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I – Background & Motivation

• Boreal forests represent 1/3 of
the world’s forests and provide
critical ecosystem services

→Carbon stocks, climate
feedback, permafrost stability,
biodiversity, and economic
benefits.

→ Lack of boreal structural data at
the northern forest edge (No
GEDI)

Upscaling forest structure

II – Methods

Assessment of upscaled forest structure product

• <100 forest inventory with
UAV-LiDAR Point cloud data

• Temporal aggregation of HLS
for peak and late summer

• Spatial aggregation of UAV-
LiDAR canopy height and
crown cover to HLS pixel grid

• Random forest regression
models to predict canopy
height and crown cover

• Assessment of the ABoVE
crown cover dataset (Feng et
al., 2022)
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IV – Perspectives

• There is an increasing need to produce forest structure remote sensing products in the boreal regions
• Here, we found a high potential to predict forest structure by upscaling UAV or ALS-LiDAR to optical satellite
• The publicly available labelled HLS pixels are soon to be released … Stay in touch!

Goals
• Explore the potential to upscale forest structural properties from UAV-LiDAR to optical satellite (Harmonized

Landsat Sentinel-2)
• Provide a new training dataset combining HLS and forest structure for the northern boreal forest
• Assessment of pre-existing boreal tree canopy cover products

Figure 1. Study sites with UAV-Lidar and forest inventories on AWI expeditions 
to North America (Canada 2022, Alaska 2023, 2024)

Figure 3. Resulting regression models of (1) Canopy Height: (a) peak summer and (c) late summer,
and (2) Crown Cover: (b) peak summer and (d) late summer. The x-axes are the true value, and
the y-axes the predicted values. For the canopy height regressions, the points are colored with the
crown cover percentage, and conversely for the crown cover points. Associated R2 and RMSE
values are indicated on top of each sub-plot.

Figure 4. Distribution of True (yellow) and Predicted (blue) values for each regression model: Canopy
Height peak summer (a), and Crown Cover peak summer (b)

Figure 2. Merged UAV-LiDAR 
and HLS product aggregation

Figure 5. Feature importance of the peak summer models: Canopy Height (a), and crown cover (b)

• Prediction of Canopy Height and Crown Cover
with the 7 HLS bands (Blue, Green, Red, NIR,
SWIR1&2, NDVI) worked well: R2 = 0.80-0.84

• R2 Canopy height > R2 Crown Cover

• No significant seasonal differences

• Slight Overestimation of high canopy height
values

• Slight overestimation of crown cover between
20 and 80%

• All HLS bands play a significant role in predicting
forest structure

• Especially Green/NIR for Canopy height and
NDVI/Red for Crown Cover

Figure 7. Distribution of the bias between the ABoVE and HSL forest structure dataset.
Each point corresponds to the median bias per site.

Figure 8. Distribution of the forest types across sites. Each pie chart corresponds to a
study site, where UAV-LiDAR was acquired. The exact location of the sites may have
been slightly moved not to overlap with other pie charts.

Figure 9. Distribution of the
True crown cover from the
HLS forest structure product
(yellow), and tree crown
cover from the ABoVE TCC
(blue)

• NASA ABoVE tree canopy cover dataset (Feng et
al., 2022) → Landsat-derived estimates of tree
canopy cover at 30 m spatial resolution

• Correlation coefficient between HLS forest
structure and ABoVE tcc dataset = 0.50

• Overestimation of ABoVE tree crown cover at the
northern treeline

Point cloud data openly available

Figure 6. Relationship between NDVI and the predicted forest structure variables: Canopy
height (left) and Crown Cover (right)

III – Results


