ESTIMASI DAN EVALUASI SPASIAL TOTAL SUSPENDED SOLIDS (TSS) BERBASIS CITRA
SENTINEL-2 DENGAN

PERBANDINGAN KINERJA MODEL EMPIRIS LOG (R/G) RANDOM FOREST (RF) DAN
CONVOLUTIONAL NEURAL NETWORK

UNIVERSITAS (CNN

GADJAH MADA ENGGAR PRABAWATI, Dr.Ir.Bambang Kun Cahyono,S., M.Sc.IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari RE/ERMSJ/.ugm.aC.id/

Adjovu, G., Stephen, H., James, D., & Ahmad, S. (2023). Measurement of total dissolved solids

and total suspended solids in water systems. Remote Sensing, 15(14), 1-43.

Alexander, J. L., Mohd Sidek, L., Mohamed Desa, M. N., & Julien, P. Y. (2012). Challenge in
Running Hydropower As Source of Clean Energy : Ringlet Reservoir , Cameron Highlands

Case Study. Proceedings National Graduate Conference 2012 (NatGrad2012), 2012, 8-10.

Alzubaidi, L., Zhang, J., Humaidi, A. J., Al-Dujaili, A., Duan, Y., Al-Shamma, O., Santamaria, J.,
Fadhel, M. A., Al-Amidie, M., & Farhan, L. (2021). Review of deep learning: concepts, CNN
architectures, challenges, applications, future directions. In Journal of Big Data (Vol. 8, Issue

1). Springer International Publishing. https://doi.org/10.1186/s40537-021-00444-8

Badan Standardisasi Nasional. (2004). Air dan air limbah — Bagian 3: Cara uji padatan tersuspensi

total (Total Suspended Solid, TSS) secara gravimetri. In Sni 06-6989.3-2004.

BBWS SO dan PJT 1 Lakukan Pengerukan Sedimen. (2025).
https://sda.pu.go.id/balai/bbwsserayuopak/beritas/bbws-so-dan-pjt-i-lakukan-pengerukan-
sedimen-waduk-sempor#:~:text=BBWS SO dan PJT I Lakukan Pengerukan Sedimen Waduk

Sempor&text=Halo Sobat SO !,dan bangunan sumber daya air.

Betancur, Moreno, 1., Guerrero-Mendez, C., Saucedo-Anaya, T., Gonzalez, E., Bautista-Capetillo,
C., & Gonzélez-Trinidad, J. (2022). Convolutional Neural Network for Measurement of
Suspended Solids and Turbidity. Applied Sciences  (Switzerland), 12(12).
https://doi.org/10.3390/app 12126079

Beven, K. (2008). Hydrodynamics and Water Quality. In Journal of Environmental Quality (Vol.
37, Issue 5). https://doi.org/10.2134/;eq2008.001 1 br

Bid, S., & Siddique, G. (2019). Identification of seasonal variation of water turbidity using NDTI
method in Panchet Hill Dam, India. Modeling Earth Systems and Environment, 5(4), 1179—
1200. https://doi.org/10.1007/s40808-019-00609-8

Bilotta, G. S., & Brazier, R. E. (2008). Understanding the influence of suspended solids on water
quality and aquatic biota. Water Research, 42(12), 2849-2861.
https://doi.org/10.1016/j.watres.2008.03.018



ESTIMASI DAN EVALUASI SPASIAL TOTAL SUSPENDED SOLIDS (TSS) BERBASIS CITRA
SENTINEL-2 DENGAN

PERBANDINGAN KINERJA MODEL EMPIRIS LOG (R/G) RANDOM FOREST (RF) DAN
CONVOLUTIONAL NEURAL NETWORK

UNIVERSITAS (CNN

GADJAH MADA ENGGAR PRABAWATI, Dr.Ir.Bambang Kun Cahyono,S., M.Sc.IPU.

BOYd, C.E. (20 bﬁgerskyagmm@mh@ﬁﬁ | Diunduh dari http://etd.repository.ugm.ac.id/

Budiman, S., & Suprayogi, S. (2024). Estimating the Useful Life of the Sempor Reservoir Using
Erosion Modelling. Quaestiones Geographicae, 43(1), 63-78.
https://doi.org/10.14746/quageo-2024-0004

Caballero, I., Steinmetz, F., & Navarro, G. (2018). Evaluation of the first year of operational
Sentinel-2A data for retrieval of suspended solids in medium- to high-turbiditywaters. Remote

Sensing, 10(7). https://doi.org/10.3390/rs10070982

Cao, B., Qiu, J., Zhang, W., Xie, X., Lu, X., Yang, X., & Li, H. (2022). Retrieval of Suspended
Sediment Concentrations in the Pearl River Estuary Using Multi-Source Satellite Imagery.

Remote Sensing, 14(16). https://doi.org/10.3390/rs14163896

Chicco, D., Warrens, M. J., & Jurman, G. (2021). The coefficient of determination R-squared is
more informative than SMAPE, MAE, MAPE, MSE and RMSE in regression analysis
evaluation. PeerJ Computer Science, 7, 1-24. https://doi.org/10.7717/PEERJ-CS.623

Du, Y., Song, K., Wang, Q., Li, S., Wen, Z., Liu, G., Tao, H., Shang, Y., Hou, J., Lyu, L., & Zhang,
B. (2022). Total suspended solids characterization and management implications for lakes in
East China. Science of  the Total Environment, 806, 151374.
https://doi.org/10.1016/j.scitotenv.2021.151374

Enwright, N. M., Wang, L., Wang, H., Osland, M. J., Feher, L. C., Borchert, S. M., & Day, R. H.
(2019). Evaluation of the Potential of Convolutional Neural Networks and Random Forests
for Multi-Class Segmentation of Sentinel-2 Imagery. Remote Sensing, 11(8).
https://doi.org/10.3390/rs11080907

Francke, T., Lopez-Tarazén, J. A., & Schroder, B. (2008). Estimation of suspended sediment
concentration and yield using linear models, random forests and quantile regression forests.

Hydrological Processes, 22(25), 4892—4904. https://doi.org/10.1002/hyp.7110

Ghosh, S., Saha, S., & Bera, B. (2023). Dynamics of total suspended solid concentrations in the
lower Raidak river (Himalayan foreland Basin), India. Advances in Space Research, 71(6),

2846-2861. https://doi.org/10.1016/j.asr.2022.11.012
Goodfellow, 1. (2015). 09 - Slides - Convolutional Networks. Deep Learning, 1-19.

Goudie, A. (1979). Physical geology. In Nature (Vol. 278, Issue 5699).



ESTIMASI DAN EVALUASI SPASIAL TOTAL SUSPENDED SOLIDS (TSS) BERBASIS CITRA
SENTINEL-2 DENGAN

PERBANDINGAN KINERJA MODEL EMPIRIS LOG (R/G) RANDOM FOREST (RF) DAN
CONVOLUTIONAL NEURAL NETWORK

UNIVERSITAS CNN)

GADJAH MADA ENGGAR PRABAWATI, Dr.Ir.Bambang Kun Cahyono,S., M.Sc.IPU.

httpS2//d0i.Oii'g&];&l%&/ﬁgdgﬁgﬁaﬂunduh dari http://etd.repository.ugm.ac.id/

Guan, Q., Feng, L., Tang, J., Park, E., Ali, T. A., & Zheng, Y. (2022). Trends in River Total
Suspended Sediments Driven by Dams and Soil Erosion: A Comparison Between the Yangtze

and Mekong Rivers. Water Resources Research, 58(10).
https://doi.org/10.1029/2022WR031979

Hilgert, S., Sotiri, K., & Fuchs, S. (2024). Review of methods of sediment detection in reservoirs.
International Journal of Sediment Research, 39(1), 28-43.
https://doi.org/10.1016/j.1jsrc.2023.12.004

James, G., Witten, D., Hastie, T., & Tibshirani, R. (2006). An Introduction to Statistical Learning
Second Edition. In Springer Texts (Vol. 102).

Jiang, D., Matsushita, B., Pahlevan, N., Gurlin, D., Fichot, C. G., Harringmeyer, J., Sent, G., Brito,
A. C., Brotas, V., Werther, M., Mascarenhas, V., Blake, M., Hunter, P., Tyler, A., &
Spyrakos, E. (2023). Estimating the concentration of total suspended solids in inland and
coastal waters from Sentinel-2 MSI: A semi-analytical approach. ISPRS Journal of
Photogrammetry and Remote Sensing, 204(October), 362-377.
https://doi.org/10.1016/j.isprsjprs.2023.09.020

Khan, M. Y., Qayoom, A., Nizami, M. S., Siddiqui, M. S., Wasi, S., & Raazi, S. M. K. (2021).
Automated Prediction of Good Dictionary EXamples ( GDEX ): A Comprehensive
Experiment with Distant Supervision , Machine Learning , and Word Embedding-Based Deep
Learning Techniques. 2021.

LeCun, Y., Bottou, L., Bengio, Y., & Haffner, P. (1998). Gradient-based learning applied to
document recognition. In Proceedings of the IEEE (Vol. 86, Issue 11, pp. 2278-2323).
https://doi.org/10.1109/5.726791

Legono, D., Hidayat, F., Sisinggih, D., & Tri Juwono, P. (2020). Assessment on the efficiency of
sediment flushing due to different timings (a case study of Mrica reservoir, central Java,
Indonesia). IOP Conference Series: Earth and Environmental Science, 437(1).

https://doi.org/10.1088/1755-1315/437/1/012010

Leo Breiman. (2001). Random Forest. Lecture Notes in Computer Science (Including Subseries

Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 503-515.



ESTIMASI DAN EVALUASI SPASIAL TOTAL SUSPENDED SOLIDS (TSS) BERBASIS CITRA
SENTINEL-2 DENGAN

PERBANDINGAN KINERJA MODEL EMPIRIS LOG (R/G) RANDOM FOREST (RF) DAN
CONVOLUTIONAL NEURAL NETWORK

UNIVERSITAS CNN)

GADJAH MADA ENGGAR PRABAWATI, Dr.Ir.Bambang Kun Cahyono,S., M.Sc.IPU.

httpS//dOl .Oii'ga{rls&sl&@)wggdgrﬁ)ﬁg)&ﬂném&wﬂﬂ@é.reposito ry.ugm.ac.id/

Lesmana, S. B., & Milenia, A. N. (2023). Analisis Ketersediaan Air pada Daerah Tangkapan
Waduk Sempor dengan Model Mock. Bulletin of Civil Engineering, 3(1), 1-6.
https://doi.org/10.18196/bce.v2i3.17117

Lillesand, T., Kiefer, R. W., & Chipman, J. (2015). Remote Sensing and Image Interpretation, 7th
Edition.

Mamun, M., Hasan, M., & An, K. G. (2024). Advancing reservoirs water quality parameters
estimation using Sentinel-2 and Landsat-8 satellite data with machine learning approaches.

Ecological Informatics, 81(July 2023), 102608. https://doi.org/10.1016/j.ecoint.2024.102608

Marinho, R. R., Harmel, T., Martinez, J. M., & Junior, N. P. F. (2021). Spatiotemporal dynamics
of suspended sediments in the negro river, amazon basin, from in situ and sentinel-2 remote
sensing  data.  ISPRS  International  Journal of  Geo-Information, 10(2).
https://doi.org/10.3390/1jg110020086

Maslukah, L., Basayep, 1., Wirasatriya, A., Indrayanti, E., Prasetyawan, 1. B., & Wijaya, Y. J.
(2024). Application of Sentinel-2 imagery for total suspended solids mapping off the Bodri
River, Kendal Regency, Indonesia. Remote Sensing Applications: Society and Environment,

36(July), 101379. https://doi.org/10.1016/j.rsase.2024.101379

Minh, N. D. (2018). mekongTSS: Monitoring of suspended sediment in the Mekong Delta
(Vietnam) using Landsat and Google Earth Engine. GitHub.
https://github.com/ndminhhus/mekongTSS

Mishra, D. R., Ogashawara, 1. G., & Abraham, A. (2017). Bio- Optical Modeling and Remote
Sensing Of Inland Waters. Elsevier.

Moeini, M., Shojaeizadeh, A., & Geza, M. (2021). Supervised machine learning for estimation of
total suspended solids 1in urban watersheds. Water (Switzerland), 13(2).
https://doi.org/10.3390/w13020147

Moon, J. G., Jung, S. J., Suh, S. M., & Pyo, J. C. (2025). Development of deep learning
quantization framework for remote sensing edge device to estimate inland water quality in
South Korea. Water Research, 283(April), 123760.
https://doi.org/10.1016/j.watres.2025.123760



ESTIMASI DAN EVALUASI SPASIAL TOTAL SUSPENDED SOLIDS (TSS) BERBASIS CITRA
SENTINEL-2 DENGAN

PERBANDINGAN KINERJA MODEL EMPIRIS LOG (R/G) RANDOM FOREST (RF) DAN
CONVOLUTIONAL NEURAL NETWORK

UNIVERSITAS CNN)

GADJAH MADA ENGGAR PRABAWATI, Dr.Ir.Bambang Kun Cahyono,S., M.Sc.IPU.

Moon, J. G., SulunSerdds,cluagyda booB aakyud asd pufuByegakiks. (g2024). Deep learning-based mapping
of total suspended solids in rivers across South Korea using high resolution satellite imagery.

GIScience and Remote Sensing, 61(1). https://doi.org/10.1080/15481603.2024.2393489

Morris, G. L., & Fan, J. (2009). Reservoir sedimentation handbook: design and management of
dams, reservoirs, and watersheds for sustainable use (Vol. 9). New York: McGraw-Hill.

Reservoir Sedimentation Handbook, 1.01,421-431.

Na’imah, N., Taryana, D., & Purwanto, P. (2023). Pemetaan distribusi Total Suspended Solid
(TSS) di Waduk Gondang Lamongan menggunakan citra landsat multi temporal. Jurnal
Integrasi  Dan  Harmoni  Inovatif  llmu-Ilmu  Sosial,  3(11), 1207-1228.
https://doi.org/10.17977/um063v3il 1p1207-1228

Parisouj, P., Mohebzadeh, H., & Lee, T. (2020). Employing Machine Learning Algorithms for
Streamflow Prediction: A Case Study of Four River Basins with Different Climatic Zones in
the  United States.  Water  Resources  Management, 34(13), 4113-4131.
https://doi.org/10.1007/s11269-020-02659-5

Pindi, S., & Jayakumar, K. V. (2023). Modelling Runoff and Sedimentation Yield Using Soil and
Water Assessment Tool for Wyra River Basin. Ecological Engineering and Environmental

Technology, 24(5), 84-93. https://doi.org/10.12912/27197050/165776

Prasetiyowati, M. 1., Maulidevi, N. U., & Surendro, K. (2020). Feature selection to increase the
Random Forest method performance on high dimensional data. International Journal of

Advances in Intelligent Informatics, 6(3), 303—-312. https://doi.org/10.26555/ijain.v613.471

Radar, B. (2022). Pendapatan wisata Kebumen tembus miliaran rupiah selama libur Lebaran
2022. https://radarbanyumas.disway.id/kebumen/read/37492/pendapatan-wisata-kebumen-

tembus-miliaran-rupiah-selama-libur-lebaran-2022?utm_source=chatgpt.com

Saberioon, M., Brom, J., Nedbal, V., Soucek, P., & Cisar, P. (2020). Chlorophyll-a and total
suspended solids retrieval and mapping using Sentinel-2A and machine learning for inland

waters. Ecological Indicators, 113(March). https://doi.org/10.1016/j.ecolind.2020.106236

Sabila, A. Y., Maslukah, L., Wirasatriya, A., Indrayanti, E., Prasetyawan, 1. B., & Widada, S.
(2024). A Robust Algorithm for Estimating Total Suspended Solids (TSS) Using Sentinel-2:

Case Study in Coastal Waters of Teluk Awur, Jepara, Indonesia. I/mu Kelautan: Indonesian



ESTIMASI DAN EVALUASI SPASIAL TOTAL SUSPENDED SOLIDS (TSS) BERBASIS CITRA
SENTINEL-2 DENGAN

PERBANDINGAN KINERJA MODEL EMPIRIS LOG (R/G) RANDOM FOREST (RF) DAN
CONVOLUTIONAL NEURAL NETWORK

UNIVERSITAS (CNN

GADJAH MADA ENGGAR PRABAWATI, Dr.Ir.Bambang Kun Cahyono,S., M.Sc.IPU.

Journal of Marine Sajenees.29(dindH 5202 htigpssibdaiorgid 0.14710/ik.ijms.29.4.495-502

Setiawan, F., Basuki, T. M., Santosa, B. H., Pramono, 1. B., Chulafak, G. A., Rahmadya, A., &
Nada, F. M. H. (2025). Developing algorithms for estimating total suspended solids (TSS)
using unmanned aerial vehicle: A case study in the Upper Citarum River, Indonesia. Journal
of Degraded and  Mining  Lands  Management, 12(2), 7379-7388.
https://doi.org/10.15243/jdmIm.2025.122.7379

Sudjarwadi, S., M. P., S., B. A., & Asriningtyas, V. (2021). PENGEMBANGAN.

Wilujeng, A., Ariyanto, W., Syahputrs, R., Nur, A., Chamim, N., & Purwanto, K. (2019). Analisis
perhitungan Turbin dan Generator di PLTA Sempor.

Winton, R. S., Lopez-Casas, S., Valencia-Rodriguez, D., Bernal-Forero, C., Delgado, J., Wehrli,
B., & Jiménez-Segura, L. (2023). Patterns and drivers of water quality changes associated
with dams in the Tropical Andes. Hydrology and Earth System Sciences, 27(7), 1493—1505.
https://doi.org/10.5194/hess-27-1493-2023

Zelenakova, M., Hlavinek, P., & Negm Editors, A. M. (2020). Springer Water Management of
Water Quality and Quantity. http://www.springer.com/series/13419

Zhu, S., Hrnjica, B., Dai, J., & Sivakumar, B. (2020). Machine learning approaches for estimation
of sediment settling velocity. Journal of Hydrology, 586(February), 124911.
https://doi.org/10.1016/j.jhydrol.2020.124911



