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1. Introduction

The majority of world’s populations are predicted to live
in cities. By 2030, nearly 60% of world population will live in
cities (UNFPA, 2007). Drawing insights from this fact, many
cities, especially in developing countries, will experience
urbanisation at large scale, however, at the same time the
urban infrastructure has not been able to accommodate the
population. According to Statista (Statista, 2017), about 55%
of Indonesia population live in urban area. In 2010, the urban
population was about 50% and it went up to 53,5% in 2015.
This trends will be continuously increasing until 2035. It is
predicted that the urban population will hit 60% by 2025 and
will reach 63,4% by 2030 (BPS, 2013). It gives a clear image
that the rapid growth of urban population and urbanization is
happening in a large scale. Therefore, the growth of urban
population requires serious attention from stakeholders, in
particularly urban planners. Increasing population which
followed by rapid urbanisation has important implications
for urban area expansion. This implication yields urban
agglomeration within surrounded areas as the consequence.
Not only that, but also rapid urbanisation causes a wide range
of urban problems, including urban sprawl.

Sprawl is often defined by four land use characteristics:
low density; scattered development (i.e. decentralised sprawl);
commercial strip development; and, leapfrog development
(Ewing, 1997). It can be described as an overall low density
development or a scattered or leapfrog development with a
daily commuting of its people relying on automobile (Uhel,
2006 cited in Abrantes et al, 2019; Galster et al., 2001;
Kasanko et al., 2006). Higher environmental impacts are

reported to be associated with low densities, one of sprawl
development  characteristics (Camagni, Cristina, &
Rigamonti, 2002). In line with previous findings, Nechyba &
Walsh (2004) mentioned that sprawl can be linked to
environmental issues as lower-density development. In other
words, sprawl can be associated as the increase in emissions
per mile travelled related to traffic congestion and the
increases in vehicle miles travelled. Urban sprawl also leads
to cause loss of productive agricultural lands, open green
spaces, as well as loss of surface water bodies (Bhat, Shafiq,
Mir, & Ahmed, 2017). In addition to that, social sector is also
reported to have negatively affected by urban sprawl. People
who live farther from each other will have weak linkages
within neighbours (Burchell et al., 1998 cited in (Nguyen,
2010) as well as social segregation (Camagni and Gibelli,
1997 cited in (Camagni et al., 2002)).

Handy (1996) defines urban form as a composite of
characteristics related to land use patterns, transportation
system, and urban design. Urban form can be further
described conceptually as the spatial pattern of human
activities including the physical configuration of a city along
with land use patterns, population and housing densities,
infrastructure and amenities, and transport and
communication networks (Anderson et al., 1996 cited in
(Tsai, 2005); Abrantes et al., 2019). In term of geographical
scales, urban form can be viewed and classified into several
levels, such as metropolitan area, city, and even
neighbourhood. The reason for this classification is twofold.
First, some urban form variables operate only at certain
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levels, such as the job-housing balance variable. Secondly,
urban form variables (such as density) may carry different
meanings at different levels and may differently affect human
activities, such as travel behaviour (Tsai, 2005). To sum up
the concept of urban form, urban form is a result of the
bringing together of many elements-concepts: the urban
pattern (Jabareen, 2006).

Longstanding attempts to quantify urban sprawl that
focuses on the growth of suburbs relative to central cities in
which showing that suburbs have grown more rapidly than
the central cities they surround (Chinitz, 1969). Song &
Knaap (2004) measures urban form by utilizing street design
and circulation systems, density, land use mix, accessibility,
and pedestrian access to evaluate the development patterns in
Portland, Oregon. Meanwhile, Tsai (2005) describes urban
form by using three categories which are density, diversity,
and spatial-structure pattern. In contrast, Chin (2002) points
out three principal dimensions of urban sprawl such as urban
spatial scale, population density decline, and scattered
urbanisation. Among several variables that have been used to
identify urban form, population density and land use cover
are the key variables to explain more depth the typology of
urban areas (Abrantes et al., 2019).

Sustainable urban forms have been a concern in the
context of developed cities which described as “new
urbanism” or the “compact city” (Abe & Kato, 2017). As
urban sprawl triggers many negative implications towards
environment, social, and economic, there is a vision for many
urban planners in the 21+ century to create places with more
compact design, more accessible to public transportation,
and less driving.The key principles which are proposed in
order to create more sustainable urban form, are promoting
walkability and connectivity, mixed land uses, and high
density (Rukmana, 2018). Newman & Kenworthy (2000)
found that the compact city emerges as the most fuel-efficient
of urban forms. They conclude that urban form matters to
improve urban air quality. Compactness also does not have a
generally accepted definitions. Gordon & Richardson (1996)
potray compactness as high-density or monocentric
development. Ewing’s definition (Ewing, 1997) was some
concentration of employment and housing, as well as some
mixture of land wuses. Alternatively, Anderson et al.
(Anderson, Kanaroglou, & Miller, 1996) defined both
monocentric and polycentric forms as being compact. To
conclude the definition, compactness refers to urban
continuity (and connectivity), which suggest that future
urban development shall take place adjacent to existing urban
structures (Wheeler, 2002) as compactness brings the
concentration of development (Tsai, 2005).

The studies on urban form have been drawing interests in
international research area for the past decades. However, in
Indonesia context, the lack of theoretical and empirical works
to address urban structure using quantitative measures is still
underdeveloped. In fact, understanding urban form can lead
to better decisions on urban transportation, growth strategy,
as well as the development of infrastructure (Bin Kashem,
Chowdhury, Majumder, & Rahman, 2009). In recent years, a
number of quantitative variables have been developed to
characterise urban sprawl. However, there are some gaps in
the definitions of compactness and sprawl, and in the
appropriate quantitative variables. This paper aims to
characterise quantitatively urban form in general and to
distinguish compactness from sprawl particularly using
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urbanized area case. The findings can be taken to propose
different types of urban policies and planning approaches
based on the urban form typology as well as to attain
sustainable travel. Moreover, by measuring the urban form
unit, we can also reveal the trends of urban development in
YUA context. The study starts with a literature review of
definitions of urban form and definitions of compactness and
sprawl. After that, the different dimensions of metropolitan
forms, accompanied with appropriate quantitative indexes in
which the degrees of compactness and sprawl are revealed.

2. The Methods
Site Study

In terms of area coverage, this study was conducted in
Yogyakarta Urbanized Area (YUA) with the object of
research is the built environment, particularly urban form
characteristic in that location. YUA covers 14 (fourteen) sub-
districts in Yogyakarta City, 6 (six) sub-districts in Sleman
Regency, and 3 (three) sub-districts in Bantul Regency.

Data Sets and Analysis

This paper developed a set of quantitative variables to
characterise urban forms at the metropolitan level, and in
particular, to distinguish compactness from “sprawl”. The
analysis follows reviewing and analysing former research on
the definitions of urban form, compactness and sprawl, and
corresponding quantitative variables. Density, diversity, and
accessibility are often used to describe the urban form within
region. Density is a critical typology in determining
sustainable urban forms. It is the ratio of people or dwelling
units to land area. Meanwhile diversity is a multidimensional
phenomenon (Turner & Murray, 2001) that promotes further
desirable urban features, including greater varieties of
housing types, building densities, household sizes, ages,
cultures, and incomes. Thus, diversity represents the social
and cultural context of the urban form. Sometimes diversity
is being relates to the mixed used in which in this context
mixed land use indicates the diversity of functional land uses
such as residential, commercial, industrial, institutional, and
those related to transportation.

There are several ways to categorize the typology of urban
form. Jabareen (2006) classifies urban form into four
different types such as neo-traditional, compact city, urban
containment, and eco city. The typology is described through
several criteria such as density, diversity, mixed land use,
compactness, sustainable transportation, passive solar design,
and greening ecological design. Using different perspective,
Jackson-Smith et al. (Jackson-Smith et al.,, 2016) further
clustered the urban form that have been linked to its water
system characteristics. For this paper, we categorized the
urban form typology into three categories based on the level
of its compactness: low compact, middle compact, and high
compact typology.

To represent density, diversity, and accessibility in deeper
context, six quantitative variables were developed to measure
six dimensions of urban form: population density, richness
index, bus service coverage area index, number of transit
stops, built-area ratio, and land use variation. The data sets
are display on the Table 1 below.

The public transport service in Yogyakarta Special
Province can be categorized into 4 type of services which are
public transport (city bus and TransJogja), ojek, taxi, and non
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Figure 1. Research Area

Table 1. Data Sets

Variable

DENSITY
Population density
Built up area percentage

DIVERSITY
Richness Index
Land use variation

ACCESSIBILITY
Number of transit stop
Bus service coverage ratio

Operational

Total person per ha within the area
Total built up area per total area

Ratio of its total land use groups
Ratio of non-residential area per total area of its residential area

Total transit stops of TransJogja within the area
Ratio between the length of TransJogja routes and total length of road
within the area

Source: Analysis, 2018

-motorized transportation (becak and andhong). TransJogja
is expected to be the most reliable public transport services in
Yogyakarta area which classified as Bus Rapid Transit (BRT)
system. Accessibility towards public transportation service
was measured through calculating the bus service coverage
rate (BSCR) as the ratio between the length of TransJogja
routes and total length of road. To represent the public
transport service level in all Yogyakarta urbanized area, we
divided the value of BSCR into three categories: low bus
service coverage ratio (BSCR = < 0,1); middle bus service
coverage ratio (BSCR = 0,1 - 0,3); high bus service coverage
ratio (BSCR = > 0,3).

After we collecting the values of six variables, we classified
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the region into three categories which are low, middle, and
high based on the interval class within the value. The
classification of six variables in this study is shown in Table 2.
The values of these variables were averaged and used to
divide the urban forms into three domains (high compact,
middle compact and low compact). High compact has high
value of density, diversity and accessibility, whilst medium
compact and low compact have medium and low value of
these three factors accordingly.

3. Result and Discussion
Land Use Characteristics
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Table 2. Interval Value Classification between Variables

Interval Class Population Built-up area Richnessin-  Land use varia- Number of Bus service
density percentage dex tion transit stop coverage area
Low <45 <68 <0,33 0 <1 <0,1
Middle 45-149 68-97 0,33-0,67 0-0,045 1-5 0,1-0,3
High >149 >97 >0,67 >0,045 >5 >0,3

Source: Analysis, 2018

110°200°E
1

110°250°E
1

rempeL

'SLEMAN

SEYEGAN

74505
1

/
covean__ el

pu

s«n....H

75005
!

PAJANGAN

LAND USE MAP

Measuring Urban Form Units: Alternative for
Characterizing Urban Growth Pattern
in Yogyakarta Urbanized Areas

Legend
® Bus Station N\ Government Office
Farm

'('( Airport v

® Railway Station ] Sport Field

== KPY Boundary  ["]Graveyard

=+« Regency Boundary [l Miitary

—-- District Boundary [ Toursm Area

— Village Boundary [ Education Area

—+~ Railroads [T Comercial Area

== Artery
Collector
Local

— Strategic

— River
River Area

T
7°450°S

Warehouse
[ Residential Area
111 mall
[ Green Open Space
Hospital
Vacant Land
Land Use Irrigation Field
[ Airport Rainfall Field
Temple Shrubs
I Reservoir/ Pond "] Stadion
[ Hotel ] Railway Station
[Jindustry Moor
[Jirrigation

A

N

25 1.25 0 25
P e Kilometers

HOGUE H01ZUE HOHUE HOBVE HOSVE
I I

A

¢ RS STEMAN
KAB. KULONP w

~_KAB. BM

Source
1. Department of Land and Spatial Planning DIY, 2017

T
7°500°S

JAWA TENGAH

1
800°S 7°500°S 7°400°S

PIYUNGAN

~ (
A ‘ KAB.GUNUNGKIDUL'

Ly
)

8100°S 8°00°S 7°500°S 7°400'S

T T T T T
DLINGO, 110°00°E _110°12'0"E 110°24'0"E_110°36'0"E_110°48'0"E

110°200°€

T
110°250°E

Figure 2. Land Use Map

DIY Agriculture Office (BPS, 2016) states that the
conversion of agricultural land in DIY reaches 200 - 250 Ha
per year, where most of it occurs in urban and periphery
areas. In the city of Yogyakarta, agricultural land is only 56
hectares or only around 2% of the total city area of 3,250 ha.
Subsequent land use in YUA is 5.14% of dry land / gardens /
fields / yards, riverbanks in YUA reaches 4.17%, and the
remaining 5.48% for other sectors such as education, trade
and services, Public facilities, green open spaces, ponds /
ponds and so on. Having this on mind, most of the area is
dominated by densely populated residential areas in the
central part of the city, while in the outer border (periphery)
agricultural land remains stable as display on the Figure 2.

Looking at the land use distribution patterns in YUA,
several lands greatly impact the patterns of community
travel, namely settlements, offices, education, shopping
centres, and trade and services. In the context of residential,
it takes 66,37% of the total area of YUA. Mainly this
residential area is centrally located in the centre of YUA since
the region has good accessibility for transportation and
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public facilities.

Commercial Activity Characteristics

Yogyakarta Urban Growth follows a concentric pattern,
where the City of Yogyakarta acts as a centres of growth.
Growth centres for trade activities and services are developed
from Jalan Malioboro to eastward (Jalan Solo) and partly to
the north (Jalan Magelang). This development follows the
city's growth and the improved road infrastructure. The
centres for trading and economic activities in the Yogyakarta
Urban Area occur by following the arterial and collector
roads. Drawing idea from this, the total market is 175
markets, of which 27 markets are in Yogyakarta City, 8
markets are in the Bantul Regency, and as many as 140
markets are in Sleman Regency. In addition to the market
presence, the trade sector is also dominated by 1777 shops, of
which 890 shops are in Sleman Regency, 692 stores are in
Yogyakarta City, and 195 stores are in Bantul Regency.

The number of hotels in Yogyakarta Urban Area is 306
buildings, of which 236 are in Yogyakarta City, 10 hotels are
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in Bantul Regency, and 60 hotels are in Sleman Regency. The
most hotel facilities are in Gedong Tengen Subdistrict as
many as 50 hotels, which are influenced by the Malioboro
area as a tourism and trade centre of Yogyakarta City. The
number of tertiary educational institutions in the city of
Yogyakarta has reached 65. Meanwhile, the growth of
education facilities is dominated by the northern region of
the Yogyakarta Urban Area. The number of tertiary
institutions in Sleman currently amounts to 30 private
universities and 5 state universities.

Urban Form Classification

This section discusses the urban form classification
through the measurement of density, diversity, and
accessibility variable. In line with the aforementioned urban
form variables, density is identified as population density and
percentage of built-up area, diversity is identified as the
Richness Index and variation in land use, and accessibility is
identified as the number of public transport stops and ratio
of coverage of public transportation services (Bus Service
Coverage Rate/BSCR),

Results show that the majority of population density in
YUA is still low. Figure 3 presents, high population density
are concentrated in the centre of the area in which it is
located in city of Yogyakarta administrative area. The activity
concentration in which directed in the heart region of
Yogyakarta can be related to high population density in this
area. District of Danurejan, Gedongtengen, and Ngampilan
are reported to have the highest density of population within
YUA. The plausible reason to this finding is high
concentration of residential in these areas. People are tend to
reside closely to the public facilities. As the central
government is located in Danurejan, this area provides good
facilities, good connectivities, and many commercial
activities which mostly people are looking for. Figure 3 also
shows that high coverage of built-up area are also
concentrated within centre area of YUA. Meanwhile, the

suburban areas have low percentage of built-up area which
means this area is still dominated by agricultural land use.

Table 3 describes the results of urban form typology
within YUA. Most of the areas are categorized as middle
compact typology characteristics, in which 13 areas are
included in the low compact typology, 49 areas are included
in the middle compact typology, and the remaining 9 areas
are grouped in the high compact typology. Middle compact
typology is dominated by region within city of Yogyakarta
administrative area. Surprisingly, Bantul regency is not
considered as high compact compare to the all parts of YUA.
It is clear that multiple functions are often associated with
higher densities and a greater mixed used activities. The
lower its density values, the more scattering the activities as
represent in the low compact area through its diversity value.
In contrast, area with large variations of its activities have
more compact urban form than areas with low variation
have. Great accessibility in areas with large variation is
inevitable.

Figure 4 describes high compact typology of urban form
is concentrated in the centre of YUA. Caturtunggal and
Sinduadi area, as a part of Sleman regency, are categorized as
high compact areas. The existence of higher education within
this area has triggered the emergence of new activities to
support the function of the area. Rapid development in this
area is also correlated with the higher densities as well as
creating a multifunctional used within the area. Former
research finds that Sleman regency is one of the areas where
attracts people to come because of its function as the base for
economy activities and as the base for educational facilities
(Giyarsih, Arif, & Alfana, 2013). It is indeed that Yogyakarta
is experiencing the spatial expansion into its hinterlands and
peripheries in order to accommodate the growing urban
population along with urban activities.

Currently, the principal foundation for characterizing
urban development and making urban comparisons is by
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Table 3. Urban form classification in Yogyakarta Urbanized Area

DENSITY DIVERSITY ACCESIBILITY

Urban Form  Kabupaten/ B Bus
Classification Kota Desa/ Kelurahan Popula % Built- Richness Land Use Transit  Service

tion Den- -
fon el up Area  Index  Variation  Stops  Coverage
sty Rate

Yogyakarta ~ Panembahan, Patehan,

(3) Tahunan 136,068 97,453 0,278 0 0,667 0,009

Sinduharjo, Minomar-
LOW COM- Sleman (5) tani, Wedomartani, Si- 42,331 58,984 0,600 0,011 0 0,006
PACT doarum, Purwomartani

Wirokerten, Potorono,
Bantul (5) Tamanan, Singosaren, 40,830 53,883 0,333 0 1,400 0,055
Bangunharjo

Purbayan, Kadipaten,
Suryodiningratan,
Wirogunan, Bronto-
kusuman, Wirobrajan,
Keparakan, Bener,
Warungboto, Sorosutan,
Pakuncen, Prawirodir-
jan, Rejowinangun,
Gedongkiwo,
Gunungketur, Tegalrejo,
Yogyakarta  Karangwaru, Pandeyan,
(35) Semaki, Giwangan, Pa-
tangpuluhan,
Pringgokusuman,
Ngupasan, Prenggan,
MIDDLE Mantrijeron, Ngampilan,
COMPACT Notoprajan, Kricak, Mu-
ja-Muju, Tegal
Panggung, Demangan,
Baciro, Kotabaru,
Cokrodiningratan, Pur-
wokinanti

137,251 95,104 0,429 0,034 3,114 0,253

Sariharjo, Nogotirto,
Sleman (5) Banyuraden, Maguwo- 36,945 66,919 0,646 0,067 3,875 0,148
harjo, Condongcatur

Panggungharjo, Ba-
turetno, Tirtonirmolo,
Sendangadi, Trihanggo,

Bantul (9) Ambarketawang, Ngesti- 60,161 72,668 0,556 0,013 5 0,154
harjo, Tamantirto,
Banguntapan
Klitren, Bumijo, Gowon-

Yogyakarta  gan, Suryatmajan, 153,785 97,453 0,690 0,234 3 0,399

(7) Bausasran, Sosromen-

HIGH duran, Terban
COMPACT
Sleman (2) Caturtunggal, Sinduadi 48.913 85.583 1 0224 25 0.196

Bantul (0)

Source : Analysis, 2018
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Figure 4. Classification of urban form typology in Yogyakarta Urbanized Area

using demographic-measure city population size (Stokes &
Seto, 2019). Yuan et al. (Yuan, Song, Huang, Hong, & Huang,
2018) evaluate urban forms with six multiple dimensions
which are population density, degree of centralization, mixed
land use, street accessibility, shape complexity, and urban
continuity. In the context of methodology approach, many
studies use GIS and remote sensing methods to quantify and
describe urban growth model (Almdhun, Mallak, Aburas,
Md Said, & Ghadiri, 2018; Jiao, 2015; Shi, Sun, Zhu, Li, &
Mei, 2012). Moreover, former study using Dublin city as the
case study measures urban form changes by analysing street
network design, land use mix, and density in community
scale applying GIS functions (Nedovic-Budic, Knaap,
Shahumyan, Williams, & Slaev, 2016). This study enriches the
findings in characterizing urban expansion by using
combination of variables in density, diversity, and
accessibility. Results from this study confirm previous
findings that urban expansion happens in a large scale.
However, the expansion that is associated with sprawl in
which characterized by low density, diversity, and
accessibility in suburban area while the high concentration of
activities is located in urban centre area. This high
concentration of activities is associated with higher level of
compactness which measured through its density, diversity,
and accessibility.

4. Conclusion
This paper gives brief understanding on how to define
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urban form unit in the urban areas by quantifying the
variables. The measurements of urban form units can be used
to investigate other sustainability issues, particularly in
transportation issues and quality of life. Therefore, this study
can contribute significantly to the debate on building
sustainable urban form in developing countries.

The major findings are summarized as, first, the urban
growth of YUA is concentrated in the centre of YUA which
shown through the characteristic of its high compact urban
form. Another finding is, the agglomeration in the context of
YUA mostly happen in Sleman regency which located in the
north of the area. Although Sleman regency is considered as
high compact area, higher education activities are the trigger
to the emergence of rapid development within surrounded
area. Last but not least, the majority of the area in YUA is
classified as middle compact typology where most of them is
in the city of Yogyakarta administrative area. Meanwhile, the
area which categorized as low compact typology are located
in the hinterland area of Yogyakarta. In the low compact and
middle compact area, there should be policies to increase
multifunctional use and accessibility within area in order to
create more compact area development and sustainable
urban form.

It is indeed that the indicators described in the paper have
numbers of drawbacks that need to be taken into account for
further development of this empirical work. Moreover, there
is also the opportunity to improve the methods for clustering
the urban form typology as in this paper we used the basic
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statistical value in grouping the typology.
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