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Forests play a key role in climate change by regulating the
CO2 content in the atmosphere. Not only do they absorb
CO2 but they also store carbon in their trunks, branches, and
roots. To assess the actual impact of forests on our climate,
global biomass maps are essential. Today, the mapping of
above ground biomass stored in forests relies mainly on
vegetation height as it is the most important indicator.

Traditionally, vegetation height is mapped by measuring
the difference between ground and top of canopy elevation.
A straightforward strategy is the application of active
LiDAR systems that can directly measure forest structures
including the ground elevation by penetrating the canopy.
Alternatively, photogrammetric stereo-matching yields the
top of canopy elevation, but relies on highly overlapping
multi-view aerial imagery. The main drawback of these
approaches is that they rely on expensive flight campaigns.
Therefore, they lack scalability and vegetation height
products are rarely up-to-date.

This work addresses vegetation height mapping at
country scale at 10 m spatial resolution by exploiting
the recent success of deep learning methods combined
with unprecedented publicly available multispectral satellite
images from the Sentinel-2 mission. Multispectral satellite
images such as provided by Landsat and Sentinel-2 have
been widely used for land cover classification. Their spectral
bandwidths, especially the near-infrared bands, are well
suited to assess vegetation vitality and to classify species.
However, modelling vegetation height from a single-view
multispectral image is challenging because various land
cover types and also vegetation heights can yield the
same spectral signature. Hansen et al. (2016) show that
incorporating time-series spectral information is valuable
for discriminating tree heights. However, their proposed
method cannot fully exploit spatial patterns correlating with
vegetation heights.

Our proposed method builds on state-of-the-art
Convolutional Neural Networks (CNNs) to solve this
pixel wise regression task and model vegetation height
from a single multispectral Sentinel-2 image by learning
the spectral and spatial features in a supervised fashion,
following the end-to-end deep learning paradigm. Our
method is experimentally evaluated on two regions in
Switzerland (1,320,000 ha and 1,420,000 ha in size) for
which a ground truth vegetation height model (VHM) from

2016 exists at a 1 m resolution. This ground truth VHM was
produced at 1 m resolution by the Swiss Federal Institute
for Forest, Snow and Landscape using photogrammetric
stereo-matching from aerial images taken by swisstopo
in 2016 to create the digital surface model (DSM). This
DSM was reduced to the final VHM by subtracting a
LiDAR based terrain model and masking the buildings. We
projected and resampled the original 1x1 m VHM to match
the 10 m ground sampling distance of Sentinel-2 images.

Each region is split into non-overlapping train and test
regions. We take cloud free Sentinel-2 images from the
growing season as input to estimate vegetation height at
10 m spatial resolution achieving an overall mean absolute
error (MAE) of 1.9 meter. Evaluating MAEs for separate
height intervals yields 1.0 m (0-10 m), 5.4 m (10-20 m),
4.8 m (20-30 m), 4.9 m (30-40 m), 19.6 m (40-50 m), and
47.6 (>50 m). At the moment, our model is not capable to
predict heights >40 m. Because vegetation heights >40 m
account for only 0.06% of the ground truth data, the model
is not able to learn the characteristics of this underpopulated
range. Furthermore, our model tends to slightly smooth
the predictions with respect to the ground truth. We are
currently working on the integration of time-series data as
proposed by Hansen et al. (2016) to further improve our
results and investigate the saturation problem for heights >40
m. Nevertheless, our results show that estimating vegetation
height from multispectral Sentinel-2 images is promising
and possible at 10 m spatial resolution given a vast amount
of training data. Our proposed method allows vegetation
height mapping at country scale with the same high temporal
resolution of (cloud free) Sentinel-2 images (approx. every
5 days) at virtually no costs.
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