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● Previous methods for estimating bio-chemico-physical parameters of trees 
act on individual spectra

● Using image-to-image models enables leveraging information from 
large-scale pretraining via transfer learning

● Adapting the ViT for the task requires synthesising training data as existing 
data for the task only links individual traits and spectra

● We leverage an existing pixel-wise model [1] to pseudo-label AVIRIS imagery

● The AVIRIS imagery is used to fine-tune a ViT model pretrained with large 
scale land cover classification data [2]

● The resulting model combines information from the original ViT pretraining 
and that of the 1D trait estimation model

● AVIRIS data from various locations in the US and the Pacific

● Spatial resolution 4–20 metres

● 224 spectral bands in the range of 380–2500 nm 

● samples visualised on the left (Figure 2.) with the pseudo-labels 

Challenge

Methods

Training data

We present an alternative method for obtaining simultaneous land cover 
classification with biochemical and physical parameter estimates from a single 
model, using a complete hyperspectral image as an input. Our method promises 
improvements in predictions by incorporating richer spatial information from 
multiple pixels at a time as well as leveraging large-scale pretraining for 
additional robustness.

Conclusion

Previous methods for estimating 
bio-chemico-physical parameters of trees, such as 
pigments and water content, rely on multi-phase 
strategies. Individual trees are typically separated 
using segmentation models, classified as different 
species using separate classification models, and 
tree parameters are estimated from individual 
one-dimensional spectra, be it constructed from an 
average of the tree pixels or done individually at 
pixel-scale. Using a single model to directly generate 
predictions for both tasks from a full image could 
enable the model to learn more complex relationships 
between the tree spectra, the geometry, and the 
underlying biochemical properties. Besides the 
improved prediction synergies, this would simplify the 
processing and even take us closer to real-time 
on-board models. Real-time on-board methods would 
enable a whole new range of applications by 
providing nearly instant, observation-time insights of 
forest health.

Challenge

In other computer vision tasks, the modern paradigm has shifted towards using 
single, more complex models for a variety of tasks, promising robustness in a 
variety of conditions, enabled by training with massively scaled datasets. In 
imaging spectrometry, such a clear paradigm shift is yet to be seen, likely
due to the scarcity of publicly available data. However, some recent works have 
proposed methods for the more common tasks, such as land cover 
segmentation, also using hyperspectral data. We propose training a model for 
simultaneous pixel-wise tree classification and vegetation trait estimation by 
leveraging information from two previously trained models. For the basis of our 
method, we use a pretrained model, trained for a variety of simple tasks on 
similar data. To teach the model to generate vegetation trait estimates, we 
optimise its outputs to correspond to those of another model, which has been 
specifically trained to predict vegetation traits for various species, from individual 
tree spectra. The proposed pseudo-labelling process to obtain the fine-tuning 
data is visualised in Figure 1. The pseudo-labelled data can then be used to 
fine-tune the final model in a simple supervised manner. During inference, the 
fine-tuned model predicts both the tree segments and vegetation parameters in
a single end-to-end process.

Methodology

For model training, we leveraged a part of the pretraining data of our base 
model. This dataset consists of AVIRIS imagery with ground pixel size varying 
from 4 to 20 metres. The captured wavelengths covered the range from 380 nm 
to 2500 nm with 224 individual bands. To use the data for training a model to do
simultaneous vegetation trait prediction and pixel-wise tree classification, we first 
generated pseudo-labels for both tasks using separate task-specific models. 
AVIRIS data has been collected mostly from various locations in North America 
and the Pacific. For testing the trained multi-task models, we used data from 
Southern France. The test data contains two pine tree species, Aleppo pine 
(Pinus halepensis) and stone pine (Pinus pinea), from two locations,
differing by a few kilometres. A total of 35 trees (18 Aleppo and 17 Stone pines) 
in the area were measured for their water content, chlorophyll concentration 
(chlorophyll a + b), and carotenoid concentration (β-carotene + lutein + 
antheraxanthin). The measurements were taken on February 24th, 2021. The 
area where the trees were located was also captured using an AISA FENIX-1K 
bushbroom hyperspectral camera system. The imaging flight altitude was 
approximately 1100 metres, resulting in a hyperspectral orthophoto with 
approximately 0.75 metre spatial resolution. The image data were captured on 
February 13th, 2019, and the trees were manually delineated to enable testing of
vegetation trait estimation methods.

Study area and data

The work presents an alternative method for obtaining both pixel-wise tree 
classification and biochemical and physical parameter estimates from a single 
model, using a complete hyperspectral image as an input. Our method promises 
improvements in processing time and predictions by incorporating richer spatial 
information for generating the tree trait estimation, than what can be expected 
from previous approaches.

Discussion and Conclusions
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Figure 1. The pseudo-labelling process for generating training data for the model adaption.

Figure 2. Vegetation parameter pseudo-labels generated using the 1D model. The land 
cover instance segments are from the pretrained ViT.

Figure 3. The test area visualised in RGB with the test tree segments highlighted in white.

● Test site in Southern France with 35 pine trees analysed for model evaluation

● Lab measurements of water content, chlorophyll concentration (chlorophyll a 
+ b), and carotenoid concentration (β-carotene + lutein + antheraxanthin)

● Imaged with 0.75 metre spatial resolution

● 420 spectral bands in the range of 380–2500 nm

● Visualised below (Figure 3.) with test trees highlighted in white 

Test data

We propose a method for adapting a 
pretrained vision transformer (ViT) for 
estimating bio-chemico-physical parameters 
of trees. The adaption requires generating 
synthetic data, which is done using a 
separate 1D spectrum-to-traits model as 
shown in Figure 1. (on the right). The 
adapted model acts as an effective baseline 
for analysing alternative ways of training 
models for the task.
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