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to me

---------- Forwarded message ---------

From: Quality Checking Team <support@hindawi.com>

Date: Sun, Jul 11, 2021 at 2:38 PM

Subject: Files requested - Application of High-Resolution Remote Sensing

for Regional Mapping of University Campus

To: <iad@geophys.unpad.ac.id>

Dear Dr. Irwan Ary Dharmawan,

Regarding your manuscript Application of High-Resolution Remote

Sensing for Regional Mapping of University Campus 5519011, we

would be grateful if you could please address the following:

• Please upload editable figure files and tables

separately.

◦ Please upload editable versions of the figures

under Figures & Tables section. None of the

figures can be edited. We need to be able to edit

lines arrowheads and fonts to match the journal’s

style. Each figure should be a separate ps eps ai

Visio wmf emf Word Excel PowerPoint opj psd or

PDF file which can be edited. Please note that jpg

bmp png and tif files cannot be edited by default.

• Please upload the main manuscript file in an editable

format

◦ Please upload the clean revised manuscript file in

editable doc format in the "Main Manuscript"

section for the production process.

Additional Comments:

We have noticed that you have not linked an ORCID iD to your

account. We require all corresponding authors to have a linked

ORCID (Open Researcher and Contributor ID) account on the

Phenom  Review  system.  Please  visit

https://review.hindawi.com/profile and select ‘link’ in the ORCID

ID box to proceed. You will be asked to log in using the email
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From: The Scientific World Journal <polen.ilagan@hindawi.com

Date: Mon, Jan 18, 2021 at 9:52 PM

Subject: Manuscript submitted to The Scientific World Journal

To: <iad@geophys.unpad.ac.id>

Dear Dr. Dharmawan,

Congratulations, the manuscript titled "Application of High-

Resolution Remote Sensing for Regional Mapping of University

Campus" has been successfully submitted to The Scientific World

Journal.

We will confirm this submission with all authors of the manuscript,

but you will be the primary recipient of communications from the

journal. As submitting author, you will be responsible for

responding to editorial queries and making updates to the

manuscript.

In order to view the status of the manuscript, please visit the

manuscript details page.

Thank you for submitting your work to The Scientific World

Journal.

MANUSCRIPT DETAILS

Kind regards,

Polen Ilagan

The Scientific World Journal

This email was sent to iad@geophys.unpad.ac.id. You have received this email in

regards to the account creation, submission, or peer review process of a
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From: Karoly Nemeth <polen.ilagan@hindawi.com>

Date: Tue, Feb 23, 2021 at 2:37 AM

Subject: 5519011: Revision requested

To: <iad@geophys.unpad.ac.id>

Dear Dr. Dharmawan,

In order for your submission "Application of High-Resolution

Remote Sensing for Regional Mapping of University Campus" to

The Scientific World Journal to proceed to the review process,

there needs to be a revision.

Reason & Details: "Dear Authors, now I have received the

reviewer report for your manuscript. The reviewer state some

major revision to be requested. I have done my own reading and I

have to agree with the report as your manuscript contain little

novel or advance outcome. To change this and have your

manuscript be included in an international peer review magazine,

you need to refurbish the Introduction by adding clear research

aims, goals and some null-hypothesis how you designed your

research. All these should be approached from a global

perspective. Along the same line, the Discussion needs to be

expanded to include some critical overview and comparative

outline to make your work more relevant to others. So, a major

revision is requested. Your manuscript will likely need a second

review or a detailed editorial check in next stage. Kind regards,

Prof Karoly Nemeth Massey University New Zealand"

For more information about what is required, please click the link

below.

MANUSCRIPT DETAILS

Kind regards,
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DHARMAWAN� IR… Mon� Nov 7� 8�19 PM (11 hours ago)

to me

---------- Forwarded message ---------

From: Polen Ilagan <email@info.hindawi.com>

Date: Tue, Apr 13, 2021 at 10:00 PM

Subject: Hindawi Author Reminder – submit your revised files

To: <iad@geophys.unpad.ac.id>

Can't read this email properly? click here

Dear Irwan Ary Dharmawan,

I'm contacting you about your manuscript 5519011

"Application of High-Resolution Remote Sensing for Regional

Mapping of University Campus".

The journal Editor has requested for revisions to be made to

your manuscript. Please read through these revisions,

available to view here, and submit your revised files through

your original submission on the manuscript submission

system. A new submission should not be created to

submit the revised files.

We allow a deadline of 3 months to submit a revised

manuscript. However if you need more time, you can ask for

an extension if required.

Please contact me if you need any help, or have any

questions. If you’ve already submitted your revised files, or

have been in touch with us about an extension, then you can

ignore this email.

Best regards,

Polen Ilagan

Editorial Assistant

The Scientific World Journal

Contact: polen.ilagan@hindawi.com
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DHARMAWAN� I… Mon� Nov 7� 8�20 PM (11 hours ago)

to me

---------- Forwarded message ---------

From: Polen Ilagan <email@info.hindawi.com>

Date: Tue, Jun 29, 2021 at 6:41 PM

Subject: Hindawi Author Reminder – submit your revised files

To: <iad@geophys.unpad.ac.id>

Can't read this email properly? click here

Dear Irwan Ary Dharmawan,

I'm contacting you about your manuscript 5519011

"Application of High-Resolution Remote Sensing for Regional

Mapping of University Campus".

I would like to remind you that it has been over 3 months since

the Editor made the revision decision, which means that your

original deadline has now passed. Please read through the

revisions provided by the Editor, available to review here

submit your revised files through your original submission on

the manuscript submission system. A new submission

should not be created to submit the revised files.

If you require an extension, or have any questions, please

contact me, and I will be happy to help.

If you’ve already submitted your revised files, or have been in

touch with us about an extension, then you can ignore this

email.

Best regards,

Polen Ilagan

Editorial Assistant

The Scientific World Journal

Contact: polen.ilagan@hindawi.com

Mail

Chat

Spaces

Meet

99+
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DHARMAWAN� IR… Mon� Nov 7� 8�22 PM (11 hours ago)

to me

---------- Forwarded message ---------

From: Polen Ilagan <polen.ilagan@hindawi.com>

Date: Tue, Aug 3, 2021 at 4:16 PM

Subject: 5519011: Your article has been published

To: <iad@geophys.unpad.ac.id>

Dear Dr. Dharmawan,

I am pleased to let you know that your article has been published in its

final form in "The Scientific World Journal."

Irwan Ary Dharmawan, "Application of High-Resolution Remote-Sensing

Data for Land Use Land Cover Mapping of University Campus," The

Scientific World Journal, vol. 2021, Article ID 5519011, 17 pages, 2021.

https://doi.org/10.1155/2021/5519011.

You can access this article from the Table of Contents of Volume 2021,

which is located at the following link:

https://www.hindawi.com/journals/tswj/contents/

Alternatively, you can access your article directly at the following location:

https://www.hindawi.com/journals/tswj/2021/5519011/

"The Scientific World Journal" is an open access journal, meaning that the

full-text of all published articles is made freely available on the journal’s

website with no subscription or registration barriers.

If you would like to order reprints of this article please click here,

https://www.hindawi.com/journals/tswj/2021/5519011/reprint/

Best regards,

Polen Ilagan

The Scientific World Journal

Hindawi

https://www.hindawi.com/

--

Irwan Ary Dharmawan

Department of Geophysics

Universitas Padjadjaran
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DHARMAWAN� IR… Mon� Nov 7� 8�22 PM (11 hours ago)

to me

---------- Forwarded message ---------

From: The Scientific World Journal <polen.ilagan@hindawi.com

Date: Tue, Jul 13, 2021 at 1:00 PM

Subject: Your manuscript is moving into production

To: <iad@geophys.unpad.ac.id>

Dear Dr. Dharmawan,

Now that all the checks of your files have been completed, we are

pleased to inform you that your manuscript is moving into

production to ready it for publication online.

Our Production team will contact you in the near future with proofs

of the final version of your manuscript for your feedback and

comments.

Thank you again for choosing to publish with The Scientific World

Journal.

Kind regards,

The Scientific World Journal

This email was sent to iad@geophys.unpad.ac.id. You have received this email in

regards to the account creation, submission, or peer review process of a

submitted paper, published by Hindawi Limited.

Hindawi Limited, 3rd Floor, Adam House, 1 Fitzroy Square, London, W1T 5HF,

United Kingdom

Hindawi respects your right to privacy. Please see our privacy policy

information on how we store, process, and safeguard your data.

Unsubscribe

Mail

Chat

Spaces

Meet

99+

Fwd: Your manuscript is moving into production - oos@geophys.unpad.... https://mail.google.com/mail/u/1/#inbox/FMfcgzGqRQHbNrSVCKQ...

1 of 1 08/11/2022, 07:28

https://mail.google.com/mail/u/1/#inbox
https://mail.google.com/mail/u/1/#inbox
https://mail.google.com/mail/u/1/#starred
https://mail.google.com/mail/u/1/#starred
https://mail.google.com/mail/u/1/#snoozed
https://mail.google.com/mail/u/1/#snoozed
https://mail.google.com/mail/u/1/#imp
https://mail.google.com/mail/u/1/#imp
https://mail.google.com/mail/u/1/#sent
https://mail.google.com/mail/u/1/#sent
https://mail.google.com/mail/u/1/#drafts
https://mail.google.com/mail/u/1/#drafts
https://mail.google.com/mail/u/1/
https://mail.google.com/mail/u/1/
https://mail.google.com/mail/u/1/#label/Keluar
https://mail.google.com/mail/u/1/#label/Keluar
https://mail.google.com/mail/u/1/#label/Masuk
https://mail.google.com/mail/u/1/#label/Masuk
mailto:polen.ilagan@hindawi.com
mailto:polen.ilagan@hindawi.com
mailto:iad@geophys.unpad.ac.id
mailto:iad@geophys.unpad.ac.id
https://hindawi.com/
https://hindawi.com/
mailto:iad@geophys.unpad.ac.id
mailto:iad@geophys.unpad.ac.id
https://www.hindawi.com/privacy/
https://www.hindawi.com/privacy/
https://review.hindawi.com/unsubscribe?id=6facac7a-2142-423e-b00d-580f08f5e51b&token=6334b12b-0a18-4633-bc65-682211719e04
https://review.hindawi.com/unsubscribe?id=6facac7a-2142-423e-b00d-580f08f5e51b&token=6334b12b-0a18-4633-bc65-682211719e04
https://mail.google.com/mail/u/1/#inbox
https://mail.google.com/mail/u/1/#inbox
https://www.google.co.id/intl/en/about/products?tab=mh
https://www.google.co.id/intl/en/about/products?tab=mh
https://www.google.co.id/intl/en/about/products?tab=mh


Compose

Labels

More

Inbox 127

Starred

Snoozed

Impo�ant

Sent

Dra�s

Categories

Keluar

Masuk

Fwd: 5519011: �alle� Proofs
Inbox ×

DHARMAWAN� IR… Mon� Nov 7� 8�28 PM (11 hours ago)

to me

---------- Forwarded message ---------

From: The Scientific World Journal <production.b@hindawi.com

Date: Thu, Jul 29, 2021 at 1:57 PM

Subject: 5519011: Galley Proofs

To: <iad@geophys.unpad.ac.id>

Cc: <m.aufaristama@utwente.nl>, <cipta.endyana@unpad.ac.id

<edward.henry@unpad.ac.id>, <ario@geophys.unpad.ac.id

<kavinraja.ravi@hindawi.com>, <production.b@hindawi.com

Dear Dr. Irwan Ary,

I am pleased to let you know that the first set of galley proofs of your

Research Article 5519011 titled "Application of High-Resolution Remote

Sensing Data for Land Use Land Cover Mapping of University Campus," is

ready. You can apply your corrections directly to the manuscript with the

Online Proofing System (OPS).

Using the OPS, you can quickly and easily make corrections directly to

your galley proofs and submit these corrections with a single click.

https://ops.hindawi.com/author/5519011/

Please note, although all authors can view the proof, it is only the

submitting author (the author addressed in this email) who has the ability

to edit and submit the corrections. However, the submitting author can log

in to the OPS and re-assign the proof to another author if necessary. The

submitting author will need to log in with the email address included on

this email.

If a new corresponding author is added, they must log into their

manuscript tracking system account and add their ORCID ID. Any

additional ORCID IDs added on during proofing will also need to be

updated on that author's account. Delays can occur if this isn't done.

To expedite the publication of your manuscript, please send us your

corrected galley proofs within two days.

Please ensure that you read the proofs thoroughly and make all necessary

corrections at this stage. A second round of proofs may be requested only

for checking essential changes or major revisions.

Best regards,

--

*************************************

Hindawi Production Team

Hindawi

Mail

Chat

Spaces

Meet

99+

Fwd: 5519011: Galley Proofs - oos@geophys.unpad.ac.id - Department... https://mail.google.com/mail/u/1/#inbox/FMfcgzGqRQHbNsZNVKTSc...

1 of 1 08/11/2022, 07:28

https://mail.google.com/mail/u/1/#inbox
https://mail.google.com/mail/u/1/#inbox
https://mail.google.com/mail/u/1/#starred
https://mail.google.com/mail/u/1/#starred
https://mail.google.com/mail/u/1/#snoozed
https://mail.google.com/mail/u/1/#snoozed
https://mail.google.com/mail/u/1/#imp
https://mail.google.com/mail/u/1/#imp
https://mail.google.com/mail/u/1/#sent
https://mail.google.com/mail/u/1/#sent
https://mail.google.com/mail/u/1/#drafts
https://mail.google.com/mail/u/1/#drafts
https://mail.google.com/mail/u/1/
https://mail.google.com/mail/u/1/
https://mail.google.com/mail/u/1/#label/Keluar
https://mail.google.com/mail/u/1/#label/Keluar
https://mail.google.com/mail/u/1/#label/Masuk
https://mail.google.com/mail/u/1/#label/Masuk
mailto:production.b@hindawi.com
mailto:production.b@hindawi.com
mailto:iad@geophys.unpad.ac.id
mailto:iad@geophys.unpad.ac.id
mailto:m.aufaristama@utwente.nl
mailto:m.aufaristama@utwente.nl
mailto:cipta.endyana@unpad.ac.id
mailto:cipta.endyana@unpad.ac.id
mailto:edward.henry@unpad.ac.id
mailto:edward.henry@unpad.ac.id
mailto:ario@geophys.unpad.ac.id
mailto:ario@geophys.unpad.ac.id
mailto:kavinraja.ravi@hindawi.com
mailto:kavinraja.ravi@hindawi.com
mailto:production.b@hindawi.com
mailto:production.b@hindawi.com
https://ops.hindawi.com/author/5519011/
https://ops.hindawi.com/author/5519011/
https://ops.hindawi.com/author/5519011/
https://mail.google.com/mail/u/1/#inbox
https://mail.google.com/mail/u/1/#inbox
https://www.google.co.id/intl/en/about/products?tab=mh
https://www.google.co.id/intl/en/about/products?tab=mh
https://www.google.co.id/intl/en/about/products?tab=mh






Hindawi Template version: Apr19 

 

 1 

Journal of Sensors 1 

Application of  High-Resolution Remote Sensing data for 2 

Regional Mapping of University Campus 3 

Irwan A. Dharmawan,1 Muhammad A. E. Rahadianto,1 Edward Henry,2  Cipta Endyana,3 and 4 
Muhammad Aufaristama4 5 

1 Department of Geophysics, Faculty of Mathematics and Natural Sciences, Universitas 6 
Padjadjaran, Jl. Raya Bandung Sumedang km. 21, Jatinangor, Sumedang 45363, Jawa Barat, 7 
Indonesia. 8 
2 Directorate of Facilities, Infrastructures and Asset Management, Universitas Padjadjaran, Jl. 9 
Raya Bandung Sumedang km. 21, Jatinangor, Sumedang 45363, Jawa Barat, Indonesia.  10 

3 Faculty of Geological Engineering, Universitas Padjadjaran, Jl. Raya Bandung Sumedang 11 
km. 21, Jatinangor, Sumedang 45363, Jawa Barat, Indonesia. 12 
4 University of Twente, Faculty for Geo-Information Science and Earth Observation (ITC), 13 
P.O. Box 6, 7500 AA Enschede, The Netherlands 14 

Correspondence should be addressed to Irwan A. Dharmawan; iad@geophys.unpad.ac.id 15 

Abstract 16 

The purpose of this study was to apply remote-sensing techniques to map a university 17 
campus and vicinity by comparing the area of Urban Green Space (UGS) and Floor Area 18 
Ratios (FARs) of the campus in 2015 and 2017. AdditionallyAdditionally, surface runoff 19 
analysis werewas also conducted. For our research, we used WorldView-2’s high-resolution 20 
satellite imagery with a resolution of < 0.5 m in the Universitas Padjadjaran (Padjadjaran 21 
University, or Unpad) Jatinangor campus, Jawa Barat, Indonesia. Our approach was to 22 
interpret the imagery by running Normalized Differentation Difference Vegetation Index 23 
(NDVI) to distinguish UGS and FAR, and using Digital Elevation Model (DEM) 24 
interferometric synthetic aperture radar (SAR) data with hydrologic analysis to identify the 25 
direction of surface runoff.  The results obtained are as follows: UGS remained more 26 
extensive compared to FAR, but the difference decreased over time owing to infrastructure 27 
development. Surface runoff has tended to flow toward the southeast in direct relation to the 28 
slope configuration. 29 

Introduction 30 

The Universitas Padjadjaran (Padjadjaran University, or Unpad) Jatinangor campus is in 31 
Jatinangor District, Sumedang Regency, Jawa Barat, Indonesia. The geographic location of 32 
the study area (the campus and vicinity) is south and east of 107°46′28′′S and 6°55′33′′E with 33 
altitudes of ~725–810 m above sea level. The Unpad comprises 16 faculties spread 34 
throughout the ~178 Ha campus (see Figure 1), which has extensive areas of vegetation, 35 
including an arboretum open to visitors and plantations that provide a learning environment 36 
for student discussions. Lake Cekdam on the Unpad campus, which is near the university’s 37 
arboretum, has an area of ~1 Ha and serves as a reservoir to collect rainwater. 38 
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 39 

Figure 1: Study area [1], showing boundaries of 178 Ha Unpad campus, including plantations. 40 

As a large area within Jatinangor, Unpad must have a stake in the development and 41 
preservation of Urban Green Space (UGS). The Unpad campus also has infrastructure 42 
problems that need to be studied and addressed. One of them is based on the strict Regional 43 
Regulation (Perda) of Sumedang Regency no. 2 of 2012 concerning Regional Spatial 44 
Planning, which states that the ratio of UGS to Floor Area Ratio (FARs) for any business 45 
activity, large or small, must meet or exceed 60%:40% [2]. The need for Unpad to add other 46 
buildings requires consideration of these regulations. 47 
 48 
Another problem is the impact of campus land-use and land-cover changes that affect surface 49 
runoff. A recurring negative impact is flooding during the rainy season. Further analysis of 50 
surface runoff is needed to maintain and enhance the capability of the land to use or absorb 51 
standing water [3], which can be a source of water reserved for use by the current Unpad 52 
campus. 53 
 54 
Rapid technological advances have produced satellite sensors capable of providing imagery 55 
at very high spatial resolution, which can be used in remote-sensing data analysis. Remote 56 
sensing combines science and art to obtain data and information about objects that exist on 57 
the Earth’s surface by using tools that are not directly related to the object being studied [4]. 58 
Remote-sensing techniques have been widely used in many applications, such as for urban-59 
planning purposes [5–9]. While most of the urban research has been done on large cities or 60 
metropolitan areas [5,9–13], in a few cases it is applied to specific areas such as a university 61 
campus or school. However, some previous researchers have used only low- to moderate-62 
resolution satellite data [6,7,12–15]. 63 

 64 
The purpose of our research is in line with Unpad’s mission to reach a sustainable campus. In 65 
our research, we used high-resolution multitemporal imagery from the WorldView-2 66 
DigitalGlobe satellite for campus evaluation, planning, and development, and we field 67 
validated the resulting dataset 68 
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Remote Sensing for Regional Mapping 69 

WorldView-2 Satellite Sensor and Digital Elevation Model (DEM) 70 

The WorldView-2 Satellite, the latest generation satellite from DigitalGlobe, was launched in 71 
October 2009. The remote-sensing imagery produced has a high spatial resolution and also 72 
has a more-complete spectral resolution than the previous DigitalGlobe imagery sensor. The 73 
spatial resolution of WorldView-2 products is 0.46–0.5 m for panchromatic imagery and 1.84 74 
m for eight-channel multispectral imagery. Channels capture a range or spectrum of colors 75 
wavelengths of only certain wavelengths (Table 1). These specifications are quite adequate 76 
for spatial analysis of natural resources and the environment. A cloud free high-resolution 77 
WorldView-2 (WV-2) image acquired on June 14th 2015 and September 17th 2017 were 78 
used in this study. The WV-2 satellite is a high spatial resolution space-borne sensor 79 
launched in 2009 with eight multispectral bands ranging from blue to the near infrared parts 80 
of the electromagnetic spectrum and one panchromatic band (450–800 nm) [16]. 81 

Table 1: WorldView-2 channel type classification [17]. 82 
Channel 

type 
Wavelength 
range (nm) 

Spatial resolution 
(m) 

Panchromatic 450–800 0.46 
Coastal blue 400–450 1.84 
Blue 450–510 1.84 
Green 510–580 1.84 
Yellow 585–625 1.84 
Red 630–690 1.84 
Red edge 705–745 1.84 
Near infrared 1 770–895 1.84 
Near infrared 2 860–1040 1.84 

 83 
The specific or best-use application of each of the eight channels [17] recorded in 84 
multispectral imagery is as follows: 85 
• Coastal blue: vegetation analysis, bathymetry, atmospheric correction. 86 
• Blue: vegetative analysis, bathymetry, atmospheric correction. 87 
• Green: analysis of healthy plants, plant strength, categorization of plants assisted by 88 

yellow channels. 89 
• Yellow: detection of yellowness of vegetation, both on land and in water. 90 
• Red: distinguishing vegetation, classification of land, roads, geological features. 91 
• Red edge: measuring plant health and classifying plants. 92 
• Near infrared 1: estimation of water content and plants biomass, separation of 93 

waterbodies from vegetation, identification of vegetation types and soil types. 94 
• Near infrared 2: same as near infrared 1 but less influenced by the atmosphere. 95 
 96 
To identify built-up land features through unsupervised classification, Masek et al. (2000) 97 
established a technique based on a normalized difference vegetation index (NDVI) [18]. 98 
Moreover, the used of WV-2 image for detailed mapping is expanding due to the it’s very 99 
high spatial resolution.  100 
 101 
Several studies have attempted to extract classification and feature detection from remotely 102 
sensed images with very high spatial resolution [16, 19-21]. Given land classification 103 
limitations such as time-consuming field surveys, accurate and timely. 104 
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 105 
Also, one of the remote-sensing products is the DEM, which is a digital model of a 106 
topographic surface or terrain. More specifically, a DEM is a digital dataset portraying the 107 
geometry of the shape of part of the Earth’s surface and consists of a set of points sampled 108 
from the surface by an algorithm that defines the surface in terms of coordinates [22]. The 109 
term DEM was popularized by the U.S. Geological Survey (USGS). DEMs are usually there 110 
are more adequate indices to estimate build areas. This need to be discussed odeveloped from 111 
remote-sensing data, but they can be developed from field-survey data. They are often used 112 
in Geographic Information Systems. 113 
 114 
Elevation has been mapped from both satellite and aircraft synthetic aperture radars (SARs) 115 
since the 1960s [23]. A SAR synthetically simulates a very long antenna using the forward 116 
movement of the aircraft. Aircraft or spacecraft carrying SARs also record data from onboard 117 
differentially corrected global positioning systems (GPS) and an inertial navigation systems 118 
(INS) to determine the location and roll, pitch, and yaw of the craft. 119 
  120 
This study focuses on the use of a special type of SAR called an interferometric synthetic 121 
aperture radar (IFSAR) to derive topographic information. IFSAR exploits the coherent 122 
nature of SAR echoes (i.e., the signals are recorded in both amplitude and phase) to measure 123 
difference in the phase from each patch of the surface when observed from slightly different 124 
locations and/or times. These phase differences can be attributed to differences in path length 125 
between the two signals. The path-length differences are a function of: (1) the distance and 126 
angles of the radar antennas making the observations, (2) the topography of the surface, (3) a 127 
change in the position of patches of the surface, and (4) differences in atmospheric or 128 
ionospheric conditions along the two paths. If the two observations are made simultaneously 129 
from a pair of radar antennas on a single platform, item (1) above is well known and the 130 
effects of items (3) and (4) are negligible, leaving item (2), the surface topography, as the 131 
controlling factor [24]. Therefore, a fixed-baseline dual-antenna interferometric system is the 132 
preferred method for the extraction of DEMs. In this study we use 5 m resolution IFSAR for 133 
DEM. 134 

Land Use Cover and Land Cover (LULC)Use 135 

Land cover is the condition of the observed biophysical appearance of the Earth’s surface. 136 
Land cover can be grouped into vegetated and nonvegetated areas [25]. Vegetated-areas 137 
classification includes irrigated rice fields, rainfed rice fields, tidal rice fields, plantations, 138 
mixed crops, dryland forests, wetland forests, shrubs, savanna, imperata grasslands, and 139 
swamp grass. Nonvegetated-areas classification includes open land on a caldera, lava, stretch 140 
of beach sand, beach shoals, sand dunes, riverbanks, built land, settlement, industrial 141 
buildings, road network, railroad network, high-voltage electricity network, 142 
domestic/international airport, land not built, mining, landfill deposits, lakes, rivers, irrigation 143 
channels, and coral reefs. 144 
 145 
Supported by land-cover information, further analysis yields land-use information. Land use 146 
includes all types by humans, including land use for agriculture, office buildings, sports 147 
fields, houses, businesses, hospitals, and cemeteries [26]. Land has an important function in 148 
human life. However, changes in land use from nonbuilt to built can reduce the ability of land 149 
to absorb rainwater. In this study, land use was classified as UGS or FAR, in accordance with 150 
Perda [1]. 151 
 152 
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The classification UGS is an open, extensive clustered area or path used for plants, both 153 
growing naturally and intentionally planted. It is divided into two types, public and private 154 
green space. Public UGS is owned and managed by the city or regency regional government 155 
for the benefit of the general community; examples include city parks and cemeteries, urban 156 
forests and green belts, and land along rivers and railroads. In contrast, private UGSs belong 157 
to certain institutions or individuals, and their use is limited to certain owners or permitted 158 
people or groups; examples include private yards or gardens as well as the grounds around 159 
community-owned buildings that have private plantings. 160 
 161 
FAR refers to the percentage that the ground-floor area of a building may occupy compared 162 
to the available land area. To be included in FAR, a structure must consist of a sizable section 163 
of roofed-over rooms that have walls of height > 1.2 m or it must be within the definition of 164 
projected buildings, which are open spaces at ground level that are under the building. 165 
 166 

Surface-Runoff Direction 167 

Surface runoff is water flowing on the ground surface owing to impermeable ground or soil’s 168 
having reached full infiltration capacity. This runoff flows downslope toward and into a basin 169 
or depression in the land surface [27]. After such filling, the water further flows freely over 170 
the ground. DEM analysis can be used to map water-flow direction and water accumulation. 171 
This hydrologic approach to map surface runoff is based entirely on topographic differences. 172 

Methodologhy 173 

Band-Ratio Method 174 

The band-ratio method is an important technique for preprocessing satellite data, particularly 175 
in areas with notable topographic differences [28]. This method is useful for increasing 176 
spectral differences between channels and for reducing topographic effects. Dividing one 177 
channel with another channel produces an image that shows the relative channel intensity. 178 
This band-ratio method is applied to identify certain objects that are difficult to discern when 179 
using only single channels. Examples of its application include the transformation of the 180 
normalized difference vegetation index (NDVI) and the normalized difference water index. 181 

NDVI 182 

Remote sensing of vegetation depends on unique spectral characteristics associated with 183 
biophysical processes that occur within plants. For instance, leaves absorb and disperse 184 
radiation, and the level of absorption or scattering is a function of the wavelength [29]. Green 185 
leaves absorb radiation from the visible light channel (blue–red end of the spectrum) and 186 
reflect radiation from the near-infrared channel. Strong absorption in the red channel has 187 
been correlated with biomass production. Reflection associated with the near-infrared 188 
channel is related to the leaves’ internal light scattering and green-leaf density, which 189 
increases with photosynthetic activity [30]. This transformation of the NDVI combines the 190 
band ratio and channel-reduction methods [31] involving the red channel absorbed by green 191 
leaves and near-infrared channels reflected by green leaves. NDVI often used in analysis of 192 
land-use/land-coverLULC changes [32-36]. The equation to calculate the NDVI is 193 
 194 
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 (1) 

 195 
where      is the reflection intensity received by the near-infrared-channel sensor (spectrum 196 
of wavelengths in the range 840–1060 nm), and      is the reflection intensity received by the 197 
red-channel sensor (spectrum of wavelengths in the range 630–690 nm). The NDVI value is 198 
close to −1 if it does not detect the presence of vegetation (buildings, water, snow, etc.) but is 199 
1 if it detects vegetation. The denser the vegetation is, the closer the value of NDVI is to 1. 200 

Land-Cover Analysis 201 

To compare vegetated and nonvegetated areas of the Unpad campus, we performed land-202 
cover analysis using NDVI transformation processing, which can distinguish areas of 203 
vegetation from those without vegetation (buildings, water, bare fields, etc.). We interpreted 204 
the NDVI results against RGB (red–green–blue color gamut) images to categorize the index 205 
values according to how they correlate with the type of land cover. We classified the land 206 
cover into five types: water, buildings, empty land, low/sparse vegetation, and high/dense 207 
vegetation. Next we applied histogram analyses of the pixel values of the NDVI images to 208 
calculate areal extent and percentage of vegetated and nonvegetated land cover within the 209 
Unpad campus boundary. For the total land area, as defined by the National Standardization 210 
Agency for 2010 [23], we added vegetated and nonvegetated land and applied Equations (3) 211 
and (4) to derive the overall percentages of each (%Aveg and %Anonveg): 212 
 213 

      
    

    
      (3) 

 214 
and 215 
 216 

         
       

    
      (4) 

 217 
assuming 218 
 219 

                  (5) 
 220 
where Atot, the total area, is 178  Ha, Aveg is the area of vegetated land cover, and Anonveg is 221 
that of nonvegetated land cover. We also compared 2015 and 2017 imagery of the Unpad 222 
campus to determine land-cover change. 223 
 224 

Land-Useage Analysis 225 

We conducted analyses of UGS and FAR in several stages—ground truthing, categorization 226 
of UGS and FAR, and comparison of UGS and FAR in 2015 versus 2017. The UGS category 227 
includes both land deliberately planted (gardens, parks, etc.) and land covered by natural 228 
plant growth. In contrast, the FAR category consists of land that is covered over by roads, 229 
buildings, or other manmade structures. Ground truthing, conducted to minimize errors in 230 
image interpretation, was performed by marking locations that are not clearly visible on a 231 
digital map (such as areas covered by dense tall plants). Such checks were conducted 232 
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periodically; the first such field inspection was done on November 11, 2018. To classify UGS 233 
versus FAR (done by using QGIS software’s shape tool), we considered the results of field 234 
checks, image color analysis, and NDVI transformations. This type of data was stored as 235 
shapefiles (using *.shp format) so that it can be opened in other GIS software. We also ran 236 
extensive calculations on the UGS and FAR data and compared 2015 and 2017 results to 237 
assess their relative decrease and increase. On the basis of designations by the Perda [1], we 238 
determined total land area as the sum of the UGS and FAR areas. Accordingly, we used 239 
Equations (6) and (7) to derive the overall percentages of each (      and      ): 240 
 241 

      
    
    

      
(6) 

 242 
and 243 
 244 

      
    
    

      
(7) 

 245 
assuming 246 
 247 

               (8) 
 248 
where Atot is the total area (UGS and FAR combined), AUGS is the total area of just UGS, and 249 
AFAR is the total area of just FAR. 250 
 251 

Surface-Runoff Analysis 252 

To determine trends in the various directions of water flow and also to gather information on 253 
surface-water accumulation, we used DEM data to do surface-runoff analysis. The DEM data 254 
that we used was corrected by applying the fill sinks algorithm [37]. Such analysis is done in 255 
successive stages, the first for flow direction and the second for flow accumulation. The 256 
initial flow-direction analysis is done for each pixel, for which we used Saga GIS software’s 257 
D8, or eight-direction, analytical method. The results are in the form of raster map data with 258 
separate values for each pixel based on the flow-direction tendencies generated from the 259 
DEM data. 260 
 261 
The principle of flow analysis using the D8 algorithm (see Figure 2) is to identify and select 262 
the most-significant decrease for each cell as the flow direction. For each pixel, the algorithm 263 
finds the greatest difference in value compared to surrounding pixels to assign one of eight 264 
flow-direction values: 1 for east, 2 for southeast, 4 for south, 8 for southwest, 16 for west, 32 265 
for northwest, 64 for north, and 128 for northeast. 266 
 267 
Flow accumulation is derived by summing the flow directions of the cells flowing to a 268 
calculated cell (called weight). The higher a cell’s calculated weight, the greater the 269 
possibility of flow accumulation in the cell. Flow accumulation may be associated with river 270 
flow. Pixel results from applying the flow-direction algorithm are then retranslated according 271 
to the number of surrounding pixels with incoming flow. Pixel values are large if there are 272 
many such pixels but are small or zero if the adjacent pixels receive low or no flow. 273 
 274 
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 275 

Figure 2: Schematic of algorithm for flow direction and accumulation. Diagram in upper middle shows eight 276 
flow directions (and their labels). 277 

Result and Discussion 278 

Land Cover 279 

The change in land-cover type for the Unpad campus area were determined from NDVI 280 
image maps by comparing 2015 and 2017 results (see Figure 3). We conducted an analysis of 281 
the 2015 map data and concluded that NDVI values in the range −0.2–0 indicate water or wet 282 
areas on the map; this range identified pools or puddles, lake, the arboretum rice fields, the 283 
fountains near the rectorate building, and the ponds on the Unpad’s plantation. Buildings and 284 
vacant land are shown by the NDVI range 0–0.4, which are scattered throughout Unpad. 285 
Vegetation is indicated by NDVI values 0.4–1; the higher the NDVI value, the denser the 286 
vegetation that is represented. From the NDVI data, we categorized water, buildings, and 287 
bare fields as non-vegetated areas. Areas of sparse and dense vegetation we categorized as 288 
vegetated areas. We then used the same NDVI classification to analyze the 2017 data. There 289 
are obvious differences between the 2015 and 2017 maps (see Figure 3). For instance, the 290 
building/open ground areas (pale yellow) and sparse vegetation areas (green) on these image 291 
maps are more dominant than the dense vegetation (blue) areas, which means what was dense 292 
vegetation in 2015 has been reduced by 2017. In contrast, water storage (red) in did not 293 
change between 2015 and 2017. 294 

Comment [a23]: The DEM could be 
given 
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 295 

Figure 3: Comparison of Unpad campus land use in 2015 and 2017 based on NDVI analysis. 296 

 297 
To derive the percentage of each area, we ran a histogram analysis (see Figure 4); the x-axes 298 
show the ranges of NDVI values, and the y-axes show numbers of pixels that indicate that 299 
range of values. For 2015, the sum number of pixels for the vegetated areas is 288,092, 300 
whereas the sum number of pixels for non-vegetated areas is 155,196 pixels; accordingly, for 301 
2015, the vegetated areas amount to ~115.68 hHa, or 64.99% of the ~178 hHa, and the non-302 
vegetated areas amount to ~62.32 hHa, or 35.01% of the ~178 hHa, or ~53.36 hHa less than 303 
the vegetated areas. The results of histogram analysis for 2017 show differences compared to 304 
2015. The dominant NDVI range for 2017 is 0.4–0.6 with a total of 138,422 pixels; the total 305 
number of pixels representing non-vegetated areas (water, buildings, and open ground) is 306 
217,049, whereas that for the vegetated areas is 237,768 pixels. Hence, for 2017, the 307 
vegetated areas amount to ~93.06 hHa, or 52.28% of the ~178 hHa, and the non-vegetated 308 
areas amount to ~84.94 hHa, or 47.72% of the ~178 hHa, or ~8.12 hHa less than the 309 
vegetated areas. 310 
 311 
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From the histogram results it is apparent that by 2017, the vegetation area had decreased by 312 
12.71% since 2015, while correspondingly the non-vegetated areas had increased by 12.71% 313 
since 2015. This change was dominated by dense vegetation loss to areas of sparse vegetation 314 
or bare fields. It is estimated that this decline in vegetation is due to new building 315 
development. 316 

 317 

Figure 4: NDVI pixels histograms. (a) 2015; (b) 2017. 318 

Land Use 319 

From the results of interpretation of NDVI image data and subsequent ground truthing, we 320 
derived image maps showing UGSs and FARs for 2015 and 2017 (see Figure 5). 321 
 322 

 323 

Figure 5: Comparison of Unpad campus land use in 2015 and 2017 based on NDVI analysis. 324 
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On the land-use map produced by NDVI analysis (see Figure 5), orange areas (FAR) 325 
represent buildings and roads, and green areas (UGS) represent spaces covered by plants, 326 
including intentional plantations and the Unpad’s arboretum. The results of the 2015 image-327 
map analysis showed that the UGS areas included 124.31 hHa (69.84% of the total 178 hHa 328 
area), while the FAR areas amounted to 53.69 hHa (30.16% of the total area), representing a 329 
difference between UGS and FAR of 70.62 hHa. The north end of the study area is 330 
dominated by UGSs in the form of plantations (see Figures 1 and 5), and the south is 331 
dominated by FAR areas (mostly campus buildings). When we compared the 2015 and 2017 332 
results of image-map analysis, we found only small differences in the areas between the two 333 
years: UGS in 2017 amounted to 123.38 hHa (69.31% of the total 178 Ha), and FAR 334 
included 54.62 hHa (30.69% of the total area). Accordingly, from the two datasets, FAR in 335 
2017 showed an absolute increase of 0.53% compared to 2015, and UGS correspondingly 336 
experienced an absolute decrease of 0.53% compared to 2015. The reason for the difference 337 
in FAR is the addition of two buildings on the Unpad campus: the Nursing Faculty buildings 338 
and Science Technopark Area (see Figure 5). According to Perda, these results indicate that 339 
Unpad is still allowed to build 16.58 Ha. 340 

Surface-Runoff Direction 341 

Based on the DEM map of the Unpad area (see Figure 6), the maximum altitude (red) is 342 
852.9 m above sea level, and the minimum (blue) is 708.1 m above sea level. Accordingly, 343 
from these data, we found the difference across the entire Unpad campus to be 144.8 m and 344 
the dominant slope to be that toward the southeast. 345 
 346 

 347 

Figure 6: Digital Elevation ModelDEM of study area. 348 

 349 
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The results of our flow-direction analysis using the D8 method (see Figure 7) indicate the 350 
possible flow direction by pixel based on the slope of the land. The Unpad campus boundary 351 
of the Unpad area is indicated by a gray line. From this map, it is apparent that in the 352 
southern part of the Unpad campus (bounded by gray line), the pixels are dominated by green 353 
and blue, indicating that water flow is mainly in the south and toward the southeast. Our data 354 
analysis confirmed the direction of flow to be directly proportional to the direction of the 355 
dominant slope. 356 
 357 

 358 

Figure 7: Flow-direction map of Unpad campus and vicinity. 359 

 360 
From the results shown in the flow-direction map (see Figure 7), we obtained a flow-361 
accumulation map (see Figure 8), which describes the direction of accumulated water flow. 362 
Accumulated flow (blue) is directed from lighter blue toward the darker blue. The map shows 363 
some accumulated streams that flow from the north of Unpad toward the east and southeast. 364 
This water-flow pattern can be matched to the known streamflow network around the Unpad 365 
Jatinangor campus. Another evident stream flows through the Unpad arboretum and empties 366 
into Unpad’s Lake Cekdam. To the west of the Unpad campus, other water flow through the 367 
area comes from the north or northwest. The highest accumulation occurred in the eastern 368 
part of the Unpad area and was downstream from water-flow accumulation that began to the 369 
north of Unpad. 370 
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 371 

Figure 8: Flow-accumulation map of Unpad campus and vicinity. 372 

Conclusion 373 

From the results of this study, we found that 64.99% of the total area of the Unpad Jatinangor 374 
campus in 2015 was covered by vegetation and 35.01% of the total area was no vegetation, 375 
whereas in 2017 the land cover was 52.28% vegetated and 47.72% non-vegetated. Thus, 376 
vegetated land cover decreased by 12.71% during 2015–2017, and, correspondingly, 377 
nonvegetated land cover increased by 12.71% during the same period. 378 
 379 
We also found that in 2015, the UGS of the Unpad Jatinangor campus occupied 69.84% of 380 
the total area, while FAR areas amounted to 30.16% of the total area. For 2017, UGS 381 
amounted to 69.31% and FAR 30.69% of the total area. Accordingly, UGS decreased by an 382 
absolute 0.53% during 2015–2017, while FARs increased by the same amount during that 383 
period so that the area of land that can be built is 9.31% (16.58 Ha). Therefore, the Unpad 384 
campus is still in compliance with the Regional Regulation (Perda) of Sumedang District 385 
number 2 of 2012 concerning Regional Spatial Planning, which states that the ratio 386 
UGS:FAR for each business activity (including large industry) must be at least 60%:40%. 387 
 388 
We also analyzed water-flow surface runoff and found it was dominated by flow toward the 389 
south and southeast, with accumulation in the northeastern part of Unpad through Unpad’s 390 
Arboretum and into Lake Cekdam on the Unpad campus. 391 

Data Availability 392 

Underlying data is available upon request. 393 
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