
Integration of Photo Interpreted and LiDAR Attributes 
into a Polygonal Forest Inventory Framework

Knowledge Transfer and Tool Development (KTTD) Webinar
Ethan E. Berman, Nicholas C. Coops, Geordie Robere-McGugan, Ian Sinclair, Grant McCartney, Alexis Achim
November 2023



• Discuss context and objectives of project

• Explain analyses

• Present results

• Highlight considerations, limitations, and adoption of 
methods

• Showcase project website with background info and coding 
workflow

Aims of presentation
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• High resolution

• Highly accurate forest structure metrics

• Fast

• Scalable

• Reproducible

• Objective

Why use Airbourne Laser Scanning (ALS)?
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But… ALS is raster-based
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• Age

• Species Composition

• Ecosite

And what about forest composition?
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• Integrate ALS-based forest inventory attributes with 
conventional photo-interpreted FRI attributes
• Segment forest stand polygons from raster-based ALS 

attributes

• Impute forest composition attributes from conventional FRI

• Develop open-source tools

• Conduct knowledge and technology transfer

Project objectives
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Study Area
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Romeo Malette Forest (RMF)
• ~630,000 ha Sustainable Forest License Area

• Boreal Shield ecozone

• ~92% of area forested land

• Dominated by black spruce (Picea mariana), white 
birch (Betula papyrifera), trembling aspen (Populus 
tremuloides), and jack pine (Pinus banksiana)

• Diverse stand ages and development stages

• ALS flown in 2018 

• Enhanced Forest Inventory (EFI) attributes available



• Geographic Object-Based Image Analysis (GEOBIA)

• Pixels → Objects

What is Segmentation?
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Pre-processing
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Build 3-band 20 m raster of ALS metrics
• P95

• 95% percentile of returns > 1.3 m 
classified as vegetation

• Canopy Cover
• % of first returns > 1.3 m          

classified as vegetation
• Coefficient of Variation

• Mean/SD



Segmentation algorithm
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Generic Region Merging (GRM)
• Same algorithm as Multi-resolution 

Segmentation (eCognition)
• Parameters: threshold, spectral 

homogeneity, spatial homogeneity



Performance analysis
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How to compare outputs?
• Subjective

• Forest stand shape and 
linework

• Objective
• Summary statistics
• R2
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GRM Parameters
Threshold: 10

Spectral homogeneity: 0.1
Spatial homogeneity: 0.5



• Optimal results from GRM algorithm

• Fast and easy to reproduce

• Segmentation is subjective

• Semi-automatic

• Already being implemented in Ontario

Segmentation summary
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ID Top Height …ALS/EFI Metrics Age Species Class
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…

ID Top Height …ALS/EFI Metrics Age Species Class

1

2

3

4

…

IMPUTATION

What is Imputation?

Missing values



X-Variables
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X-Variables (Imputation Predictors)
Category Variable Description
ALS cc Canopy cover. Percent of first returns height > 2 m.
ALS avg Mean returns height > 1.3 m classified as vegetation.

ALS qav
Average square of returns height > 1.3 m classified as 
vegetation.

ALS sd
Standard deviation of returns height > 1.3 m classified as 
vegetation.

ALS rumple Ratio of canopy outer surface area to ground surface area.

ALS pcum8
Cumulative percentage of returns found in 80th percentile of 
returns height.

EFI lor Lorey's height. Mean tree height weighted by basal area.
EFI ba Basal area. Tree cross-sectional area at breast height.
EFI qmdbh Quadratic mean of diameter at breast height.
EFI agb Above-ground biomass. Total tree biomass per hectare.

EFI top_height
Top height. Mean height of largest 100 trees (diameter at 
breat height) per hectare.

Sentinel-2 red_edge_2
Cloud-free composite of Sentinel 2 band 6 (740 nm) surface 
reflectance.

Centroid x X-coordinate of polygon centroid in UTM projection.
Centroid y Y-coordinate of polygon centroid in UTM projection.

Y-Variables (Imputation Responders)
Category Variable Description

Age age
Forest stand age in 2018 derived from FRI YRORG 
attribute (year of forest stand origin).

Species 3 class
Three functional groups classification: hardwood, 
mixedwood, softwood.

Species 5 class

Five functional groups classification: black spruce-
dominated, jack pine-dominated, mixed conifer, 
mixedwood, hardwood.

Species sp1
Leading species derived from FRI SPCOMP 
attribute (species composition).

Species sp2
2nd leading species derived from FRI SPCOMP 
attribute (species composition).

Y-Variables
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• Spatial and overall distributions match between GRM/FRI

• All FRI metrics imputed together – more than shown here!

Imputation summary
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