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RINGKASAN

Andi Muhammad Ridho Falahuddin. 2026. Pemodelan Spasial Distribusi Stok
Karbon Biru Berdasarkan Zona Vegetasi Mangrove di Pulau Burung
Kabupaten Tanah Bumbu. Pembimbing: Prof. Ir. Basir Achmad, M.S., Ph.D.;
Dr. Muhammad Syahdan, S.Pi., M.Si.; Prof. Dr. Ir. Muhammad Ruslan, M.S.

Ekosistem mangrove merupakan salah satu ekosistem pesisir yang memiliki
kemampuan tinggi dalam menyerap dan menyimpan karbon pada biomassa
vegetasi maupun sedimen, sehingga berperan penting dalam mitigasi perubahan
iklim. Namun, informasi mengenai distribusi spasial stok karbon biru pada skala
lokal masih terbatas, terutama yang mempertimbangkan perbedaan karakteristik
setiap zona vegetasi. Oleh karena itu, diperlukan model spasial yang mampu
menggambarkan distribusi stok karbon biru secara lebih rinci sebagai dasar
pengelolaan dan konservasi ekosistem mangrove.

Penelitian ini bertujuan untuk menganalisis sebaran dan zonasi vegetasi
mangrove, mengestimasi stok karbon biru pada setiap zona vegetasi, serta
mengembangkan model spasial distribusi stok karbon biru berbasis Sistem
Informasi Geografis (SIG) dan mengevaluasi tingkat akurasi model yang
dihasilkan.

Penelitian dilaksanakan di kawasan mangrove Desa Pulau Burung,
Kabupaten Tanah Bumbu, Kalimantan Selatan. Analisis dilakukan menggunakan
citra Sentinel-2A yang diolah menjadi Normalized Difference Vegetation Index
(NDVI) sebagai variabel prediktor biomassa. Pengamatan lapangan dilakukan pada
21 plot menggunakan metode stratified purposive sampling berdasarkan kelas
NDVI. Biomassa vegetasi dihitung menggunakan persamaan alometrik, sedangkan
stok karbon tanah diperoleh melalui analisis laboratorium terhadap sampel sedimen
hingga kedalaman 120 cm. Zonasi vegetasi ditentukan menggunakan metode
Euclidean Distance, kemudian seluruh data diintegrasikan dalam Sistem Informasi
Geografis untuk menyusun model spasial distribusi stok karbon biru.

Hasil penelitian menunjukkan bahwa kawasan mangrove terbagi menjadi tiga
zona, Yyaitu zona depan seluas 47,43 ha (22,20%), zona tengah 61,87 ha (28,96%),
dan zona belakang 104,37 ha (48,85%). Model regresi NDVI-biomassa
menghasilkan nilai R? sebesar 0,8685, koefisien korelasi 0,93, dan RMSE 49,04
ton/ha, yang menunjukkan kemampuan prediksi model tergolong baik. Total stok
karbon vegetasi sebesar 40.824,24 ton C dan stok karbon tanah sebesar 86.869,00
ton C, sehingga total stok karbon biru mencapai 127.693,24 ton C, dengan sekitar
68% tersimpan pada karbon tanah. Hasil penelitian menunjukkan bahwa integrasi
citra Sentinel-2A, data lapangan, analisis laboratorium, dan SIG mampu
menghasilkan model spasial yang efektif untuk menggambarkan distribusi stok
karbon biru sebagai dasar pengelolaan dan konservasi ekosistem mangrove berbasis
karbon.

Kata kunci: blue carbon, biomassa, stok karbon, Sistem Informasi Geografis
(SIG), mangrove, NDVI, Sentinel-2A, zonasi vegetasi.



SUMMARY

Andi Muhammad Ridho Falahuddin. 2026. Spatial Modeling of Blue Carbon Stock
Distribution Based on Mangrove Vegetation Zones on Burung Island, Tanah
Bumbu Regency. Supervisors: Prof. Ir. Basir Achmad, M.S., Ph.D.; Dr.
Muhammad Syahdan, S.Pi., M.Si.; Prof. Dr. Ir. Muhammad Ruslan, M.S.

Keywords: blue carbon, biomass, carbon stock, Geographic Information
System (GIS), mangrove, NDVI, Sentinel-2A, vegetation zonation.

Mangrove ecosystems are among the most important blue carbon ecosystems
due to their high capacity to sequester and store carbon in both vegetation biomass
and sediment, thereby playing a significant role in climate change mitigation.
However, information on the spatial distribution of blue carbon stocks at the local
scale remains limited, particularly on Burung Island, Tanah Bumbu Regency, South
Kalimantan, Indonesia. This study aims to analyze the distribution and zonation of
mangrove vegetation, estimate blue carbon stocks within each vegetation zone, and
develop a spatial model of blue carbon stock distribution using a Geographic
Information System (GIS) and evaluate its predictive accuracy.

This study utilizes Sentinel-2A satellite imagery to derive the Normalized
Difference Vegetation Index (NDVI) as a predictor variable for vegetation biomass,
combined with field observations collected from 21 sampling plots using a stratified
purposive sampling approach based on NDVI classes. Vegetation biomass is
estimated using allometric equations, while soil carbon stocks are determined
through laboratory analysis of sediment samples collected to a depth of 120 cm.
Vegetation zonation is delineated using the Euclidean Distance method based on the
environmental gradient extending from the coastline toward inland areas. Satellite
imagery, field observations, laboratory results, and regression models are integrated
within a GIS-based spatial analysis framework to produce a spatial distribution map
of blue carbon stocks.

The results show that the mangrove ecosystem is divided into three vegetation
zones: the seaward zone covering 47.43 ha (22.20%), the middle zone covering
61.87 ha (28.96%), and the landward zone covering 104.37 ha (48.85%). The
relationship between NDVI and vegetation biomass is described by the regression
model Biomass = 455.57 x NDVI + 7.29, with a coefficient of determination (R?)
of 0.8685, a correlation coefficient (r) of 0.93, and a Root Mean Square Error
(RMSE) of 49.04 ton/ha, indicating good predictive performance for estimating
vegetation biomass. The estimated vegetation carbon stock is 40,824.24 ton C. In
comparison, the soil carbon stock reached 86,869 ton C, resulting in a total blue
carbon stock of 127,693.24 ton.

C. Soil carbon constituted the largest carbon pool, contributing approximately
68% of the total blue carbon stock. The highest carbon stocks are concentrated in
the middle and landward zones, where denser vegetation and relatively stable
ecological conditions were observed.

The novelty of this study lies in integrating Sentinel-2A imagery, field
observations, laboratory analyses, and Geographic Information Systems within a
unified spatial modeling framework for vegetation zone-based blue carbon



assessment at the scale of a small island. This approach provides more
comprehensive spatial information than conventional carbon estimates that focus
solely on vegetation biomass or total ecosystem carbon, thereby providing a
scientific basis for supporting carbon-based conservation, rehabilitation, and
sustainable management of mangrove ecosystems.

Banjarmasin, July 24, 2026
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