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Background:

Tree species information contribute to an accurate understanding of forest
conditions from an individual tree to a forest stand and the broader
landscape [1]. Light Detection and Ranging (LiDAR) data collected using
unmanned aerial vehicle (UAV) platforms provide high-density point
clouds, offering detailed 3D structural information and enabling a high level
of detail of individual trees.

Methodology

This study evaluates the effectiveness of UAV-LiDAR features in

identifying individual tree species within a mixed temperate forest.

Specially, the following research questions were addressed:

i) What high density UAV-based LiDAR features are most effective in tree

species identification when using both leaf-off and leaf-on conditions?

ii) Can using early spring leaf-off data improves identification of individual

tree species?

Results:

Study Area and Data:

Figure 2. Location of forest plots in Baden-Wurttemberg, Germany. Imagery: ©European Union, contains

Copernicus Sentinel-2 Data (2023).

Figure 3. Top most contributing features in identification of individual tree species (a), box plot of mean intensity of first-

or-single returns (b), canopy density (c) and mean intensity of single return (d) for 07 tree species under leaf on & leaf off.

Conclusions:

i. Coniferous trees have a higher value of mean intensity first- or-single

returns than deciduous trees under leaf-off condition, while the difference

becomes smaller under leaf-on condition. The same pattern holds for mean

intensities and mean intensity single return.

ii. Intensity-based features have shown significant potential in differentiating

coniferous species from deciduous under leaf off conditions.

iii. Using single leaf off and leaf on dataset, this study achieved higher tree

species identification with leaf-off (early spring) condition.

iv. Spring leaf-off condition is particularly effective for identifying individual tree

species, especially for distinguishing coniferous from deciduous trees.
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Figure 1. Histograms of laser pulse return frequency with varying height for a) European hornbeam

and b) Norway Spruce illustrate the vertical distribution of reflections throughout the canopy.

Research Questions:

Species
Mean

Height (m)

Leaf-on

(Aug-Sep)
Leaf-off(April) Morphology

European horn

beam
15.32 89 89 Deciduous

European beech 22.70 365 335 Deciduous

Norway spruce 18.69 200 163 Coniferous

Scot pine 29.84 103 29 Coniferous

Douglas fir 36.15 138 136 Coniferous

Sessile oak 18.72 152 150 Deciduous

Red oak 22.08 92 01 Deciduous

Table 1. Tree species characteristics from original data

sorted by UAV-based LiDAR acquisition under leaf-on and
leaf-off conditions

Normalized LiDAR tree point 
clouds

i) Using mean 

decrease accuracy

ii) Selection of 

predictor features

2) Dimensionality 
reduction of features

i) Machine learning 

model (RF)

ii) Feature importance

iii) Validation

3) Classification of tree 
species

European beech Norway spruce Douglas fir Sessile OakEuropean hornbeamScot Pine

1) Feature Extraction

Tree Species Leaf on (Aug-Sep) Leaf off (Early Spring-

March)

Precision Recall Precision Recall

European horn beam (CarBet) 0.50 0.18 0.78 0.64

European beech (FagSyl) 0.70 0.82 0.85 0.83

Norway Spruce (PicAbi) 0.80 0.68 0.95 0.95

Scot Pine (PinSyl) 0.90 0.69 1.00 1.00

Douglas fir (PseMen) 0.72 0.89 0.95 1.00

Sessile Oak (QuePet) 0.65 0.68 0.76 0.84

Red Oak (QueRub) 0.92 1 N.A N.A

Overall accuracy 0.74 0.87

Table 2. Training accuracy for tree species  identification using leaf-on 
and leaf-off  using LiDAR features

Leaf on Leaf off

Tree Species Leaf on (Aug-Sep) Leaf off (Early Spring-

March)

Precision Recall Precision Recall

European horn beam (CarBet) 0.50 0.33 0.31 0.33

European beech (FagSyl) 0.65 0.84 0.68 0.82

Norway Spruce (PicAbi) 0.93 0.84 1.00 0.77

Scot Pine (PinSyl) 0.92 0.67 1.00 0.29

Douglas fir (PseMen) 0.81 0.81 0.78 0.90

Sessile Oak (QuePet) 0.90 0.72 0.90 0.75

Red Oak (QueRub) 0.80 0.86 N.A N.A

Overall accuracy 0.76 0.73

Table 3. Validation accuracy for tree species  identification using leaf-
on and leaf-off  using LiDAR features
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An experimental site in Germany is used for this study. The site is located in a

temperate forest region and consists of 12 forest plots (Fig.1). A total of 1168

trees were extracted from UAV-LiDAR (RIEGL miniVUX-1UAV) dataset under leaf-

on and leaf-off conditions. LiDAR data used in this study is openly available [2].
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