 nm, and Band 8, representing NIR at approximately 842
nm. The NDBI calculation follows the general formulation:

SWIR — NIR

NDBl = —+——
SWIR + NIR
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The resulting NDBI values were interpreted according to the relative spectral response of the land
surface. Higher positive values generally indicate a stronger spectral response associated with built-up
or impervious surfaces, whereas lower or negative values are more commonly associated with
vegetation and water. Nevertheless, NDBI values should be interpreted as an indicator of built-up
characteristics rather than as an absolute classification of urban land because exposed soil and other
spectrally similar surfaces may also generate relatively high NDBI responses. For this reason, the NDBI
analysis was integrated with vegetation and water indices to improve the separation of built-up surfaces
from other land-cover types.

Vegetation conditions were characterized using the Normalized Difference Vegetation Index
(NDVI). NDVI exploits the contrast between the strong absorption of red wavelengths by chlorophyll
and the relatively high reflectance of healthy vegetation in the near-infrared region. In this study,
Sentinel-2 Band 8 was used as the NIR band and Band 4 as the red band. The NDVI was calculated
using the following equation:

NIR — RED

NDVI =GR T RED

Higher NDVI values generally represent surfaces with greater vegetation density and stronger
vegetation activity, whereas lower values may correspond to built-up surfaces, bare land, exposed soil,
or water. The inclusion of NDVI in the analytical workflow was important because vegetation
represents one of the major land-cover components that may be affected by urban expansion. Areas
exhibiting high NDBI values but relatively low NDVI values can therefore provide stronger indications
of built-up surfaces than NDBI alone. Conversely, areas characterized by high NDVI values can be
distinguished as vegetation-dominated surfaces and subsequently examined in relation to changes in the
built-up landscape.

Because Central Kendari is located along Kendari Bay, water bodies were explicitly excluded from
the built-up area analysis. This step was necessary because water surfaces may produce spectral
responses that overlap with other low-reflectance land-cover types and may potentially interfere with
the interpretation of urban land. Open water was identified using the Normalized Difference Water
Index (NDWI), which in this study was calculated using the Green and NIR bands following the
formulation proposed by McFeeters (1996). The NDWI developed by McFeeters was specifically
designed to enhance open-water features in remotely sensed imagery by exploiting the contrast between
green and near-infrared reflectance. The formulation applied in this study was:

GREEN — NIR
GREEN + NIR

Pixels exhibiting positive NDWI values were interpreted as potential water surfaces and were
subsequently used as a water mask. The application of this mask allowed the analysis to exclude the
waters of Kendari Bay and other water features from the terrestrial built-up area extraction. This
procedure was particularly important for a coastal study area because it reduced the possibility of water
pixels being incorrectly incorporated into the built-up classification. It should be noted that the NDWI
formulation used here differs from the vegetation-water-content index proposed by Gao (1996); the
present study adopts the McFeeters formulation because the analytical objective is the delineation of
open water features. The integration of NDBI, NDVI, and NDWI was then used to establish a more
robust representation of built-up surfaces. NDBI served as the primary indicator of built-up spectral
characteristics, NDVI provided information on vegetation distribution, and NDWI was applied to
exclude water surfaces from the analysis. This integrated approach was intended to minimize potential
confusion among built-up areas, vegetation, bare land, and water. Rather than interpreting a single
spectral index independently, the spatial relationship among the three indices was considered in
identifying terrestrial surfaces with characteristics consistent with built-up land. This approach is
particularly relevant in heterogeneous coastal urban environments such as Central Kendari, where
buildings and infrastructure may occur in close proximity to vegetation, exposed land, drainage
channels, and coastal water bodies.

NDWI =

Page | 50


https://ejournalfish.unima.ac.id/index.php/georhexis/

— Vol X No X Month Year
"d Georhexis SR
DOI: 10.XXXXXXXXXX

Journal of Environmental, Disaster and Geospatial Studies https://ejournalfish.unima.ac.id/index.php/georhexis

After the built-up area maps for 2019 and 2024 were generated, spatial overlay analysis was
conducted to identify changes in the distribution of built-up surfaces. The built-up maps from the two
observation years were spatially compared to determine areas that remained continuously built-up, areas
that emerged as new built-up surfaces, and areas that did not exhibit built-up characteristics during the
respective observation periods. The overlay process also facilitated the examination of the spatial
direction and pattern of urban expansion. In this context, urban expansion was interpreted not simply
as an increase in the total amount of built-up land but as a spatial process involving the emergence and
distribution of newly developed areas throughout Central Kendari District. This distinction is important
because two areas may experience similar increases in built-up area but exhibit substantially different
spatial patterns of development.

The percentage change in built-up area between 2019 and 2024 was calculated using the difference
between the built-up area in the two observation years relative to the 2019 baseline. The calculation
was expressed as:

A2024 - A2019

Percentage Change = X 100%

A2019

This formulation provides a standardized measure of the relative increase or decrease in built-up land
during the observation period and enables the magnitude of urban expansion to be expressed
independently of the absolute size of the study area.

RESULTS AND DISCUSSION

The analysis of land use dynamics in Central Kendari District between 2019 and 2024 demonstrates
a gradual but spatially meaningful expansion of built-up areas. The results derived from Sentinel-2
imagery, NDBI analysis, NDVI interpretation, water masking, and spatial overlay provide evidence that
urban development in the study area was not evenly distributed but followed particular spatial patterns
associated with existing urban structures, transportation accessibility, and activity centers. This finding
reinforces the importance of satellite-based observation for understanding urban growth because
remotely sensed imagery enables changes in land cover to be observed consistently across space and
over different periods. Remote sensing has long been recognized as an effective approach for
monitoring urban land transformation because urban surfaces possess distinctive spectral characteristics

LEGENDA SPASIAL
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Ekspansi Urban 2019-2024

Figure 1. Sentinel-2 Imagery of Kendari City in 2024
The 2024 natural color composite presented in Figure 1 provides an initial visual representation of

the physical landscape of Kendari City. The built-up environment is generally represented by grayish
to brownish tones, vegetation by green tones, and Kendari Bay by dark blue to black tones. The visual
differentiation between these land-cover components provides an important basis for interpreting the
subsequent spectral-index results. In an urban environment, however, visual interpretation alone is

insufficient because buildings, bare soil, roads, vegetation, and water can occur in highly fragmented
patterns. Sentinel-2 is particularly useful in this context because its combination of relatively fine spatial
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resolution, multispectral information, and frequent revisit capability provides opportunities for detailed
urban land-cover analysis (Xu et al., 2022). Nevertheless, Sentinel-2 imagery also has limitations in
highly heterogeneous urban environments because individual pixels may contain mixtures of several
land-cover types. This mixed-pixel problem can influence the separation of buildings, roads, bare land,
and vegetation, meaning that spectral indices should ideally be interpreted together rather than
independently (Xu et al., 2022).

o,

)
N
grats
x

Figure 2. NDBI Map: (a) 2019; (b) 2024

The NDBI results in Figure 2(a) indicate that built-up surfaces in 2019 were concentrated mainly
within the established urban area. Positive NDBI values were predominantly distributed around the
urban core and along major transportation corridors. This pattern is consistent with the fundamental
characteristics of the NDBI, which was originally developed to distinguish built-up surfaces based on
the spectral contrast between near-infrared and short-wave infrared wavelengths. Zha et al. (2003)
demonstrated that NDBI can provide an efficient means of automatically extracting urban land from
satellite imagery and can serve as an alternative to more complex conventional classification
approaches. The concentration of positive NDBI values in the central part of Kendari therefore provides
a reasonable spectral indication of the established urban structure at the beginning of the observation
period. The 2024 NDBI map in Figure 2(b) shows a broader distribution of positive values compared
with the 2019 condition. The expansion of high NDBI values toward peripheral residential areas and
along transportation networks indicates that urban development continued to extend beyond the
previously established urban core. The pattern suggests that the transformation was not merely an
increase in building density within existing settlements but also involved the spatial extension of built-
up land into previously non-built-up areas. Similar patterns have been documented in studies using
multitemporal remote sensing, where urban expansion is reflected by the outward extension of built-up
surfaces and the progressive transformation of surrounding land-cover classes (Varshney, 2013). In this
regard, the difference between the 2019 and 2024 NDBI distributions provides important evidence that
Central Kendari experienced a continuing process of urban spatial expansion.

LEGENDA SPASIAL

(b)

Figure 3. Built Up Area: (a) 2019; (b) 2024

At the quantitative level, the classified built-up area increased from 1,391.99 ha in 2019 to 1,437.25
ha in 2024. This represents a net increase of 45.25 ha, equivalent to approximately 3.25% over the five-
year observation period. Although the magnitude of change appears moderate when expressed as a
percentage, its spatial distribution is important because land conversion does not occur uniformly
throughout the study area. A relatively small net increase can nevertheless generate substantial spatial
consequences when concentrated in environmentally sensitive or strategically important locations.
Studies of urban land change have similarly emphasized that the interpretation of urban expansion
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should consider not only the total amount of land converted but also its spatial configuration, location,
and relationship with existing urban infrastructure (Lin et al., 2020).

LEGENDA SPASIAL
Terbangun 2019
o Terbangun 2024

Ekspansi Urban 2019-2024

Figure 4. UrbﬁlE}(f)ansion Mép (019—2024)

The spatial overlay presented in Figure 4 provides a more detailed interpretation of this expansion.
Newly developed built-up areas were particularly visible in the eastern and southern parts of the study
area and in several locations surrounding Kendari Bay. The concentration of expansion around
transportation corridors suggests that accessibility has played an important role in determining the
direction of urban growth. Areas connected to established roads and urban activity centers generally
offer better access to employment, commerce, public services, and transportation, thereby increasing
their attractiveness for residential and commercial development. This interpretation is consistent with
contemporary urban land-change studies, which identify accessibility and infrastructure as important
spatial factors in determining patterns of urban expansion. The integration of geospatial analysis and
cloud-based processing has increasingly been used to identify these spatial trajectories and provide
evidence for urban planning (Zhang et al., 2025). The observed pattern also indicates that Central
Kendari does not exhibit a purely random form of urban expansion. Instead, development appears to
follow existing spatial structures and transportation networks, producing a form of corridor-oriented or
accessibility-driven expansion. This is important because transportation infrastructure can act not only
as a response to urban growth but also as a factor that stimulates further land development. Once an
area obtains improved accessibility, the surrounding land tends to become more attractive for
residential, commercial, and service functions. Consequently, road development and urban expansion
can create a mutually reinforcing process in which infrastructure facilitates land conversion, while
increasing settlement density subsequently generates additional infrastructure demand. The spatial
identification of these processes through satellite imagery is consistent with the growing use of
geospatial approaches to investigate urban growth trajectories and land-use transformation (Yang,
2021).

The NDBI findings become more meaningful when interpreted together with NDVI. Several
locations showing an increase in NDBI values were accompanied by reductions in NDVI values. This
spatial relationship indicates that part of the increase in built-up surfaces was associated with the
transformation of vegetated land. NDVI has long been used to represent vegetation density and
condition because healthy vegetation strongly reflects near-infrared radiation while absorbing red
wavelengths. In the context of urban land-change analysis, the simultaneous use of NDBI and NDVI
allows built-up expansion to be interpreted not simply as the appearance of buildings but as a process
involving changes in the balance between constructed and vegetated surfaces. Xu et al. (2008), for
example, demonstrated the value of combining built-up, vegetation, and water-related indices to
improve the discrimination of urban land from other surface components. The observed inverse
tendency between NDBI and NDVI is particularly relevant in areas where residential development and
urban facilities are expanding. As vegetation is removed and replaced by buildings, roads, parking areas,
and other impervious surfaces, the spectral response of the landscape shifts toward characteristics
associated with built-up land. Similar relationships between urban land expansion and vegetation
reduction have been documented in numerous remote-sensing studies. Jiang et al. (2015), for instance,
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found that urbanization-associated land-cover change modifies vegetation cover, surface moisture, and
other biophysical characteristics. Thus, the changes observed in Central Kendari can be understood as
part of a broader urban transformation process in which the expansion of impervious surfaces occurs
simultaneously with the modification of vegetated land. The use of NDWI as a water mask further
improves the interpretation of the NDBI results. Kendari Bay occupies an important portion of the
landscape surrounding the study area, and water surfaces may produce spectral responses that interfere
with built-up land extraction. The application of NDWI makes it possible to identify and exclude water
pixels before interpreting built-up surfaces. This is particularly important because water bodies,
shadows, and some dark urban materials can exhibit similar spectral characteristics in optical satellite
imagery. Research using Sentinel-2 has shown that NDWI-based water extraction can improve the
separation of water bodies from other low-reflectance surfaces, although additional classification or
object-based procedures may sometimes be necessary in complex urban environments (Koutsias et al.,
2017). Therefore, the combination of NDBI, NDVI, and NDWI in the present study provides a more
coherent framework for interpreting urban land transformation than reliance on a single index.

Table 1. Built-up Area in Central Kendari District in 2019 and 2024

No. Category Area (ha)
1 Built-up area (2019) 1,391.99
2 Built-up area (2024) 1,437.25
3 Net increase in built-up area 45.25
4  Percentage increase 3.25%

The findings also have important implications for the environmental condition of Central Kendari.
The increase of 45.25 ha in built-up land indicates that urban development has resulted in the occupation
of additional land surfaces that were previously classified as non-built-up. Where this expansion occurs
at the expense of vegetation, the transformation can alter the hydrological characteristics of the urban
landscape. Built surfaces such as roofs, roads, and paved areas generally have lower infiltration capacity
than vegetated or permeable surfaces. Consequently, the conversion of vegetated land into impervious
surfaces can increase surface runoff and reduce infiltration. Shrestha et al. (2021), in their study of
Xiamen, demonstrated that urbanization and the associated increase in impervious surfaces significantly
influenced surface runoff and altered urban hydrological processes. Similar findings have been reported
in Khulna, where increases in impervious urban areas were associated with higher surface runoff, while
vegetation cover declined during the same period (Das et al., 2022). This relationship is particularly
relevant to Central Kendari because the study area is directly connected to Kendari Bay. Urban
expansion in coastal or bay-side environments requires greater attention than expansion in less
environmentally sensitive areas because changes in land cover can influence runoff pathways, sediment
transport, drainage systems, and the quality of water entering coastal environments. The spatial
proximity between newly developed built-up areas and Kendari Bay therefore deserves particular
attention in future planning. The present study does not directly measure runoff, sedimentation, or water
quality, and consequently it would be inappropriate to conclude that the observed 45.25 ha increase has
already produced a measurable deterioration of the bay ecosystem. Nevertheless, the spatial pattern
provides an early indication of areas where land conversion could potentially generate environmental
pressure.

The ecological implications become clearer when the findings are considered in relation to previous
research on urbanization and hydrological change. Carlson and Arthur (2000) demonstrated that
urbanization modifies vegetation cover, surface moisture, imperviousness, and runoff characteristics,
illustrating the capacity of remote sensing to reveal these interconnected processes. More recent
research has similarly shown that the replacement of natural or vegetated surfaces by impervious urban
land can modify infiltration and increase runoff responses. Ongaga et al. (2024), for example, found
that urbanization alters natural landscapes through the replacement of vegetated surfaces with
impervious areas, thereby reducing infiltration and increasing runoff. These studies strengthen the
interpretation that the observed NDBI increase and NDVI reduction in Central Kendari should be
viewed not merely as cartographic changes but as indicators of a broader transformation of urban
environmental processes. The relatively moderate 3.25% increase in built-up area should therefore not
be interpreted as evidence that urban pressure is insignificant. The spatial arrangement of the 45.25 ha
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increase is more important from a planning perspective than the percentage alone. If expansion occurs
through compact development within already urbanized areas, the environmental consequences may
differ from those generated by dispersed expansion into vegetated or environmentally sensitive land.
Conversely, peripheral development that fragments remaining vegetation may create a cumulative
ecological impact even when the total converted area is relatively small. Research on urban land-cover
mapping emphasizes the importance of spatial resolution and spatial configuration because urban
environments are characterized by fragmented land-cover patterns and mixed pixels (Xu et al., 2022).

The findings also demonstrate the usefulness of Google Earth Engine for monitoring urban
development. Processing Sentinel-2 imagery through GEE enables multitemporal analysis to be
conducted without requiring extensive local data storage or conventional image-processing
infrastructure. This advantage is particularly relevant for studies that need to compare multiple
observation periods and spatial indices. Lin et al. (2020) demonstrated the usefulness of GEE for
monitoring land-cover change in rapidly urbanizing environments, while Yang (2021) emphasized that
cloud-based remote sensing platforms have expanded the capacity to investigate urban extent,
urbanization, ecosystem characteristics, and accessibility at large spatial and temporal scales. Recent
studies have further demonstrated that GEE can support large-scale spatiotemporal urban analysis and
the integration of multiple remote-sensing datasets for urban growth assessment (Zhang et al., 2025).
The methodological combination used in this study is also supported by research demonstrating that
NDBI should not be interpreted as an independent and universally definitive indicator of built-up land.
He et al. (2010) noted that conventional NDBI can have limitations, particularly because bare soil and
some non-built surfaces may generate spectral responses similar to urban surfaces. Their improved
approach demonstrated that additional segmentation and contextual information can reduce
classification errors. Bhatti and Tripathi (2014) similarly confirmed the usefulness of NDBI for built-
up area extraction while demonstrating the importance of appropriate image processing and
classification strategies. These observations are important for the interpretation of the present results
because the 1,391.99 ha and 1,437.25 ha estimates should be understood as results of spectral-based
extraction rather than absolute representations of every individual building footprint.

Accordingly, the observed expansion should be interpreted primarily as a change in the spectral and
spatial extent of built-up land. The method is highly effective for identifying broad patterns of urban
transformation, but it may be less capable of distinguishing specific urban land uses such as residential,
commercial, industrial, and institutional areas without additional classification procedures. This
limitation is consistent with findings from Sentinel-2 urban mapping studies, which show that although
the sensor provides valuable spatial and spectral information, heterogeneous urban landscapes can still
generate classification ambiguity because different materials may share similar spectral characteristics
(Xu et al., 2022). Future research could therefore integrate supervised classification, object-based
analysis, building-footprint data, or very-high-resolution imagery to distinguish the functional
characteristics of newly developed areas. From a planning perspective, the results provide an important
spatial basis for controlling the future direction of urban expansion in Central Kendari. The
concentration of new development around transportation corridors and the areas surrounding Kendari
Bay suggests that these locations should receive particular attention in spatial planning. Urban
development should not only consider the availability of land for construction but also the ecological
functions of remaining vegetation and open spaces. Maintaining vegetation patches and integrating
green infrastructure into expanding urban areas can help reduce some of the hydrological consequences
associated with increasing impervious surfaces. Shrestha et al. (2021) specifically identified green
infrastructure and nature-based approaches as potential strategies for mitigating runoff associated with
rapid urbanization.

Overall, the results demonstrate that Central Kendari experienced continuous and spatially
structured urban expansion between 2019 and 2024. The increase from 1,391.99 ha to 1,437.25 ha, or
45.25 ha (3.25%), indicates a measurable growth of built-up land. More importantly, the overlay
analysis shows that the expansion was concentrated in areas with strong accessibility and around
existing urban activity centers, including locations adjacent to Kendari Bay. The corresponding increase
in NDBI and reduction in NDVI in several locations indicate that part of the expansion involved the
conversion of vegetated surfaces into built-up land. These findings are consistent with broader evidence
that urbanization transforms land-cover composition and can subsequently influence hydrological and
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ecological processes (Carlson & Arthur, 2000; Shrestha et al., 2021; Ongaga et al., 2024). Therefore,
the spatial expansion identified in this study should be considered not merely as an indicator of physical
urban growth but also as an important signal for sustainable land management in a coastal urban
environment.

CONCLUSION

Urban development in Central Kendari District during 2019-2024 was characterized by a gradual
expansion of built-up areas. The analysis using Sentinel-2 imagery, NDBI, NDVI, NDWI, and spatial
overlay showed that built-up land increased from 1,391.99 ha in 2019 to 1,437.25 ha in 2024,
representing a net increase of 45.25 ha (3.25%). The expansion was mainly concentrated along major
transportation corridors, urban activity centers, and areas surrounding Kendari Bay. The increase in
NDBI accompanied by declining NDVI in several locations indicates the conversion of vegetated land
into built-up surfaces. These changes may contribute to reduced vegetation cover and increased
environmental pressure, particularly in coastal areas. The findings demonstrate that Sentinel-2 and
Google Earth Engine provide an effective approach for monitoring urban land-use dynamics and can
support sustainable spatial planning in Central Kendari.

REFERENCES

Bhatti, S. S., & Tripathi, N. K. (2014). Built-up area extraction using Landsat 8 OLI imagery. GIScience
& Remote Sensing, 51(5), 445-467. https://doi.org/10.1080/15481603.2014.939539

Carlson, T. N., & Arthur, S. T. (2000). The impact of land use—Iland cover changes due to urbanization
on surface microclimate and hydrology: A satellite perspective. Global and Planetary Change,
25(1-2), 49-65. https://doi.org/10.1016/S0921-8181(00)00021-7

Drusch, M., Del Bello, U., Carlier, S., Colin, O., Fernandez, V., Gascon, F., Hoersch, B., Isola, C.,
Laberinti, P., Martimort, P., Meygret, A., Spoto, F., Sy, O., Marchese, F., & Bargellini, P. (2012).
Sentinel-2: ESA's optical high-resolution mission for GMES operational services. Remote
Sensing of Environment, 120, 25-36. https://doi.org/10.1016/j.rse.2011.11.026

Gorelick, N., Hancher, M., Dixon, M., llyushchenko, S., Thau, D., & Moore, R. (2017). Google Earth
Engine: Planetary-scale geospatial analysis for everyone. Remote Sensing of Environment, 202,
18-27. https://doi.org/10.1016/j.rse.2017.06.031

He, C., Shi, P., Xie, D., & Zhao, Y. (2010). Improving the normalized difference built-up index to map
urban built-up areas using a semiautomatic segmentation approach. Remote Sensing Letters, 1(4),
213-221. https://doi.org/10.1080/01431161.2010.481681

Jiang, Y., Fu, P., & Weng, Q. (2015). Assessing the impacts of urbanization-associated land use/cover
change on land surface temperature and surface moisture. Remote Sensing, 7(4), 4880—4898.
https://doi.org/10.3390/rs70404880

Koutsias, N., Karteris, M., & others. (2017). Object-based water body extraction model using Sentinel-
2 satellite imagery. International Journal of Remote Sensing.
https://doi.org/10.1080/22797254.2017.1297540

Lin, L., Hao, Z., Post, C. J., Mikhailova, E. A., Yu, K., Yang, L., & Liu, J. (2020). Monitoring land
cover change on a rapidly urbanizing island using Google Earth Engine. Applied Sciences,
10(20), 7336. https://doi.org/10.3390/app10207336

McFeeters, S. K. (1996). The use of the Normalized Difference Water Index (NDWI) in the delineation
of open water features. International Journal of Remote Sensing, 17(7), 1425-1432.
https://doi.org/10.1080/01431169608948714

Ongaga, C. O., Makokha, M., Obiero, K., Kipkemoi, 1., & Diang’a, J. (2024). Urbanization and
hydrological dynamics: A 22-year assessment of impervious surface changes and runoff in an
urban watershed. Frontiers in Water, 6. https://doi.org/10.3389/frwa.2024.1455763

Rouse, J. W., Haas, R. H., Schell, J. A., & Deering, D. W. (1974). Monitoring vegetation systems in
the Great Plains with ERTS. In Proceedings of the Third Earth Resources Technology Satellite-
1 Symposium (Vol. 1, pp. 309-317). NASA.

Page | 56


https://ejournalfish.unima.ac.id/index.php/georhexis/
https://doi.org/10.1080/15481603.2014.939539
https://doi.org/10.1016/S0921-8181(00)00021-7
https://doi.org/10.1016/j.rse.2011.11.026?utm_source=chatgpt.com
https://doi.org/10.1016/j.rse.2017.06.031?utm_source=chatgpt.com
https://doi.org/10.1080/01431161.2010.481681
https://doi.org/10.3390/rs70404880
https://doi.org/10.1080/22797254.2017.1297540?utm_source=chatgpt.com
https://doi.org/10.1080/01431169608948714
https://doi.org/10.3389/frwa.2024.1455763

— Vol X No X Month Year
"d Georhexis SR
DOI: 10.XXXXXXXXXX

Journal of Environmental, Disaster and Begspatia[ Studies https://ejournalfish.unima.ac.id/index.php/georhexis

Shrestha, S., Cui, S., Xu, L., Wang, L., Manandhar, B., & Ding, S. (2021). Impact of land use change
due to urbanisation on surface runoff using GIS-based SCS-CN method: A case study of Xiamen
City, China. Land, 10(8), 839. https://doi.org/10.3390/land 10080839

Varshney, A. (2013). Improved NDBI differencing algorithm for built-up regions change detection
from remote-sensing data: An automated approach. Remote Sensing Letters, 4(5), 504-512.
https://doi.org/10.1080/2150704X.2013.763297

Xu, F., Heremans, S., & Somers, B. (2022). Urban land cover mapping with Sentinel-2: A spectro-
spatio-temporal analysis. Urban Informatics, 1, 8. https://doi.org/10.1007/s44212-022-00008-y

Xu, H. (2008). A new index for delineating built-up land features in satellite imagery. International
Journal of Remote Sensing, 29(14), 4269-4276. https://doi.org/10.1080/01431160802039957

Yang, X. (2021). Google Earth Engine advancing urban land change science. In Urban Remote Sensing.
Wiley. https://doi.org/10.1002/9781119625865.ch9

Zha, Y., Gao, J., & Ni, S. (2003). Use of normalized difference built-up index in automatically mapping
urban areas from TM imagery. International Journal of Remote Sensing, 24(3), 583-594.
https://doi.org/10.1080/01431160304987

Zhang, A., Tarig, A., Quddoos, A., Naz, 1., Aslam, R. W., Barboza, E., Ullah, S., & Abdullah-Al-
Wadud, M. (2025). Spatio-temporal analysis of urban expansion and land use dynamics using
Google Earth Engine and predictive models. Scientific Reports, 15, 6993.
https://doi.org/10.1038/s41598-025-92034-4

Zhang, T., Su, J., Xu, Z., Luo, Y., & Li, J. (2021). Sentinel-2 satellite imagery for urban land cover
classification by optimized random forest classifier. Applied Sciences, 11(2), 543.
https://doi.org/10.3390/app11020543

Page | 57


https://ejournalfish.unima.ac.id/index.php/georhexis/
https://doi.org/10.3390/land10080839
https://doi.org/10.1080/2150704X.2013.763297
https://doi.org/10.1007/s44212-022-00008-y
https://doi.org/10.1002/9781119625865.ch9
https://doi.org/10.1080/01431160304987
https://doi.org/10.1038/s41598-025-92034-4
https://doi.org/10.3390/app11020543

