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• Most diverse forests on 
Earth: up to 2/3 of the 
~73,000 tree species found 
on Earth 

• 80% of the world’s known 
species found there

• Key ecological functions: 
carbon exchange, nutrient 
cycling, and the provision of 
water and energy

• Contributing to a billion 
people’s livelihoods around 
the world 

• What set of traits do tree 
species have that allow 
them to thrive in the current 
climate ?



Tree canopy traits
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Based on optical ‘types’, nutrients and 
morphological traits can be mapped 
with spectral remote sensing at scale

We expect tropical American forests to 
be functionally richer given to their 
higher species diversity and wide range 
of environmental conditions followed by 
African and Asian tropical forests

Do tropical American, African and Asian forest 
share the same Functional Richness and 
Divergence? 

Can we map the pantropical distribution of 
canopy trees functional traits?

1

2

Questions



Big data from the field and 
Satellites to map tree traits 

across tropical forests

Aguirre-Gutierrez et al. 2021 Rem. Sens. Env. 

opengeoedu.de
 

Sentinel-2 satellite data



>1800 1ha plots

Aguirre-Gutiérrez et al. Nature, in press

Sampling locations

Representation in environmental space

• 1814 permanent 
vegetation plots across 

• Spatially geo-located tree 
individuals 

• 18 countries in the four 
tropical continents 

• Coverage: 799.5 ha
-----------------------------------
• Seninel-2 Raw bands + 

Vegetation indices + 
Canopy Texture

• Slope - Soil - Climate 

• Random Forest



Aguirre-Gutiérrez et al. Nature, in press
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Leaf morphology and structure
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Leaf chemistry



Functional 
trait 

syndromes 
at scale

• Tropical American forests show 40% greater functional richness than tropical African and 
Asian forests

• African forests are the most functionally divergent, 32% and 7% higher than that of 
tropical American and Asian forests, implying more specialised resource utilisation patterns 

Aguirre-Gutiérrez et al. Nature, in press



Challenges

1. Africa and Asia less 
represented in our dataset

2. Improving trait predictions 
with AI –Deep learning ?

Findings

1. High spatial resolution 
pantropical maps of tree 
traits

2. Tropical American 
forests with higher 
Functional Richness_> 
Impact on resilience?

Opportunities

1. We need more trait field data 
-> Africa and Asia

2. Satellite sensors that 
combine higher spatial and 
spectral resolution

3. Central platforms that 
support depositing and ‘easy’ 
finding of ‘Biodiversity’ 
related spatial products (e.g. 
Functional diversity maps) 
resulting from remote 
sensing approaches



Collaborators

Get in touch

Thank you!
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