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ABSTRACT

Bahrul Ilmi, 2026, Student ID 2210416110021. Land cover Dynamics from
2020-2025 and the 2040 Projection and Their Implications for Carbon stock in
Mataraman District. Supervisor: Efrinda Ari Ayuningtyas, S.Si., M.Sc.

This study aims to analyze the spatio-temporal patterns of land cover
change in Mataraman District during the 2020-2025 period, predict the spatial
distribution of land cover in 2040, and estimate carbon stock and its dynamics
based on land cover classification and projection results. The study was motivated
by increasing land use change pressures driven by oil palm plantation expansion
and mining activities, which may affect the sustainability of ecological functions,
particularly carbon storage capacity.

This research employed a quantitative approach based on remote sensing
and Geographic Information Systems (GIS). Land cover classification was
conducted using the Random Forest algorithm on the Google Earth Engine
platform by utilizing Sentinel-2 and Sentinel-1 imagery and NDVI, NDBI, MNDWI,
VV, and VH variables. Classification validation was performed using Stratified
Random Sampling and a Confusion Matrix. Land cover characteristics were
analyzed using descriptive statistics, the Kruskal-Wallis Test, Dunn's Test, and the
Jeffries-Matusita Distance. The 2040 land cover projection was generated using
the Artificial Neural Network-Cellular Automata (ANN-CA) model within the
MOLUSCE plugin in QGIS, while carbon stock estimation was carried out using
the InVEST Carbon Storage and Sequestration model.

The results showed that the land cover classification achieved excellent
performance with an Overall Accuracy of 91% and a Kappa coefficient of 0.89.
Spectral and backscatter characteristic analyses indicated that each land cover
class exhibited significantly different biophysical responses, with NDVI
demonstrating the highest discriminative capability. Land cover change during
2020-2025 was dominated by the conversion of secondary forest into oil palm
plantations covering 4,069.57 ha and mining areas covering 1,537.75 ha. The 2040
projection indicated that oil palm plantations are expected to become the dominant
land cover, occupying 8,573.74 ha (42.98%), while secondary forest is projected to
decline to 6,585.05 ha (33.01%). Total carbon stock decreased from 5,004,439.62
Mg Cin 2020 to 3,665,754.30 Mg C in 2025 and is projected to further decline to
3,522,181.80 Mg C by 2040. The findings demonstrate that the conversion of
secondary forest into oil palm plantations and mining areas is the primary driver
of landscape transformation and carbon stock decline in Mataraman District.
Therefore, the conservation of forested areas is essential for maintaining
environmental sustainability and carbon storage functions within the region.

Keywords: land cover, Random Forest, land cover change, spatial projection,
carbon stock.



ABSTRAK

Bahrul Ilmi, 2026, NIM 2210416110021. Dinamika Tutupan Lahan Tahun
2020-2025 dan Proyeksi Tahun 2040 serta Implikasinya terhadap Stok Karbon di
Kecamatan Mataraman. Pembimbing: Efrinda Ari Ayuningtyas, S.Si., M.Sc.

Penelitian ini bertujuan untuk menganalisis pola spasio-temporal perubahan
tutupan lahan di Kecamatan Mataraman periode 2020-2025, memprediksi distribusi
spasial tutupan lahan tahun 2040, serta mengestimasi stok karbon dan dinamika
perubahannya berdasarkan hasil klasifikasi dan proyeksi tutupan lahan. Penelitian
dilatarbelakangi oleh meningkatnya tekanan perubahan penggunaan lahan akibat
ekspansi perkebunan kelapa sawit dan aktivitas pertambangan yang berpotensi
memengaruhi  keberlanjutan fungsi ekologis wilayah, khususnya kapasitas
penyimpanan karbon.

Penelitian menggunakan pendekatan kuantitatif berbasis penginderaan jauh
dan Sistem Informasi Geografis. Klasifikasi tutupan lahan dilakukan menggunakan
algoritma Random Forest pada platform Google FEarth Engine dengan
memanfaatkan citra Sentinel-2 dan Sentinel-1 serta variabel NDVI, NDBI,
MNDWI, VV, dan VH. Validasi dilakukan melalui Stratified Random Sampling dan
Confusion Matrix. Analisis karakteristik tutupan lahan dilakukan menggunakan
statistik deskriptif, uji Kruskal-Wallis, uji Dunn, dan Jeffries-Matusita Distance.
Prediksi tutupan lahan tahun 2040 dilakukan menggunakan model Artificial Neural
Network-Cellular Automata (ANN-CA) pada plugin MOLUSCE di QGIS,
sedangkan estimasi stok karbon dilakukan menggunakan model /nVEST Carbon
Storage and Sequestration.

Hasil penelitian menunjukkan bahwa klasifikasi tutupan lahan memiliki
tingkat akurasi yang sangat baik dengan Overall Accuracy sebesar 91% dan
koefisien Kappa sebesar 0,89. Analisis karakteristik spektral dan backscatter
menunjukkan bahwa setiap kelas tutupan lahan memiliki respons biofisik yang
berbeda secara signifikan, dengan NDVI menjadi variabel yang memiliki
kemampuan diskriminasi tertinggi. Perubahan tutupan lahan tahun 2020-2025
didominasi oleh konversi hutan sekunder menjadi perkebunan kelapa sawit seluas
4.069,57 ha dan pertambangan seluas 1.537,75 ha. Hasil proyeksi tahun 2040
menunjukkan bahwa perkebunan kelapa sawit diperkirakan menjadi tutupan lahan
dominan dengan luas 8.573,74 ha (42,98%), sedangkan hutan sekunder menurun
menjadi 6.585,05 ha (33,01%). Total stok karbon mengalami penurunan dari
5.004.439,62 Mg C pada tahun 2020 menjadi 3.665.754,30 Mg C pada tahun 2025
dan diproyeksikan kembali menurun menjadi 3.522.181,80 Mg C pada tahun 2040.
Hasil penelitian menunjukkan bahwa konversi hutan sekunder menjadi perkebunan
kelapa sawit dan pertambangan merupakan faktor utama yang mendorong
perubahan lanskap sekaligus penurunan kapasitas penyimpanan karbon di
Kecamatan Mataraman, sehingga perlindungan kawasan berhutan menjadi aspek
penting dalam mendukung keberlanjutan lingkungan wilayah.

Kata Kunci: tutupan lahan, Random Forest, perubahan tutupan lahan, proyeksi
spasial, stok karbon.
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