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Abstract: Here, we assess land use/land cover (LULC) transitions over the last 30 years in Jakarta,
Indonesia. Land cover maps were prepared for 1990, 1995, 2000, 2005, 2010, 2015, and 2020 using
seven categories of Landsat satellite image: bare land, built-up, cropland, green area, mangrove,
water body, and pond. LULC changes were assessed through intensity analyses at the interval and
transition levels. LULC changes were initially rapid (1990–1995) and then more gradual (1995–2000,
2000–2005, and 2005–2010). Unlike in previous intervals, annual changes were uniformly distributed
over time in 2010–2015 and 2015–2020. Driven by high population and economic growth, built-up
land was identified as an active gainer in all intervals except 2010–2015. Alongside built-up areas,
cropland was the main supplier of other categories, including bare land, pond, built-up, and green
areas. The largest transition area occurred in pond and green areas during 2005–2010 and in built-up
land during 2015–2020. High demand for built-up land was observed in land changes driven by
high population growth triggered by economic necessity. Economic and population growth exhibited
a positive correlation (R2 = 0.78, t = 9.996). This study elucidates spatiotemporal LULC transition
patterns over 30 years in a rapidly growing city.

Keywords: land use; land cover; intensity analysis; transition; Jakarta

1. Introduction

Changes in land use and land cover (LULC) have significant effects on the biophysical,
ecological, political, and social spheres [1,2]. Moreover, interactions between economic,
population, and environmental elements accelerate LULC processes on the local to global
scale. In recent years, population and economic growth has prompted remarkable urban
development and the growth of metropolitan cities worldwide [3,4]. The consequences of
this development include reduced ecosystem support, increased flood frequency, a decline
in biodiversity, the deterioration of water quality, and the disappearance of suburban
farmlands and green spaces in metropolitan cities [5,6]. Hence, urban growth is widely
acknowledged as a significant catalyst for environmental and ecological transformation
within terrestrial ecosystems [7]. Therefore, it is important to find solutions to these
problems within the constraints of urban environments, which are characterized by limited
land and high population density. Understanding the temporal and spatial characteristics
of LULC transitions is a crucial first step.

Analyzing the spatial distribution of LULC often entails defining the processes of
change, quantifying the pattern of change, and disclosing land transitions [1,8]. Previous
research has typically combined quantitative and qualitative data to explain the changes
in terms of explanatory factors, such as proximity to public services, thereby linking the
detected patterns with their causes [9–12]. Moreover, in-depth analyses of urbanization
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processes can elucidate LULC changes and improve LULC monitoring [13,14]. Assess-
ments of LULC changes aim to reveal the magnitude, trajectory, causative factors, and
consequences of such changes, spanning local to global scales, and provide valuable data
for land use management and the sustainable development of metropolitan areas [15,16].
To understand the dynamics of LULC changes in metropolitan areas, specific methods
are required, such as geographic information systems (GISs) and remote sensing, which
can effectively and accurately illustrate LULC changes and therefore help governments
manage and anticipate the effects of certain policies. Thus, GISs and remote sensing are
widely implemented economical tools for monitoring the spatial and temporal dynamics of
LULC changes on a global scale [17–19].

Intensity analysis is commonly used to elucidate LULC change processes, as matrix
change tables alone are inadequate for a thorough understanding [20]. Intensity analysis
quantifies the distribution of land use categories across specific time intervals using a tran-
sition matrix [1,21,22], which provides the major factors and causes of LULC changes [23].
This method, created by Clark University, analyzes changes in land use according to dif-
ferent categories, at interval, category, and transition levels, and determines the intensity
of LULC changes in relation to uniform intensity values [21]. To date, intensity analysis
has been used to investigate the specific dominant change in LULC from 1986 to 2022
around a moist semideciduous forest in Ghana [24], the significance of transitions among
major LULC classes from 2002 to 2022 in Bosomtwe District, Ashanti Region, Ghana [25],
and LULC in the coastal zone of Benin, West Africa, to improve management following
ecosystem loss and fragmentation from 1991 to 2021 [26]. Moreover, Huang et al. compared
the performances of intensity analysis and a land use dynamic degree model in evaluating
land use changes in the coastal zone of Longhai, Southeast China [27]. They found that
intensity analysis helps to elucidate the transition patterns and magnitude of changes
within each land use category.

Research into the factors responsible for LULC changes often focuses on the correlation
between population growth, economic growth, and land usage, highlighting their strong
interactions and substantial consequences [28]. Statistical correlation analysis can provide
an overview of the relationship between two variables. For example, Zhang et al. investi-
gated the spatial heterogeneity of factors influencing built-up land development intensity
in China from 2006 to 2016 through statistical correlation analysis [29]. Azhdari et al. inves-
tigated the relationship between socioeconomic segregation and the spatial driving forces
of expansion using statistical regression in Shiraz, Iran [30]. Furthermore, Su et al. used
statistical correlations to quantify changes in agricultural landscape patterns in response to
urbanization and population growth in the Qiantang River watershed, China [31].

As the capital city of Indonesia, Jakarta has experienced significant population and
economic growth, resulting in a substantial expansion of urban areas and corresponding
land use changes in recent decades [32–34]. Between 1972 and 2023, the urban area of
Jakarta grew by a factor of more than 200, and the city’s population exhibited an average
annual growth rate of 2.21%, increasing from 2.7 million in 1960 to 10.5 million in 2022 [35].
The escalating population density, coupled with urbanization pressure and a significant
economic value attributed to urbanized land, exerts continuous pressure on LULC. Thus,
LULC identification and assessment are particularly significant for revealing the patterns of
LULC changes in Jakarta and can provide novel perspectives on the transitional elements
that characterize land use change in metropolitan cities.

Several studies have examined the roots and impacts of LULC. However, one as-
pect that remains unexplored is elucidating transition patterns and the extent of change,
particularly in urban areas experiencing population growth due to economic expansion.

In this study, we used intensity analysis to quantify LULC changes over a 30-year
period of significantly increased growth (1990–2020) in Jakarta, Indonesia. The quantitative
framework of intensity analysis indicates changes at three different levels of detail: interval,
category, and transition levels [1,36,37]. However, in this research, we focused on only
two parts of the intensity analysis: (1) interval levels to identify the annual changes in LULC
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and (2) the transition patterns of LULC changes to identify the magnitude of changes and
the LULC categories that were targeted and avoided. Specifically, we aimed to (1) identify
the LULC change interval in Jakarta during 1990–2020, (2) assess LULC transition patterns
in Jakarta during the same period, and (3) identify the driving forces of recent LULC
changes in Jakarta.

2. Materials and Methods
2.1. Study Area

Jakarta Special Province is situated within Java Island, between the West Java Province
and Banten Province, spanning from 106.059′00′′ E to 107.009′00′′ E in longitude and
5.009′26′′ S to 6.038′03′′ S in latitude. The land area is approximately 664.01 km2, and the
population is more than 10.5 million. Geographically, the entire Jakarta region is situated
between 8 m and 91 m above sea level, with an average air temperature of 25–38 ◦C [35].
Jakarta Special Province comprises six cities and regencies: East Jakarta, North Jakarta,
West Jakarta, South Jakarta, Central Jakarta, and Kepulauan Seribu (Figure 1).
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Figure 1. Maps showing the study area of Jakarta Special Province, Indonesia.

2.2. Data Collection and Processing

Data collection was performed using Landsat imagery at a resolution of 30 m × 30 m.
For the data gathering phase, we selected and acquired Landsat images from the United
States Geological Survey archive and generated them using the Google Earth Engine (GEE),
a widely utilized cloud computing platform that encompasses an extensive collection of
satellite imagery and geospatial datasets amounting to many petabytes [38]. Internet access
to the archived Landsat data is facilitated by the GEE platform, where it is available as a
collection maintained by the United States Geological Survey [39]. The JavaScript API of
the GEE was used at all stages of pre-classification, classification, and post-classification.
We uploaded the Jakarta Administration Shapefile to the assets in the GEE to specify the
area of interest. Upon importing the area of interest, we applied the shapefile to the GEE
window to clip Jakarta’s administrative area. We then selected Landsat 5 Thematic Mapper
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(TM) imagery for 1990, 1995, and 2000. Landsat 7 Enhanced TM Plus was used to collect
data for 2005 and 2010, while Landsat 8 Operational Land Imager (OLI) and Thermal
Infrared Sensor (TIRS) data were used for 2015 and 2020 (Table 1).

Table 1. List of Landsat imagery used in this study.

No Satellite Sensors Path/Row Date

1 Landsat 5 Thematic Mapper (TM) 122/064 11 September 1990
2 Landsat 5 Thematic Mapper (TM) 122/064 24 August 1995
3 Landsat 5 Thematic Mapper (TM) 122/064 8 October 2000
4 Landsat 7 Enhanced Thematic Mapper Plus (ETM+) 122/064 10 July 2005
5 Landsat 7 Enhanced Thematic Mapper Plus (ETM+) 122/064 22 June 2010
6 Landsat 8 Operational Land Imager (OLI) 122/064 31 August 2015
7 Landsat 8 Operational Land Imager (OLI) 122/064 15 October 2020

Image filtering was conducted in the GEE to eliminate images with excessive cloud
cover and shadows [40]. The filtering area was categorized into segments using the mul-
tiresolution segmentation method, which employs the normalized difference vegetation
index and normalized difference built-up index [41]; the former was used to quantify
vegetation density and is valuable for identifying bare land, cropland, green, mangrove,
waterbody, and pond areas, and the latter was employed to ascertain the extent of urban-
ization and built-up areas. In the GEE software, image interpretation is achieved through
supervised classification techniques. Initially, the sampling area is established using the
object appearance in the image before the interpretation procedure is executed. In this
study, we initially identified seven LULC categories: bare land, built-up, cropland, green
area, mangrove, pond, and waterbody categories (Table 2). To quantify the data accuracy,
we established a confusion matrix in the GEE [42]. Then, after gathering the data for LULC
in the GEE, we downloaded the data to Google Drive to execute the visualization process
and produce the map of LULC with QGIS open source mapping software (version 3.28).
The complete process of this study is shown in Figure 2.

Table 2. List of LULC categories and descriptions.

No Category Description

1 Bare land Unutilized land, such as desolate areas, uncultivated grasslands,
marshes, sandy terrain, and unproductive land.

2 Built-up
Residential area, involving urban and rural areas, industry, all

types of roads, airports, surrounding enterprise areas, and typically
artificial environments.

3 Cropland Land for agriculture gardens and arable land for cultivating
various agricultural crops.

4 Green area Green spaces or other open spaces on the island not used as
agriculture areas.

5 Mangrove Mangroves, both natural and artificial.
6 Waterbody River, lakes, and inland lakes and rivers.
7 Pond Areas for fish/shrimp farming, located in coastal areas.
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2.3. Land Use Classification

The research area is deficient in historical data related to built-up construction, environ-
mental records, and commercial records, which otherwise could have been used to quantify
LULC changes over the past several decades. Therefore, we employed Landsat data with
multiple time points and varying resolutions. For satellite image classification, we used
a hybrid classification strategy that combines supervised and unsupervised classification
methods. Before the hybrid classification procedure, a conscious decision was made to
exclude the integration of radiometric augmentation with the images to avoid any possible
interference with spectral information, similar to previous studies [43–49].

Land use within the study area was categorized into seven classifications (Table 2):
(1) bare land; (2) built-up; (3) cropland; (4) green area; (5) mangrove; (6) water bodies; and
(7) pond. The categorization of non-river inland water bodies as aquaculture was accom-
plished using the spectral signature of saline water. It is important to acknowledge that all
photographs used in this study were obtained during the dry season, a period typically
characterized by the use of lowlands for paddy agriculture. Essentially, a Landsat image
does not show ponds or waterbodies differences. Nevertheless, in order to distinguish
between pond areas and waterbodies, we employed a supervised method that relies on
data from statistical agencies to furnish details regarding the position and structure of land
cover. Ponds exhibit a more uniform pattern in comparison to waterbodies, such as lakes or
reservoirs. Aquaculture is observed exclusively in regions characterized by the presence of
saline water, and are predominantly used for shrimp farming and not for paddy agriculture
during the dry season.

Consequently, the distinction between mangroves and green areas was determined
using a supervised approach, with the assistance of Google Earth. In addition, mangrove
formations are found in coastal regions, whereas green areas are predominantly concen-
trated on the mainland. In addition, the literature research has also focused on ascertaining
the geographical distribution of mangrove regions in Jakarta, utilizing sources such as data
from the Jakarta Environmental Agency. The thorough procedure of land use classification
is shown in Figure 3.
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2.4. LULC Identification

The maps were compared individually for each time interval: 1990–1995, 1995–2000,
2000–2005, 2005–2010, 2010–2015, and 2015–2020. Identification focused on determining a
post-classification approach. Cross tabulation was performed for each map pair. Aldwaik
and Pontius utilized intensity analysis at three levels (time interval, category, and transition)
to conduct a precise analysis of LULC changes [1]; however, we focused instead on the
interval and transition levels to reveal the sizes and patterns of LULC transitions in Jakarta
from 1990 to 2020. The method for illustrating the transition pattern was adopted from the
study by Xie et al. [37].

First, the total changes in each time interval were analyzed by determining the size
and rate of change over time. The intensity of annual changes in each time interval was
calculated, and the observed values were compared with a uniform intensity that would
exist if annual changes were uniformly distributed throughout time. Second, we analyzed
the transition level to verify the size and intensity of the transition between categories.
Because cells are gained or lost in each category, the transition level can specify which other
categories are targeted or avoided for transition by comparing the observed intensity of
each transition with a uniform intensity that would exist if the transitions were distributed
uniformly between categories [1]. To investigate the driving forces of LULC, we verified
the results using annual reports from the local government and statistical agency of DKI
Jakarta, including annual environmental reports.

2.5. Intensity Analysis and Transition Pattern

Intensity analysis is an elaborate computational method enabling the in-depth analysis
of the interactions between categories over time. It also quantifies the degree and intensity
of non-uniform changes at various levels of detail [1,50,51]. Thus, intensity analysis can
reveal periodic or constant LULC changes over time. The framework for identifying
transition patterns, which was introduced by Xie et al. and applied to Nanchang, China [37],
can visualize both the size and intensity of the transition. The rows and columns of the
matrix explain losses and gains, respectively. Diagonal entries were omitted in this study
because they represent persistence rather than change. The square dimensions are directly
proportional to the annual area of transition and the color of the square indicates the degree
of transition intensity by which the column category exceeds the row category. If the
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intensity of a specific transition exceeds the uniform transition intensity of the column,
the square is shaded red, and we infer that the gaining category relies on (targets) the row
category. If the intensity of a specific transition is lower than the uniform transition intensity
of the column, the square is shaded blue, and we identify it as a gaining category that
avoids the row category. The intensity deviation is the difference between the transition
intensity (Rtij) of a specific off-diagonal entry and the uniform transition intensity (Wtj)
of the column (Supplementary Materials). The colors in each column reveal how each
column’s gaining category aligns with or deviates from each row’s losing category. The
transition pattern is illustrated in Figure 4.
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2.6. Identification of Driving Forces

Urban development in metropolitan areas is the result of rural to urban population
migration and its consequences. Economic factors are one reason why people move from
rural to urban areas [52], with the economic development of metropolitan areas leading to
an increase in population and increased demand for housing, offices, and reserve necessities.
In this study, we assessed the most populated city in Indonesia, which revealed two main
factors. Hence, we employed linear regression as a technique for measuring the correlation
between the two driving factors, namely, GDP and population growth. The linear regression
has been empirically validated for assessing the correlation between two variables. Zhang
investigated the impact of population growth and economic growth on a city’s physical
development [53]. According to Li et al., economic development results in a need for
public spaces, housing, and warehouses to support the business sector [54]. In this study,
population growth trend identification was applied to identify the driving forces of LULC
changes. Data were collected from the Jakarta Central Statistics Agency. The obtained
data were certified secondary data published by the authorized institution. The collected
data included population and gross domestic product data. These data were used based
on the correlation between population growth and economic growth, which indicates
the expansion of urban regions and its impact on urban land use patterns. Specifically,
we examined the correlation between economic growth and population expansion as the
driving forces of LULC changes in Jakarta via regression analysis. The existing literature
related to population growth and gross domestic product (GDP) for Jakarta from 1990 to
2020 was used in this study. The linear regression analysis is described as follows:
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y = a + bx (1)

where y is the dependent variable, a is a constant, b is the determination coefficient, and x is
the independent variable.

3. Research Results
3.1. LULC Classification and Accuracy

Figure 5 presents a map of LULC changes in Jakarta. The map shows seven land
categories at seven different time points. All maps on the left show LULC changes from
1990 to 2020, divided into time intervals of five years. In this step, the loss and gain maps
reveal the transitions. We used both the total accuracy and standard kappa to assess
the classification accuracy. The map accuracy was assessed through a comparison with
70 control sites in the study area using Google Earth and pan-sharpened satellite images for
each year. The points were examined on the created maps to determine the overall accuracy
and kappa coefficient for the produced maps. The maps showed an overall accuracy of at
least 84.29% and a maximum accuracy of 98.57%. The kappa coefficient in the final set of
maps ranged from 81.67 to 98.33 (Table 3).

Table 3. Overall accuracy and kappa coefficient of the classification results.

No Year Error Count Sample Count Overall Accuracy K-Standard

1 1990 11 70 84.29 81.67
2 1995 1 70 98.57 98.33
3 2000 3 70 95.72 94.72
4 2005 4 70 94.29 93.33
5 2010 5 70 92.85 91.67
6 2015 5 70 92.85 91.67
7 2020 9 70 87.14 85.00

3.2. Interval Change

Based on the transition matrix of LULC changes over six time intervals, the rate of
alteration per interval, annual change extent, and change magnitude from 1990 to 2020 are
presented in Figure 6. Each bar extending from the central axis to the left represents the
percentage change during the different time intervals. The bars extending from the central
axis toward the right indicate the magnitude of the fluctuations observed during the study
period. During 1990–1995, croplands transitioned to mangroves and small areas changed
to water bodies. During 1995–2000, the land cover was almost constant, except for small
areas of transition from ponds to water bodies in the northwest. During 2000–2005, we
observed a transition from bare land to built-up land, with small areas transitioning from
croplands and ponds to bare land. Between 2005 and 2010, we observed a transition from
croplands and bare land to built-up and green areas in the northeast. Between 2010 and
2015, we identified a specific transition from ponds to built-up areas in the northwest, with
some areas transitioning from bare land to built-up areas.

Finally, during 2015–2020, croplands, bare land, and green areas transitioned to built-
up areas. During all periods except 1995–2000, the built-up area consistently increased.

Rapid LULC changes occurred from 1990 to 1995, which can be directly linked to
the rapid development of built-up land (housing and offices) in Jakarta [55]. Moreover,
1990–1995 was the period of implementation of the PELITA 5 policy, which was established
by the second president of Indonesia as a five-year development plan. The first PELITA
was established in 1969 aiming to increase economic development in Indonesia. LULC
changes in the second, third, and fourth intervals (1995–2000, 2000–2005, and 2005–2010,
respectively) were slower than the uniform rate of change. However, the intensity of annual
LULC changes in the fifth and sixth intervals (2010–2015 and 2015–2020) was precisely the
same as the uniform intensity.
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3.3. LULC Transition Pattern

Figure 7 shows the LULC transition pattern in Jakarta for the six time intervals, which
reveal the size and intensity of transitions from 1990 to 2020. The largest transitions were
from mangroves to ponds and from croplands to green areas during 2005–2010 (Figure 7d),
and from bare land to built-up areas during 2015–2020 (Figure 7f). The figure also explains
the transition among categories that were targeted or avoided based on the color of the
square box plot at the beginning of each time interval. A substantial gain in built-up areas
derived from green areas occurred during 1990–1995, 2005–2010, 2010–2015 (Figure 7a,d,e),
and 2015–2020 (Figure 7f). Built-up land targeted green areas during 2005–2010 (Figure 7d)
and 2010–2015 (Figure 7e).

The pond area gain was derived from built-up and mangrove areas during 1990–1995
(Figure 7a), and the pond areas targeted built-up and mangrove areas. Again, during
2005–2010 (Figure 7d), the pond area gain was derived from croplands and mangroves, as
the pond gain targeted both categories, with mangroves accounting for a larger transition
than croplands. During 1995–2000 (Figure 7b) and 2000–2005 (Figure 7c), water bodies
gained from ponds, as the water body gain targeted ponds. In the coastal area of Jakarta,
the transition from ponds to water bodies was caused by decreasing pond production, and
fish farmers did not maintain the ponds, causing the pond structure to be destroyed and
seawater to sink into the ponds.

The transition to green areas was derived from croplands during 2005–2010 (Figure 7d)
and 2010–2015 (Figure 7e). The transition to green areas from mangroves was larger in the
2005–2010 (Figure 7d) interval than in the 2010–2015 (Figure 7e) interval, as the green areas
targeted mangroves. During the transition period of built-up areas, which encompassed
almost the entire study period, the size of the transition was consistent; a large transition
was identified during 2005–2010 (Figure 7d), from mangrove to pond areas and cropland to
green areas, and during 2015–2020 (Figure 7f), as built-up targeted bare land.
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3.4. LULC Driving Forces

Jakarta experienced significant growth from 1990 to 2020 through the expansion
of urban areas. The effect of urban expansion is the emergence of various built-up in
Jakarta. The Indonesian Statistical Agency categorizes built-up land into roads, houses,
offices, warehouses, and other roofed buildings [56]. The consequences of urban expansion
in Jakarta were reductions in the amount of agricultural land, and other land use cate-
gories experienced fluctuations in land area development, which results in LULC changes.
To disclose this enigmatic event, we assessed the LULC changes in Jakarta based on
two driving forces; they are economic growth and rapid population expansion. The pop-
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ulation of Jakarta in 1990 was 7,108,359 [57], which increased to 10,562,088 in 2020 [58].
Economic development in Jakarta additionally drives population growth. The GDP in
1990 was 13,664,719 × 106 [57], which increased to 1,792,794,590 × 106 in 2020 [58]. The
regression test resulted in a t-value of 9.996 and an R2 value of 0.78. The correlation between
GDP and population growth is as follows:

GDP = −3.103 × 109 + 428.94 × total population

Regression calculations indicated a significant correlation between GDP and popula-
tion. The R2 value indicates that this variable may account for 77% of the variation in the
other variables. The results also indicate that an increase in GDP positively impacts popula-
tion growth in Jakarta, and that LULC changes in Jakarta are driven by population growth
in correlation with the economic sector, which is a significant factor. This finding aligns
with that of Kuddus et al., who found that population growth leads to land use changes
at a regional and global level, thereby posing a threat to the ecosystem balance, including
access to clean water and food, and contributing to global warming [59]. Furthermore,
Thacker et al. partly attributed the high rate of infrastructure and development investment,
which exceeds USD 2 trillion annually, to the size of the population [60]. In this context,
LULC in Jakarta has a strong connection with population growth, which is triggered by
economic conditions.

4. Discussion
4.1. Transition of LULC Changes

Jakarta, the capital city of Indonesia, has experienced rapid LULC changes over the
past three decades, along with various challenges related to rapid urbanization, large-scale
infrastructure development, congestion, flooding, and socioeconomic issues. Rushayati et al.
reported that approximately 49.7% of green open spaces in Jakarta were converted into
other types of land use, particularly built-up land, in the 12 years from 2000 to 2012,
resulting in increased surface temperature in almost all parts of the study area [61]. Zain
conducted a spatial analysis of LULC changes in Jakarta [62] and showed that housing
development was prevalent, particularly during the prosperous period of the property
sector in the early 1990s. Moreover, Winarso indicated a 10% rise in land use for residential
purposes in Jabodetabek between 1992 and 2001 [55]. However, many previous studies
have not revealed the acceleration of LULC changes or measured the transition pattern and
size of these changes. In this study, we applied intensity analysis to assess both the interval
and transition changes related to LULC changes in Jakarta.

The results of the time interval analysis show that, from 1990 to 1995, overall LULC
changes were faster than the uniform intensity. These changes were accelerated by the
PELITA 5 policy in Indonesia, particularly in Jakarta. According to Winarso, the develop-
ment of housing and offices rapidly increased during this period [55]. During 1995–2010,
the annual changes were slower than the uniform intensity. This condition was attributed
to two factors. The first is the economic crisis in Indonesia from 1997 to 1998, which signifi-
cantly impacted Jakarta. Second, because of political conditions, the second president of
Indonesia resigned. Aligned with the political situation, the five-year development plan
was stopped. Significant development in Jakarta, especially the increase in built-up areas,
was accelerated by economic and population growth during the study period. Since the
early 1990s, the policy of development in the era of the second president of Indonesia has
resulted in the centralized development of Java, especially in Jakarta. Several studies have
yielded similar time interval results to those of our study. For example, Niya et al. found
that land use change in Qeshm Island was accelerated by the economic and strategic poles
of the region [20]. Huang et al. measured the severity of land use changes at three specific
time intervals (1986–1996, 1996–2002, and 2002–2007) in the coastal watershed of southeast
China [23] and found a clear relationship between the extent of land use alteration and the
amount of development in the research region.
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The intensity analysis at the transition level showed that the built-up category was an
active gainer for all intervals except 1995–2000. This result is attributed to the expanding
need for development and the influence of other land use categories. The built-up gain
based on the transition pattern targeted bare land in the third, fifth, and sixth intervals.
In the last time interval, the extent of the transition from bare land to built-up land was
larger than that of the three other categories. These findings align with those of several
other studies indicating that high demand in one category affects the reduction in other
categories. For example, Niya et al. and Yang et al. identified that land use change resulted
from a significant need for the development and conversion of land into built-up areas and
concluded that the most prevalent changes in built-up land were predominantly attributed
to economic and political reasons [20,63]. Huang et al. assessed changes in land use
within coastal regions around urban districts that have undergone rapid expansion in
China [27] and reported that increasing urbanization, built-up gains, and losses of other
classes are interrelated.

The next major transition observed in this study involved the pond category, which
expanded during 1990–1995 and 2005–2010. In the first interval, pond land was obtained
from built-up areas and mangroves and targeted both classes. From 2005 to 2010, pond land
was derived from croplands and mangroves and targeted both classes. Moreover, the size
of the transition from mangroves to ponds was larger than that from croplands to ponds.
Evidence of increasing pond land in coastal areas was also reported in the statistical annual
report of Jakarta [64], which also indicated no growth in pond land along the coast of
Jakarta from 2000 to 2005 [65]. However, land conversion into ponds, especially in coastal
areas, has negative impacts on many aspects, such as ecosystem services and substrate
availability, which are important for terrestrial ecosystems. Studies on land use transitions
to ponds have been conducted in several regions. For example, Akber et al. assessed the
development of ponds for shrimp farming in southwestern Bangladesh [66] and reported
that pond land for shrimp farming occupied cropland areas in the 1980s, and the resulting
decrease in cropland reduced the total value of ecosystem services. Moreover, Dong et al.
reported that the conversion of natural coastal salt marshes to mariculture ponds in the
Yellow Sea in Jiangsu Province, China, reduced substrate availability in the study area [67].

Transitions to bare land occurred in the third, fourth, and fifth intervals. The gain in
bare land was derived from croplands and ponds in the third interval. In the fourth interval,
bare land was derived from green areas. In the fifth interval, bare land was obtained from
cropland. The increase in bare land mostly occurred in the coastal areas of Jakarta. Since
2005, the coastal area of Jakarta has been slated for reclamation area development, which has
generated open land in preparation for the reclamation. The regulation of reclamation was
mandated in presidential decree number 52 in 1995 by the second president of Indonesia.
The government of the DKI Jakarta province also generated a local decree of reclamation
number 8 in 1995. These reclamation processes that underwent conflicts of interest among
stakeholders were executed from 2008 to 2015, when the reclamation was not finished.

Green area transitions were observed in the fourth and fifth intervals. In the fourth
interval, green areas were obtained from cropland and bare land, and green areas were
targeted for both classes. In the fifth interval, green area was derived only from croplands.
The size of the transition from cropland to green areas was larger than that from bare land
to green areas in both intervals. The policy of DKI Jakarta province to manage open spaces
(including parks, gardens, and public spaces) was mandated by regulation number 26 in
2007, which regulates spatial planning in Indonesia. Green areas have a specific function
in reducing the temperatures of urban heat islands and providing oxygen in populated
areas. Several studies have been conducted on green area availability in urban areas with
rapid population growth and construction. Najah et al. highlighted the importance of
restoring the role of green urban islands in urban heat islands in Baghdad [68], because
converting green spaces into buildings and streets has a negative effect on the microclimate
of urban areas, the environment, urban engineering, and the city as a whole. Additionally,
Namwinbown et al. assessed the pattern of green space and fragmentation in a rapidly
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expanding city of northern Ghana, West Africa [69] and concluded that local legislation
must be enforced to encourage greenspace development and ensure the sustainability of
urban ecosystems for the well-being of humans and the environment.

Croplands were the most frequently converted class. Croplands were converted into
mangroves and water bodies during the first interval. Cropland was then converted to
bare land, ponds and green areas, bare land and green areas, and built-up areas during
the subsequent intervals, respectively. Furthermore, croplands were targeted in the first,
third, fourth, and fifth intervals. As for waterbodies, this category gain was derived from
croplands and mangroves in the first interval and pond land in the second and third
intervals. Finally, mangroves were derived from croplands in the first interval.

4.2. Driving Forces of LULC

Jakarta, also known as Sunda Kelapa, served as the port and commercial hub of the
Pajajaran Kingdom in the fifth century [35]. A trading hub for European countries engaged
in the Asian spice trade was subsequently established. In Sunda Kelapa, the Dutch Trading
Company for Asia and India opened a trading office that renamed the region Batavia [70].
Over the past three decades, Jakarta experienced significant changes in both land use and
environmental circumstances. Jakarta’s infrastructure and residential districts experienced
tremendous expansion as a result of rapid economic and population growth [55]. Popu-
lation growth and economic expansion have since become issues, particularly as green
spaces are disappearing through construction project has less attention to consider the
surrounding areas.

The population of Jakarta has consistently increased over the last 30 years in re-
sponse to economic issues. The total population increased from 7.1 million in 1990 [57]
to 10.5 million in 2020 [58] and is predicted to increase by a further 3.4 million in 30 years
(Figure 8). The total area of Jakarta is 651.4 km2, excluding the Kepulauan Seribu Regency.
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The expansion of an area is typically correlated with development. The process of
developing and expanding regions involves converting land to provide the infrastructure
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and facilities required by the community to support life [71]. Development affects the
quality of the environment; thus, both the positive and negative effects should be controlled.
Deterioration in the quality of urban environments is associated with various environmental
issues. To establish a positive and sustainable environment, governments should oversee
advances in the development process, together with communities with direct stakes in the
process that act as targets or objectives.

The low-lying location of Jakarta at the confluence of multiple rivers, including the
Ciliwung, Cisadane, and Pesanggrahan rivers, along with flat terrain and poor natural
drainage, has historically rendered the city vulnerable to flooding, particularly during
periods of high tide and precipitation. Furthermore, the area’s natural ability to absorb
and manage excess water has diminished owing to the increase in impermeable surfaces
following rapid urbanization and the development of built-up areas [72]. Records of floods
in Jakarta date back hundreds of years, to the time when the city was still known as Batavia
during the colonial era. Despite the installation of several canals and drainage systems by
the Dutch colonial authorities to control water flow, the city frequently floods, especially
during the rainy season. This predicament continued throughout the post-independence
period as the city’s population expansion made it more difficult to manage floods.

However, Jakarta’s economic expansion has drawn individuals to the city to find
work. The establishment of numerous retail establishments, office buildings, and industrial
zones illustrates the city’s economic expansion and attracts many foreign workers from
outside Jakarta [52]. Tourists visiting Jakarta often experience poor traffic conditions. With
a congestion level of 61%, Jakarta was ranked as the fourth most congested city in the
world in 2017 according to the TomTom traffic index rating. The vast number of people
moving to Jakarta has led to a strong demand for housing in conjunction with economic
expansion. Thus, land use functions have changed as a result of rapid growth, particularly
the conversion of open spaces into built-up land.

Based on the annual statistical report of Jakarta, the total GDP has increased gradually
in the last 30 years (Figure 8). From 1990 to 2004, the GDP increased smoothly and then more
rapidly during 2004–2005 and 2013–2014. This increasing trend was caused by investment
in almost all sectors (logistics communication, construction, trading, and service), except
for mining and oil [73].

In this study, population and GDP growth were statistically tested using linear re-
gression analysis. The calculation results show that population growth and GDP growth
had a positive correlation, with an R2 value of 0.7751, a t-value of 8.938, and 28 degrees of
freedom. Thus, the economic sector contributes significantly to Jakarta’s increasing popula-
tion, which agrees with the results of many other studies in large cities worldwide. The
rapid growth of cities is triggered by economic conditions and has greatly accelerated the
transformation of land use patterns on a worldwide scale, leading to significant impacts on
the natural environment and the sustainable development of land use systems in different
regions [74–78]. Chen et al. emphasized that urban areas have experienced a two-fold
increase in both quantity and size, surpassing the rate of population growth over a span of
three decades [79]. Moreover, growth has led to substantial changes in land use patterns
and placed tremendous strain on diminishing natural resources [80,81].

Mandatory government regulations (Number 23, 1986) mandate the construction of
industrial sectors in the coastal areas of Jakarta [82]. According to this legislation, PT
Bonded warehouses in Indonesia and PT. Sasana Bhanda, two State-Owned Enterprises
(BUMN), will unite with Persero to form a new firm. Land conversion has occurred since
1990 because of government laws pertaining to industrial regions along the coast of Jakarta,
with the construction of several offices, warehouses, and other industry-related support
buildings. The function of coastal areas has been altered by this situation, mostly in coastal
villages home to farmers and fishermen. Generally, the functions of coastal areas change
when open land is transformed into built-up land.

Finally, it should be noted that Jakarta’s rapid population and economic growth have
caused a variety of impacts, including flooding, congestion, and changes in land use around
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the city, particularly along its coast. Similarly, Maheng found that urbanization is changing
landscape patterns and triggering environmental degradation in Jakarta [83]. Therefore,
future urban development models must consider comprehensive and sustainable spatial
management, both in Jakarta and other large cities worldwide.

4.3. Limitations of the Study and Future Insights

The study utilized Landsat 5, 7, and 8 images with a 30 × 30 m resolution to identify
trends in land use change in Jakarta. Land changes were detected based on seven categories:
agricultural, bare land, pond, built-up, mangrove, green space, and waterbody. The research
selected Landsat imagery as the data source due to its cost-free availability and capability
to identify recurring land alterations. Identifying land change events on the earth’s surface
may yield nonspecific findings, such as identifying green areas, mangroves, water bodies,
and ponds. This study’s results should be further validated due to the limitations of the
methodologies employed. This research may not accurately reflect the factual land changes
observed in the field due to discrepancies in scale, interpretation, and quality of the Landsat
pictures used.

For future research, it is advised to utilize higher-resolution satellite imagery for
identifying recurring patterns of land use change. Increasing the image resolution allows for
an improved identification of green areas, mangroves, bare land, ponds, and water bodies
in Jakarta. Further research variables can be introduced in Jakarta to detect alterations in
urban land use, such as the identification of built-up (houses, offices, and warehouses),
public spaces, protected spaces (park, city forest), and other public locations that signify
shifts in city land use in Jakarta. To confirm the findings of additional studies, statistical
data from the statistical agency of Jakarta can be used to conduct field validations (each
category) and compare the results with the results of each land use category to ensure that
the research findings may serve as a blueprint for sustainable urban area in Jakarta.

5. Conclusions

GISs, remote sensing, and intensity analysis were coupled in this study to examine
changes in land use and land cover in the capital city of Jakarta, the most populated
province in Indonesia. This study demonstrates that the intensity analysis method can
effectively convey significant information regarding LULC changes, as observed in the
most densely inhabited province in Indonesia.

This study reveals that total LULC change accelerated from 1990–1995 and then
increased at a slower rate from 1995 to 2010. Annual changes were uniformly distributed
between 2010–2015 and 2015–2020. Population and economic growth were the main drivers
of LULC change, primarily due to the demand for built-up land.

Our study introduces a new method for assessing land use changes, highlighting
the need for sustainable urban planning strategies in densely populated areas. Economic
development has led to population growth, necessitating new land uses like housing,
offices, and warehousing. This has altered land use purposes, including crops, green
spaces, and undeveloped land. Moreover, this research investigates land use changes in
densely populated urban areas, focusing on the pace of change and transition changes
in each category. This is crucial for spatial and regional planning in these areas. This
study is among the leading ones in identifying these rates due to economic and population
expansion. The authors suggest enhancing research methodologies with high-resolution
satellite imagery and verified field data for improved accuracy. For future studies, it is
important to utilize higher-resolution satellite imagery combined with data field, legalized
by stakeholders, to assess the land use–land cover change phenomenon to prepare scenarios
for sustainable urban planning.
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