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Identification of individual trees using a Digital Surface Model

Tree Level Analysis

33

DSM DSM with trees identified
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• High levels of accuracy with differences generally < 1 m

• Some argue LiDAR heights are more accurate than field 
measurements of tree height

• The derivation of tree heights will be affected by:

– Sampling density 
• High density improves changes of hitting tree top

– Tree dimensions 
• A smaller crown will have fewer returns 

– Occlusion 
• Adjacent trees

Tree Level Analysis –
Maximum Tree Height
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Modified based on Zimble et al. 2003
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Plot Level Analysis

LiDAR Point Cloud for Alex Fraser Research Forest
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Plot Level Analysis

• Summarize LiDAR
data on a grid

• Use summary 
metrics to estimate 
forest attributes for 
each grid cell

LiDAR Point Cloud for Alex Fraser Research Forest
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• Must first develop 
relationships 
between LiDAR
metrics and forest 
attributes
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Plot Level Analysis

• Summarize LiDAR
data on a grid

• Use summary 
metrics to estimate 
forest attributes for 
each grid cell

LiDAR Point Cloud for Alex Fraser Research Forest
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• Must first develop 
relationships 
between LiDAR
metrics and forest 
attributes
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Plot Level Analysis

• Extract LiDAR data 
associated with 
each plot

• Summarize the 
LiDAR data within 
each plot

LiDAR Point Cloud for Alex Fraser Research Forest
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• Develop 
relationships 
between the LiDAR
metrics and the 
plot level data
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Site 1 –

High Volume Example

Site 2 -

Low Volume Example

Plot Level Analysis

LiDAR Point Cloud for Alex Fraser Research Forest
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Plot Level Analysis

• Use first returns to calculate LiDAR metrics

• Forest attributes calculated with first returns found to be more 
robust than using all returns (Bater et. al 2011)

0

5

10

15

20

25

30

35

40

High Volume  Site Low Volume Site

H
e
ig

h
t 

(m
)

First returns plotted in two dimensions
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Plot Level Analysis
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Plot Level Analysis
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Plot Level Analysis

• Once metrics are calculated at the plot level:

– Investigate the relationships between metrics and measured 
forest attributes

• Mean tree height, dominant tree height, stem volume, basal area

– Develop statistical models to predict forest attributes using 
several LiDAR metrics

• Usually a combination of a height and
cover metric

– Statistical models are applied to gridded LiDAR metrics to predict 
forest attributes across the study area
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Best Practices Guide

 Released July 2013

 Synthesizes 25 years of 

scientific research

 Available for download from 

CFS bookstore: 

http://cfs.nrcan.gc.ca/public

ations?id=34887
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Area-based approach

1. Grid the point cloud

2. Calculate wall-to wall 

LiDAR metrics

3. Ground sample within 

the range of variability 

characterized by the 

LiDAR metrics

4. Clip the point clouds to 

the area corresponding 

to the ground plots

5. Develop model

6. Apply model
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Deriving Forest Attributes
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Mean Tree Height
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Mean Diameter at Breast Height (DBH)
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How do we relate lidar to ground data?
Mean tree height Maximum tree height

Variation of tree height Mean diameter (dbh)

• GPS ground plot location

• Make ground measures

• Statistically relate ground 
measures to lidar metrics

• Can apply these 
relationships across all 
lidar grid cells (25 x 25m)

• Metrics not limited to 
height 

• Inventory: Generalize by 
polygon (ht in m): 



I+R + S+S

56/30

Example Equation and Results

Ŷ – TAGB

Lh0.5 – 50th percentile of laser canopy height (m).

Lh0.6 – 60th percentile of laser canopy height (m);

CC0.0 – canopy density (%) at 2 m above the ground surface.

R2 – multiple coefficient of determination.

SEE – standard error of the estimate in transformed units.

Radius 
(m) 

Plot 
Size 
(m

2
) Fitted OLS Regression Model  

 
R

2
 SEE 

20 1257 Ŷ = −51.3755 + 13.0245 × Lh0.6 + 3.6330 × CC0.0 0.960 38.64 

 

TAGB Mg/ha
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Example of Multiple Regression Equations at the Plot Scale

Source: Næsset 2002


