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Abstrak. Koesdaryanto NS, Wijayanti M, Simanjuntak MPD, Fathoni MFM, Wiraatmaja MF, Setyawan AD. 2024. Perubahan tutupan 

mangrove antara tahun 2003 dan 2023 di pesisir timur Provinsi Sumatera Selatan, Indonesia. Pros Sem Nas Masy Biodiv Indon 10: 54-

60. Mangrove di pesisir timur Provinsi Sumatera Selatan menyediakan berbagai jasa lingkungan baik untuk umat manusia maupun 

hewan-hewan. Oleh karena itu, berbagai upaya diperlukan untuk memantau keberadaan mangrove untuk memastikan keberlanjutannya. 

Citra satelit, seperti Landsat, telah banyak digunakan untuk pemantauan keberadaan mangrove. Studi ini bertujuan untuk menentukan 

perubahan area mangrove pada area daratan secara temporal antara tahun 2003 hingga 2023. Perubahan yang terjadi pada mangrove 

dianalisis berdasarkan citra satelit Landsat 7, 8, dan 9. Citra satelit dilakukan klasifikasi menggunakan metode maximum likelihood 

menjadi tiga kelas, yaitu mangrove, tambak, dan badan air. Hasil analisis perubahan tutupan mangrove di pesisir timur Sumatera Selatan 

menyebutkan bahwa area mangrove pada tahun 2003, 2013, dan 2023 masing-masing adalah 115.072, 118.674, dan 97.332 ha. Area 

mangrove meningkat sebanyak 3,601.47 ha (+3.13%) pada periode 2003-2013 dan menurun sebanyak 21,342 ha (-17.98%) pada periode 

2013-2023. Kebutuhan ekonomi masyarakat menjadi penyebab turunnya area mangrove karena diubah menjadi tambak. Konservasi dan 

rehabilitasi mangrove harus tetap dilakukan untuk menjaga manfaat-manfaat yang disediakannya. 

Kata kunci: Deforestasi, Landsat, mangrove, maximum likelihood, Sumatera Selatan 

Abstract. Koesdaryanto NS, Wijayanti M, Simanjuntak MPD, Fathoni MFM, Wiraatmaja MF, Setyawan AD. 2024. Mangrove cover 

change between 2003 and 2023 on the east coast of South Sumatera Province, Indonesia. Pros Sem Nas Masy Biodiv Indon 10: 54-60. 

Mangroves on South Sumatra, Indonesia's east coast, provide various environmental services for humans and animals. Therefore, efforts 

are needed to monitor the extent of mangroves to ensure their sustainability. Satellite imagery, such as Landsat, has been commonly 

used to monitor mangrove extent. This study aims to temporarily determine changes in mangrove land area between 2003 and 2023. 

Changes in mangrove land area were analyzed based on Landsat 7, 8, and 9 satellite image data. The satellite images were classified by 

supervised classification using the maximum likelihood method in three land classes mangroves, ponds, and water bodies. The results of 

mangrove cover analysis on the east coast of South Sumatra found that the area of mangroves in 2003, 2013, and 2023 reached 115,072, 

118,674, and 97,332 ha. The mangrove area increased by 3,601.47 ha (+3.13%) in 2003-2013 and decreased by 21,342 ha (-17.98%) in 

2013-2023. The community's economic needs cause a decrease in the mangrove areas, which are converted into ponds. Mangrove 

conservation and rehabilitation must continue to be carried out to maintain its environmental benefits. 

Keywords: Deforestation, Landsat, mangrove, maximum likelihood, South Sumatra 

INTRODUCTION 

Mangroves are considered a high-priority crop within 

ecosystems in tropical and subtropical regions and 

extending into temperate zones (Friess et al. 2019). 

Mangrove ecosystems provide a diversity of high-value 

ecosystem services for the community, especially from 

food and biomass supply services, maintenance of 

biodiversity services, carbon dioxide capture and storage, 

coastal erosion prevention, and others (Villanueva et al. 

2023). Mangrove ecosystems protection against storms and 

tsunamis (Sattayapanich et al. 2022). Mangrove forests 

provide food for aquatic biota, creating a climate that 

sustains and helps balance the water's biological cycle 

(Whitfield 2017). The root types of some mangrove 

species, such as Avicennia sp., Rhizophora sp., and 

Sonneratia sp., provide shelter for larval marine life 

(Yuliana et al. 2023).  

Indonesia, a country dominated by the ocean, has 

abundant natural resources on its coasts. Natural resources 

on the coast of Indonesia such as seaweed, seagrass beds, 

coral reefs, and mangrove forests (Kawaroe et al. 2016; 
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Baderan et al. 2019; Risjani et al. 2021; Langford et al. 

2022). Indonesia has mangrove forests with a total of 

22.6% of the total mangrove forests in the world and is the 

country that has the largest mangrove forests, reaching 

around 3.2 million ha (Ilman et al. 2016). Mangrove forests 

in Indonesia are almost spread throughout the island's 

coast, one of which is on Sumatra Island (Firdaus et al. 

2022). The island of Sumatra has a mangrove protection 

area, namely Sembilang National Park with a mangrove 

cover area of 88,555 ha (Febrianto et al. 2022). Langkat 

Regency, North Sumatra Province has 77.11 ha of 

mangrove cover, while in South Coast Regency, West 

Sumatra Province has 333 ha of mangrove cover (Meron 

and Triyatno 2022; Ginting et al. 2023). However, the area 

of mangrove forests continues to decrease rapidly due to 

the high level of human activity in coastal areas and the 

conversion of mangrove land for other purposes (Sobhani 

and Danehkar 2023). According to Hanggara et al. (2021), 

the distribution of mangrove forests in Sumatra gradually 

changes due to various activities that can reduce mangrove 

areas. As in South Sumatra, the total mangrove area in this 

province reaches 158,734 ha (Septinar et al. 2023). This 

area is spread in several areas, such as Banyuasin, Ogan 

Komering Ilir, and Musi Banyuasin District. Based on data 

from the South Sumatra Forestry Service, around 20 

percent or 31,746 ha of mangrove forests are in critical 

condition, so the government must make many efforts and 

awareness from the local community (Come et al. 2023). 

The decrease in mangrove forest conditions was caused by 

encroachment for pond opening, wood harvesting, and oil 

palm plantation (Basyuni and Sulistiyono 2018). 

Mangrove monitoring efforts are important to be carried 

out as a form of ecological approach in determining the 

condition of mangrove ecosystem health and to minimize 

the decline of mangrove ecosystem land that is converted 

into ponds and tourism to meet the economic needs of the 

area (Schmitt and Duke 2015). Efficient mangrove 

monitoring efforts can be done by remote sensing to 

provide data spatially and temporally accurately using 

satellite data (Paramasivam and Venkatramanan 2019). 

Satellite data used to monitor mangrove changes sourced 

from websites such as USGS (United States Geological 

Survey), MODIS (Moderate Resolution Imaging 

Spectroradiometer), AVHRR (Advanced Very High-

Resolution Radiometer) (Cárdenas et al. 2017; Xiao et al. 

2020). Remote sensing has been commonly used to 

monitor land conversion in various places, so that it can be 

relied upon for this study (Franch-Pardo et al. 2020). 

Therefore, the study aims to determine changes in 

mangrove cover on the east coast of South Sumatra based 

on remote sensing. The hope of this research is not only 

useful for researchers but also readers, so that later 

solutions can be found from the reduction of mangrove 

land due to human activities. 

MATERIALS AND METHODS 

Study area 

This study area covers mangrove forests located on the 

east coast of South Sumatra, Indonesia, in 2003-2023, with 

special attention to mangrove dynamics in the area around 

Banyuasin, Musi Banyuasin, and Ogan Komering Ilir 

District (Figure 1). The coast of South Sumatra is a dense 

mangrove area, but more and more are being converted into 

ponds until now. But when monitored through satellite 

images, between 2003, 2013, and 2023, there have been 

significant changes in mangrove areas, so monitoring is 

important. Climate in South Sumatra Province is classified 

as wet (Q = 32%) according to Schmidt Fergusson’s 

classification (Wijayanti et al. 2020). According to Central 

Statistics Agency (BPS: Badan Pusat Statistik) of Sout 

Sumatra (2024), In 2023 the lowest temperature in South 

Sumatra is 22.40°C, and the highest temperature can reach 

37.40°C, annual rainfall in this province is 2,218.9 

mm/year, with a relative rainy period between October to 

November, indicating that most mangrove forests on the 

south coast of Sumatra are dominated by Sonneratia alba. 

This site selection was based on considering the density of 

mangrove forests in coastal areas of South Sumatra that 

have changed land use due to human activities.  

Materials 

The material used in this study was Landsat satellite 

imagery obtained from the USGS. Landsat satellite 

imagery has a fairly good spatial resolution of 30 × 30 m, 

suitable for land change analysis. Landsat is obtained from 

the website of an open-source satellite-imagery data 

provider, earthexplorer.usgs.gov. The data used are images 

in 2003 using Landsat 7, in 2013 using Landsat 8, and in 

2023 using Landsat 9; QGIS, ArcMap 10.8, and Google 

Earth are used to process data from USGS. In making this 

map, QGIS can create and manage stacking layers and 

compile map data (Alcaras et al. 2021). ArcMap 10.8 is 

used to classify and analyze satellite imagery (Lü et al. 

2019). Google Earth was used to test the accuracy of land 

use classification in the area studied (Liang et al. 2018). 

Land cover classification procedures 

Land cover classification is carried out by taking image 

data of South Sumatra Province on the USGS (United 

States Geological Survey) website. Selecting the 

coordinates in the South Sumatra region and then selecting 

the specified time range only to collect data in the South 

Sumatra area. Then, in the datasets menu, determine the 

land cover and Landsat that will be used; after that, several 

files appear that can be selected for download. Next, image 

preprocessing is performed with atmospheric correction to 

correct distortions by QGIS. Atmospheric correction is 

carried out to eliminate the atmosphere's influence on 

remote sensing data recorded by the sensor (Lin et al. 

2015). Composite bands are then performed to combine the 

image bands and then calculate the reflectance using the 

calibration coefficient. Image classification is done using 

ArcGIS to separate objects in the image; determination of 

ROI (Region of Interest) by selecting areas representing 
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each class. Then, training and classification are carried out 

using the specified ROI to train the classification model. 

The model is applied to the entire image to produce a 

classification map. The classification method uses 

maximum likelihood Classification, which quantitatively 

evaluates the variance and correlation of spectral response 

patterns when classifying unknown pixels (Saqui et al. 

2016). Land classification is carried out by distinguishing 

land cover into mangrove, water bodies, and pond. Ponds 

are not included in the water body because it is to 

differentiate the classification results from the sea. After 

that, an accuracy test was carried out using the kappa 

coefficient (Figure 2). 

 

 

 
 

Figure 1. Map of the research location of mangrove area change on the east coast of South Sumatra Province, Indonesia 
 

 

 
 

Figure 2. Land cover classification is to process flowchart 
 

Table 1. Kappa interpretation (Parlika et al. 2022). 
  

Kappa coefficient  Accuracy 

< 0.20 Very Inaccurate 

0.21 - 0.40 Inaccurate 

0.41 - 0.60 Moderate 

0.61 - 0.80 Accurate 

0.81 - 1.00 Very Accurate 

 

 

Land cover classification accuracy test  

The Kappa accuracy test spots errors in classified areas 

(Conger 2017); this test determines the mapping accuracy. 

This test has interpretations classified in Table 1. If the 

kappa coefficient is below 0.20, it can be said to be very 

inaccurate; if it is 0.21-0.40, it can be said to be less 

accurate; if it is 0.41-0.60, it can be said to be moderate; if 

it is 0.61-0.80, it can be said to be accurate; and if it is at 

0.81-1 then it can be said to be very accurate, this accuracy 

is done by creating a confusion matrix (Rwanga and 

Ndambuki 2017). 
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RESULTS AND DISCUSSION 

Land cover accuracy test result 

The results of testing the accuracy of image 

classification in 2003 using Landsat 7, having a coefficient 

value of 0.80, image classification testing in 2013 using 

Landsat 8, having a coefficient value of 0.79, and image 

classification testing in 2023 using Landsat 9, having a 

coefficient value of 0.82 (Table 2). It can be known that the 

satellite images used in mapping to meet the requirements 

because they have a good accuracy value so that they can 

be used for mapping activities and purposes (Thiagarajan et 

al. 2021). 

Land cover change in South Sumatra 

Table 3 shows that the total land use, including 

mangrove areas, water bodies, and ponds, in 2003 reached 

170,457.75 ha, with land use for mangrove areas covering 

115,072.29 ha, water bodies covering 33,715.71 ha, and 

ponds covering 21,669.75 ha. The total land use area in 

2013 was 170,441.65 ha, including 118,673.76 ha of 

mangrove area, 35,304.94 ha of water body area, and 

16,462.95 ha of pond area. In 2023, the total land use area 

reached 170,457.75 ha, with land use for the mangrove area 

of 97,332.03 ha, water body area of 39,720.69 ha, and pond 

area of 33,405.03 ha. Land use in 2003-2023 can be seen 

through the map presented in Figure 3. 

In the period 2003-2013, there was an increase in the 

mangrove area of 3,601.47 ha (3.13%) and water body area 

of 1,589.23 ha (4.71%), while the pond area decreased by 

5,206.8 ha (24.03%). In 2013-2023, the water body area 

increased by 4,415.75 ha (12.51%), followed by ponds 

which also increased by 16,942.08 ha (102.91%). In 

contrast, land use in mangrove areas decreased by 

21,341.73 ha (17.98%) (Table 4). 
 

Table 2. Kappa accuracy test results 

 

Kappa coefficient 

2003 2013 2023 

0.80 0.79 0.82 

 

 

Table 3. The land cover area on the East Coast of South Sumatra 

between 2003-2023 

 

Land uses 

classes 

Area (ha) 

2003 2013 2023 

Mangrove 115,072.29 118,673.76 97,332.03 

Water Body 33,715.71 35,304.94 39,720.69 

Pond 21,669.75 16,462.95 33,405,03 

Total 170,457.75 170,441.65 170,457.75 

 

 

 

  

 
 

Figure 3. Land cover maps in 2003, 2013, and 2023 on the East Coast of South Sumatra 
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Table 4. Changes in land cover between 2003-2023 

 

Land Use 
Change (ha) 

(2003-2013) 

Change (ha) 

(2013-2023) 

Mangrove 3,601.47 (3.13%) -21,341.73 (-17.98%) 

Water Body 1,589.23 (4.71%) 4,415.75 (12.51%) 

Pond -5,206.8 (-24.03%) 16,942.08 (102.91%) 

Note: (-) indicates a decrease in land use area change in South 

Sumatra between 2003 and 2023 

 

 

Discussion 

Changes in land use are caused by several factors, 

including population growth, which causes an increase in 

the need for certain types of land, and the change of 

professions due to shifts in economic structure and 

government policies so that the impact of land conversion 

occurs (Kirui et al. 2013). Changes in land use can result in 

increasing the area of land use from one or several 

categories accompanied by a decrease in the area of other 

categories in a certain period. This shows that changes in 

land use in an area can impact environmental balance 

(Sasmito et al. 2019). 

Land use conditions in South Sumatra in 2003 was 

dominated by mangrove areas followed by water bodies, 

while the least land use was in pond areas. Similar to 2003, 

in 2013, land use is still dominated by mangrove areas then 

dominated by water bodies, for pond areas are also still 

little used when compared to both land use. For 2023, 

mangrove areas still dominate land use, while only a few 

pond areas occupy land in South Sumatra when compared 

to land use for mangrove areas and water bodies. This 

dominating mangrove condition occurs when the land 

cover on mangroves is higher than the ponds can be caused 

by a lack of attention from pond managers, so the pond 

area is smaller (Ahmed et al. 2023). 

Land use changed in South Sumatra in 2003-2013, and 

visible land use changes were mangrove areas, which 

experienced an increase of 3.601,47 ha from the original 

area of 115,072.29 ha to 118,673.76 ha. Land use change in 

water body areas also showed an increase of 1,589.23 ha 

from the original in 2003 of 33,715.71 ha to 35,304.94 ha 

in 2013. Meanwhile, the pond area decreased by 5,206.8 ha 

from 21,669.75 ha to 16,462.95 ha. This follows research 

conducted by Valderrama et al. (2014) that there is an 

increase in land use in mangrove and water bodies, and 

land use is reduced in pond areas.  

In 2013-2023, the water body area experienced an 

increase of 4,415.75 ha or 12.51% from the initial area of 

35,304.94 ha in 2013, rising to 39,720.69 ha in 2023. 

Mangrove forests have been exploited for various forms of 

land use, including the construction of embankments 

(Ibharim et al. 2015). That embankment development is 

crucial because if the coastal embankment is damaged, 

seawater will enter the land to expand the water body 

(Dissanayaka et al. 2022). The water pond area also 

increase by 16,942.08 ha from the original area of 

16,462.95 ha to 33,405.03. The pond areas have increased 

due to farmers opening aquaculture land on a large scale 

and converting the mangrove areas, which were supported 

by the increasing electrical power supply in the community 

and the presence of the fishery center (Tuholske et al. 

2017). The conversion of mangrove land into ponds is 

based on the economic benefits opportunity, such as shrimp 

production and high income generated from another pond 

cultivated. The high demand for fish and shrimp has caused 

the expansion of pond areas to penetrate mangrove forests 

(Ahmed et al. 2023); therefore, land use in mangrove areas 

experienced an area reduction of 21,341.73 ha. Moreover, 

Gilani et al. (2021) revealed if pond activities cause an 

increase in land use, on the contrary mangrove 

conservation will experience a decrease in land use. The 

decrease in mangrove area due to land use as a pond area 

also reduces mangrove litter production as an ecological 

function that supports captured fisheries (Thomas et al. 

2017).  

The determining factor of mangrove's coverage change 

The decrease in the mangrove area can be caused by 

natural factors such as coastal abrasion (Febrianto et al. 

2022). The coastal abrasion is probably triggered by the 

reduction of mangrove forests in the areas; the reduction in 

mangrove forest area will later affect local communities on 

several factors, including ecological, social, economic, and 

cultural heritage (Mungai et al. 2019). Various factors can 

cause a decrease in mangrove density, one of which is 

human activities such as converting mangrove land into 

pond activities (Sunkur et al. 2023). The high activity of 

ponds for cultivation makes the pond area expand. The 

monitoring results on the image classification of land 

change in 2013 to 2023 show that mangrove ecosystems 

are reduced by -17.98% due to fisheries activities, as 

evidenced by the increase in pond land area reaching 

102.91%. Water bodies that experienced an increase of 

12.51% due to the number of brackish water ponds that 

increase yearly helped support the fisheries sector, 

especially fish farming of various types. So that not all 

additional water bodies are in mangrove land areas. Fish is 

the main commodity of various types, including snapper, 

milkfish, tiger shrimp, king shrimp, crab, and seaweed (De 

Alban et al. 2020). In addition to meeting local and 

regional market demand, fisheries production growth was 

triggered by export transactions, especially to the United 

States, Japan, and China. 

Conservation efforts  

Conservation efforts based on the determinants of 

mangrove area dynamics can be carried out by maintaining 

the condition of mangrove ecosystems and the diversity of 

flora and fauna. It can also be done by rehabilitating 

mangrove forests for conservation efforts involving the 

surrounding community, the government, and related non-

government institutions (Sidik et al. 2018). Mangrove 

forest rehabilitation to restore or improve the quality of 

mangrove forests that have been damaged and maintain 

them (Romañach et al. 2018). The monitoring of mangrove 

land use changes from 2003, 2013, until 2023 on the east 

coast of South Sumatra, Indonesia, revealing land 

conservation efforts can be carried out by transferring land 

use changes to be more effective. There are many ways to 
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use mangroves sustainably, including intercropping ponds, 

namely by combining ponds with mangrove planting on 

community forests, sustainable management with a logging 

cycle of 15-30 years, or depending on the purpose, and the 

cultural change on utilizing mangroves to obtain forest 

products other than wood (Thomas et al. 2018). Therefore, 

conservation is one of the efforts to protect the area on its 

flora and fauna, and everything to maintain the balance of 

nature. 

Based on the results of research on the dynamics of 

mangrove changes in South Sumatra from 2003 to 2023, it 

can be concluded that there are changes in land cover and 

conversion of mangrove forests into pond areas. In 

Banyuasin, Ogan Komering Ilir, and Musi Banyuasin 

regencies, South Sumatra, there was an increase in 

mangrove forest land, reaching 3.13% in 2003-2013, but in 

2013-2023, there was are reduction of -17.98%. This result 

is comparable to the pond area in 2003 - 2013, namely the 

reduction in pond land at -24.03, and in 2013-2023 found a 

very significant increase in pond land area, reaching 

102.91%. With the increasing reduction of mangrove forest 

land on the coast of South Sumatra, efforts are needed to 

reduce the high rate of land reduction. Efforts can be made 

to rehabilitate mangrove forests as a form of conservation 

by involving the surrounding community, the government, 

and related non-government institutions.  
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