
124 

 

DAFTAR PUSTAKA 

Aldrian, E., & Susanto, R. D. (2003). Identification of Three Dominant Rainfall 

Regions Within Indonesia and Their Relationship to Sea Surface Temperature. 

International Journal of Climatology, 23(12), 1435–1452. 

https://doi.org/10.1002/joc.950 

Amone-Mabuto, M., Bandeira, S., Hollander, J., Hume, D., Campira, J., & Adams, J. 

B. (2024). Monitoring seagrass meadows in Maputo Bay using integrated remote 

sensing techniques and machine learning. Regional Studies in Marine Science, 79, 

1–11. https://doi.org/10.1016/j.rsma.2024.103816 

Anggoro, A., Siregar, V. P., Bahri Agus, S., & Agus, S. B. (2016). The Effect of 

Sunglint on Benthic Habitats Mapping in Pari Island Using Worldview-2 Imagery. 

Procedia Environmental Sciences, 33(April), 487–495. 

https://doi.org/10.1016/j.proenv.2016.03.101 

Badan Meteorologi, Klimatologi, dan Geofisika. (2022). Pemanfaatan Data Iklim di 

Stasiun Klimatologi Kairatu, Ambon. https://content.bmkg.go.id/wp-

content/uploads/PEMANFAATAN-DATA-IKLIM-DI-STASIUN-

KLIMATOLOGI-KAIRATU-AMBON.pdf 

Badan Pusat Statistik Provinsi Maluku. (2025). Jumlah Penduduk Menurut 

Kabupaten/Kota di Maluku (Jiwa), 2025. https://maluku.bps.go.id/id 

Barazzetti, L. (2024). Spatio-temporal analysis of georeferenced time-series applied to 

structural monitoring. Journal of Civil Structural Health Monitoring, 14(1), 163–

188. https://doi.org/10.1007/s13349-023-00743-z 

Belgiu, M., & Drăguţ, L. (2016). Random forest in remote sensing: A review of 

applications and future directions. ISPRS Journal of Photogrammetry and Remote 

Sensing, 114, 24–31. https://doi.org/10.1016/j.isprsjprs.2016.01.011 

Benesty, J., Chen, J., Huang, Y., & Cohen, I. (2009). Pearson correlation coefficient. 

In Noise Reduction in Speech Processing (pp. 1–4). Springer. 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



125 

 

https://doi.org/10.1007/978-3-642-00296-0_5 

Br Ginting, D. N., Wicaksono, P., & Farda, N. M. (2024). MAPPING SEAGRASS 

PERCENT COVER AND BIOMASS IN NUSA LEMBONGAN, BALI, 

INDONESIA. Geography, Environment, Sustainability, 17(1), 16–27. 

https://doi.org/10.24057/2071-9388-2023-2886 

Bray, J. R., & Curtis, J. T. (1957). An ordination of the upland forest communities of 

southern Wisconsin. Ecological Monographs, 27(4), 325–349. 

https://doi.org/10.2307/1942268 

Breiman, L. (2001). Random Forests. Machine Learning, 45(1), 5–32. 

https://doi.org/10.1023/A:1010933404324 

Campbell, J. B., & Wynne, R. H. (2011). Introduction to Remote Sensing. Guilford 

Publications. https://books.google.co.id/books?id=zgQDZEya6foC 

Chai, T., & Draxler, R. R. (2014). Root mean square error (RMSE) or mean absolute 

error (MAE)? Geoscientific Model Development, 7(3), 1247–1250. 

https://doi.org/10.5194/gmd-7-1247-2014 

Choto, M., Higa, H., Salem, S., Siswanto, E., Suzuki, T., & Mäll, M. (2025). 

Performance Evaluation of Inherent Optical Property Algorithms and 

Identification of Potential Water Quality Indicators Using GCOM-C Data in 

Eutrophic Lake Kasumigaura, Japan. Remote Sensing, 17(9), 1621. 

https://doi.org/10.3390/rs17091621 

Cleveland, R. B. (1990). STL : A Seasonal-Trend Decomposition Procedure Based on 

Loess. Journal of Official Statistics, 6(1), 3-73. 

Cullen-Unsworth, L., & Unsworth, R. (2013). Seagrass meadows, ecosystem services, 

and sustainability. Environment, 55(3), 14–28. 

https://doi.org/10.1080/00139157.2013.785864 

Danoedoro, P. (2009). LAND-USE INFORMATION FROM THE SATELLITE 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



126 

 

IMAGERY: Versatility and Contents for Local Physical Planning. LAP 

LAMBERT Academic Publishing. 

Danoedoro, P. (2012). Pengantar Penginderaan Jauh Digital (1st ed.). Andi. 

Davies, B. F. R., Oiry, S., Rosa, P., Zoffoli, M. L., Sousa, A. I., Thomas, O. R., Smale, 

D. A., Austen, M. C., Biermann, L., Attrill, M. J., Roman, A., Navarro, G., Barillé, 

A. L., Harin, N., Clewley, D., Martinez-Vicente, V., Gernez, P., & Barillé, L. 

(2024). A sentinel watching over inter-tidal seagrass phenology across Western 

Europe and North Africa. Communications Earth and Environment, 5(1), 1–13. 

https://doi.org/10.1038/s43247-024-01543-z 

Davies, B., Oiry, S., Rosa, P., Zoffoli, M., Sousa, A., Thomas, O., Smale, D., Austen, 

M., Biermann, L., Attrill, M., Román, A., Navarro, G., Barillé, A.-L., Harin, N., 

Clewley, D., Martinez-Vicente, V., Gernez, P., & Barillé, L. (2024). Intertidal 

seagrass extent from Sentinel-2 time-series show distinct trajectories in Western 

Europe. Remote Sensing of Environment. 

https://doi.org/10.1016/j.rse.2024.114340 

Dimitriadis, S. I., & Liparas, D. (2018). How random is the random forest? Random 

forest algorithm on the service of structural imaging biomarkers for Alzheimer’s 

disease: From Alzheimer’s disease neuroimaging initiative (ADNI) database. In 

Neural Regeneration Research (Vol. 13, Issue 6, pp. 962–970). Wolters Kluwer 

Medknow Publications. https://doi.org/10.4103/1673-5374.233433 

Drusch, M., Del Bello, U., Carlier, S., Colin, O., Fernandez, V., Gascon, F., Hoersch, 

B., Isola, C., Laberinti, P., Martimort, P., Meygret, A., Spoto, F., Sy, O., 

Marchese, F., & Bargellini, P. (2012). Sentinel-2: ESA’s Optical High-Resolution 

Mission for GMES Operational Services. Remote Sensing of Environment, 120, 

25–36. https://doi.org/https://doi.org/10.1016/j.rse.2011.11.026 

Duarte, C. M., Dennison, W. C., Orth, R. J. W., & Carruthers, T. J. B. (2008). The 

charisma of coastal ecosystems: Addressing the imbalance. In Estuaries and 

Coasts (Vol. 31, Issue 2, pp. 233–238). Springer New York. 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



127 

 

https://doi.org/10.1007/s12237-008-9038-7 

Duarte, C. M., & Kirkman, H. (2001). Chapter 7 - Methods for the measurement of 

seagrass abundance and depth distribution (F. T. Short & R. G. B. T.-G. S. R. M. 

Coles (eds.); pp. 141–153). Elsevier Science. 

https://doi.org/https://doi.org/10.1016/B978-044450891-1/50008-6 

Duarte, C. M., Marba, N., Agawin, N., Cebrian, J., Enriquez, S., Fortes, M. D., 

Gallegos, M. E., Merino, M., Olesen, B., & Sandjensen, K. (1994). Reconstruction 

of seagrass dynamics - Age determinations and associated tools for the seagrass 

ecologist. Marine Ecology Progress Series, 107(1–2), 195. 

https://doi.org/10.3354/meps107195 

European Space Agency. (2024). Sentinel-2 Mission. 

Fauzan, M. A., Wicaksono, P., & Hartono. (2021). Characterizing Derawan seagrass 

cover change with time-series Sentinel-2 images. Regional Studies in Marine 

Science, 48. https://doi.org/10.1016/j.rsma.2021.102048 

Foody, G. M. (2002). Status of land cover classification accuracy assessment. Remote 

Sensing of Environment, 80(1), 185–201. https://doi.org/10.1016/S0034-

4257(01)00295-4 

Friedl, M. A., Henebry, G. M., Reed, B. C., Huete, A., White, M. A., Morisette, J. T., 

Nemani, R. R., Zhang, X., & Myneni, R. B. (2006). Land Surface Phenology. 

Gao, B.-C., & Li, R.-R. (2021). Correction of Sunglint Effects in High Spatial 

Resolution Hyperspectral Imagery Using SWIR or NIR Bands and Taking 

Account of Spectral Variation of Refractive Index of Water. Advances in 

Environmental and Engineering Research, 02(03), 17. 

https://doi.org/10.21926/aeer.2103017 

Green, E. P., Mumby, P., & Edwards, Alasdair James Clark, C. D. (2000). Remote 

Sensing Handbook for Tropical Coastal Management. 

https://www.researchgate.net/publication/257395007 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



128 

 

Grolemund, G., & Wickham, H. (2011). Dates and times made easy with lubridate. 

Journal of Statistical Software, 40(3), 1–25. https://doi.org/10.18637/jss.v040.i03 

Ha, N. T., Manley-Harris, M., Pham, T. D., & Hawes, I. (2020). A Comparative 

Assessment of Ensemble-Based Machine Learning and Maximum Likelihood 

Methods for Mapping Seagrass Using Sentinel-2 Imagery in Tauranga Harbor, 

New Zealand. Remote Sensing, 12(3), 1–16. https://doi.org/10.3390/rs12030355 

Hanes, J., Li, L., & Morisette, J. (2013). Land surface phenology. In Biophysical 

Applications of Satellite Remote Sensing (pp. 99–125). Springer-Verlag Berlin 

Heidelberg. https://doi.org/10.1007/978-3-642-25047-7_4 

Harahap, S. D., & Wicaksono, P. (2024). Relative Water Column Correction Methods 

for Benthic Habitat Mapping in Optically Shallow Coastal Water. Advances in 

Science, Technology and Innovation, 181–183. https://doi.org/10.1007/978-3-

031-43218-7_42 

Harjuna, R. A., Riniatsih, I., & Suryono, C. A. (2020). Kondisi Padang Lamun di Pulau 

Panjang dan Pulau Lima, Banten. Journal of Tropical Marine Science, 3(2), 89–

93. https://doi.org/10.33019/jour.trop.mar.sci.v3i2.1928 

Hartoni, Siregar, V. P., Wouthuyzen, S., & Agus, S. B. (2022). Object based 

classification of benthic habitat using Sentinel 2 imagery by applying with support 

vector machine and random forest algorithms in shallow waters of Kepulauan 

Seribu, Indonesia. Biodiversitas, 23(1), 514–520. 

https://doi.org/10.13057/biodiv/d230155 

Hastie, T., Tibshirani, R., & Friedman, J. (2009). The Elements of Statistical Learning: 

Data Mining, Inference, and Prediction (2nd ed.). Springer. 

https://doi.org/10.1007/978-0-387-84858-7 

Hedley, J. D., Harborne, A. R., & Mumby, P. J. (2005). Simple and robust removal of 

sun glint for mapping shallow-water benthos. International Journal of Remote 

Sensing, 26(10), 2107–2112. https://doi.org/10.1080/01431160500034086 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



129 

 

Helmi, M., Hartoko, A., S., H., Munasik, & Wouthuyzen, S. (2011). Analisis Respon 

Spektral dan Ekstraksi Nilai Spektral Terumbu Karang Pada Citra Digital 

Multispektral Satelit ALOS-AVNIR di Perairan Gugus Pulau Pari, Kepulauan 

Seribu, Jakarta. Buletin Oseanografi Marina, 1, 10–12. 

Hijmans, R. J. (2024). terra: Spatial Data Analysis. https://cran.r-

project.org/package=terra 

Huang, Z., Brooke, B., & Harris, P. (2011). A new approach to mapping marine benthic 

habitats using physical environmental data. Continental Shelf Research, 31. 

https://doi.org/10.1016/J.CSR.2010.03.012 

Jayanti, A. R. (2020). MANFAAT PADANG LAMUN SEBAGAI PENYEIMBANG 

EKOSISTEM LAUT DI PULAU PRAMUKA, KEPULAUAN SERIBU. 

JURNAL GEOGRAFI Geografi Dan Pengajarannya. 

https://api.semanticscholar.org/CorpusID:225849359 

Jönsson, P., & Eklundh, L. (2004). TIMESAT—A program for analyzing time-series 

of satellite sensor data. Computers \& Geosciences, 30(8), 833–845. 

https://doi.org/10.1016/j.cageo.2004.05.006 

Kirk, J. T. O. (2011). Light and Photosynthesis in Aquatic Ecosystems (3rd ed.). 

Cambridge University Press. https://doi.org/10.1017/CBO9781139168212 

Kohler, K. E., & Gill, S. M. (2006). Coral Point Count with Excel extensions (CPCe): 

A Visual Basic program for the determination of coral and substrate coverage 

using random point count methodology. Computers and Geosciences, 32(9), 

1259–1269. https://doi.org/10.1016/j.cageo.2005.11.009 

Kritzer, J., Delucia, M., Greene, E., Shumway, C., Topolski, M., Thomas-Blate, J., 

Chiarella, L., Davy, K., & Smith, K. (2016). The Importance of Benthic Habitats 

for Coastal Fisheries. BioScience, 66, 274–284. 

https://doi.org/10.1093/BIOSCI/BIW014 

Kuhn, M. (2008). Building predictive models in R using the caret package. Journal of 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



130 

 

Statistical Software, 28(5), 1–26. https://doi.org/10.18637/jss.v028.i05 

Kuhn, M., & Johnson, K. (2013). Applied Predictive Modeling. Springer. 

https://doi.org/10.1007/978-1-4614-6849-3 

Kurniawan, A., Khakhim, N., & Wicaksono, P. (2025). Mapping of Nearshore 

Bathymetry Based on Random Forest Machine Learning in Kemujan Island 

Waters. International Journal of Geoinformatics, 21(2), 25–41. 

https://doi.org/10.52939/ijg.v21i2.3933 

Latuconsina, H., & Dawar, L. (2012). Telaah ekologi komunitas lamun (seagrass) 

perairan Pulau Osi Teluk Kotania Kabupaten Seram Bagian Barat. Agrikan: 

Jurnal Agribisnis Perikanan, 5(2), 12–19. 

https://doi.org/10.29239/j.agrikan.5.2.12-19 

Legendre, P., & Legendre, L. (2012). Numerical Ecology (3rd ed.). Elsevier. 

Liaw, A., & Wiener, M. (2002). Classification and regression by randomForest. R 

News, 2(3), 18–22. 

Lieth, H. (1973). Phenology in Productivity Studies. In D. E. Reichle (Ed.), Analysis 

of Temperate Forest Ecosystems (pp. 29–46). Springer Berlin Heidelberg. 

https://doi.org/10.1007/978-3-642-85587-0_4 

Lieth, H. (1974). Purposes of a Phenology Book. In H. Lieth (Ed.), Phenology and 

Seasonality Modeling (pp. 3–19). Springer Berlin Heidelberg. 

https://doi.org/10.1007/978-3-642-51863-8_1 

Liu, Y., Liu, W., Ye, T., Chen, S., Chen, X., Li, Z., Zhan, N., & Sun, R. (2025). 

Incorporating climate data with machine learning can improve rice phenology 

estimation. Environmental Research Letters , 20(2), 24020. 

https://doi.org/10.1088/1748-9326/ada56e 

Lyzenga, D. R. (1978). Passive remote sensing techniques for mapping water depth 

and bottom features. Applied Optics, 17(3), 379. 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



131 

 

https://doi.org/10.1364/ao.17.000379 

Lyzenga, D. R. (1981). Remote sensing of bottom reflectance and water attenuation 

parameters in shallow water using aircraft and landsat data. International Journal 

of Remote Sensing, 2(1), 71–82. https://doi.org/10.1080/01431168108948342 

Maechler, M., Rousseeuw, P., Struyf, A., Hubert, M., & Hornik, K. (2023). cluster: 

Cluster Analysis Basics and Extensions. https://cran.r-

project.org/package=cluster 

Main-Knorn, M., Pflug, B., Louis, J., Debaecker, V., Müller-Wilm, U., & Gascon, F. 

(2017). Sen2Cor for Sentinel-2. Proceedings of SPIE, 10427, 1042704. 

https://doi.org/10.1117/12.2278218 

McKenzie, L. J., Finkbeiner, M. A., & Kirkman, H. (2001). Chapter 5 - Methods for 

mapping seagrass distribution. In F. T. Short & R. G. B. T.-G. S. R. M. Coles 

(Eds.), Global Seagrass Research Methods (pp. 101–121). Elsevier Science. 

https://doi.org/https://doi.org/10.1016/B978-044450891-1/50006-2 

McKenzie, L. J., Yaakub, S. M., Tan, R., Seymour, J., & Yoshida, R. L. (2016). 

Seagrass habitats of Singapore: Environmental drivers and key processes. Raffles 

Bulletin of Zoology, 2016(Part I), 60–77. 

Murtagh, F., & Legendre, P. (2014). Ward’s hierarchical agglomerative clustering 

method: Which algorithms implement Ward’s criterion? Journal of 

Classification, 31(3), 274–295. https://doi.org/10.1007/s00355-014-0381-z 

Nakagawa, S., & Schielzeth, H. (2013). A general and simple method for obtaining R2 

from generalized linear mixed-effects models. Methods in Ecology and Evolution, 

4(2), 133–142. 

Nalepa, J. (2021). Recent Advances in Multi- and Hyperspectral Image Analysis. 

Sensors (Basel, Switzerland), 21. https://doi.org/10.3390/s21186002 

Oksanen, J., Simpson, G. L., Blanchet, F. G., Kindt, R., Legendre, P., & others. (2022). 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



132 

 

vegan: Community Ecology Package. https://cran.r-project.org/package=vegan 

Orth, R. J., Carruthers, T. J. B. B., Dennison, W. C., Duarte, C. M., Fourqurean, J. W., 

Heck, K. L., Hughes, A. R., Kendrick, G. A., Kenworthy, W. J., Olyarnik, S., 

Short, F. T., Waycott, M., Williams, S. L., Heck Jr., K. L., Hughes, A. R., 

Kendrick, G. A., Kenworthy, W. J., Olyarnik, S., Short, F. T., … Williams, S. L. 

(2006). A global crisis for seagrass ecosystems. BioScience, 56(12), 987 – 996. 

https://doi.org/10.1641/0006-3568(2006)56[987:AGCFSE]2.0.CO;2 

Pebesma, E. (2018). Simple features for R: Standardized support for spatial vector data. 

The R Journal, 10(1), 439–446. https://doi.org/10.32614/RJ-2018-009 

Picard, R. R., & Cook, R. D. (1984). Cross-validation of regression models. Journal of 

the American Statistical Association, 79(387), 575–583. 

https://doi.org/10.1080/01621459.1984.10478083 

Probst, P., Wright, M. N., & Boulesteix, A.-L. (2019). Hyperparameters and tuning 

strategies for random forest. WIREs Data Mining and Knowledge Discovery, 9(3), 

e1301. https://doi.org/10.1002/widm.1301 

Rahman, I., & Astriana, B. H. (2019). Penyuluhan Mengenai Ekosisetem Lamun 

Sebagai Upaya Pelestarian Ekosistem Di Perairan Pantai Sire, Kabupaten Lombok 

Utara. Abdi Insani, 6(2), 245. https://doi.org/10.29303/abdiinsani.v6i2.245 

Ririhena, R. E., Wattimena, A. Y., & Tuanaya, A. F. (2023). The Impact of Climate 

Change on the Productivity of Nutmeg (Myristica fragrans Houtt.) in Kamal 

Village, West Kairatu District. JURNAL AGRIKAN (Agribisnis Perikanan), 16(1), 

43–49. 

Roelfsema, C. M., Lyons, M., Kovacs, E. M., Maxwell, P., Saunders, M. I., Samper-

Villarreal, J., & Phinn, S. R. (2014). Multi-temporal mapping of seagrass cover, 

species and biomass: a semi-automated object based image analysis approach. 

Remote Sensing of Environment, 150, 172–187. 

https://doi.org/10.1016/j.rse.2014.05.001 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



133 

 

Roelfsema, C., & Phinn, S. (2008). Evaluating eight field and remote sensing 

approaches for mapping the benthos of three different coral reef environments in 

Fiji. Remote Sensing of Inland, Coastal, and Oceanic Waters, 7150, 71500F. 

https://doi.org/10.1117/12.804806 

Roelfsema, C., & Phinn, S. (2009). A Manual for Conducting Georeferenced Photo 

Transects Surveys to Assess the Benthos of Coral Reef and Seagrass Habitats. 

Rousseeuw, P. J. (1987). Silhouettes: A graphical aid to the interpretation and 

validation of cluster analysis. Journal of Computational and Applied 

Mathematics, 20, 53–65. https://doi.org/10.1016/0377-0427(87)90125-7 

Samper-Villarreal, J., Lovelock, C. E., Saunders, M. I., Roelfsema, C., & Mumby, P. 

J. (2016). Organic carbon in seagrass sediments is influenced by seagrass canopy 

complexity, turbidity, wave height, and water depth. Limnology and 

Oceanography, 61(3), 938–952. https://doi.org/10.1002/lno.10262 

Setyawan, I., Siregar, V. P., Pramono, G. H., & Yuwono, D. M. (2014). PEMETAAN 

PROFIL HABITAT DASAR PERAIRAN DANGKAL BERDASARKAN 

BENTUK TOPOGRAFI: Studi Kasus Pulau Panggang, Kepulauan Seribu 

Jakarta. Majalah Ilmiah Globë, 16(2), 125–132. 

https://api.semanticscholar.org/CorpusID:132008916 

Short, F. T., & Duarte, C. M. (2001). Chapter 8 - Methods for the measurement of 

seagrass growth and production (F. T. Short & R. G. B. T.-G. S. R. M. Coles 

(eds.); pp. 155–182). Elsevier Science. 

https://doi.org/https://doi.org/10.1016/B978-044450891-1/50009-8 

Simanjuntak, T., & Soselisa, H. L. (2021). Menganyam pengetahuan dari tanah Seram, 

Maluku, Indonesia (L. Wattimena (ed.)). PT Pustaka Obor Indonesia. 

https://books.google.co.id/books?id=rfCW0QEACAAJ 

Wang, Y., He, X., Bai, Y., Wang, D., Zhu, Q., Gong, F., Yang, D., & Li, T. (2022). 

Satellite retrieval of benthic reflectance by combining lidar and passive high-

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



134 

 

resolution imagery: Case-I water. Remote Sensing of Environment, 272, 112955. 

https://doi.org/10.1016/j.rse.2022.112955 

Ward, J. H. (1963). Hierarchical grouping to optimize an objective function. Journal 

of the American Statistical Association, 58(301), 236–244. 

https://doi.org/10.1080/01621459.1963.10500845 

Wicaksono, P. (2014). THE USE OF IMAGE ROTATIONS ON MULTISPECTRAL-

BASED BENTHIC HABITATS MAPPING. 12th Biennial Conference of Pan 

Ocean Remote Sensing Conference (PORSEC 2014), 10. 

https://doi.org/10.13140/2.1.3877.6006 

Wicaksono, P., Hafizt, M., Harahap, S. D., & Nandika, M. R. (2024a). Integrating 

Sentinel-2 and PlanetScope Image with Drone-based Seagrass Data for Seagrass 

Percent Cover Mapping. IOP Conference Series: Earth and Environmental 

Science, 1291(1), 12012. https://doi.org/10.1088/1755-1315/1291/1/012012 

Wicaksono, P., Hafizt, M., Harahap, S. D., & Nandika, M. R. (2024b). Integrating 

Sentinel-2 and PlanetScope Image with Drone-based Seagrass Data for Seagrass 

Percent Cover Mapping. IOP Conference Series: Earth and Environmental 

Science, 1291(1). https://doi.org/10.1088/1755-1315/1291/1/012012 

Wicaksono, P., Harahap, S. D., Hafizt, M., Maishella, A., & Yuwono, D. M. (2023). 

Seagrass ecosystem biodiversity mapping in part of Rote Island using multi-

generation PlanetScope imagery. Carbon Footprints, 2(4). 

https://doi.org/10.20517/cf.2023.9 

Wicaksono, P., Lazuardi, W., & Munir, M. (2019). INTEGRATING IMAGE at 

DIFFERENT SPATIAL RESOLUTIONS and FIELD DATA for SEAGRASS 

PERCENT COVER MAPPING. International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences - ISPRS Archives, 42(4/W19), 

487–492. https://doi.org/10.5194/isprs-archives-XLII-4-W19-487-2019 

Wicaksono, P., Maishella, A., Arjasakusuma, S., Lazuardi, W., & Harahap, S. D. 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



135 

 

(2022). Assessment of WorldView-2 images for aboveground seagrass carbon 

stock mapping in patchy and continuous seagrass meadows. International Journal 

of Remote Sensing, 43(8), 2915–2941. 

https://doi.org/10.1080/01431161.2022.2074809 

Wicaksono, P., Maishella, A., Lazuardi, W., & Muhammad, F. H. (2022). Consistency 

assessment of multi-date PlanetScope imagery for seagrass percent cover 

mapping in different seagrass meadows. Geocarto International, 37(27), 15161–

15186. https://doi.org/10.1080/10106049.2022.2096122 

Wicaksono, P., Maishella, A., & Ramadhan. (2025). Capturing the dynamics of 

aboveground carbon stock in intertidal seagrass meadows using Sentinel-2 time-

series imagery. Remote Sensing Applications: Society and Environment, 38. 

https://doi.org/10.1016/j.rsase.2025.101552 

Wicaksono, P., Ramadhan, Harahap, S. D., Kartika, C. S. D., & Kamal, M. (2025). 

Mapping the dynamics of seagrass aboveground carbon stock in a developing 

coastal area: case study of Kuta Mandalika, Lombok Island, Indonesia. 

Environmental Monitoring and Assessment, 197(10), 1–24. 

https://doi.org/10.1007/s10661-025-14534-0 

Wicaksono, P., Wulandari, S. A., Lazuardi, W., & Munir, M. (2021). Sentinel-2 images 

deliver possibilities for accurate and consistent multi-temporal benthic habitat 

maps in optically shallow water. Remote Sensing Applications: Society and 

Environment, 23. https://doi.org/10.1016/j.rsase.2021.100572 

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag 

New York. https://ggplot2.tidyverse.org 

Wijaya, J., & Wicaksono, P. (2024). Lifeform-based seagrass species composition 

mapping of Pari Island using WorldView-2 multispectral imagery. 78. 

https://doi.org/10.1117/12.3009770 

Zeileis, A., & Grothendieck, G. (2005). zoo: S3 infrastructure for regular and irregular 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



136 

 

time series. Journal of Statistical Software, 14(6), 1–27. 

https://doi.org/10.18637/jss.v014.i06 

Zoffoli, M. L., Frouin, R., & Kampel, M. (2014). Water column correction for coral 

reef studies by remote sensing. In Sensors (Switzerland) (Vol. 14, Issue 9). 

https://doi.org/10.3390/s140916881 

Zoffoli, M. L., Gernez, P., Rosa, P., Le Bris, A., Brando, V. E., Barillé, A.-L., Harin, 

N., Peters, S., Poser, K., Spaias, L., Peralta, G., & Barillé, L. (2020). Sentinel-2 

remote sensing of Zostera noltei-dominated intertidal seagrass meadows. Remote 

Sensing of Environment, 251, 112020. 

https://doi.org/https://doi.org/10.1016/j.rse.2020.112020 

  

 

 

 

 

ANALISIS FENOLOGI PERMUKAAN PADANG LAMUN BERBASIS DINAMIKA PERSENTASE
TUTUPAN MENGGUNAKAN CITRA 
SENTINEL-2 DAN RANDOM FOREST DI PESISIR PULAU OSI, MALUKU  TAHUN 2022 - 2025
Menliman Joyfal Gulo, Sentinel-2, Surface Phenology, Seagrass Percent Cover, Random Forest, STL Decomposition, Osi Island
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


