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ABSTRAK

Permukaan air di Kabupaten Bandung Barat merupakan salah satu elemen penting
yang mendukung kebutuhan masyarakat, pertanian, dan ekosistem. Penelitian ini
menganalisis variasi spasio-temporal permukaan air dari tahun 2016 hingga 2024
menggunakan data citra satelit Sentinel-2A dengan pendekatan deep learning
model WatNet. Analisis dilakukan dengan pendekatan spasio-temporal untuk
memantau perubahan distribusi permukaan air, serta menguji keterkaitan antara
luas permukaan air dengan variabel-variabel klimatologis seperti curah hujan, suhu,
dan kelembapan udara. Hasil penelitian menunjukkan bahwa periode musim hujan
(DJF dan MAM) memiliki luas permukaan air yang lebih besar dibandingkan
dengan musim kemarau (JJA dan SON). Total luas permukaan air yang
teridentifikasi selama periode penelitian adalah 13.601,82 hektare, dengan 98,5%
di antaranya merupakan permukaan air musiman. Hasil analisis menunjukkan
adanya variasi signifikan dalam luas permukaan air berdasarkan musim, di mana
periode musim hujan (DJF dan MAM) memiliki area permukaan air yang lebih
besar dibandingkan dengan musim kemarau (JJA dan SON). Uji korelasi
menunjukkan hubungan positif antara luas permukaan air dengan kelembapan
udara (p-value = 0,0166) dan curah hujan (p-value = 0,006008), sementara suhu
tidak menunjukkan hubungan signifikan. Penelitian ini memberikan wawasan
penting terhadap perubahan permukaan air dan variabel-variabel yang
mempengaruhinya, serta dapat digunakan sebagai dasar bagi pengelolaan sumber
daya air di Kabupaten Bandung Barat.

Kata Kunci: Spasio-temporal, Permukaan Air, penginderaan jarak jauh, Sentinel-
2A, Segmentasi, Deep Learning, WatNet, korelasi, variabel klimatologis,
Kabupaten Bandung Barat.
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ABSTRACT

Surface water in West Bandung Regency is one of the important elements that
support the needs of society, agriculture, and ecosystems. This research analyzes
the spatio-temporal variation of water surface from 2016 to 2024 using Sentinel-
24 satellite image data with the WatNet deep learning model approach. The
analysis was conducted using a spatio-temporal approach to monitor changes in
water table distribution, as well as to examine the relationship between water table
area and climatological variables such as rainfall, temperature, and air humidity.
The results showed that the wet season (DJF and MAM) had a larger surface water
area compared to the dry season (JJA and SON). The total surface water area
identified during the study period was 13,601.82 hectares, of which 98.5% was
seasonal surface water. The analysis showed significant variation in surface water
area by season, with the wet season (DJF and MAM) having a larger surface water
area compared to the dry season (JJA and SON).Correlation tests showed a positive
relationship between water surface area and air humidity (p-value = 0.0166) and
rainfall (p-value = 0.006008), while temperature showed no significant
relationship. This study provides important insights into water table changes and
their influencing variables, and can be used as a basis for water resources
management West Bandung Regency.

Keywords: Spatio-temporal, surface water, remote sensing, Sentinel-24,
segmentation, Deep Learning, WatNet, correlation, climatological factor, West
Bandung Regency

vii



DAFTAR ISI

LEMBAR HAK CIPTA.. 2
LEMBAR PENGESAHAN ...uuiivinininsinsninsenssississsnssisssssssssessssssssssssssssssssssssssssssss i
PERNYATAAN BEBAS PLAGIARISME..... ii
KATA PENGANTAR...... iii
ABSTRAK vi
ABSTRACT vii
DAFTAR GAMBAR........ xi
DAFTAR TABEL ....... xii
DAFTAR LAMPIRAN ...cuiiniiiinsnnsnissessansissssssssssssssssssssssssssssssssssssssssssssssassssssss xiii
BAB I PENDAHULUAN 1
1.1 Latar Belakang ..........ccoccuiiiieiieiieiiesieeeeeee ettt 1
1.2 Rumusan Masalah Penelitian ..........ccocoeiieiiiiiinenee e, 2
1.3 Tujuan Penelitian .........cccoeoieiieiieiieeeee et 2
1.4 Manfaat Penelitian ..........c.cccoeiieiieiienieeeee e 3
1.4.1 Manfaat TEOTILIS ...ceeeveerieeiieiieeieeie ettt ettt e e 3

1.4.2 Manfaat Praktis .........cocceviriiiiniinieeseeereeeescee e 3

1.5 Ruang Lingkup Penelitian..........ccoccoeiiiiiiiiiiiii e 3
BAB 11 KAJIAN PUSTAKA. 5
B N | OO SOUSRTSRPRRPRO 5
2.1.1 Permukaan AidT........coeouieieieiieiieeie ettt 5

2.2 Area Penelitian ......ccceouieuieiiriieiiiieiese e 5
2.3 ReMOIE SENSTNG ....eevveveeeeiieeereeesiieeeiteesiteeesseesseesssessnseesssseessseessseessseesseesnns 6
2 B B O 1 - BT 111 AU 6
2.3.2 Program COPEIMICUS.......c..eceerreeereereereesreesseeseeesseesseesseesseesseesssesssennns 7
2.3.3  Satelit COPEIMICUS ....ccvierieiiereerirerieireereereesseesseesseessseeseesseesseesseennns 7
2.3.3.1 Fitur Application Programming Interface Website Copernicus.. 8

2.3.4  Sentinel-2 .....cc.ooiiiiiiei e 8
2.3.5  PIKSCL. it 9
2.3.0 RESOIUSIT .ottt 10
237 THLe i 10

2.4 Segmentasi Citra SAtClit.........cccveeveeciieriieiieriecie et see v e enees 10
2.4.1 Deep LEATRING .......cooueiiaiiiiiieieet ettt ettt 11
2,42 WANET ..eiitietietee ettt sttt et 11

viii



242 WALNEL «ooooiiiiiiieeiee et aaennnanes 11

2421 CONVNEL ..etiiiieeeee ettt ettt et 11
2.4.2.2  Encoder dan Decoder ............ccocurieninieiienieienieeiee e 12
2.4.3 UjJi AKUIST ..cvvievieiiesiieiieeveereeteesteesieesseesesesenessseesseesseesseessessssesssenns 12
2431 USEEV ACCUTACY «.voouveeeeeeeeieeeieeesieeeieesieeseeeesseesseessseesnseeesees 12
2.43.2  CONSUMET ACCUFACY ...vvveeveeeseeeeecreeeieeeeireesieessseeesereesseesseessnsens 12
2.43.3  OVErall ACCUFACY ...ooeeeeeeeeeeeeeeeeee e 12
2434  KaPPQA SIALSTICS ..c..eeeoeeeeaiiiiieeee ettt 13

2.5 PFE-PTOCESSINE .....eeuieiieeieeiieie ettt et e ettt eae et et e st e st e e aeeaeeseenseesneans 13
251 MOSQIC oottt 13
252 CLIP oottt 13
2.5.3 DESSOIVE ..ot 13
254 UREOM .ttt ettt 14
2.6 Analisis Spasio-Temporal ..........ccccoeoieeiieiieiierieee et 14
2.6.1 Water Occurance Frequency % (WOF %) .....ccccoveevininininincnnnn. 14
2.6.2 Variasi Intra-annual dan Variasi Inter-annual .................cccccccevene. 14
2.7 Analisis Korelasi Spearman .............ccoeceerienienieiieeeeeeeeeee e 14
2.7.1 Nilai Koefisien Korelasi.........ccoeeverierienienie e 15
2.7.2 Nilal P-ValUC....eoiuiiiieiii et 16
2.7.3 Faktor KIMatolO@iS.......ecuveiuieriieeiieeieeie ettt 17
2.8 G0Ogle ColabOratory .......c.cccvievieciierieeiieriesre ettt ereeseeseesaeeseeseeseeseans 17
2.9 GOOZIE DITIVE ..ottt et ettt ae e neens 18
2,10 RSEUAIO ettt ettt 19
21T ATCGIS ettt ettt 19
2.11.1 Data RASter ....eeeiiiiiiiiieiie ettt 20
2.11.2 Data POIYZON ...ccviiiiiiiieiiieiieieeie ettt ereeneens 20
2113 SHP FIle .ot 20
2.12 Penelitian yang Relevan..........c.ccooeiiiiiiiiieieeeeee e 20
BAB III METODE PENELITIAN 22
3.1 Tahapan Penelitian..........cccceecvieeriiiienieeieciceie e 22
3.2 Pengumpulan Data .........ccoccveiieiiiiiieieee e 23
3.2.1 Spesifikasi Perangkat ...........cccceeevieviieriienienieiieeie e 24
3.2.2 Bahan Penelitian...........cccoeiriiriinienienieieneeeec e 24
3.2.3 Teknik Pengumpulan Data...........ccceeevieciieiienienieeiieieeieeeesee s 25

X



3.2.3.1 Penggunaan API untuk Pengumpulan Citra Sentinel-2A ......... 26

3.2.3.2 Pengumpulan data GeoJSON dan SHP Kabupaten/Kota.......... 27

3.2.3.3  Pengumpulan data Variabel Klimatologis...........cccceecervenuennenne. 27

3.3 Teknik Pengolahan Penelitian............cccoovieriiiiiiiiiieiieeeeeeeeee e 28
3.3.1 Segmentasi Permukaan Air.........ccccceeieriiiiiieiieieeeeee e 28
3.3.2  Pre-ProcCeSSiNg .......ccceecueeciueesieeeieesiieesseesieessseesseesssesssssesssseesnseees 29
3.3.3 Analisis Spasio-Temporal Permukaan Air..........c..cccoevoeeviencirnceenenns 29
3.3.4 Analisis Korelasi Permukaan Air.........ccccoocevveninieneninenccenesene 31
BAB IV HASIL DAN PEMBAHASAN ...coovcitnniinssnicssanisssssossassssssssssasssssssssssses 32
4.1 Hasil Penelitian .........ccceeiieeiieiieiiesieeie ettt 32
4.1.1 Hasil Pengumpulan Data...........cccceoveeriiiciieniieniienieeiecee e 32
4.1.2 Hasil SeZMENTASI.....ccciiiiieiierieiiesteereeseesteeveereere e e esseesreessnessneens 35
4.1.3 HaSil Pre-ProCessing .......cccoceuveieueeceeciiesiiesieeseeseeseesesesseesssesseesseens 36

4.2 Pembahasan..........ccceeiviiriirieiiiiiiiiieeesee et 38
4.2.1 Hasil Analisis Spasio-Temporal Permukaa Air ...........ccoecevevveieeienns 38
4.2.1.1  Variasi Intra-annual ................cccceceeeenceeoeneneeneneeeseeeeeens 38

4.2.1.2  Variasi Inter-annual ...............ccccceeevoenoeesenenienesieeneeeenaens 40

4.2.2 Hasil Analisis Korelasi Permukaan Air ..........coceveveeieninienieneenne 41
BAB V SIMPULAN DAN SARAN 43
ST SIMPUIAN .ot enns 43
5.2 SATAN...ciiiiiiiiiice e e 44
DAFTAR PUSTAKA 45
LAMPIRAN..... .48




DAFTAR GAMBAR

Gambar 3. 1 Tahapan Penelitian ...........ccooceviieiiiniiiniieeeeeee e 22
Gambar 4. 1 Visualisasi Hasil Tile Citra untuk Wilayah Studi Kasus.................. 33
Gambar 4. 2 Pre-Processing Data Citra Periode SON 2024 ..........cccoevvvievennennene 36
Gambar 4. 4 Distribusi Spasial Intra-annual pada Tahun 2016-2024................... 39
Gambar 4. 5 Distribusi Spasial Inter-annual pada Tahun 2016-2024................... 41

X1



Tabel 2.
Tabel 2.
Tabel 3.
Tabel 3.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.

DAFTAR TABEL

1 Nilai rata-rata data klimatologis 2016-2024 ............cceeieriierierieeene 6
2 Karakteristik band spektrum Sentinel-2...........ccccoeeveiieiienienienieee 9
1 Bahan dan data selama penelitian .............ccceeevvevrierienieneeeieere e, 25
2 Kategori Analisis Spasio-Temporal Permukaan air...............ccoeceeenee. 30
1 Hasil Citra Tahun 2024 dengan Periode DJF, MAM, JJA, SON......... 35
2 Hasil Segmentasi Citra tahun 2024 dengan Model WatNet ................ 35
3 Hasil Union Data Citra 2016-2024 ..........ccceveriereninienienieeneeieens 37
5 Frekuensi Kemunculan Air pada Tahun 2016-2024 ..............cccceueeeee. 38
6 Frekuensi Kemunculan Air pada Tahun 2016-2024.............cccceeuenee. 40

7 Nilai Korelasi antara Luas Permukaan Air dengan Variabel Klimatologis

X1l



Lampiran 1.
Lampiran 2.
Lampiran 3.
Lampiran 4.
Lampiran 5.
Lampiran 6.

Lampiran 7.

DAFTAR LAMPIRAN

Surat Keputusan tentang Judul dan Pembimbing Skripsi................. 48
Kartu Bimbingan SKIipsi.......cccecceeeierierierierieee e 51
KOde Programi..........cceevieiiiiieiiieieeieeieesee e 53
Hasil Data Citra .......coccoceeiiiiiiiiniicieeccseeeceeeeee e 67
Rekapitulasi Luas Permukaan Air setiap Periode.........c..cccevvenuennn. 79
Hasil Cek PlagiariSme ...........cceeeveeriienienieeiieieeieeieesee e 83
Riwayat Hidup Penulis..........cccoeevieviieniieniieieciecie e 84

Xiii



45

DAFTAR PUSTAKA

Amalia. S, et.al (2024). Pemanfaatan Citra Satelit Untuk Mengidentifikasi
Perubahan Bentang Lahan. Jurnal Bima : Pusat Publikasi llmu Pendidikan
Bahasa dan Sastra, 2(2), pp.314-323.

Andarsyah, R., & Yanuar, A. (2024). SENTIMEN ANALISIS APLIKASI
POSAJA PADA GOOGLE PLAYSTORE UNTUK PENINGKATAN
POSPAY SUPERAPP MENGGUNAKAN SUPPORT VECTOR
MEACHINE. 16(2).

Bangdiwala, S. 1. (2023). When to p and when not to p. Neurogastroenterology &
Motility, 35(11), e14672. https://doi.org/10.1111/nmo.14672
Bateman, D. (2019). FreeSoill848.shp [Dataset]. Harvard Dataverse.
https://do1.org/10.7910/DVN/2JTSJK/KWOYNS

Conran, D., Ientilucci, E. J., Schiller, S., Russell, B., Holt, J., Durell, C., & Arnold,
W. (2021). A New Technique to Define the Spatial Resolution of Imaging
Sensors. 2021 IEEE International Geoscience and Remote Sensing
Symposium IGARSS, 8158-8161.
https://doi.org/10.1109/IGARSS47720.2021.9554436

Dabhiya, P., & Rathi, Dr. K. (2024). INTRODUCTION TO REMOTE SENSING:
PRINCIPLES, TECHNIQUES, AND APPLICATIONS. In Dr. J.
Ahammed, Dr. H. Kumar, Mr. J. Maan, Dr. K. K. Patel, Dr. V. Mehrotra,
Dr. N. Yathiraju, A. Kumar Saini, S. Chithra, Dr. W. Ahmad Mir, Dr. S.
Rao Polamuri, G. Valarmathi, & G. Chhabra (Eds.), Futuristic Trends in
Artificial Intelligence Volume 3 Book 2 (First, pp. 221-228). Iterative
International ~ Publishers, Selfypage  Developers  Pvt  Ltd.
https://doi.org/10.58532/V3BDAI2P3CH2

Fadhil, M. Y., Hidayat, Y., Murtilaksono, K., & Baskoro, D. P. T. (2021).
Perubahan Penggunaan Lahan dan Karakteristik Hidrologi DAS Citarum
Hulu. Jurnal Ilmu Pertanian Indonesia (JIPI), 26(2), 213-220.
https://doi.org/10.18343/jipi.26.2.213

Fisher, P. (1997). The pixel: A snare and a delusion. International Journal of
Remote Sensing, 18(3), 679-685 .https://doi.org/10.1080/014311697219015

Heldayani, E., Setianto, H., & Nugroho, Y. A. (2021). VISUALISASI SPATIO
TEMPORAL KASUS COVID-19 DI KOTA PALEMBANG. 9(2).

Igwe, et.al. (2017). A Review of Environmental Effects of Surface Water Pollution.
International Journal of Advanced Engineering Research and Science,
4(12) : pp. 128-137.

Ismail, J. R., & Nandi, N. (2020). Peri-urban Transformation in West Bandung
Regency A Physical, Social, and Economic Analysis. Indonesian Journal of
Development Studies.

Istomina, L., Heygster, G., Enomoto, H., Ushio, S., Tamura, T., & Haas, C. (2022).
Remote Sensing Observations of Melt Ponds on Top of Antarctic SEA ICE
Using Sentinel-3 Data. IGARSS 2022 - 2022 IEEE International Geoscience
and Remote Sensing Symposium, 3884-3887.
https://doi.org/10.1109/IGARSS46834.2022.9884159

Izzati, H., & Adishakti, L. T. (2024). Mapping of Bandung Cultural Heritage




46

Through The Historic Urban Landscape (HUL) Approach. Journal of
Architectural Design and Urbanism, 6(2), 93-103.
https://doi.org/10.14710/jadu.v6i2.20931

Komina Atsri. (2018). Satellite images (p. 1419764289 Bytes) [Dataset]. figshare.
https://doi.org/10.6084/M9.FIGSHARE.7053872

Lee, K.-J., Chae, T.-B., & Jung, H.-S. (2021). Earth Observation from KOMPSAT
Optical, Thermal, and Radar Satellite Images. Remote Sensing, 13(1), 139.
https://doi.org/10.3390/rs13010139

Midthassel, R., Peca, M., Piironen, P., Saldo, Y., Jorge, F., d’Addio, S., Sallusti,
M., Donlon, C., & Galeazzi, C. (2023). The Copernicus Imaging Microwave
Radiometer (CIMR): Radio Frequency Interference Mitigation. /GARSS
2023 - 2023 IEEE International Geoscience and Remote Sensing
Symposium, 5471-5474.
https://doi.org/10.1109/IGARSS52108.2023.10282164

Nurhalijah, S. D., Cahyati, N., Romadhona, A., Maulani, N., & Rahayu, M. S.
(2024). Analisis Korelasi Spearman Untuk Mengetahui Hubungan Antara
Penggunaan Media Sosial Dan Tingkat Produktivitas Akademis Mahasiswa
Agribisnis ( Studi Kasus: Universitas Sultan Ageng Tirtayasa ).
https://doi.org/10.5281/ZENODO.13766003

Panetti, A., Rostan, F., L’ Abbate, M., Bruno, C., Bauleo, A., Catalano, T., Cotogni,
M., Galvagni, L., Pietropaolo, A., Taini, G., Venditti, P., Huchler, M.,
Torres, R., Lokas, S., Bibby, D., & Geudtner, D. (2014). Copernicus
Sentinel-1 Satellite and C-SAR instrument. 2014 IEEE Geoscience and
Remote Sensing Symposium, 1461-1464.
https://doi.org/10.1109/IGARSS.2014.6946712

Patel, D. (2024). Computer Vision and Image Segmentation. International Journal
for Research in Applied Science and Engineering Technology, 12(2), 915—
925. https://doi.org/10.22214/ijraset.2024.58479

Rizki, M. L., Fauziah, A. N., & Sadida, H. Q. (2021). Pemodelan Spatio Temporal
Pada Kasus Demam Berdarah di Provinsi Jawa Barat. 21(2).

R. Munggaran, A. Mahendra, M. Fitranto, and R. Pangestu. (2023). Segmentasi
Berbasis Deep Learning untuk Mendeteksi Ketinggian air. Prosiding Use
Cases Artificial Intelligence Indonesia: Embracing Collaboration for
Research and Industrial Innovation in Artificial Intelligence. ch.11, pp.121-
126. Observation and Geoinformation, 103, 102472.

Sayar, A., Eken, S., & Mert, U. (2014). Tiling of Satellite Images to Capture an
Island Object. In V. Mladenov, C. Jayne, & L. Iliadis (Eds.), Engineering
Applications of Neural Networks (Vol. 459, pp. 195-204). Springer
International Publishing. https://doi.org/10.1007/978-3-319-11071-4 19

Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation Coefficients:
Appropriate Use and Interpretation. Anesthesia & Analgesia, 126(5), 1763—
1768. https://doi.org/10.1213/ANE.0000000000002864

Singgalen, Y. A. (2023). Penerapan Metode Spatio-Temporal Analysis dalam
Analisis Dinamika Tutupan dan Penggunaan Lahan Berbasis NDVI dan
NDWI. Kajian Ilmiah Informatika dan Komputer, 4(2), 1052-1061.
https://doi.org/10.30865/klik.v4i2.1313



47

Solimini, D. (2016). Electromagnetic Spectrum and Remote Information. In D.
Solimini, Understanding Earth Observation (Vol. 23, pp. 355-400).
Springer International Publishing. https://doi.org/10.1007/978-3-319-
25633-7 10

Sundari. Y, et.al (2023). Analisis Karakteristik Fisik Kondisi Lahan di Kabupaten
Bandung Barat. Prosiding Seminar Nasional Pembangunan dan Pendidikan
Vokasi Pertanian. https://doi.org/10.47687/snppvp.v4il.686

Sukmawati, K., & Rahmah, A. (2022). Pengembangan Geographic Information
System (GIS) guna Pengelolaan Komoditas Tanaman Cabai. Jurnal
Informatika Terpadu, 8(2), 78—84. https://doi.org/10.54914/jit.v8i2.458

Tang, H., & Li, Z.-L. (2014). Basic Theory of Quantitative Remote Sensing. In H.
Tang & Z.-L. Li, Quantitative Remote Sensing in Thermal Infrared (pp. 5—
26). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-42027-
62

Tariq, A., & Qin, S. (2023). Spatio-Temporal Variation in Surface Water in Punjab,
Pakistan from 1985 to 2020 using Machine-Learning Methods with Time-
Series Remote Sensing Data and Driving Factors. Agricultural Water
Management, 280, 108228.

Tran, B.-H., Aussenac-Gilles, N., Comparot, C., & Trojahn, C. (2022). Semantic
Integration of Raster Data for Earth Observation on Territorial Units. ISPRS
International Journal of  Geo-Information, 11(2), 149.
https://doi.org/10.3390/1jgi11020149

X. Luo, et.al (2021). An Applicable and Automatic Method for Earth Surface
Water Mapping Based on Multispectral Images. International Journal of
Applied Earth O Rusdiana, O. (2001). Kondisi dan Masalah Air di Pulau
Jawa. Jurnal Manajemen Hutan Tropika, 7(1) : pp. 49-54.

Zeng, 1., Vollmer, B., Ostrenga, D., & Gerasimov, 1. (2019, March). Air Quality
Satellite Monitoring by TROPOMI on Sentinel-5P. Earth and Space
Science Open Archive. https://doi.org/10.1002/essoar.10500849.1




