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Abstract.

Floor area ratio (FAR) is a measurement, expressed as a decimal, that describes the total
amount of usable floor space in a building compared to the size of the lot that the
building is on. FAR using by building planner to maintain development standards and
guide or restrict the development of local communities. In many cases FAR is an element
of sustainability in urban environments so that residents are able to survive in a limited
land environment. The FAR value is set locally by the local government. This research
was conducted in one of block area of the urban in the center city of Yogyakarta, namely
Malioboro. The measurement results with the urban modeling interface (UMI) software
show that urban living in this area has a FAR value below the existing reference
standard of 4.00. Averarge FAR is 1.125. This means that the formations of urban living
still very suitable for habitation. It could be that the FAR value of 4 is a long-term
orientation to maintain the quality quality of urban living dan sustainability.
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l. INTRODUCTION

Observing urban living in various cities in the world, almost all cities have problems with
sustainability. City developments that lead to urbanization and an increase in the number of residential
houses and commercial buildings can reduce the quality of life of the people living in the vicinity as well as
threaten its sustainability. In the 2030 Agenda related to the sustainable development agenda (SDGs), which
is a global agenda in order to realize sustainable development economically, socially, environmental quality,
and good governance, it is stated that in one of the fundamental supports for environmental development,
namely article no. 11 which mentions sustainable cities and settlements [1]. The clause states that the main
goal is to make urban areas and settlements inclusive, safe, responsible and sustainable.Sustainable cities are
a global issue of urban development worldwide for more than 40 years [2]. The existence of ecocity, liveable
city, smart city, symbiocity, green city is part of the green agenda to encourage sustainable urban
development. Cities such as Stockholm, Curitiba, Yokohama, Finland and Singapore are some examples of
cities that often become meccas for sustainable urban development. Quoted statement from Grober [3] which
was adapted from the Brundtland Commission in 1987 that the term sustainable development is current
development without neglecting future generations both socially, economically and environmentally.Based
on a number of studies on urban living both in Indonesia and in various big cities in the world, one of the
strategies for implementing sustainable development is land efficiency. Land efficiency is carried out by
implementing a balance between land use and building density.

This is known as the floor area ratio (FAR). FAR is the ratio of the total floor area of the building
(gross floor area) to the area. This FAR provision is often used as one of the regulations in urban planning
along with the ratio of buildings to land. The term may also refer to limits imposed on those ratios through
zoning. FAR and land use are two examples of fundamental parameters in urban master plans.How does this
FAR benefit the sustainability of urban community life? A study revealed that FAR affects the spatial and
temporal distribution of cooling systems in an area [4]. FAR also affect to energy used in buildings [5]. FAR
can also be used to control building density optimally, ratio with utilities and infrastructure to reduce traffic,
water and land [6]. FAR is also considered to be very effective in controlling the development of physical
development, particularly buildings that are slower, which is referred to as the Low Impact Development
strategy (LID) [7]. Each city has different FAR provisions. FAR itself is an official stipulation from the
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local government which is calculated taking into account the speed of growth of the area and limited land.
The following is an example of FAR values in several cities in the world, including Indonesia:
Table. 1. FAR Constraint In Many Big Cities
FAR Constraint Value City
<16,0: Kota Chicago, USA [8] [9]
<3,0: Vancouver, Canada, North America [8]
<4,0: Cina[10]
<15,0: New York, USA [7]
<12,6: Singapore [7]
<8,1: Sydney, Australia [7]
<5,0: Jakarta, Indonesia [11]
<4,0: Yogyakarta, Indonesia [12]

Although FAR has often been used as a provision in building utilization and land use in an area, in
practice this FAR often cannot be fulfilled optimally. Comparison of the floor area and the area of the
boundary area provides an overview of the size of the building capacity and user comfort from a
predetermined value. This research is an experimental research that aims to measure the value of FAR in a
densely populated and building area, which has the characteristics of mixed used land in Malioboro,

Yogyakarta.
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Fig 1.Visual of Malioboro Area and Observed Location

1. METHODS

FAR or floor area ratio is a fundamental parameter that influences sustainability and influences the
planning of a residential area. To obtain the FAR value of the area under study, researchers need data in
digital form such as a building model that will include the area and total floor area of the building and the
boundaries of the land area of the area under study. The value obtained can indicate the level of building
density in the research area and determine the sustainability of the land use.

The sustainability of the existing density of buildings in a settlement area under study will affect the
results of each building in terms of energy consumption, sunlight reception, the size of the need for building
materials, and the level of community mobility within the area. To measure the FAR value in a predetermined
area, namely one of the residential blocks in the Malioboro area of Yogyakarta city, this research will be
used Urban Modeling Interface (UMI) software [13]. Through UMI, a site simulation or better known as
FAR will be carried out by calculating the ratio of the total floor area of each building to the area of the
boundary. FAR calculations are run from within the UMI Bundle simulation panel tab by executing the
Rhino command 'UmiCalculateFAR'
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Fig 2.Visualization of Site Modul of FAR [14]

Gross building floor area

Floor area ratio =
Total property area

Fig 3. Formula to Calculate FAR

To be able to run UMI to get a numerical and visual picture, data is needed, namely: 1) Building
function, 2) Number of building floors, 3) Building dimensions (length, width, height), 4) Total floor area of
the building, 5) Total area area, and 6) Number of occupants of the building. Some of the advantages
obtained from using UMI Software: a) UMI is software that is integrated with Rhinoceros, so that a model of
a built environment in a small to large scope can be modeled accurately and precisely; b) UMI can
automatically calculate occupant density and building floor area, ¢) UMI allows evaluating several
simulations related to environmental performance in an integrated manner, d) UMI has categorization layers
that are diverse enough to define elements in a built environment across scales [15].

1. RESULT AND DISCUSSION

Result

The intensive observation area is divided into 4 zones referred to as Zone 1 (Sosrokusuman), Zone 2
(Suryatmajan), Zone 3 (Pajeksan), and Zone 4 (Jogonegaran). The condition of each zone is actually almost
the same as a densely populated area, in the form of an urban village, and occupying mixed-use land with
quite a variety of building heights. The majority are commercial buildings such as shops, malls and hotels.
Retail and hotel functions are the dominant buildings (49%). The following are the results of observations
and the results of FAR measurements in the four observed zones

Zone 1. Sosrokusuman

Sosrokusuman village which became the first observed village. This village has a land area of 6,929
m2 (0.69 Ha). The maximum building height in the simulation in this village area is up to 32 meters or 8
floors for hotel buildings. While the houses, shop houses and lodging houses/boarding houses reach 16
meters or have 4 floors. The FAR simulation results for Sosrokusuman village are 1.71. The result is the ratio
between the land area (6,929 m2) and the total floor area of all building functions (11,872 m2).

. > / 7

Building Function
Public Number of
Facilities Buildings

Function House House/Retail  House/Homestay Hotel Retail

Number (Unit) 18 6 18 9 5 = 56

Percentage (%) 3214 10.71 32.14 16.07 8.93 [ 100.00

Building Hight

Number of Floor Level 1 2 3 4 8 Number of
Buildings

Number (Unit) 37 2 7 7 3 56

Percentage (%) 66.07 3.57 12.50 12.50 5.36 100.00

Fig 4. Site Information at Zone 1 Sosrokusuman
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Zona 2. Suryatmajan

The second village, Suryatmajan, has an area of 38,910 m2 (3.89 Ha) with a total floor area of
31,752 m2. In this village area there are government offices area which is directly adjacent to the village
area. The maximum building height in the simulation in the village area is 32 meters or 8 floors for hotel
buildings and office buildings with a maximum of 3 floors or 12 meters. While the house buildings, shop
houses and lodging houses reach 12 meters or have 3 floors. The FAR simulation results for Kampung
Suryatmajan are 0.82. The result is the ratio between the land area (38,910 m2) and the total floor area of all
building functions (31,752 m2).

Building Function

. B ) Public Number of
Function House House/Retail House/Homestay Hotel Retail Facilities Buildings
Number (Unit) 20 26 13 7 13 39 56
Percentage (%) 47.87 13.83 6.91 372 6.91 20.74 100.00
Building Hight
Number of Floor Level 1 2 3 4 8 Number of Buildings
Number (Unit) 127 42 16 2 1 188

Percentage (%) 67.55 1.06 8.51 106 053 100.00
Fig 4. Site Information at Zone 2 Suryatmajan

Zone 3. Pajeksan

Kampung Pajeksan is the next observation zone. This area has a maximum building height in the
simulation in the village area which is up to 28 meters or 7 floors for hotel buildings. The house building, the
shop house building and the lodging/boarding houses building are 16 meters or 4 floors. The FAR simulation
result for Pajeksan village is 1.09. This value is obtained from a comparison of the land area of 25,157 m2
with a total floor area of 27,499 m2.

Building Function

R N N Public Number of

Function House House/Retail House/Homestay Hotel Retail Facillties Buildings
Number (Unit) 170 30 16 4 34 17 271
Percentage (%) 62.73 11.07 5.90 148 12.55 6.27 100.00
Building Hight
Number of Floor Level 1 2 3 4 8 Number of Buildings
Number (Unit) 145 106 13 6 il 271
Percentage (%) 53.51 39.11 4.80 221 0.37 100.00

Fig 5. Site Information at Zone 3 Pajeksan
Zone 4. Jogonegaran
Kampung Jogonegaran which is located has a maximum building height in the simulation reaching
20 meters or 5 floors for hotel buildings. While the house buildings, shop house buildings, and lodging
houses/boarding houses reach 16 meters or have 4 floors. The FAR simulation results for Pajeksan village
are 0.88. This value is obtained from a comparison of the land area of 26,527 m2 with a total floor area of
23,432 m2.
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Building Function

Number of )
Buildings i

Publi
Function House House/Retail House/Homestay Hotel Retail u» ) 'C
Facilities

Number (Unit) 202 44 13 9 4 1 56
Percentage (%) 73.99 16.12 476 3.30 147 037 100.00
Building Hight

Number of Floor Level 1 2 3 4 8 Number of Buildings
Number (Unit) 200 59 9 4 1 273

73.26 3.30 147 100.00

Fig 6. Site Information at Zone 3 Jogonegaran

Percentage (%) 2161

Discussion

The measurements in the four zones show that the FAR value in each zone block is below 4.0 which
is the standard FAR value set by the local government. The interpretation of the results of this measurement
is that the FAR value in the observed area gives good results. Urban settlements in this area can be said to
have a relatively high level of sustainability. The average FAR value, which is only around 1,125, means that
this area is expected to continue to be sustainable for the next few decades, when compared with the average
speed of infrastructure development, especially buildings in this area.

Table 2. The Result of FAR Measurement Each Zone

Zone Land Area (m2) Total Area (m2) FAR Limit FAR Value
Zone 1 Sosrokusuman 6.929 11.872 1.71
Zone 2 Suryatmajan 38.910 31.752 <40 0.82
Zone 3 Pajeksan 25.157 27.499 - 1.09
Zone 4 Jogonegaran 26.527 23.432 0.88
Average 1.125

Based on table 2 above, the highest building density is in Zone 1 Sosrokusuman while the lowest
building density is in the Suryatmajan village. This is influenced by the condition of the land area in
Sosrokusuman which has a ratio of available land area that is lower than the total floor area. The following is

a visualization of FAR using UMI 3.0.

Zone 1

Zone 3

~ Zone 2

Fig 7. Visualization and Simulation Throughout the Observed Area
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What is the relationship between the determination of the FAR value < 4.00 and the sustainability of
the Malioboro area? It seems that through the determination of the FAR 4.00, the government has a vision of
developing this area as a commercial area which will continue to develop in the future, even with very
limited land. Based on that argument, giving flexibility to anyone, both individuals and building planners
who want to develop their current building, or maybe change the function of a building, for example from a
residential building to a commercial building such as a hotel or mall, has many floors, so this FAR value is
the best solution.

This policy will of course invite criticism because of the characteristics of the Yogyakarta Region
which historically is a city consisting of a number of urban villages [2, 16]. So that in the future it is very
likely that the FAR 4.00 provisions need to be reviewed.It has been mentioned before that FAR can be used
as a policy reference to slow down the impact of development (Low Development Impact)[7] on buildings in
an urban area that is densely populated and has limited land. However, setting the numbers wisely by taking
into account regional characteristics, the history of the city's formation, and other socio-cultural
characteristics, especially for the case of Yogyakarta, will be produced a more accurate and optimum FAR
figure. Properly FAR value will certainly guarantees the sustainability of the environment and its residents.

V. CONCLUSION

The results of calculations in the observation area, namely in the Malioboro area, show an average
FAR of 1,125. This value is far below the standard value set by the government of 4.0. The overall results of
FAR measurements in each zone are Zone 1 (1.71), Zone 2 (0.82), Zone 3 (1.09) and Zone 4 (0.88). The
results of this FAR when compared with the land area and total area show that Zone 1 is the zone with the
highest population density, the 2nd most densely populated zone is zone 4, then zone 3, and the zone with
the lowest population is zone 2.

FAR in the Malioboro area is still appropriate of the sustainability of urban life in this area. Setting
the FAR velue at 4.00 is very likely to be expected as a strategy to anticipate the speed of development of
buildings on very narrow land. Thus the development of buildings vertically is the choice of building
construction models that can be carried out in this area. However, by considering the existing conditions
where the current FAR value is still very far below the standard value, then the determination of FAR 4.00
needs to be reviewed periodically, so that the determination of the reference FAR number can be more
accurate and have an optimal impact on the sustainability of urban living.
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