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RINGKASAN 

A MUHAMMAD TOHA MIFTAHURRIDHO. Pendugaan Nilai Stok Karbon 

dengan Pendekatan NDVI pada Tanaman Kelapa Sawit (Elaeis guineensis Jacq.). 

Dibimbing oleh HARIYADI dan HERU SUKOCO. 

 

 Peningkatan konsentrasi gas rumah kaca (GRK) di atmosfer akibat aktivitas 

antropogenik telah memperkuat urgensi pemantauan dan inventarisasi stok karbon 

secara presisi, cepat, dan non-destruktif pada sektor perkebunan kelapa sawit 

sebagai salah satu ekosistem budidaya tropis terbesar. Pendugaan biomassa dan 

stok karbon berbasis teknologi penginderaan jauh menggunakan Unmanned Aerial 

Vehicle (UAV) multispektral memberikan peluang efisiensi ruang dan waktu yang 

signifikan dibandingkan metode pengukuran terestrial konvensional yang 

membutuhkan tenaga kerja besar, biaya tinggi serta berisiko merusak vegetasi 

secara destruktif. Meskipun demikian, integrasi indeks vegetasi spektral berbasis 

UAV untuk menduga stok karbon masih dihadapkan pada tantangan metodologis, 

terutama terkait perbedaan arsitektur tajuk antar kelompok umur tanaman. 

Penelitian ini bertujuan untuk: (1) menganalisis korelasi dan menyusun model 

regresi antara nilai Normalized Difference Vegetation Index (NDVI) berbasis UAV 

dengan stok karbon kelapa sawit pada skala individu dan skala area; (2) 

mengevaluasi perbedaan performa model penduga stok karbon antara model 

spesifik umur (age-specific model) pada fase Tanaman Menghasilkan muda (TM 4) 

dan dewasa (TM 11) dibandingkan dengan model gabungan (global model); serta 

(3) mengidentifikasi batas keandalan dan fenomena kejenuhan spektral (canopy 

saturation) NDVI pada kanopi kelapa sawit rapat. 

 Penelitian dilaksanakan di Kebun Percobaan Cikabayan, IPB University, 

Dramaga, Bogor. Data terestrial dikumpulkan dari 20 sampel pohon individu per 

plot berukuran 20 × 60 m pada blok TM 4 dan TM 11 melalui pengukuran 

biometrika diameter batang dan tinggi vertikal dari pangkal pelepah ke-17 yang 

diulang 3 kali pada masing-masing blok umur. Biomassa tanaman kelapa sawit 

dihitung menggunakan persamaan alometrik non-destruktif Lubis (2011), 

sedangkan biomassa bawah tegakan kelapa sawit (tanaman herba dan rumput-

rumputan) dihitung secara destruktif menggunakan subplot 1 × 1 m sebanyak 6 

pada tiap plot utama untuk menggambarkan kondisi mikro di lapangan. Nilai 

biomassa yang didapat dikonversi menjadi stok karbon (kg C/pohon) dengan faktor 

fraksi karbon sebesar 0,46 (SNI 7722:2011), dengan asumsi bahwa 46% biomassa 

total tanaman merupakan stok karbon. Akuisisi data spasial udara memanfaatkan 

UAV DJI Mavic 3 Multispectral pada ketinggian terbang 50 meter dengan kalibrasi 

radiometrik berbasis panel reflektansi dan sensor iradiansia surya untuk 

meminimalkan gangguan akibat variabilitas pencahayaan dan kondisi atmosferik. 

Indeks vegetasi NDVI dihitung berdasarkan rasio reflektansi gelombang 

inframerah dekat (Near-Infrared/NIR) dan merah (Red), kemudian diekstrak 

menggunakan teknik zonal statistics pada area tajuk individu dan luas plot. Analisis 

statistik mencakup uji korelasi Pearson, penyusunan model regresi, evaluasi 

kelayakan model (koefisien determinasi R2) dan root mean square error (RMSE), 

serta pengujian asumsi klasik regresi secara komprehensif,  termasuk uji 

heteroskedastisitas White, uji normalitas Shapiro-Wilk, dan Q-Q plot terhadap 

sebaran sisa regresi menggunakan perangkat lunak SAS Studio. 



 

 

 Hasil penelitian menunjukkan bahwa korelasi dan performa model regresi 

NDVI terhadap stok karbon sangat dipengaruhi oleh faktor umur serta dinamika 

arsitektur kanopi tanaman. Pada skala individu, model spesifik umur (age-specific 

model) pada TM 4 mampu menjelaskan variabilitas stok karbon secara linier 

dengan akurasi tinggi karena pertambahan biomassa tajuk berbanding lurus dengan 

serapan spektral dan perluasan area proyeksi tajuk. Sebaliknya, pada TM 11 yang 

memiliki tutupan kanopi rapat dan akumulasi biomassa dominan pada struktur 

batang kayu, hubungan NDVI individu terhadap stok karbon menunjukkan 

penurunan sensitivitas akibat fenomena kejenuhan spektral (spectral saturation) di 

mana peningkatan akumulasi biomassa batang tidak lagi diiringi oleh peningkatan 

nilai reflektansi spektral NDVI. Penggabungan data seluruh umur ke dalam model 

global terbukti memicu variabilitas acak yang tinggi, meningkatkan nilai galat, serta 

menimbulkan indikasi pelanggaran heteroskedastisitas pada sebaran sisa regresi. 

Pada skala area, penutupan kanopi memberikan pengaruh signifikan terhadap 

akumulasi biomassa permukaan, namun respon sinyal NDVI mencapai titik jenuh 

ketika indeks tutupan tajuk mendekati maksimum. Penelitian ini menyimpulkan 

bahwa penggunaan model age-specific lebih direkomendasikan daripada model 

global untuk menghindari bias pada nilai estimasi dan menjaga validitas prediktif. 

Hasil ini memberikan kontribusi metodologis yang penting dalam pengembangan 

pemetaan stok karbon presisi berbasis UAV untuk mendukung transparansi 

kerangka Measurement, Reporting, and Verification (MRV) serta tata kelola 

perkebunan kelapa sawit yang berkelanjutan. 

 

  

Kata kunci: Kelapa Sawit, Model Regresi, NDVI, Stok karbon, UAV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SUMMARY 

A MUHAMMAD TOHA MIFTAHURRIDHO. Estimation of Carbon Stock 

Values in Oil Palm (Elaeis guineensis Jacq.) Plantations Using the NDVI 

Approach. Supervised by HARIYADI and HERU SUKOCO. 

 
Rising atmospheric greenhouse gas (GHG) concentrations resulting from 

anthropogenic activities have heightened the urgency for precise, rapid, and non-

destructive monitoring and inventorying of carbon stocks in oil palm plantations 

one of the largest tropical cultivated ecosystems. Remote sensing-based estimation 

of biomass and carbon stocks using multispectral Unmanned Aerial Vehicles 

(UAVs) offers significant spatial and temporal efficiency compared to conventional 

terrestrial measurement methods, which are labor-intensive, costly, and carry the 

risk of damaging vegetation. However, integrating UAV-based spectral vegetation 

indices for estimating carbon stocks presents methodological challenges, 

particularly due to variations in canopy architecture across plant age groups. This 

study aims to: (1) analyze correlations and develop regression models linking UAV-

derived Normalized Difference Vegetation Index (NDVI) values with oil palm 

carbon stocks at both individual and area scales; (2) evaluate the performance of 

carbon stock estimation models by comparing age-specific models covering young 

(TM 4) and mature (TM 11) productive plant phases against a combined (global) 

model; and (3) identify reliability limits and the phenomenon of spectral saturation 

(canopy saturation) regarding NDVI in dense oil palm canopies.  

The research was conducted at the Cikabayan Experimental Station of IPB 

University in Dramaga, Bogor. Terrestrial data were collected from 20 individual 

sample trees per 20 × 60 m plot within TM 4 and TM 11 blocks; measurements 

included biometric data such as trunk diameter and vertical height from the base of 

the 17th frond, for estimating carbon stocks, the present methodological challenges, 

particularly due to variations in canopy architecture across th the process, were 

replicated three times for each age block. Oil palm biomass was calculated using 

the non-destructive allometric equation developed by Lubis (2011), while 

understory biomass (herbaceous plants and grasses) was determined destructively 

using six 1 × 1 m subplots within each main plot to capture micro-environmental 

conditions. The resulting biomass values were converted into carbon stocks (kg 

C/tree) using a carbon fraction factor of 0.46 (SNI 7722:2011), based on the 

assumption that 46% of the total plant biomass constitutes carbon stock. Aerial 

spatial data acquisition was conducted using a DJI Mavic 3 Multispectral UAV at 

a flight altitude of 50 meters, employing radiometric calibration via reflectance 

panels and solar irradiance sensors to minimize interference from lighting 

variability and atmospheric conditions. The NDVI vegetation index was calculated 

from the reflectance ratio of the Near-Infrared (NIR) and Red bands, and then 

extracted using zonal statistics techniques applied to individual crown areas and the 

total plot area. Statistical analysis encompassed Pearson correlation tests, regression 

model development, model performance evaluation (coefficient of determination 

(R²), root mean square error (RMSE), and comprehensive testing of classical 

regression assumptions, including White's heteroskedasticity test, the Shapiro-Wilk 

normality test, and Q-Q plots of regression residuals using SAS Studio software. 



 

 

The study results indicate that the correlation and performance of the NDVI-

based regression model for carbon stock are strongly influenced by the plant's age 

and canopy architecture dynamics. At the individual level, introduce substantial 

random variability, increase error estimates, and indicate tree level, an age-specific 

model for the TM 4 (mature) stage explained carbon stock variability linearly with 

high accuracy, as the increase in crown biomass is directly proportional to spectral 

uptake and to the expansion of the projected crown area. Conversely, in the 11-

year-old stands characterized by dense canopy cover and biomass accumulation 

concentrated in woody stems, the relationship between individual NDVI values and 

carbon stock was less sensitive due to spectral saturation; specifically, increases in 

stem biomass accumulation were no longer accompanied by corresponding 

increases in NDVI reflectance. Integrating data across all age groups into a global 

model was found to introduce substantial random variability, increase error 

estimates, and indicate heteroscedasticity in the regression residuals. At the plot 

scale, canopy cover significantly influenced above-ground biomass accumulation; 

however, the NDVI response plateaued as the canopy cover index approached its 

maximum. The study concludes that age-specific models are preferable to global 

models to avoid estimation bias and ensure predictive validity. These findings offer 

a significant methodological contribution to the development of UAV-based 

precision carbon stock mapping, supporting transparency in Measurement, 

Reporting, and Verification (MRV) frameworks and sustainable oil palm plantation 

management. 
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