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A B S T R A C T 

The Segara Anakan Lagoon in Cilacap, as one of the natural ecosystems in Java, has undergone drastic changes in the last three decades. This study investigates 

the dynamics of its area change using 30 years of multitemporal satellite imagery. The Normalised Difference Water Index (NDWI) method is used to detect 

changes in water bodies. The analysis showed a significant decrease in the surface area of the lagoon, which was significantly influenced by increased sedimentation. 

This sedimentation is closely linked to human activities in the upstream area, including logging and land conversion. Based on the NDWI analysis, it is known that 

the lagoon area changed from -6,486.80 ha in 1990 to 2819.21 ha in 2003 (-3,667.60 ha) and the reduction of the lagoon in 2003-2021 is -2819.21 ha. There is a 

significant decrease in the water content over time. This study investigates the importance of conservation measures and sustainable management to protect Segara 

Anakan Lagoon from the continuing negative impacts of sedimentation. 
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1. Introduction 

Segara Anakan is a lagoon located behind the island of Nusakambangan, facing the Indian Ocean. The area has a natural mangrove forest and the lagoon 

is a centre of biodiversity. The material on the bottom of the lagoon is of terrestrial rather than marine origin. This area, also known as the "littoral 

margin", has a salinity derived from a mixture of seawater and fresh water. Biologically, the lagoon ecosystem is extremely rich. Only about 13% of the 

world's land area is lagoon (DKP, 2007). Segara Anakan in Cilacap is one of Indonesia's most important lagoons, surrounded by mangrove forests and 

tidal flats that provide significant ecosystem diversity and environmental services. However, like many other coastal areas around the world, Segara 

Anakan faces environmental challenges due to changes in sedimentation rates and changes in mangrove land cover. These changes affect not only the 

biodiversity and productivity of the ecosystem, but also the communities that depend on these resources (Su et al., 2012). 

In the current era of digital technology, multi-temporal satellite imagery has become an important tool for monitoring and assessing coastal dynamics. 

The main advantage of this technology is its ability to provide a broad view of areas that are difficult to access and to monitor changes over time. 

Therefore, multitemporal satellite imagery provides an objective picture of how sedimentation rates and mangrove land cover change over time in Segara 

Anakan (Asbridge et al., 2016). 

Segara Anakan faces a serious problem of increasing sedimentation from land-based sources. The area and depth of the Segara Anakan lagoon continue 

to decrease. This is caused by forest exploitation in the upstream area, which does not prioritise conservation aspects. (KPSKSA, 2009) The main source 

of sedimentation in Segara Anakan comes from rivers such as the Citanduy, Cibeureum and Cikonde, while a small amount comes from coastal 

sedimentation. According to research by the Directorate General of Local Government of the Ministry of the Interior and PKSPL-IPB (1999), the Citanduy 

River contributes 740,000 m3 of sedimentation annually to Segara Anakan, while the Cikonde River contributes about 260,000 m3 annually. Thus, the 

total sedimentation entering Segara Anakan reaches about 1 million m3 per year. Continued sedimentation can raise the water level in the Citanduy and 

other rivers that flow into Segara Anakan, increasing the potential for flooding in the area. In addition, siltation caused by sedimentation threatens to 

degrade the ecological condition of Segara Anakan. According to BPKSA (2006), Segara Anakan currently covers only about 500 hectares. 

Understanding the dynamics of sedimentation and mangrove cover is essential for designing effective conservation and management strategies. In this 

context, research using multitemporal satellite image analysis in Segara Anakan, Cilacap, can provide valuable insights into how natural processes affect 

mangrove cover. 
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2 Materials and Methods 

The materials used in this research are satellite imagery and ground check data. Satellite images were divided into three, namely Landsat 5 in February 

1990, Landsat 7 in January 2003, and Sentinel 2B in April 2021 in Segara Anakan, Cilacap Regency, Central Java. Ground check activities are carried 

out with coordinate points using GPS (Geographical Positioning System) that have been determined to cross check between satellite image data and field 

conditions. 

Table 1. Specifications of the Satellite Images Used 

 

 

 

 

 

 

 

Landsat 5, 7, and Sentinel 2B satellite images and ground check coordinate data in the field with the location under study, Segara Anakan, Cilacap 

Regency, Central Java, were obtained from the United State Geological Survey (USGS) through https://earthexplorer.usgs.gov/ and SciHub Copernicus 

through https://scihub.copernicus.eu/dhus/#/home. Satellite image specifications and ground check coordinates used in this study are presented in Table 

1 and Table 2. 

Table 2. Ground Check Result Coordinates Using Geographical Positioning System (GPS). 

No Latitude Longitude 
Keterangan Lokasi 

1 108°51' 13.91" E 07° 39' 16.53"S Agriculture 

2 
108°48' 08.16" E 07° 40' 24.05"S Agriculture 

3 
108°51'54.8"E 07°42'04.1"S Agriculture 

   4 108°48' 03.46" E 07° 40' 15.23"S Agriculture  

5 
108°52' 09.27" E 07° 41' 56.02"S Agriculture  

   6 108°51' 05.92" E 07° 41' 28.34"S Pond 

   7 
108°52' 38.00" E 07° 40' 40.48"S Pond 

   8 108°52' 38.14" E 07° 40' 40.65"S Pond 

   9 
108°52' 34.53" E 07° 40' 39.49"S Pond 

 10 
108°52' 44.52" E 07° 43' 06.51"S Settlements 

 11 108°52' 45.41" E 07° 43' 07.97"S Settlements 

 12 108°52' 13.56" E 07° 42' 19.65"S Settlements 

 13 
108° 52' 35.1264'' E 07° 42' 55.23'' N Settlements 

 14 
108° 50' 35.642'' E 07° 40' 24.477'' S Mangrove 

 15 108° 52' 34.022'' E 07° 41' 6.396'' S Mangrove 

 16 
108° 55' 1.677'' E 07° 40' 54.203'' S Mangrove 

 17 108° 55' 56.651'' E 07° 42' 24.880'' S Mangrove 

 18 
108° 51' 21.846'' E 07° 41' 46.376'' S Mangrove 

 19 108° 52' 19.162'' E 07° 42' 3.021'' S Mangrove 

 20 
108° 52' 39.391'' E 07° 42' 14.099'' S Mangrove 

 

  

Data type 
Bands resolution(m) 

Date of Acquisition 
Path/ 

Row 

Data source 

Landsat 5 TM RGB 543 30 24  February  1990 121/65 USGS 

Landsat 7 ETM RGB 543 30 19 January 2003 121/65      USGS 

Sentinel-2 RGB 654 10 16 April 2021 121/65  Copernicus 
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Fig 1. Map of the Research location in the Segara Anakan Lagoon Area, Cilacap Regency 

The research method used in the analysis of sedimentation rates and mangrove land cover changes is the remote sensing method, namely the satellite 

image interpretation technique (visual interpretation) with Supervised Maximum Likelihood Classification (MLC) (guided classification) and NDWI 

(Normalised Difference Wetness Index). The image data used in this study are 30 years of image data, 10 years interval, namely Landsat 5TM satellite 

image in 1990, Landsat 7 ETM in 2003 and Sentinel 2B in 2021. 

The Normalised Difference Water Index (NDWI) method is a method used to compare the level of moisture in satellite images, the NDWI method uses 

band 3 (green) to assess the strength of plants and water bodies and band 5 (NIR) to highlight the biomass content. The NDWI algorithm is as follows: 

NDWI= 
𝐺𝑅𝐸𝐸𝑁−𝑁𝐼𝑅

𝐺𝑅𝐸𝐸𝑁+𝑁𝐼𝑅
 

Description:  

GREEN = Green channel reflectance value  

NIR = Infrared channel reflectance value 

Normalised Difference Water Index (NDWI) is a method used to identify water bodies. Water bodies tend to absorb visible and infrared wavelengths 

with high intensity. According to McFeeters (2013), a NDWI value greater than zero indicates the presence of surface water bodies. The use of NDWI in 

satellite image analysis can provide valuable insights into the dynamics of sedimentation processes in an area and how they change over time. However, 

it is important to combine NDWI with other observational methods to gain a more comprehensive understanding of the process. This research consists 

of processing and analysing remote sensing data and is supported by exploratory ground truthing field data. Exploratory research is a research approach 

that aims to find information about a topic/problem and reveal something from the field as findings that can be used to draw conclusions (Mudjiyanto, 

2018). Exploratory descriptive method is a method of collecting data by paying attention to the cause and effect of an element and feature, which is then 

analysed and interpreted (Zakariah et al., 2020). 

3. RESULTS AND DISCUSSION 

The results of the analysis of Landsat 5TM imagery in 1990, Landsat 7 ETM imagery in 2003 and Sentinel 2B imagery in 2021. Based on the land cover 

classification, which is divided into 3 land cover classes. The land cover class is divided into mangrove, land and water. The land cover classification 

uses the supervised classification method and the NDWI method. The results of the land cover change map in Segara Anakan are shown in Figure 2 using 

the NDWI method and Figure 3 overlaying mangroves. In addition to the mangrove land cover layout map, there are results of the land cover area of each 

land cover class determined, the results of the land cover area are presented in Table 3 to Table 6. 
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Fig 2. Area change using NDWI of Segara Anakan over 30 years; a)1990, b)2003, c)2021 

 

Table 3. Segara Anakan Land Cover in 1990, 2003, and 2021 

 

Land Cover Classification 
1990 2003 2021 

Ha % Ha  % Ha % 

Mangrove 7.955,01 20,86% 7.134,52 19,12% 6964,89 18,75% 

Land 23.686,22 62,12% 27.353,01 73,32% 28.156,59 75,81% 

Waters 6.486,8096 17,01% 2819,21 7,56% 2019,15 5,44% 

Total 38.128,04 100,00% 37.306,74 100,00% 37.140,62 100,00% 

 

Table 4. Changes in Segara Anakan Land Cover in 1990, 2003, and 2021 

Land Cover Classification 1990 (Ha) 

Δ 1990 - 

2003 (Ha) 2003 (Ha) 

Δ 2003 - 2021 

(Ha) 
2021 (Ha) 

Mangrove 7.955,01 -820,49 7.134,52 -169,63 6.964,89 

Land 23.686,22 3.666,79 27.353,01 803,58 28.156,59 

water 6.486,81 -3.667,60 2.819,21 -800,06 2.019,15 

Total 38.128,04   37.306,74   37.140,62 
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Table 5. Sedimentation rate of Segara Anakan in 1990, 2003 and 2021 

Land Cover Classification 

1990 2003 2021 

Ha % Ha  % Ha % 

Land 
23.686,22 78,50% 27.353,01 90,66% 28.156,59 93,31% 

water 
6.486,8 21,50% 2.819,21 9,34% 2.019,15 6,69% 

Total 30.173,03   30.172,22   30.175,74   

Table 6. Changes in sedimentation rate of Segara Anakan in 1990, 2003, and 2021                 

Land Cover Classification 1990 (Ha) 

Δ 1990 - 2003 

(Ha) 

2003 (Ha) 
Δ 2003 - 2021 

(Ha) 

2021 (Ha) 

Land 

23.686,22 3.666,79 27.353,01 803,58 28.156,59 

water 
6.486,81 -3.667,60 2.819,21 -800,06 2.019,15 

Total 30.173,03   30.172,22   30.175,74 

 

Based on the data in the table above, it is known that the area of Segara Anakan lagoon has shrunk and the area of water in land has increased significantly 

in the last 30 years. The results of the area obtained based on the table above, mangrove land cover in 1990 had the highest area, namely 7,783.49 ha 

(82.20% of the total area), then in 2003 it was 7,134.52 ha (69.52%) and decreased in 2021, namely 6,946.89 ha (73.64% of the total area). In addition, 

the rate of sedimentation or change in Segara Anakan Lagoon is quite significant, from 1990 to 2003, the land area increased by 3,666.79 ha and the 

water area decreased by 3,667.60 ha. From 2003 to 2021, the land area will increase by 803.58 ha and the water area will decrease by 800.06 ha.  

Changes in the area of Segara Anakan Lagoon in Cilacap have been the focus of many studies in recent decades. According to Wahyudi et al. (2017), 

sedimentation, especially from human activities in the upstream area, has played an important role in the changing dynamics of the lagoon. Logging and 

land conversion in the watershed have led to increased soil erosion, which then leads to sediment accumulation in the lagoon (Saputra et al., 2018; ). 

Further research by Dewi et al. (2016) also found that due to sedimentation, the average depth of the lagoon decreased, which in turn affected its surface 

area. This condition, coupled with increased human activity around the coastal area and lack of conservation efforts, has resulted in significant changes 

to the lagoon ecosystem (Purnomo and Suryawati, 2017). This study highlights the importance of sustainable management and watershed restoration to 

mitigate the negative impacts of sedimentation on the Segara Anakan Lagoon. 

The Segara Anakan Lagoon, one of the most important ecosystems in coastal Cilacap, is facing major challenges due to increased sedimentation. Based 

on the analysis, the change in area The lagoon can be significantly linked to the rapid sedimentation process. Over time, sediments carried by river flows, 

especially from upstream areas, are continuously deposited on the bottom of the lagoon, resulting in siltation. As a result, areas that were previously part 

of the lagoon's water surface become flat or muddy, leading to a reduction in the overall water surface area. This phenomenon not only disrupts the 

ecological balance, but also affects the livelihoods of neighbouring communities, especially the fishermen who depend on the lagoon's existence. 

Increased human activity, such as deforestation and agriculture in upstream areas, is believed to be one of the main factors accelerating this sedimentation 

process. Therefore, sustainable conservation and management efforts are needed to restore and maintain the sustainability of the Segara Anakan Lagoon.  

Segara Anakan. 
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Fig 3. Overlay of mangrove and sedimentation rate changes in Segara Anakan Over 30 Years a)1990, b) 2003, c)2021 

Based on Figure 3, it is clear that changes in the area of Segara Anakan and the mangrove area are correlated and affect the ecosystem in Segara Anakan. 

In 1990, the water was still dominant as a whole and the mangroves were still clearly visible. From 2003 to 2021, the waters shrank and sedimentation 

occurred until new land formed in Segara Anakan, where the mangrove area also experienced significant degradation.  

The Segara Anakan lagoon in Cilacap has experienced significant changes in area over time. The main factor is sedimentation, accelerated by human 

activities. In upstream areas, uncontrolled deforestation has led to increased soil erosion, resulting in more sediment being carried into the lagoon by river 

flows (Susilo et al., 2014). In addition, land conversion for agriculture and infrastructure development has altered water flow dynamics, increasing the 

sediment load entering the lagoon (Hartono, 2010). Climate change, which affects rainfall patterns, also contributes to the intensification of erosion and 

sedimentation (Isdianto and Luthfi, 2021).  

Declining environmental awareness in society, leading to less sustainable practices, exacerbates the problem (Suryawati et al., 2020). All of these factors 

contribute to the siltation of the lagoon, reducing its surface area and threatening the viability of its ecosystems References must be listed at the end of 

the paper. Do not begin them on a new page unless this is absolutely necessary. Authors should ensure that every reference in the text appears in the list 

of references and vice versa. Indicate references by (Van der Geer, Hanraads, & Lupton, 2000) or (Strunk& White, 1979) in the text.  Some examples of 

how your references should be listed are given at the end of this template in the ‘References’ section, which will allow you to assemble your reference 

list according to the correct format and font size. 

4. Conclusion 

The changes in the area of Segara Anakan have changed significantly over the last 30 years based on satellite imagery. The shrinkage or siltation of the 

area of Segara Anakan lagoon has a percentage of 15% shrinkage from 1990 to 2021. The area of Segara Anakkan waters has an area of 6,486.8 ha 

(21.50% of the total area), then in 2003 it was 2,819.21 ha (9.34% of the total area) and decreased to 2,019.15 ha (6.69% of the total area) in 2021. 

Sedimentation also affects mangrove cover, with a significant reduction of 648.97 ha in the period 1990-2003 and a reduction of only 169.63 ha in the 

period 2003-2021. Natural and anthropogenic factors are the two main drivers of change in the area of Segara Anakan. 

5. Acknowledgements 

In the preparation of this research, the author would like to thank the Research and Community Service Institute of Diponegoro University (LPPM Undip) 

for the fiscal year 2022 with contract number 569-04/UN7.D2/PP/VII/2022, with the Development and Application Research Scheme (RPP) for funding 

and assistance during the research. 

a

b c



International Journal of Research Publication and Reviews, Vol 4, no 12, pp 1718-1725 December 2023                                     1724

 

References 

Al Fathin, M. A., Sudarsono, B., & Bashit, N. (2019). Analisis Perbandingan Peningkatan Sedimentasi Di Waduk Mrica Dengan Perubahan Tutupan 

Lahan Pada Daerah Aliran Sungai (Das) Merawu Menggunakan Data Citra Satelit Landsat. Jurnal Geodesi Undip, 8(1), 388–397   

Amliana, D. R., Prasetyo, Y., & Sukmono, A. (2016). Analisis Perbandingan Nilai NDVI Landsat 7 Dan Landsat 8 Pada Kelas Tutupan Lahan (Studi 

Kasus: Kota Semarang, Jawa tengah). Jurnal Geodesi Undip, 5(1), 264-274  

Ardiansyah, F., & Safe’i, R. (2021). Analysis of Changes in Health of Coastal Mangrove Forest on the East Coast of Lampung Analysis of Changes in 

Health of Coastal Mangrove Forest on the East Coast of Lampung. IOP Conf. Series: Earth and Environmental Science, 755(1), p.012028. doi: 

10.1088/1755-1315/755/1/012028 

Budiarsa, A. A., & Ritonga, I. R. (2016). Pemetaan Sebaran Mangrove Menggunakan Citra LANDSAT 8/ETM+ Di Teluk Pangempang Kecamatan 

Muara Badak Provinsi Kalimantan Timur. Jurnal Ilmu Perikanan Tropis. 22(1), 001-009. 

Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T., ... & Duke, N. (2011). Status and distribution of mangrove forests of the world 

using earth observation satellite data. Global Ecology and Biogeography, 20(1), 154-159. doi:10.1111/j.1466-8238.2010.00584.x 

Dewi, R., Zainuri, M., Anggoro, S., & Winanto, T. (2016). Analisis Perubahan Lahan Kawasan Laguna Segara Anakan Selama Periode Waktu (1978-

2016) Menggunakan Satelit Landsat Multitemporal. Omni-Akuatika, 12(3). 

Hendrawan, H., Gaol, J. L., & Susilo, S. B. (2018). Studi kerapatan dan perubahan tutupan mangrove menggunakan citra satelit di Pulau Sebatik 

Kalimantan Utara. Jurnal Ilmu dan Teknologi Kelautan Tropis, 10(1), 99-109. doi: 10.29244/jitkt.v10i1.18595 

Indica, M., Ulqodry, T. Z., & Hendri, M. (2011). perubahan luasan mangrove dengan menggunakan teknik penginderaan jauh di Taman Nasional 

Sembilang Kabupaten Banyuasin Provinsi Sumatera Selatan. Maspari Journal: Marine Science Research, 2(1), 77-81. 

Isdianto, A., & Luthfi, O. M. (2021). Penggunaan Citra Landsat 8 Untuk Memetakan Luas Sebaran Hutan Mangrove Di Segara Anakan, Cilacap, Jawa 

Tengah. JFMR (Journal of Fisheries and Marine Research), 5(2), 193-200. 

K, H., Sukojo, B. M., & Parwati, E. (2014). STUDI TINGKAT KERAPATAN MANGROVE MENGGUNAKAN INDEKS VEGETASI Hernandi. 

GEOID, 09(02), 101–107. doi: 10.56064/maspari.v2i1.1289 

Kristianingsih, L., Wijaya, A. P., & Sukmono, A. (2016). Analisis Pengaruh Koreksi Atmosfer Terhadap Estimasi Kandungan Klorofil-A Menggunakan 

Citra Landsat 8. Jurnal Geodesi Undip, 5(4), 56-64. 

Latifah,  N.,  Febrianto,  S.,  Endrawati,  H., & Zainuri,  M., (2018). Pemetaan  Klasifikasi  Dan  Analisa Perubahan  Ekosistem  Mangrove  Menggunakan  

Citra  Satelit  Multi  Temporal  Di  Karimunjawa, Jepara, Indonesia. Jurnal Kelautan Tropis, 21(2),97-102. doi: 10.14710/jkt.v21i2.2977 

Nugraha, F. W., Pribadi, R., & Wirasatriya, A. (2021). Kajian Perubahan Luasan untuk Prediksi Simpanan Karbon Ekosistem Mangrove di Desa 

Kaliwlingi , Kabupaten Brebes Kajian Perubahan Luasan untuk Prediksi Simpanan Karbon Ekosistem Mangrove. Buletin Oseanografi Marina, 9(2), 104–

116. doi: 10.14710/buloma.v9i2.30039 

Pimple, U., Simonetti, D., Hinks, I., Oszwald, J., & Berger, U. (2020). Forest Ecology and Management A history of the rehabilitation of mangroves and 

an assessment of their diversity and structure using Landsat annual composites ( 1987 – 2019 ) and transect plot inventories. Forest Ecology and 

Management, 462(1), p.118007. doi: 10.1016/j.foreco.2020.118007 

Pramanta, R. F., Moulana, R., & Rusdi, M. (2020). Klasifikasi Visual On Screen Citra Satelit Untuk Pemetaan Pinus Di Kecamatan Blangjerango. Jurnal 

Ilmiah Mahasiswa Pertanian, 5(1), 615–622. doi: 10.17969/jimfp.v5i1.13726 

Prasetyo, A., Santoso, N., & Prasetyo, L. B. (2017). Kerusakan Ekosistem Mangrove Di Kecamatan Ujung Pangkah Kabupaten Gresik Provinsi Jawa 

Timur Degradation of Mangrove Ecosystem in Ujung Pangkah Subdistrict Gresik District East Java Province. Jurnal Silvikultur Tropika, 8(2), 130-133. 

doi: 10.29244/j-siltrop.8.2.130-133 

Pratama, L. W., & Isdianto, A. (2017). Mapping of Mangrove Forest Density in Segara Anakan, Cilacap, Central Java using Landsat 8 at the National 

Aeronautics and Space Agency (Lapan). J. Floratek, 12(1), 57-61. 

Purwanto, A.D., Asriningrum, W., Winarso, G., &Parwati, E.,(2014).Analisis Sebaran dan Kerapatan Mangrove  Menggunakan  Citra  Landsat  8  di  

Segara  Anakan,  Cilacap. Seminar  Nasional Penginderaan jauh 2014, p232–241. 

Putra, R. D., Napitupulu, H. S., Nugraha, A. H., Suhana, M. P., Ritonga, A. R., & Sari, T. E. Y. (2022). Pemetaan Luasan Hutan Mangrove Dengan 

Menggunakan Citra Satelit Di Pulau Mapur, Provinsi Kepulauan Riau. Jurnal Kelautan Tropis, 25(1), 20-30. doi: 10.14710/jkt.v25i1.12294. 

Purnomo, A. H., & Suryawati, S. H. (2017). Siklus Adaptif, Resiliensi Dan Isu Keberlanjutan Di Segara Anakan. Jurnal Sosial Ekonomi Kelautan dan 

Perikanan, 4(2), 157-173. 

Rahma, I. Y. (2020). Analisis Komparasi Metode Pemetaan Ekosistem Mangrove Menggunakan Penginderaan Jauh dan Sistem Informasi Geografis. 

Jurnal Geografi: Media Informasi Pengembangan dan Profesi Kegeografian, 17(2), 49-55. doi: 10.15294/jg.v17i2.24417 



International Journal of Research Publication and Reviews, Vol 4, no 12, pp 1718-1725 December 2023                                     1725

 

Savira, N., Hartoko, A., & Adi, W. (2018). Perubahan luasan mangrove pesisir timur Kabupaten Bangka Tengah menggunakan citra Satelit ASTER. 

Akuatik: Jurnal Sumberdaya Perairan, 12(1), 53-60. doi: 10.33019/akuatik.v12i1.691 

Shalihati, S. F. (2014). Pemanfaatan Penginderaan Jauh Dan Sistem Informasi Geografi Dalam Pembangunan Sektor Kelautan Serta Pengembangan 

Sistem Pertahanan Negara Maritim. Geo Edukasi, 3(2), 115-126.  

Simanjuntak, B. C., & Juliani, R. (2016). Aplikasi Citra Landsat 8 Oli Untuk Menganalisa Kerapatan Vegetasi Mangrove Di Pesisir Kabupaten Langkat. 

EINSTEIN (e-Journal), 4(1), 1-6. doi: 10.24114/einstein.v4i1.7866 

Sinaga, S. H., Suprayogi, A., & Haniah. (2018). Analisis Ketersediaan Ruang Terbuka Hijau Dengan Metode Normalized Difference Vegetation Index 

Dan Soil Adjusted Vegetation Index Menggunakan Citra Satelit Sentinel-2a (Studi Kasus : Kabupaten Demak). Jurnal Geodesi Undip, 7(1), 202–211. 

Susilo, H., Ghalib, M., & Mulyadi, A. (2019). Mapping Of Mangrove Vegetation Using Landsat Satellite Imageryin The Estuary Of Gangsal River 

Indragiri Hilir Regency Riau Province. Asian Journal of Aquatic Sciences, 2(3), 181-189. doi: 10.31258/ajoas.2.3.181-189 

Suyono, Supriharyono, Hendrarto, B., & Radjasa, O. K. (2015). Pemetaan Degradasi Ekosistem Mangrove dan Abrasi Pantai Berbasis Geographic 

Information System di Kabupaten Brebes-Jawa Tengah. Oceatek, 9(01), 90–102. 

Suryawati, S. H., Soetarto, E., Adrianto, L., & Purnomo, A. H. (2020). Identifikasi sistem insentif pengelolaan sumberdaya di Laguna Segara Anakan. 

Jurnal Kebijakan Sosial Ekonomi Kelautan Dan Perikanan, 1(1), 45-61. 

Tablaseray, V. E., Pairin, M. R. A., Fakdawer, N., & Hamuna, B. Pemetaan Sebaran dan Kerapatan Mangrove di Pesisir Timur Pulau Biak, Papua 

Menggunakan Citra Satelit Landsat 8. Jurnal Perikanan dan Kelautan, 8(1), 31-39. doi: 10.33512/jpk.v8i1.3682 

Turisno, B. E., Suharto, R., & Priyono, E. A. (2018). Peran serta masyarakat dan kewenangan pemerintah dalam konservasi mangrove sebagai upaya 

mencegah rob dan banjir serta sebagai tempat wisata. Masalah-Masalah Hukum, 47(4), 479-497. doi: 10.14710/mmh.47.4.2018.479-497 

Ulqodry, T. Z., Aprianto, A. E., Agussalim, A., Aryawat, R., & Absori, A. (2021). Analisis Tutupan Mangrove Taman Nasional Berbak – Sembilang 

melalui Citra Landsat-8 dan Pemantauan Leaf Area Index ( LAI ). Jurnal Kelautan Tropis, 24(3), 393–401. doi: 10.14710/jkt.v24i3.12278 

Utami, F. P., Prasetyo, Y., & Sukmono, A. (2016). Analisis spasial perubahan luasan mangrove akibat pengaruh limpasan sedimentasi tersuspensi dengan 

metode penginderaan jauh (Studi kasus: Segara Anakan Kabupaten Cilacap, Jawa Tengah). Jurnal Geodesi Undip, 5(1), 305-315. 

Winarso, G. (2019). Metode Cepat Pemantauan Hutan Mangrove Menggunakan Data Penginderaan Jauh.  Seminar Nasional Geomatika 2019, p901-910. 

 

 


