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Objectives

• Estimate individual tree biomass from UAV-LiDAR metrics (E. 
bosistoana and E. globoidea)

• Compare different machines learning models with statistical model

• Evaluate which UAV-LiDAR metrics are useful for estimating of 
biomass



Study area and drone survey

UAV LiDAR collection details



Ground truth data collection

• ~30 E. globoidea and ~70 E. bosistoana

Biomass

• Dry weight and green weight

• …

Taper & volume

• Canopy width in the two directions NW-SE and NE-SW

• Diameter measurements (Ground line diameter (5 cm above ground), DBH…)

• Height measurements (Tree height, height to the base of the green canopy…)

• …

GIS

• Position at the centre of the stump of each tree (GNSS)



Point cloud 

3D point cloud 



Individual tree segmentation
CHM Individual tree 

segmentsCanopy height model 

Individual tree point cloud



Challenges

• Crown overlap

• Co-registration error

MRFPukaka

Avery

Solution: 
• Field crew verification
• Additional data: aerial 

photos, measured height, 
crown width and foliage 
weight 

101 out of 106 trees left



LiDAR metrics 

96 metrics derived
Remove missing values
→86 valid metrics derived for each 
tree



Modelling

Models used: 

• Statistical model- Multi-linear model
• Partial Least Squares Regression (PLSR) 
• Random Forest (RF)
• eXtreme Gradient Boosting (XGBoost)



Results - Height
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Multi-linear Model PLSR
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Results - DBH
Multi-linear PLSR
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Random Forest XGBoost
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Results - Biomass
Multi-linear PLSR

Random Forest XGBoost
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Results - Model Comparison

* Results from separating fitting and testing sets



Useful LiDAR Metrics for Estimating Biomass

Metrics name Description

vzrumple vertical rumple

vn total number of filled voxels

vFRall vFRall - a ratio between the 
number of filled voxels and all 
voxels located in the maximum 
extent of the point cloud

HOME height of median energy

zmax maximum height
Zięba-Kulawik, Karolina & Skoczylas, 
Konrad & Wezyk, Piotr & Teller, Jacques & 
Mustafa, Ahmed & Omrani, Hichem. 
(2021). Monitoring of urban forests using 
3D spatial indices based on LiDAR point 
clouds and voxel approach. Urban 
Forestry & Urban Greening. 65. 127324. 
10.1016/j.ufug.2021.127324. 



Potential Application and Challenges



Conclusion

• Biomass: PLSR > XGBoost > RF > Multi-linear

• The SHAP analysis revealed that height and voxel metrics were the 
most influential features for AGB estimation

• Potential application: stand biomass estimation at site level, transfer 
to other species and regions
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