
Time series of national biomass maps from deep learning applied to airborne laser 
scanning point clouds
Huntley Brownell, Stefan Oehmcke, Thomas Nord-Larsen, and Christian Igel

Frederiksdal Estate
Stand: 45_a
Species: Beech (Fagus sylvatica)
Area: 12.1 ha

Biomass loss due to thinning 
detected by the model, even though 
canopy height increases. 

An allometric canopy height-to-
biomass model would miss this 
signal.

The model is closely aligned with 
the most recent field inventory 
measurements across all four 
attributes in this one 
compartment.

The first remotely-sensed forest attribute 
maps tracking national change…

2019
Pts=60,723,091

2014
Pts=32,057,398

2024
Pts=71,148,605

Δ 2019→2024

Δ 2014→2019

Frederiksdal Forest Estate: 274.6 ha…with local accuracy:

1. Ongoing airborne LiDAR campaigns in Denmark since 2014 have made it possible to produce a 
time series of two complete composite national scans. A third epoch is underway. We have used 
this data as input for our model, predicting forest attributes at 15m resolution.

Epoch 1: 2014-2015 / Epoch 2: 2019-2023 / Epoch 3: 2024-  

4. Our model: we extended the 3D CNN Minkowski SENet50 architecture with quantile regression to provide prediction intervals. We trained on more than 19,000 
pairs of Danish national forest inventory plot point clouds and ground truth labels for aboveground biomass, volume, canopy height, and tree basal area.

2. We applied the model to the available LiDAR epochs using two different masks: forest areas 
according to land cover maps, and a more expansive mapping of the presence of tree crowns.

Nfi plot: 3290_C
Radius: 15 m
Points: 60,058

Agb: 69.7 Mg ha-1

Vol: 143.9 m3 
Can. height: 20.6 m 
Basal area: 16.4 m2 ha-1

→ down-sample, voxelize
→ input
3 channels

→ after stem (initial 
conv) + max pooling 
64 ch

→ stage 2
512 ch

→ stage 3
1024 ch

→ stage 4
2048 ch

→ global sum pool
2048-d vector

Agb: 65.4 m3 ha -1

  Q25: 57.9
  Q75: 70.2
Vol: 145 m2 ha -1

  Q25: 122.2
  Q75: 146.1
Can. height: 20.9 m 
  Q25: 19.7
  Q75: 21.1 
Basal area:  14.8 m2

  Q25: 14.1
  Q75: 16.8 

→ regression
output

We would like to acknowledge the colour ramps used in the 
figures. The maps use CET-L05 and a modified CET-D03 from 
Peter Kovesi at colorcet.com, while the point cloud 
visualisations use CET-L20 from the same source, and the 
comparison line-and-histogram plots use the Okabe-Ito 
palette.

3. Multi-temporal benchmarks are 
rare, but analysis showed the 
existing methods underestimate 
forest biomass, especially in high 
biomass areas and older and more 
heterogeneous unmanaged forests. 
Frederiksdal is a managed forest. 
See supplemental material for an 
unmanaged benchmark example.

Max pool
stride-2

64 ch

0.75 / 1.0 m

Stage 2
SE Block

x4

out 512 ch (4x128)
stride-2

1.5 / 2.0 m

Stage 3
SE Block

x6

out 1024 ch (4x256)
stride-2

3.0 / 4.0 m

Stage 4
SE Block

x4

out 2048 ch (4x512)
stride-2

6.0 / 8.0 m

Regression
head

Linear  2048 -> 12

Stage 1
SE Block

x3

out 256 ch (4x64)
stride-1

0.75 / 1.0 m

4 attrs x {mean, Q25, Q75}
= 12 outputs

Biomass

Volume

Height

Basal area
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