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ABSTRACT This paper discusses the spatial trends of urban physical growth of several cities in Java. Six
cities in Java (Jakarta, Bandung, Semarang, Yogyakarta, Surabaya, and Malang) were chosen as samples
to represent the characteristics of cities in Java based on their geographic settings, including their to-
pography, size, population density, and history of their development. The objectives of this study were:
(1) to understand the variations in physical growth of cities in Java; and (2) to explain the spatial trends
of urban physical growth of these cities based on their geographic settings. Multi-temporal Landsat
satellite images were chosen as data sources to identify urban morphological development processes.
Based on results of analysis, it was found that the physical growth of cities in Java has had relatively
diverse variations in the aspects of urban settlements, infrastructure, and urban functions. However,
the diversity of urban physical growth can be simplified into four types based on the dominant form
of physical development. These four types were found to be (1) a compact-rounded city that is formed
by the domination of a densification process; (2) a spread-elongated city formed by the dominance of
an extensification process; (3) a compact fan-shaped city that is formed by natural physical conditions;
and (4) a scattered-random city formed by the domination of a leapfrogging process.

© The Author(s) 2019. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION

The world has experienced urban population growth faster
than what is predicted by Malthus, known as the Limits of
Growth. In 1950, there were only 86 cities in the world with
a population of more than 1 million. This number has since
reached 550 cities. The proportion of the urban popula-
tion to the total world population, the United Nation notes,
rose from 13% (220 million) in the beginning of the 1900s to
29% (732 million) in 1950, and then increased significantly
to 49% (3.2 billion) in 2005. The United Nation predicts
that in 2030 the proportion of the urban population will
reach 60% (4.9 billion people). Highlighting this dramatic
increase, in 2005 the total urban population was greater
than the total world population in 1960 (Douglass 1998).

Urbanization is themost dominant process responsible
for the increase in urban population proportion. It should
be noted that the rapid rate of urbanization is dominated
by developing countries, especially the Asia Pacific. Data
show that the proportion of the urban population in the
Asia Pacific region was 35% of the total population in the
early 1990s, and increased at a rate of 3.2% per year dur-
ing the period 1990–1995. It is an irony that urbanization,
which is the direct impact of the industrialization process,
is more dominant in high-level escalations in countries that
tend to be less successful in becoming industrial countries.
For example, Indonesia during the 1996–2006 period actu-
ally experienced de-industrialization, and even if there was
progress in the industrial sector, it occurred in the small-
scale household industry sector and MSMEs.

The impact of a high rate of urbanization (in a broad
sense, not only that concerning the exodus of rural resi-
dents to urban areas) is the increasing need for land for set-
tlements and other urban functions around large cities. In
Indonesia, this phenomenon has been very evident in the
cities of Java that have very large populations. The impact
of this situation is the invasion of urban land use on the
city outskirts to fertile agricultural land, thus causing a de-
crease in agricultural production and productivity and so-
cial conflict in peri-urban areas, as well (Burchell et al. 1998;
Seto et al. 2009).

Urban physical development (referred to as “urban spa-
tial growth” in this paper) is a consequence of urban growth.
The terminology of urban growth refers to the process of
growing and shrinking urban economic agglomeration (Fu-
jita et al. 2001). The pattern of concentration of economic
activity is an important determinant of ongoing urbaniza-
tion, city structure, and spatial growth of cities (Fujita et al.
2001). In order to reduce the impact in the very large ex-
halation of many populated cities in Java, it is necessary to
control the spatial growth of these cities, and for this pur-
pose, this study is needed to monitor their growth process.

Measuring the spatial growth of cities is not an easy
task, because the definition and boundaries of urban ar-
eas are very diverse and dynamic according to time. An
easy-to-use approach is to combine administrative bound-
aries with morphological constraints. To support the study
of spatial growth processes in urban areas, multi-temporal
data are needed that have spatial references standard. In
this area, remote sensing satellite image data have proved
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to be reliable (Wilson et al. 2003; Bianchin and Bravin 2004;
Roca et al. 2004; Moeller 2005).

The importance of this research is related to the SDG’s
agenda in the urban field, namely the realization of the eco-
city concept. The concept of the eco-city originates from
the fundamental objective of sustainability and the appli-
cation of ecological principles to urban planning, design,
and management. In this concept, there are three essen-
tial components that must be present in order for it to be
regarded as a sustainable eco-city. The first, on the envi-
ronmental front, is that the eco-city must be able to pro-
tect or preferably even enhance the environment. Within
the eco-city, there ought to be important aspects or fea-
tures such as the application of green technologies, en-
vironmentally sustainable transportation, rational use of
space, green belts and parks, and cultural and heritage con-
servation. On thewhole, the eco-city should strive towards
producing a lower ecological footprint.

The second component comprises the economic as-
pect, wherein the eco-city must be able to contribute to
economic growth by attracting investment and generating
revenue and jobs. Economic growth will provide the neces-
sary resources to better protect the environment by raising
the living standards of inhabitants. The greater the pros-
perity and better the living standards, the more aware and
supportive the populace will be of efforts to safeguard the
environment.

The final component is the social and cultural front.
The eco-citymust be able tomeet social considerations, for
instance strengthening the bonds of friendship and unity
among social groups. The eco-city should be accessible to
people from various walks of life. The concept of the eco-
city is illustrated in Figure 1.

2. METHODS
The research method used was exploratory descriptive re-
search. The data used in this study were Landsat Satel-
lite data for the 1970–1980s period, 1990–2000s period, and
2010–2015 period. Other data were also used, namely basic
maps that were used as spatial references, in this case the
map being the Indonesian Topographic Map (RBI) at a scale
of 1:25,000. Information on road networks, river networks,
administrative boundaries, and toponyms were taken from
the RBI map.

FIGURE 1. Eco-city concept.

Digital image processing was also used. The digital
analysis technique used was the transformation model,
which is a built-in land index (NDBI) formula that is inte-
grated with the Normalized Difference Vegetation Index
(NDVI), Soil Adjusted Vegetation Index (SAVI), and Modi-
fied Normalized Difference Water Index (MNDWI). NDBI is
a multispectral transformation model that produces new
pixel values in the form of indices that highlight building
cover information and built-up land. NDVI is a multispec-
tral transformation model that produces new pixel values
that highlight vegetation cover information. SAVI is a multi-
spectral transformation model that produces new pixel val-
ues that highlight soil cover information. MNDWI is amulti-
spectral transformation model that produces new pixel val-
ues that indice water features.

The results of integrating NDBI, NDVI, SAVI, and
MNDWI formulations produced a map of built-up land (in
this study it was assumed to be the urban morphological
boundary). The multi-time city morphological boundary
map collatedwith the administrative boundarymap of each
city will produce a typology of urban spatial growth. The
standard used was the built-up area > 75%. The morpho-
logical maps of the cities in each year (1975, 1995, and 2015)
were subsequently stacked to produce urban morphologi-
cal development maps.

Based on the urban morphological development maps,
descriptive analysis of spatial trends was conducted. Anal-
ysis of urban development spatial trends used a “wind rose”
model to describe spatial development orientation. The
results of the descriptive analysis of urban spatial growth
were then compared with the population growth of the city
to understand the relationship between them. The trend
analysis was carried out based on the homogeneity of the
additional rate of urban built-up land area over time, spatial
orientation, the linkages with major transportation routes,
and population dynamics.

3. RESULTS AND DISCUSSIONS
This research was conducted on six cities in Java Island,
namely Jakarta, Surabaya, Bandung, Semarang,Malang, and
Yogyakarta. Jakarta and Bandung are located in the west-
ern part of Java, Semarang and Yogyakarta in the center
of Java, Surabaya and Malang are two cities located in the
eastern part of Java. These six cities were chosen based on
city rankings in Java, as well as based on various consider-
ations of physical and social characteristics. Table 1 shows
the ranking of the city hierarchy in Java.

As the capital city of Indonesia, Jakarta is of course
ranked first in the city hierarchy, and is a primate city
not only in Java, but also in Indonesia. This is reflected
in the population of Jakarta amounting to three times that
of Surabaya, the second most populous city. From the pri-
macy index, it is also seen that Jakarta’s hegemony is still
very strong and tends to be stronger, whereas Surabaya
and Yogyakarta have tended to decline, and the other cities
have been relatively stagnant.

Of the six cities, in general, the city’s population growth
within administrative boundaries did not show a high rate.
This condition is contrary to the built-up area growth in-
side and outside the boundaries of the city administration.
This condition shows that the rate of urban spatial growth
is not only determined by the rate of population growth in
the city. In other words, urban population growth is not
always coincident with urban spatial growth. The law that
applies here is that high urban growth will be accompanied
by high spatial growth of cities (both horizontal and verti-
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TABLE 1. Cities’ Primacy Index in Java, Indonesia.

Rank City Total Population Primacy Index

1971 1990 2010 1971 1990 2010

1 Jakarta 4,579,303 8,222,515 9,567,127 0.47 0.51 0.50
2 Surabaya 1,549,212 2,483,871 2,765,908 0.16 0.15 0.14
3 Bandung 1,200,380 2,058,122 2,393,633 0.12 0.13 0.12
4 Semarang 641,795 1,249,230 1,553,778 0.07 0.08 0.08
5 Malang 421,577 636,308 819,708 0.04 0.04 0.04
6 Yogyakarta 340,192 412,059 388,088 0.04 0.03 0.02

cal), but high spatial growth of cities is not always caused
by high urban growth.

Jakarta experienced urban spatial growth from 1975 to
2015, tending to all directions (except to the north) in high
intensity. Developments from 1975 to 1995 were charac-
terized by concentric fan-shaped and leapfrog types that
were marked by the emergence of built-up land located
far from the administrative boundary. The development of
1995–2015 was dominated by concentric types and built-up
densification combinedwith the leapfrogging development.
This process gave Jakarta a compact fan shape because it is
influenced by bordering the coast in the north (Figure 2).

Based on previous literature, urban spatial develop-
ment is divided into five types, namely: organic (infill), ex-
pansion, isolated, linear branch, and clustered branch (Wil-
son et al. 2003; Sun et al. 2015). Organic growth is char-
acterized by the presence of small, newly built land be-
tween existing urban land uses (Sun et al. 2015). Some pa-
pers have called it the densification process. The expan-
sive type is characterized by the presence of new, built-up
land outside and attached to existing urban land use, con-
verting non-urban lands (built-up area < 40%). Humphrey
Carver explains that this type produces belts along rural ar-
eas around urban areas (Heimlich and Anderson 2001). This
type is also known as the urban fringe development (Heim-

lich and Anderson 2001; Theobald 2001). Organic and ex-
pansive types occur in existing built areas.

Three other types occur outside existing urban areas,
and are generally known as outlying growth. In general,
the region experiencing this growth process is character-
ized by changes in the use of non-urban land into urban
interiors. Isolated growth is characterized by the emer-
gence of buildings in areas that are far from the city on
non-urban land use. Linear branch growth is character-
ized by new transportation routes in non-urban areas that
are some distance from the existing city. Clustered branch
growth is characterized by a group of new settlements (a
complex new neighborhood) on non-urban land far from
the city. Harvey and Clark (1965) defined it as the growth
of leapfrog development.

Surabaya also experienced urban spatial growth from
1975 to 2015 in high intensity, but this growth did not occur
in all directions. The development of Surabaya in 1975–1995
and 1995–2015 took place axially, to the northwest and to
the south. Pseudo concentric infiltration also occurred to
the east. This process resulted in the Surabaya urban area
having an octopus-like shape, with northwest and south di-
rection (Figure 2).

Bandung grew outward in quite low intensity in the
1975–1995 and 1995–2015 periods, as well (see also Figure

FIGURE 2. Landsat satellite images of six cities in Java, Indonesia, in the years 1975, 1995, and 2015.
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2). The spatial development of the Bandung urban area was
dominated by densification (organic growth) within the lim-
its of the city administration. The morphology of the Ban-
dung urban area internally tended to be shaped like an oc-
topus, and in some parts there was a process of leapfrog-
ging. In general, Bandung is a type of city that spreads ran-
domly to the northwest, north, northeast, southeast, and
southwest directions, so that the spatial development path
is similar to a star shape.

Semarang experienced physical growth inmoderate in-
tensity, both in the 1975–1995 period and 1995–2015 period.
The development occurred semi-concentrically, with the
dominant direction being to the south, and linear to the
west and east. The dominance of urban spatial growth
was a combination of ribbon patterns with the direction of
the east-west axis and semi-concentric to the south. The
shape of the city that emerged from the process was a com-
pact city fan shape (Figure 2).

Malang grew spatially following concentric types in
moderate intensity in the 1975–1995 and 1995–2015 periods,
as well. This concentric development followed the initial
form of the city, which tended to be rectangular. Another
development that occurredwas extension to the northeast-
southwest, although the intensity was not high. The mor-
phological type of Malang was compact rounded (Figure 2).

Yogyakarta developed concentrically in low intensity
between 1975 and 1995, and in high intensity between 1995
and 2015. The development in all directions was supported
by physiographic conditions that tended to be homoge-
neous in all directions. However, the intensity of land de-
velopment was not similar in all directions. Instead, devel-
opment to the northeast and west had a higher intensity
than the other directions. The shape of the city produced
from this process was a compact type (Figure 2).

In general, the trend of the urban morphological devel-
opment of the cities in Java can be grouped into four types,
namely compact rounded, spread-elongated, compact fan-
shaped, and scattered-random. A compact rounded city is
formed by the domination of a densification process. Yo-
gyakarta and Malang, as such, are examples of this type
of spatial trend development. The spread-elongated city
formed by the dominance of an extensification process, as
exemplified by both Jakarta and Surabaya.

A compact fan-shaped city is formed by natural phys-
ical conditions, of which Semarang is an example. And fi-
nally, the scattered-random type is formed by a leapfrog-
ging process’s domination. Bandung is an example of
scattered-random spatial development in an urban area.

CONCLUSIONS
The urban physical growth of cities in Java since the 1970s
has been very diverse. In the 1975–1995 period, they com-
monly grew in low intension, even varying in intensity of
growth. However, in the 1995–2015 period, some cities
grew very fast, some cities grew with medium intensity,
and the rest experienced quite low growth. The urban
physical growth of these Javanese cities also had quite di-

verse variations in terms of their spatial trends. In general,
four types of spatial trends—compact rounded, spread-
elongated, compact fan-shaped, and scattered-random—
dominated urban spatial development in Java.
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