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Abstract: This paper is situated within the discussion of mega-urbanization, a particular urbanization
process that entails a large-scale agglomeration. In this paper, our focus is on urbanization in Java,
Indonesia’s most dynamic region. We add to the literature by investigating the change and prediction
of the land use/land cover (LULC) of mega-urbanization in Java. This research uses a vector machine
approach to support the classification of land cover change dynamics, cellular automata-Markov (CA
Markov), and the Klassen typology technique. This paper indicates that major metropolitan areas
are still expanding in terms of built-up areas, generating a larger urban agglomeration. However,
attention should be also given to the urbanization process outside existing metropolis’ boundaries
given that more than half of the built-up land coverage in Java is located in non-metropolitan areas.
In terms of future direction, the projection results for 2032 show that the Conservative scenario can
reduce and slow down the increase in built-up land on the island of Java. On the other hand, the
Spatial Plan (RTRW) scenario facilitates a rapid increase in the LULC of built-up land from 2019. The
urban spatial dynamics in Java raises challenges for urban and regional planning as the process is
taking place across multiple administrative authorities.

Keywords: urbanization; mega-urban region; Java; CA Markov; Klassen typology

1. Introduction

The world urban population is projected to reach 68% by 2050, with much of this
increase taking place in Asia and Africa [1]. Southeast Asia, in particular, has seen consider-
able population and physical growth in the areas surrounding large cities [2—-4]. Following
the spillover process of urban economic development, built-up areas of urban centers
have also expanded in all directions beyond the administrative boundaries of a traditional
core-suburb agglomeration, with agricultural and non-agricultural activities frequently
coexisting in places adjacent to urban centers [5,6]. This formation of a larger urban-rural
agglomeration has been greatly intensified by the rising economic globalization, backed
up by the expansion of motor transportation and highway systems, often referred to as
“mega-urbanization” [5].

Within the international literature, the emergence of a large urban agglomeration has
been recognized with different lexicons. Apart from the notion of mega-urban regions that
has been more often used in the context of Southeast Asia, other similar concepts have
come to the fore of academic discussions, including, but not limited to, megaregions [7],
mega-city regions [8-11], megalopolis [12-15], polycentric metropolis [16-20], and mega-
conurbations [21-24]. While there are inherent differences between these different labels

ISPRS Int. ]. Geo-Inf. 2024, 13, 102. https:/ /doi.org/10.3390/1jgi13030102

https://www.mdpi.com/journal/ijgi


https://doi.org/10.3390/ijgi13030102
https://doi.org/10.3390/ijgi13030102
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijgi
https://www.mdpi.com
https://orcid.org/0000-0002-3063-9900
https://orcid.org/0000-0001-8003-2341
https://orcid.org/0000-0001-8663-794X
https://orcid.org/0000-0002-5459-601X
https://orcid.org/0000-0001-7166-0530
https://orcid.org/0000-0002-4496-1319
https://doi.org/10.3390/ijgi13030102
https://www.mdpi.com/journal/ijgi
https://www.mdpi.com/article/10.3390/ijgi13030102?type=check_update&version=1

ISPRS Int. ]. Geo-Inf. 2024, 13, 102

20f 18

(see for instance [25]) (see also Table 1), large urban agglomerations are commonly iden-
tified as contemporary spatial manifestations of economic globalization [26]. Some have
also emphasized that this spatial form is an unintended expression of uncontrolled ur-
banization [8,27]. It should be noted, however, that mega-urbanization in developing
and transition economies differs from urbanization in developed nations as the former
has experienced urban growth at an unprecedented level [28], generating more complex
challenges for urban and regional planning [26].

Table 1. Different notions concerning large-scale urban agglomeration.

Concept

Definition Source

Megaregion

Megaregions refer to large, interconnected networks of metropolitan areas
or cities that are economically and socially integrated. They often transcend
traditional political boundaries and encompass multiple urban centers, as
well as their surrounding suburban and rural areas. Megaregions are
characterized by a high population density, significant economic
activity, and shared infrastructure and resources.

Mega-City
Region

Mega-city regions are urban agglomerations characterized by extremely
high population densities and intense economic activity. These regions
typically consist of one or more large metropolitan areas, along with their
surrounding suburbs and satellite cities. Mega-city regions are often
centers of commerce, industry, and culture, and they exert a significant
influence on regional and global affairs.

[8-11]

Megalopolis

A megalopolis is a vast urban region characterized by the continuous
expansion and merging of multiple metropolitan areas or cities into a
single, densely populated and interconnected urban sprawl. Megalopolises
often form along transportation corridors or in areas of high economic
activity, and they may encompass several states or even entire countries.

[12-15]

Polycentric
Metropolis

A polycentric metropolis is a metropolitan area characterized by the
presence of multiple centers of economic activity and urban development,
rather than a single dominant city center. In a polycentric metropolis,
several smaller cities or urban nodes function as hubs for commerce,
industry, and culture, and they are interconnected by transportation
networks and shared infrastructure. Polycentric metropolises are often
more resilient and sustainable than monocentric cities, as they distribute
economic activity and populations across multiple locations.

[16-20]

Mega-
conurbation

Mega-conurbations are vast urban regions characterized by the continuous
expansion and merging of multiple metropolitan areas or urban agglo-
merations into a single, highly interconnected, and densely populated
urban complex. Mega-conurbations typically encompass large areas of

land and are home to millions of people. They may exhibit features of both

megalopolises and megaregions, with intense economic activity, significant
infrastructure development, and complex social dynamics.

[21-24]

In this paper, our focus is on urbanization in Java, Indonesia. Despite covering about

6% of the total land area of Indonesia, Java serves as the country’s heartbeat. In terms of
the economy, 59% of Indonesia’s Gross Domestic Product (GDP) comes from Java [28]. It
houses 60% of the country’s inhabitants [29], about 70% of which are urban residents [30].
Java’s centrality has been a direct consequence of the country’s imbalance concentration of
economic, industrial, and infrastructure development [31-33], which has accumulated for a
long time, especially before the 2001 decentralization system [31,34], and even since the
late Dutch Colonial rule [35-37].

Although Java is dubbed as the “island of mega-urban regions”, studies on mega-
urbanization have long focused on single and multiple case studies, particularly concern-
ing the merging of the Jakarta Metropolitan Area (JMA) with the Bandung Metropoli-
tan Area (BMA) [28,38-41] and megaproject-driven mega-regionalization in Java’s North
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Coast [42,43]. Meanwhile, the literature on Java-level contemporary urbanization tends to
be approached from a demographic perspective [27] that obscures the island’s morphologi-
cal organization of mega-urban regions, notably manifested in the expansion of built-up
areas. In this paper, we add to this literature by investigating the change and prediction of
the land use/land cover (LULC) of mega-urbanization in Java. To this end, the objectives of
this paper are threefold: (1) uncovering the trends and patterns of built-up areas’ expansion
in Java; (2) defining different typologies of urbanization in Java; (3) understanding the
dynamics of mega-urbanization in Java.

2. Research Location and Methods

In this section, we first outline our research location and then the methods we used for
addressing the research objectives.

2.1. Research Location

The location of this research is Java Island, which consists of 6 provinces (Banten,
Jakarta, West Java, Central Java, Yogyakarta, and East Java), as well as 118 regencies (kabu-
paten) and cities (kota). In this research, we use the most recent number of metropolitan areas
in Java, which are the following: Jabodetabek (Jakarta Metropolitan Area/JMA); Cekun-
gan Bandung (Bandung Metropolitan Area/BMA); Kedungsepur (Semarang Metropoli-
tan Area/SeMA); Kartamantul (Yogyakarta Metropolitan Area/YMA); Gerbangkerto-
susila (Surabaya Metropolitan Area/SuMA); Malang Raya (Greater Malang/GM); Subo-
sukowonosraten (Greater Surakarta/GS); and Rebana (Greater Cirebon/GC). The location
of each metropolitan area is illustrated in Figure 1, while the members of each metropolitan
area are presented in Table 2.

Legend

[ ] NON-METROPOLITAN AREAS [ seMARANG METROPOLITAN AREA (SeMa) S
[ s~nouNG METROPOLITAN AREA (BMA) [ GREATER MALANG (GM)
[ suraBAvA METROPOLITAN AREA (SuMa) [ GREATER CIREBON (GC)
[ saxartamveTropoLian AreawMa) [} GREATER sURAKARTA (Gs)
[ voevAKaRTA METROPOLITAN AREA (YMA)

100°0'0"E 110°0'0"E 120°0'0"E 130°00"E 140°0'0°E
1 1 1 1

5°00°N
1
1
5°00°N

0 45 90 180 270
Kilometers

1
)

1
10°0'0°S  5°0°0°S  0°0'0%

10°00"S 5°00"S  0°0'0"

T T T T T
100°0'0"E 110°0'0"E 120°0'0"E 130°00°E 140°0'0°E

Figure 1. Research location: Java by cities and regencies and their metropolitan areas.
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Table 2. List of metropolitan areas in Java and their member of localities.
No. Metropolitan Official Localities Province
Area Acronym
North Jakarta City, West Jakarta City, East Jakarta City,
Jakarta South Jakarta City, and Central Jakarta City. Bogor Jakarta,
1 Metropolitan Jabodetabek Regency, Bogor City, Depok City, Bekasi Regency, and West Java,
Area (JMA) Bekasi City. Tangerang Regency, Tangerang City, and Banten
South Tangerang City.
Bandung . . -
5 Metropolitan (ézl;tg:lgnan Bandung Clty{/\zas?%:gglifgfgcz rilmahl City, and West Java
Area (BMA) & & Regency.
Semarang Semarang City, Semarang Regency, Salatiga City,
3 Metropolitan Kedungsepur Kendal Central Java
Area (SeMA) Regency, Grobogan Regency, and Demak Regency.
Yogyakarta
4 Metropolitan Kartamantul Yogyakarta City, Sleman Regency, and Bantul Regency. Yogyakarta
Area (YMA)
Surabaya Surabaya City, Gresik Regency, Bangkalan Regency,
5 Metropolitan Gerbangkertosusila Mojokerto City, Mojokerto Regency, Sidoarjo Regency, East Java
Area (SuMA) and Lamongan Regency.
6 Greater Malang Raya Malang City, Malang Regency, and Batu Cit East Java
Malang (GM) & hay & 1ty & Regency, Y-
Greater Subosuko- Surakarta Clt}", .Boyolah Regency, Sukoharjo Regency,
7 Wonogiri Regency, Sragen Regency, and Central Java
Surakarta (GS) wonosraten
Klaten Regency.
Greater Cirebon City, Cirebon Regency, Subang Regency,
8 Cirebon (GC) Rebana Indramayu Regency, and Kuningan Regency. West Java

2.2. Land Cover Prediction

In this study, land cover predictions were analyzed using the Land Change Modeler
(LCM) from IDRISI Selva 17.0 software with the Multi-Layer Perceptron Neural Network
(MLPNN) modeling method. The MLPNN consists of change analysis, land cover change
modeling (transition potential), and land cover prediction (change prediction). MLPNN
has the ability to look for relationships between factors that influence land use change and
is able to overcome the complexity of independent variables that are nonlinear and not
affected by multicollinearity [44].

The “Change Analysis” stage analyzes changes in land cover that have occurred
during two points of the year and produces a class of land cover change transitions. This
class in land cover prediction is the dependent variable that will be used in subsequent
analysis. The “Transition Potentials” stage predicts locations that have the potential to
experience land cover changes. In this stage, all change transitions are modeled one by one
with independent variables. However, before being added to the model, the independent
variables need to be tested for Cramer’s V values to see the relationship between the
independent variables and the dependent variable. The Cramer’s V value ranges between
0 and 1, where a value of 0 indicates no relationship and a value of 1 indicates a very close
relationship [45]. In the “Change Prediction” stage, land cover predictions are made using
Markov chains. At this stage, a matrix of opportunities for change is generated based on
land cover changes in the first and second year, then the land cover prediction is carried
out using 3 scenarios, namely: (1) Business as Usual (changes follow historical patterns
that have occurred/trend based); (2) the Java-Bali Island Spatial Plan (RTRW) scenario
(implementation according to the spatial plan); (3) the Conservative scenario (considering
carrying capacity/land capability analysis).
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The LULC data used in this study are secondary data in the form of ready-to-process
LULC shapefiles sourced from the Ministry of Environment and Forestry. The data for the
Regional Spatial Plan used in this research are the 20122032 Java-Bali Island Spatial Plan,
sourced from the Ministry of Agrarian Affairs and Spatial Planning/National Land Agency.

The process of analyzing changes in land use/cover in existing conditions is generally
carried out by comparing area sizes and spatial distribution maps, while in future conditions
it is carried out by analyzing predictions of land use/cover. Land cover predictions are
carried out using the Cellular Automata-Markov Chain (CA-Markov) modeling method in
TerrSet software 2020. Cellular Automata is a dynamic spatial model for simulating future
land use that consists of a grid or raster space, a set of states that characterize the grid cells,
and definitions for the cell’s neighborhood [30]. The basic principle of Cellular Automata is
that changes in land use/cover for each location (cell) can be explained by its current state
and changes in neighboring cells as a result of neighborhood interactions [46]. The Markov
Chain determines how much land is expected to change from the existing year to the future
year/predicted year [47]. The output of the Markov Chain is a transition probability matrix
and has a record of the probability that each land use/cover class will change to every
other class [47].

The integration of Cellular Automata models with Markov Chain models (CA-Markov)
is considered valuable for modeling land use/cover changes and can simulate and predict
change [46-48]. The CA-Markov model is a combination of Cellular Automata and a
transition probability matrix generated by the cross-tabulation of two different images [47].
The CA-Markov model represents land use/cover whose changes depend on neighboring
land use/cover [49]. The basic principle of CA-Markov is to measure the probability of
a series of events in the present to predict future events [50] with a transition probability
matrix that describes the probability of change in each pixel from one land use/cover to
another category between two time points [44,45].

CA-Markov was analyzed by building two models to run the CA-Markov validation
scheme [51,52], namely: Model 1 to predict land use/cover at the last existing year point
used in the analysis and Model 2 to predict land use/cover in the coming year. In simulating
changes in land use/cover in this research, predictions of changes in 2019 were carried
out as a model validation process based on land use/cover data for 2006 and 2013, then
predictions for land use/cover in 2032 were made based on land cover data for 2006 and
2019. In [49], the authors conducted a CA-Markov analysis using land use data in 2000
and 2007 to predict the existing model in 2014 as a model validation process, then carried
out future model predictions in 2025 using land use data in 2000 and 2014.

The process of validating the predicted results of changes in land use/cover is carried
out using the Kappa accuracy test to compare the predicted 2019 land use/cover map with
the actual 2019 land use/cover map. According to [53], the kappa value is one technique for
validating the results of land use/cover predictions from CA-Markov modeling. The higher
the kappa value means the higher the level of accuracy of the predicted land use/cover.
The Kappa value is classified as substantial if it is between 0.61 and 0.80 and is classified as
near perfect if it is between 0.81 and 1.00 [53,54]. If the prediction results for 2019 are valid,
then they can then be used to predict land use/cover maps for 2032.

2.3. Klassen Typology

In this research, we use Klassen typology analysis to identify the position of the
urbanization level and urban growth rate for each regency/city in Java. In this research,
we made 4 Klassen typologies to compare the conditions of the urbanization level (the
percentage of built-up area) and the urban growth rate for each regency and city in Java
based on the spatial data of built-up area in 20062019 as well as the projected land of
built-up area in 2019-2032 using 3 scenarios (BaU, Conservative, and RTRW). The rule for
the Klassen typology of the urbanization level and urban growth rate in Java can be seen
in Table 3.



ISPRS Int. ]. Geo-Inf. 2024, 13, 102

6 of 18

Table 3. Klassen typology of urbanization level and urban growth rate in Java.

Urbanization Level (UL) *
UL region is lower than average UL | UL region is higher than average UL
in Java (UL; < UL) in Java (UL; > UL)

=8
% 0O Quadrant IT Quadrant I
- 3 3 (Potential /Developing) (Developed /Mature)
= -090 E;-’ 2 (Fast Growing (Fast Growing
g = g 8 Less Urbanized Region) Urbanized Region)
= g RS UL; < UL; UG; > UG UL; > UL; UG; > UG
dg -
o Quadrant III Quadrant IV
g (Undeveloped) (Saturated)
=
=}

(Slow Growing
Less Urbanized Region)
UL; < UL; UG; < UG

(Slow Growing
Urbanized Region)
UL; > UL; UG; < UG

UG region is
slower than
average UG in Java

Note: * Urbanization level = percentage of built-up area in t;. ** Urban growth = ((total built-up area in t; — total
of built-up area in t()/total of built-up area in tg)/t; — to.

The four quadrants in Klassen Typology consist of:

(1) Quadrant 1 (Q1): The cities/regencies in Quadrant 1 are categorized as “Fast
Growing—Urbanized Regions”. The urbanization level of the region is higher than
the average urbanization level in Java, and the urban growth rate of the region is also
faster than the average urban growth rate in Java. The city/regency in Quadrant 1
can be called a developed /mature region.

(2) Quadrant 2 (Q2): The cities/regencies in Quadrant 2 are categorized as “Fast
Growing—Less Urbanized Regions”. The urbanization level of the region is lower
than the average urbanization level in Java, but the urban growth rate of the region is
faster than the average urban growth rate in Java. The city /regency in Quadrant 2
can be called a potential /developing region.

(3) Quadrant 3 (Q3): The cities/regencies in Quadrant 3 are categorized as “Slow
Growing—Less Urbanized Regions”. The urbanization level of the region is lower
than the average urbanization level in Java, and the urban growth rate of the re-
gion is also slower than the average urban growth rate in Java. The city/regency in
Quadrant 3 can be called an undeveloped region.

(4) Quadrant 4 (Q4): The cities/regencies in Quadrant 4 are categorized as “Slow
Growing—Urbanized Regions”. The urbanization level of the region is higher than
the average urbanization level in Java, but the urban growth rate of the region is
slower than the average urban growth rate in Java. The city /regency in Quadrant 4
can be called a saturated region.

3. Results
3.1. Land Cover Change and Its Predictions

Land cover change in Java, Indonesia, is characterized by rapid urbanization [55],
agricultural expansion, and deforestation [56], leading to significant economic, social,
and ecological consequences. Figures 2 and 3 and Table 4 provide a general overview of
the land cover change patterns in Java, especially during the period from 2006 to 2019.
During this timeframe, it is evident that there was an increase in built-up areas and a
decrease in rice fields which also can be seen in some previous research [51,57-68]. Rice
fields are more susceptible to conversion into built-up areas as they are often located
in regions highly coveted for urban development or infrastructure projects [33,63,69-72].
Consequently, the economic value of these lands tends to rise, driving the conversion into
built-up areas [73]. On the other hand, the decline in rice fields is accompanied by the
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expansion of dryland agriculture, which generally has a lower land capability compared to
the former. For instance, [74] demonstrated this phenomenon around Jabodetabek, where
losses of farmland due to the urbanization process were compensated by the development
of new farmland in more distant and marginal areas that were previously covered by forests
and shrubs.
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Figure 2. Graph of the percentage area of LULC in Java at various points in the existing and
predicted years.

The predicted land cover outcomes for the year 2032 are also illustrated in Figures 2 and 3
and Table 4. The land cover predictions for the year 2032 under the Business as Usual
(BaU) and Conservative scenarios were conducted using the Cellular Automata-Markov
Chain (CA-Markov) modeling method. In the Business as Usual scenario (2032 BaU), it
is observed that the trend of land cover change remains consistent with the 20062019
pattern, with built-up areas, water bodies, open land, and agricultural land increasing, and
forest cover, rice fields, and shrubland decreasing. These results indicate that the dynamics
demonstrated by [74] are likely to persist. Built-up areas are predicted to change from 13%
in 2019 to 16% in 2032, while rice fields are expected to decrease from 26% in 2019 to 24%
in 2032 (Figure 3).

The Conservative scenario (2032-Cons. scenario), a proactive approach aimed at
preventing the conversion of paddy fields, generates a trend similar to the 2032-BaU
scenario, except for paddy fields, where land coverage predictably increases to nearly
the same level as in 2006. The Conservative scenario implements limitations on potential
land use and land cover (LULC) changes in the probability transition matrix of the model,
with a focus on reducing and controlling the growth of built-up areas, particularly by
preserving and protecting rice fields to prevent their conversion. On one hand, this scenario
successfully enhances rice paddy fields (Figure 2) by slowing down the growth of built-up
areas and dryland agriculture. On the other hand, forest cover is expected to continue
decreasing to 16% by 2032, similar to the 2032-BaU scenario. However, the preservation of
rice fields is crucial, considering rice is a staple food for the Indonesian population.
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Figure 3. Land use/land cover map of Java in 2006, 2019, and land use/cover projection in 2032

based on 3 scenarios (BAU, Conservative, and RTRW).
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Table 4. LULC area on Java Island (ha) at various points in the existing and predicted years.
Land Use/ Total Area (ha)

Land Cover Types 2006 2019 2032 BaU 2032 Cons. 2032 RTRW

Waterbodies 196,894.33 240,842.38 267,064.83 228,708.13 205,751.70
Forest 3,279,449.77 2,829,767.55 2,174,162.74 2,174,153.65 2,689,300.07
Built-Up Areas 1,280,710.83 1,781,914.48 2,095,146.42 1,887,120.30 2,913,440.08

Bare land 90,435.27 149,663.19 219,787.54 147,444.37 148,694.50
Agricultural Land 4,165,734.11 4,765,025.13 5,211,341.78 4,822,531.88 4,473,852.48
Paddy Fields 3,974,675.08 3,395,623.73 3,246,336.50 3,954,184.04 2,753,385.17

Shrubs 320,856.04 145,918.98 94,915.62 94,613.06 124,331.43
13,308,755.43 13,308,755.43 13,308,755.43 13,308,755.43 13,308,755.43

The third scenario, the Spatial Planning-based scenario (2032-RTRW scenario; RTRW
stands for Rencana Tata Ruang Wilayah or Spatial Planning), yields a relatively different
trend compared to the two previous scenarios. The 2032-RTRW scenario is an LULC
prediction based on the existing built-up area and settlement spatial pattern outlined in
the Spatial Planning for the Java—Bali Region from 2012 to 2032. In this scenario, land
coverage slightly decreases, from 21% in 2019 to 20% in 2032, while the built-up area sharply
increases from 13% in 2019 to 22% in 2032. Under the RTRW plan, numerous existing
agricultural lands are designated for non-agricultural purposes, potentially leading to a
more extensive conversion of agricultural land into built-up areas. This is evident in the
predicted outcomes for agricultural and rice paddy land coverage, which are projected to
be 34% and 21%, respectively, by 2032.

3.2. Urban Growth between Metropolitan and Non-Metropolitan Areas

Figure 4 and Table 5 illustrate the extent of the built-up land coverage in both metropolitan
and non-metropolitan areas. Examining the distribution, more than half of the built-up land
coverage in Java is located in non-metropolitan regions, covering an area of 830,337.83 hectares
or 52.25% in 2019. The growth of the existing built-up areas in non-metropolitan areas
(2% per year) also occurred at a faster rate during the period of 2006-2019 compared to
metropolitan areas (1.7% per year). This indicates that, while urban areas are concentrated
in core metropolitan zones, urban areas at lower density levels are also quite substantial
and spatially dispersed. These urban areas serve as hubs for the surrounding rural regions
while also acting as connectors to more densely populated urban areas.

} Cy Spe
Q w39 " g

D Metropolitan Areas

E Non-Metropolitan Areas

B Built-up Areas 2006
A Built-up Areas 2006-2019

Figure 4. Increasing of built-up area in Java 2006-2019.
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Table 5. Built-up area of Metropolitan and Non-Metropolitan in Java and their average urban growth

per year.
Year Metropolitan Non-Metropolitan
2006 620,837.98 659,894.38
2019 758,708.24 830,337.83
Built-up "
area (ha) 2032 % _BAU 969,826.41 1,124,988.63
2032 * _CONS 878,916.69 1,007,863.32
2032 * _RTRW 1,319,825.92 1,593,512.90
2006 48.48 51.52
Percentage 2019 47.75 52.25
of built-up 2032 * _BAU 46.30 53.70
area (%) 2032 *_CONS 46.58 53.42
2032 * _RTRW 45.30 54.70
2006-2019 0.017 0.020
Average 2019-2032 * BAU 0.021 0.027
urban growth "
per year 2019-2032 * CONS 0.012 0.016
2019-2032 * RTRW 0.057 0.071

Note: * based on land cover prediction.

In 2032, it is predicted that built-up land will continue to increase both in metropolitan
and non-metropolitan areas. Among the three applied scenarios, the 2032-RTRW scenario
is expected to result in the largest expansion of new built-up areas. In this scenario, the
built-up land in metropolitan areas is projected to increase from 758,708.24 hectares in
2019 to 1,319,825.92 hectares in 2032, while that of non-metropolitan areas will rise from
830,337.83 hectares in 2019 to 1,593,512.90 hectares in 2032 (Table 2). The scenario with the
least creation of new built-up land is the 2032-Conservative scenario, where metropolitan
areas will have a total of 878,916.69 hectares of built-up land, and non-metropolitan areas
will have 1,007,863.32 hectares. The 2032-BaU scenario will generate built-up land values
between the other two scenarios. Furthermore, in terms of built-up land growth, across
all three scenarios, the growth in non-metropolitan areas is higher compared to that in
metropolitan areas.

3.3. Klassen Typology of Urbanization Level and Urban Growth

We sought to capture the relationship between the level of urbanization and urban
growth, categorizing regions into four quadrants. In 2019, 4.24% of the regions fell into
Quadrant I, signifying that despite having a high level of urbanization, the rate of urban
area growth remained high (Figure 5 and Table 6). Quadrant II represents regions that
have low existing urbanization levels but are experiencing substantial urban area growth.
In 2019, regions with such conditions accounted for 31%. Moving on to Quadrant III,
comprising 42.37% of the regions in 2019, it represents the least developed areas due to both
low urbanization levels and the slow growth in built-up land. Quadrant IV encompasses
regions with high urbanization levels showing a deceleration in built-up land growth,
termed as saturated, and in 2019, it covered 27.12% of the regions.

The scenarios in the prediction of built-up land growth have consequences for the
dynamics of regional typologies. The distribution details of the regions in the classes of
each scenario are illustrated in Figures 68, while their spatial distribution is depicted in
Figure 9. The 2032-BaU scenario yields a similar number of members in Quadrant I as
in 2019. A noticeable difference appears in Quadrant II and Quadrant III, where in the
2032-BaU scenario, the members in Quadrant II outnumber those in Quadrant III (Table 6).
In this scenario, the areas with the potential for development are mostly concentrated
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in western Java and the northern coast of eastern Java. The 2032-Conservative scenario
produces a typology not significantly different from its original form in 2019 (Table 6).
The differentiating factors between the two scenarios lie in their members and spatial
distribution in each quadrant (Figure 9).
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Figure 5. Klassen typology of urbanization level and urban growth in Java 2006-2019. Notes: red
lines represent the average of urban growth and urbanization level in Java.
Table 6. Recapitulation of Klassen typology of urbanization level and urban growth in Java 2019-2032
based on 3 scenarios.
2019 2032_BAU 2032_CONS 2032_RTRW
Quadrant  Nymber of o Number of o Number of o Number of o
Regions ° Regions ’ Regions ° Regions ’
Quadrant 1 5 4.24 5 424 4 3.39 14 11.86
Quadrant 2 31 26.27 44 37.29 33 27.97 38 32.20
Quadrant 3 50 42.37 38 32.20 48 40.68 40 33.90
Quadrant 4 32 27.12 31 26.27 33 27.97 26 22.03
Total 118 100.00 118 100.00 118 100.00 118 100.00

The 2032-RTRW scenario results in a regional typology that is considerably different
from its original typology in 2019. In this scenario, the members in Quadrant I make
up 11.86%. Although Quadrant III remains the most numerous, it is only at 33.9%, not
significantly different from the members in Quadrant II, which stand at 32.20%. Lastly,
there is a consistent trend across all the scenarios tested, where the members in Quadrant
IV in all scenarios are regions located in metropolitan areas.
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Figure 6. Klassen typology of urbanization level and urban growth in Java 2019-2032 based on
Business as Usual (BAU) scenarios. Notes: red lines represent the average of urban growth and
urbanization level in Java.
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Planning (RTRW) scenarios. Notes: red lines represent the average of urban growth and urbanization
level in Java.
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4. Discussion
4.1. New Centralities of Spatial Dynamics?

Jakarta and Surabaya have long been the two main urban centers of Java, where the
first has increasingly surpassed the latter [35]. Since the 1980s, the development of both
cities has expanded beyond the urban core boundary, generating the formation of the
two largest metropolitan areas in the island that connect the main urban cores to their
surrounding peripheries, i.e., JMA and SuMA. The pattern of JMA’s domination (over other
metropolitan areas) continues to occur between 2006 and 2019, notably seen from its urban
expansion. While the urban land ratio of Jakarta City and its urban peripheries (Bogor
City, Depok City, Tangerang City, South Tangerang City) has relatively saturated, a massive
expansion of built-up areas is clearly seen in all of its rural peripheries. Quite the contrary,
the urban expansion of SuMA is only noticeable in the peripheries situated to the south of
Surabaya City, following the existing main transportation corridor.

While the centrality of JMA is projected to continue over the next 10 years, there is
a possibility that the spatial dynamics of other metropolitan areas will challenge the one
of SuMA. A potential candidate would be BMA and YMA (see also [75]). BMA together
with JMA and SuMA are traditionally the main growth centers of Java. In the case of
YMA, between 2006 and 2019, this metropolis’ peripheries, notably Bantul, experienced a
massive built-up area expansion. Based on our analysis, this trend is projected to continue
over the next 10 years. With the development of a new airport located to the south of
Bantul, new economic opportunities will potentially arise that may further stimulate
urbanization process.

4.2. Mega-Urbanization beyond Existing Metropolitan Boundaries

Current studies have focused on the merging of JMA and BMA as Java’s mega-urban
region, dubbed as JBMUR. However, during 20062019, it is clear that urban expansion
also took place in regions located to the East (notably Karawang and Purwakarta) and to
the West (notably Serang and Cilegon) of JMA, indicating urban conurbation along the
main transportation corridors beyond the metropolis” administrative boundary. Over the
next 10 years, it is projected that such conurbation continues to manifest. This merging of
JBMUR with farther regions has generated a larger agglomeration, cementing JMA and its
surroundings as Java’s largest mega-urban region.

Other fusions of existing metropolises are also detected in the case of SeMA-GS-
YM and SuMA-GM. With the new expressway connecting SeMA and GS (and later YM),
the urban expansion within this large urban agglomeration will continue to take place.
Meanwhile, in the case of SUMA-GM, its urban expansion in the future may also entail
regions outside SuUMA-GM’s administrative boundary, including Jombang and Pasuruan.

Other forms of mega-urbanization in Java have also taken place, most notably urban
conurbation, which is situated outside the existing metropolitan areas. This can be seen
along the North Coast of Central Java. The existing main transportation corridor coupled
with new investment opportunities have stimulated urbanization in smaller urban centers.

A more dispersed urbanization pattern outside the existing metropolitan areas and
the urban conurbation of the North Coast of Central Java (as well as West Java-Banten) has
also emerged. The expansion of smaller urban centers in various regencies such as Pacitan,
Bondowoso, Rembang, Blora, and Kebumen are some examples of less-urbanized regions
experiencing fast urbanization growth. This pattern indicates that urbanization in Java does
not only entail the formation of mega-urban regions. It also chimes with recent discussions
on the growing significance of small towns and medium cities in Java [76,77]. However,
further studies are needed to better understand the factors underlying their growth.

5. Conclusions

In this paper, we have investigated the urbanization in Java and developed a prediction
model based on three scenarios. We have added a new literature of urbanization and mega-
urbanization in Java by uncovering the trends and patterns of built-up areas’ expansion, the
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typologies of urbanization, and the dynamics of mega-urbanization. First, the expansion
of built-up areas in non-metropolitan areas has occurred (and will continue to occur)
more rapidly than in metropolitan areas. Second, recalling the four Klassen urbanization
typologies that we defined, during the 20062019 period, despite the rapid urban growth
of non-metropolitan areas, some localities located within metropolitan areas still exhibited
high urban growth. Meanwhile, referring to the three scenarios that we developed, the
RTRW scenario is the one that will generate the larger urban expansion of metropolitan
and non-metropolitan areas in Java. This indicates that the current spatial policy tends to
facilitate more massive urbanization than the existing historical trend, potentially causing a
higher pressure to Java’s environmental conditions. Third, mega-urbanization centered on
existing metropolitan areas still marks a noticeable pattern in Java. However, the merging
of two metropolitan areas (and more) has also emerged, notably facilitated by the existing
transportation corridors. Meanwhile, the presence of such transportation networks has also
formed urban conurbation outside existing metropolitan areas. All in all, the urban spatial
dynamics in Java thus raise challenges for urban and regional planning as the urbanization
process is taking place across multiple and multilevel jurisdictions.
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