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ABSTRACT

In this study, we used unmanned aerial vehicles (UAVs) to estimate the carbon sequestration in
a teak plantation at the Chiang Rai Silvicultural Research Station. The research focused on a teak stand
established in 1988. Tree height was estimated using digital terrain models (DTMs) and digital surface models
(DSMs) generated using UAV imagery and was compared with field measurements obtained from three
sample plots (40 x 40 m each). Field data collection included the measurement of diameter at breast
height (DBH) and tree height. Results indicated that UAV-derived tree heights were, on average, higher than
field measurements by 1.24 m, 1.78 m, and 1.54 m for Plots 1-3, respectively, with a root mean square
error (RMSE) of 2.14 m. A strong correlation was observed between UAV and field-based measurements (R2
= 0.88). The estimated carbon stock from UAV data and field inventory was 30.31 and 34.51 tC ha ¢,
respectively. UAV-based estimates exceeded the field data on average by 4.20 tC ha !, or 12.89%. The use
of UAVs significantly reduced the survey time; however, the accuracy of ground control points remains
a critical factor, as it directly affects the reliability of such height models and subsequent carbon
sequestration estimates.

Keyworks: Unmanned aerial vehicles; Biomass; Carbon sequestration; Chiang Rai Silvicultural Research
Station
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Figure 1 1) Map of the study area (24 ha). 2) Sample plot 1. 3) Sample plot 2. 4) Sample plot 3
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Figure 2 1) Tree dimensions as measured from the mid-stem to the tree base

2) Tree dimensions as measured from the top of the crown down to the mid-stem
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Figure 3 Depiction of canopy height model, CHM (Ahmad and Qayum, 2017)
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Figure 4 Photogrammetric workflow for tree canopy segmentation: (1) Orthophoto image, (2) Grayscale image, (3)

Binary image, (4) Canopy delineation, and (5) Canopy center and canopy cover.
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Figure 5. Digital elevation models generated using UAV photogrammetry: (1) Digital Terrain Model (DTM), (2) Digital

Surface Model (DSM), and (3) Canopy Height Model (CHM).
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Table 1. Root Mean Square Error (RMSE) between tree heights measured in the field and from UAV data.

Number
Polt
of Trees
1 15
2 14
3 13

MSE RMSE
3.70 1.92
6.06 2.46
4.13 2.03
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Table 2. Comparison of tree heights measured from field surveys and UAV data across the three sample

plots.
Number Heigth field (m) Heigth uav (m) Sum of
Polt of Squared Errors R?
Trees min max mean min max mean (SSE) (m)
1 15 17.80 2380 1991 17.55 24.23 21.15 1.24 0.45
2 14 24.56 30.60 2775 2497 34.07 29.53 1.78 0.65
3 13 22.60 29.8 2592 2339 31.7 27.47 1.54 0.76
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- 35 35
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Figure 6 Box-and-whisker plots comparing the teak tree height data between field measurements and UAV-derived

measurements for each sample plot.
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Figure 7 Linear regression models exhibiting the relationship correspondence between teak tree heights estimated

using UAV data and field measurements.
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Figure 8 Linear regression models exhibiting the correspondence between tree height and diameter at breast

height (DBH) obtained from field measurements.
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Table 3 Aboveground biomass and carbon sequestration values.

Above ground biomass

Carbon stock (tC/ha)

(t/ha)

Plot Difference % Difference
field UAV field UAV
1 40.26 44.03 18.92 20.69 1.77 9.34
2 84.21 99.76 39.58 46.89 7.31 18.46
3 69.00 76.49 32.43 35.95 352 10.86
Sum 193.47 220.27 90.93 103.53 12.60 38.66
Avg/ha 64.49 73.42 30.31 34.51 4.20 12.89
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