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Abstrak: IPB Gunung Gede - Cilibende Campus is part of IPB University, which is used
by IPB Vocational School and IPB Business School. With limited land, the increase in the
number of students and lecturers, as well as the development of campus infrastructure
and facilities, has the potential to increase carbon emissions on campus. Therefore, it is
necessary to have a green space that acts as a carbon dioxide (CO3) absorber and creates
a healthier environment at IPB Gunung Gede-Cilibende Campus. This study aimed to
analyze land use and changes in green space at the IPB Gunung Gede Campus -
Cilibende. The processing involved secondary data of satellite imagery of the IPB Gunung
Gede - Cilibende Campus in 2019-2023 collected from Google Satellite using Google
Earth Pro. Digitization was performed to determine the land use area for calculating the
green space ratio and minimum green space requirement. The land use at IPB Gunung
Gede - Cilibende Campus consists of forests, plants, buildings, parking areas, and roads.
The percentage of green space in 2019 was 64.05%, and by 2023, it had decreased to
45.13%, which is smaller than the minimum green space requirement of 58%. The Green
Roof concept can be applied as a business activity to increase the green space area. By
applying the Green Roof concept, IPB Gunung Gede - Cilibende Campus gets an
additional green space of 16.5%, so the total green space ratio in 2023 becomes 61.63%.
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1. Background

The IPB Gunung Gede - Cilibende Campus is one of the 18 sites owned
by IPB. The IPB Gunung Gede - Cilibende Campus is the main campus for the
Diploma Program of Bogor Agricultural University, which is then known as the
IPB Vocational School. According to the Performance Report of IPB University
in 2022, the IPB Vocational School Study Program organizes educational
programs consisting of 17 study programs with a capacity of 7,128 students at
the IPB Gunung Gede-Cilibende Campus and Study Programs Outside the
Main Campus (PSDKU) IPB Sukabumi Campus. Along with the number of
students who continue to increase every year, the IPB Gunung Gede -
Cilibende Campus requires sustainable development to provide adequate
facilities such as teaching labs, gymnasiums, greenhouses, and other facilities
while still having green spaces that meet the standards.
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Significant progress has been made in the sustainability movement in higher education since the
1990s in the areas of research, campus operations, strategic planning, and community service [1]. The
concept of a sustainable campus is adopted by a campus that involves technology, personality,
community, and programs that form a lifestyle that supports the environment for all individuals involved
in it [2]. The campus has two methods to implement the concept of sustainability on campus, namely
through campus greening efforts and education on sustainability principles [1]. Campus greening is
emphasized through the management of green spaces on campus. According to the WHO Russo and
Cirella (2018) [3], a minimum of 9 m? of green space per individual is recommended, with an ideal urban
green space value of 50 m? per capita. The development of green open areas on campus can positively
impact the quality of teaching and learning activities [4]. The improved quality of teaching and learning
will lead to increased public interest in studying at the IPB Gunung Gede Campus - Cilibende.

Plants can absorb CO- through photosynthesis, where CO. is absorbed and O is released back into
the free air. The CO, netted by vegetation is used in the respiration process, whereas the remainder
contributes to the formation of biomass [5]. Vegetation growing on the Earth's surface can store
approximately 150,000 million tons of CO- each year and release approximately 400,000 million tons of
oxygen into the atmosphere. On a timescale, 1 ha of green leaves can absorb 8 kg of CO; per hour,
equivalent to the production of CO, by 200 humans breathing at the same time. In addition, each hectare
of trees can neutralize CO, emissions from 20 motor vehicles. However, the ability of each type of
vegetation to absorb CO; varies [6].

Along with the development of the IPB Gunung Gede - Cilibende Campus, the number of students
continues to increase. According to the Directorate General of Higher Education, in 2020 alone, there
was an increase in the number of students of 617,224 students which was the result of the reduction of
new students with students who had graduated. According to the Ministry of Education, Culture,
Research, and Technology of Bogor Agricultural University in 2022 and 2023, the growth of IPB University
students in 2022 was 1,421 students, which is 4.3% of the total number of students (32,786). The increase
in the number of students in higher education is reflected in the growing public interest in higher education.
However, this growth also presents challenges, especially in meeting the need for adequate teachers,
learning facilities and laboratories.

The increase in the number of students and lecturers, as well as the construction of lecture halls,
campus facilities, and laboratories, has the potential to increase carbon emissions on campus due to
greater energy consumption and more intensive construction activities and facility usage. Green spaces
act as carbon dioxide (CO3) sinks, store carbon, and create clean and comfortable air [7]. By maintaining
and expanding green spaces, campuses can reduce their negative impact on the environment and
support sustainability of the surrounding environment. Therefore, maintaining green spaces as carbon
sinks is important to overcome the increase in carbon emissions and create a healthier and more
sustainable environment for the entire campus community, especially at the IPB Gunung Gede - Cilibende
Campus, which has limited land. This study aimed to analyze land use and green space changes at the
IPB Gunung Gede - Cilibende Campus.

2. Methods

The location of the Green Space Change Analysis was carried out at the IPB Gunung Gede-Cilibende
Campus, Bogor City, West Java. It is located between 6° 35’ 25" South Latitude and 106° 48’ 35" East
Longitude. The IPB Gunung Gede - Cilibende campus covers an area of 13.82 ha [8].

2.1. Material

The materials used in this study were secondary data in the form of satellite images and the
boundaries of the IPB Gunung Gede - Cilibende Campus area. The satellite images used were from
2019 to 2023. The boundaries of the IPB Gunung Gede-Cilibende Campus area refer to the digitization
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map of the IPB Gunung Gede-Cilibende Campus drone from the Sustainable Campus Development
Agency. The satellite imagery used was obtained from Google Satellite using the Google Earth Pro
application. Satellite image data for the last five years were downloaded from Google Earth Pro using
the Historical Imagery feature.

2.2. Research Procedure

The procedure for processing the research data involved several steps. First, secondary data of
2019-2023 satellite imagery of the IPB Gunung Gede - Cilibende Campus were collected from Google
Satellite using the Google Earth Pro application. Subsequently, georeferencing was performed on the
2019-2023 satellite image of the IPB Gunung Gede - Cilibende Campus using ArcMap 10.8.
Subsequently, a manual digitization process was performed to calculate the land-use area. During
digitization, geographical objects are identified, their coordinates are determined, and information about
them is recorded from maps, aerial imagery, or satellite imagery as digital data [9]. The result of this
digitization process was a shapefile format file. A shapefile (shp) is a data format used to store spatial
information in vector form, which includes planes, lines, and points, as well as data related to these three
types. Shapefiles are a nontopological data format that can store various types of spatial data in an easily
accessible manner. The structure of a shapefile consists of three files with different file extensions: the
main file (shp) is used to store spatial information, the index file (shx) serves as an index to accelerate
data searches, and the dBase table (dbf) stores attributes related to the spatial data. The types of spatial
data that can be stored in the main file (shp) include points, a collection of points, a single line or collection
of lines (polyline), and a single plane or collection of planes (polygon) [10]. After obtaining the area, the
green space ratio was calculated based on the area and minimum green space requirement.

The land cover classification in this study was divided into five categories: buildings, parking lots,
roads, green space, and ground surface. Buildings are physical manifestations of construction work,
such as lecture halls, laboratories, and offices. Parking lots are areas or spaces specifically designed for
parking vehicles. Roads are solid surface paths, such as asphalt or concrete, used for vehicular
movement. Greenfields are collections of large trees and areas covered by vegetation. The ground
surface refers to the uppermost part of the land or earth surface that cannot be classified as a greenfield.

Open spaces are open areas not enclosed by permanent buildings or structures and are available
for public use. Open spaces encompass various land types, including parks, squares, and other public
spaces designed for recreation, aesthetics, and social activities [11]. The relationship between open and
green spaces is close because green space is a part of open space that is specifically dedicated to
vegetation and the natural environment. Green spaces, such as urban parks, gardens, and forests,
function as open green spaces that provide ecological benefits such as air filtration, temperature
reduction, and groundwater quality improvement. Thus, open spaces integrated with green spaces can
improve people's quality of life, support environmental sustainability, and create healthier and more
comfortable spaces for daily activities [12].

Green spaces are part of open spaces. The minimum area of green space that needs to be owned
by IPB Gunung Gede - Cilibende Campus can be calculated using Equation (1). The amount of green
space was obtained by summing the areas of forests, plants, and lakes. The green space ratio can be
calculated using Equation (2). The green space ratio projection equation for the future was obtained
from the trendline green space ratio data for the 2019-2023 IPB Gunung Gede - Cilibende Campus with
the help of the Microsoft Excel application.

The equation used to calculate campus green space requirements based on UGS values is given
by Equation (1). The equation used to calculate the green space ratio can be determined using Equation

(2) [3].
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M+ D +TD X UGS (1)
KGS = x 100%
ig (2)
— 0
RGS K X 100%
Description:

KGS = Green space requirement (%)
M = Number of students
D = Number of lecturers
TD = Number of teaching staff

Ideal UGS = 50 m?/capita
UGS min =9 m?/capita

LK = Area of IPB Campus Gunung Gede - Cilibende (m?)
RGS = Green space ratio (%)

LH = Green Space area (m?)

LK = Area of IPB Campus Gunung Gede - Cilibende (m?)

3. Results and Discussion

3.1. Land Use of IPB Campus Gunung Gede - Cilibende Year 2023

In 2023, IPB Gunung Gede - Cilibende Campus had an open space area of 74.99% and a green
space area of 45.13%, with a total population of 8,971 people [6]. The land use map of the IPB Gunung
Gede - Cilibende Campus is shown in Figure 1.
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Figure 1. Land use map of IPB Campus Gunung Gede - Cilibende Year 2023

The open space areas consisted of forest areas, plants, roads, ground surfaces, and parking lots.
The open-space area does not include building infrastructure. The green space area only consists of
forests and plants. IPB Gunung Gede - Cilibende Campus has forest and plant areas as green space for
research in various fields of study, such as forestry study programs that want to study forest ecology and
wastewater treatment using wetlands in the campus area as a research location [8].
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Table 1. Land use planning of IPB Gunung Gede - Cilibende Campus in 2023

No Landuse Percentage (%) Area (m?)
1 Building 28.55 39,660
2 Ground surface 13.93 18,935
3 Parking lot 3.0 4,231
4 Road 9.33 12,966
5 Green space 4513 62,492

Total 138,242

As shown in Table 1, the infrastructure area of the IPB Gunung Gede - Cilibende Campus in 2023
comprised 28.55% buildings, 9.33% roads, and 3.05% parking lots. Building infrastructure can be used
as a learning area and support student activities, both academic and non-academic, such as UKM
activities, organizations, and student resource development. The road and parking lot areas are used for
campus residents' access and mobility. The higher the increase in the number of campus residents, the
higher the infrastructure needs in the campus.

3.2. Land Use Change of Gunung Gede - Cilibende IPB from 2019 to 2022

Since 2019, land use changes at the IPB Gunung Gede - Cilibende campus have shown significant
dynamics. Based on the results of data processing using a geographic information system (GIS), there
is an increase in building area in line with the increasing need for infrastructure and teaching and learning
facilities. In addition to buildings, parking lots and roads have also expanded to accommodate increased
mobility and accessibility needs, which has contributed to the reduction of green spaces. The land use
in 2019 is shown in Figure 2, and Table 2 describes the land use until 2022.
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Figure 2 Land Use of Gunung Gede - Cilibende IPB in 2019
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Tabel 2 IPB Land Use Gunung Gede - Cilibende 2019 -2022

No Landuse 2019 2020 2021 2022

% Area (m?) % Area (m?) % Area (m?) % Area (m?)
1 Building 19.70 27,233  20.05 27,812 2297 31,793  25.01 34,640
2 Ground surface 6.44 8,902 7.96 11,044 8.66 11,991 10.70 14,829
3 Parking lot 1.31 1,810 1.11 1,534 2.13 2,948 2.51 3,471
4 Road 8.50 11,750 8.62 11,960 6.58 9,106 8.65 11,986
5  Green space 64.05 88,544  62.26 86,353  59.66 82,586  53.13 73,603

Total 138,242 138,242 138,242 138,242

Based on Figure 2 and Table 2, in 2019, the percentage of available green space amounted to
64.05%, which shows that green space at the IPB Gunung Gede—Cilibende campus in 2019 was still
dominant as part of efforts to maintain the balance of the campus ecosystem and provide a healthy
learning environment. The percentage of buildings (19.70 %) and parking lots (1.31 %) shows the need
for infrastructure development and learning faciliies to accommodate learning activities, and the
accessibility of IPB civitas has not reached a high number.

As shown in Figure 2 and Table 2, in 2022, the percentage of available green spcae was 53.13%,
a decrease of 6.53% from the previous year. There was a decrease in the percentage of green space
and a considerable increase in the percentage of ground surface in 2022, which occurred because 2022
was the beginning of preparations for development in the following year. While the percentage of
buildings amounted to 25.01%, there was an increase of 2.04%, which shows that infrastructure
development has increased from the previous year. Green space changes that occurred from to 2019-
2023 saw a change from a 64.05% decrease in the area to 45.13%, in contrast to the building area,
which increased from 19.70% to 28.55%.

3.3. Green space changes of IPB Gunung Gede - Cilibende Campus
IPB University is one of the campuses with the best agricultural background in Indonesia [13]. This
is indicated by the large number of students enrolled at IPB University. Based on the data, there was an
increase in the number of students from 2019-2020 to 2021-2023. In 2023, the number of students at
IPB Gunung Gede-Cilibende reached 8,689. The number of students, education staff, and lecturers at
IPB Gunung Gede-Cilibende are shown in Figure 3.
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Figure 3 Number of students, lecturers and staff of IPB Gunung Gede - Cilibende
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Figure 3 shows that the statistical model illustrates the comparison of the number of students each
year at IPB Gunung Gede - Cilibende, and that the number of students tends to fluctuate every year.
There was a significant decrease in 2021, which decreased by approximately 814 students from 2020.
This is due to the reduced interest of prospective applicants for the IPB Gunung Gede - Cilibende
Campus[14].

The number of students is directly proportional to the reputation of the higher education institution,
especially if the students are qualified [15]. The reputation of an educational institution is very important
because it can provide a good view of the quality of the institution from the people in Indonesia. The
more qualified the students, the higher their academic achievement. In addition, an increase in the
number of students will also be directly proportional to tuition fee income, which can be used for campus
investments, such as increasing the number of facilities supporting student activities and improving
academic quality that can produce good student products. The achievement output of students greatly
impacts the reputation of the institution.

Universities and learning institutions in Indonesia and worldwide are diverse and have different
reputations. Based on QS World University Rankings (WUR) in 2023, IPB University ranked 22nd out of
40 universities from QS WUR institution in the category of the largest number of students. With a large
number of students, IPB University has improved the quality of its campus facilities. One of them is in
the Gunung Gede - Cilibende IPB Campus area, which also adds and improves the quality of campus
facilities, such as infrastructure, as a student learning area. This affects the area of green space in the
IPB Gunung Gede - Cilibende Campus area. The graph of changes in the green space area at the IPB
Gunung Gede Campus - Cilibende is shown in Figure 4.

100

T I I
B OpenSpace [ Green Space

Min Green Space
80

60

Area [%]

40

20

2019 2020 2021 2022 2023 2028
Year [-]

Figure 4 Changes in Green Space Campus IPB Gunung Gede - Cilibende

In Figure 4, it can be seen that there is a decrease in the area of green space from 2019-2023, and
it starts to be below the minimum green space requirement graph starting in 2023. The average green
space area is 56.8% or approximately 7.85 ha of the total area of the IPB Gunung Gede - Cilibende
Campus. Therefore, it is necessary to maintain the green space area in the IPB Gunung Gede - Cilibende
Campus environment by increasing the alignment of infrastructure needs and green space areas.
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3.4. Application of Green Roof at IPB Gunung Gede Campus - Cilibende

The concept of green roofs was introduced in Indonesia in recent years. The principle of green roofs
is derived from sustainability, namely, the ability of various earth resources to interact with human cultural
and economic systems, as well as the ability to adapt to ongoing environmental changes[16]. A green
roof is a roof that uses plant materials. Green roofs can be applied to flat or sloping roofs. In general, the
green roof layer consists of roof construction, a waterproofing membrane, drainage, planting media with
a thickness of up to 2 m, and plants. The soil used typically contains lightweight clay granules and
crushed stone[17].
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Figure 5 Implementation of Green Roof at IPB Campus Gunung Gede - Cilibende

If the implementation of the green roof is in accordance with Figure 5, then the IPB Gunung Gede -
Cilibende campus will get an additional green space area of 22,897 m?, which will increase the
percentage of green space ratio by 16.5%. By summing the green space ratio produced by the green
roof with the available green space in 2023, the total green space ratio was 61.63%. This figure is above
the minimum green space limit in 2023, which is 58%. Thus, the application of the green roof concept is
effective in increasing the need for green spaces on limited land. This certainly requires further review
of the building structure so that it can be applied to the Gunung Gede - Cilibende IPB Master Plan.

4. Conclusion

The IPB Gunung Gede - Cilibende Campus has an area of 13.82 ha with a population of 8,971
people in 2023. Campus residents include students, lecturers, and educational staff. The land use at IPB
Gunung Gede - Cilibende Campus consists of forests, plants, buildings, parking areas, and roads. The
percentage of green space in 2019 was 64.05%, and by 2023, it had decreased to 45.13%, which is
smaller than the minimum green space requirement of 58%. The Green Roof concept can be applied as
a business activity to increase the green space area. By applying the Green Roof concept, IPB Gunung
Gede - Cilibende Campus gets an additional green space of 16.5%, so the total green space ratio in
2023 becomes 61.63%.
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