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Forests as nature-based 
solutions to the climate crisis

• Vegetation, especially forests, already locks up 25% of 

human-caused emissions1

• Locking up carbon in forests is a proven and 

affordable strategy for mitigating carbon emissions

1. Global Carbon Project (2021)



Forests as nature-based solutions to 
the climate crisis

• Forest carbon credits for the energy transition should 

be mindful of the historical burden. It is a matter of 

environmental and social justice

• Cumulative greenhouse gas emissions since 1750 equal the 

current forest carbon stocks (c 400 PgC). 

• Tropical countries have contributed only 7% of these legacy GHG 

emissions.

• The people of tropical countries are suffering the worst impact of 

climate change
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The Amazon Basin is in transition

Davidson, EA et al. (2012). The Amazon basin in transition. Nature, 481(7381), 321-328.



Keeping forests healthy

Curtis et al. Science (2018)

Pendrill et al. Glob Environ Change (2019)
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Keeping forests healthy

Abrupt shift of the water cycle regime 
due to a reduced moisture outflow in 
deforested areas

Increased frequency of wet and dry 
extreme climatic events

Salati E, Nobre CA (1991) Possible climatic impacts of tropical 

deforestation. Climatic Change 19, 177-196. 

Espinoza, J. C. et al. (2022). The new historical flood of 2021 in the Amazon River 
compared to major floods of the 21st century. Weather and Climate Extremes, 35, 
100406
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Since 2011 –

Provide a research environment in French Guiana to 

advance research on biodiversity

Crystallize a vibrant network of scientists, all actively 

involved in biodiversity research in Amazonia

Foster long-term research capacity building in France and 

in Europe, and strengthen relationships with South 

American partners

Labex ceba

Call for biodiversity synthesis proposals SINBIOSE – CESAB – FAPESP – CEBA



Labex ceba: scientific vision
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Drought-induced tree 

mortality

Forest trees are susecptible to repeated 

droughts (hydraulic failure, and other 

mortality causes)

Forest health monitoring takes a 

detailed monitoring approach

Bauman et al. (2022) Tropical tree mortality has increased with 

rising atmospheric water stress. Nature, 608, 528-533



Increased vulnerability of intact forests

Ecosystem moisture has been declining steadily in intact 

Neotropical forests

Tao S, Chave J et al. (2022) Increasing and widespread vulnerability of intact tropical rainforests to repeated 

droughts PNAS, 119, e2116626119
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Amazonia and the global 
carbon budget

Long-term research on permanent forest plots 

reveals that 

• Amazonian forests are a net sink of 

atmospheric CO2

• but this sink is declining

Brienen et al. (2015) Long-term decline of the Amazon carbon sink.  Nature, 519, 344-348



Monitoring essential biodiversity 

variables from space: forest height

ORNL DAAC Spatial Data Access Tool
Gridded L3 data (release 23 nov 2021)

Mean Canopy Height (rh100, in meters)



Monitoring essential biodiversity 

variables from space: forest carbon

The BIOMASS ESA Earth Explorer 7 

Mission

• To be launched in May 2024

• Concept: P-band (70 cm) SAR

• Wall-to-wall coverage of aboveground 

biomass to within 20% at 4-ha scale

BIOMASS



Validating forest carbon maps

• New maps could transform the global 

carbon credit sector if the maps are 

trusted

• The validation of remote sensing 

maps critically depends on field 

inventory data

• Needs funding, independent of grant 

cycles, mission lifetimes or shifting 

agency priorities

http://www.forestplots.net/


Forests shelter biodiversity

Trees. Global Tree Assessment (IUCN) + NeoTropTree database
Vertebrates. Pillay et al. Front Ecol Envir (2021)
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How many Amazonian forest species?

Tree species in Amazonia: 6727 or … 15000?

ter Steege H et al. (2020) Scientific Reports https://atdn.myspecies.info/node/2466



Amazonia as a primary source of Neotropical diversity

Antonelli et al. 2018. Amazonia is the primary source of Neotropical biodiversity PNAS, 115, 6034-6039 



The tropics as a cradle for diversification

More UV irradiance in the tropics 

➔ higher mutation rates

➔ higher diversification rates

Armen Takhtajan (1910-2009)
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Whole genome sequencing of Amazonian trees

• HiFi mapping (PacBio)

• Optical maps (bionano)

➔ Dicorynia guianensis (Angelim) 
550 Mb, 22 670 genes

➔ Sextonia rubra (grignon) 991 Mb, 
34 854 genes

Family Species
Genome 
size

Salicaceae Laetia procera 423

Goupiaceae Goupia glabra 482

Bignoniaceae Hadroanthus sp 596

Fabaceae Dicorynia guianensis 691

Caryocaraceae Caryocar glabrum 865

Dichapetalaceae Tapura capitulifera 948

Sapotaceae Pradosia cochlearia 983

Fabaceae Vouacapoua americana 1028

Lecythidaceae Eschweilera coriacea 1040

Myristicaceae Virola michelii 1051

Vochysiaceae Qualea rosea 1114

Lauraceae Sextonia rubra 1354

Clusiaceae Moronobea coccinea 1508

Clusiaceae Symphonia globulifera 1836

Clusiaceae Platonia insignis 1984

Work in progress by CEBA scientists Myriam Heuertz, Niklas Tysklind, Sylvain Schmitt et al. 



Mutation rates are not higher in 
tropical versus temperate trees

Dicorynia
guianensis

Sextonia
rubra

NiklasTysklind

Temperate trees

Rare allelesFrequent alleles



Messages

1. Forests offer great opportunities for mitigating the climate crisis

2. Keeping forests healthy will be a difficult challenge

3. The extent to which biodiversity will adapt to the changing world is 

one of the most important question

In the Neotropics, major scientific discoveries rest on long-term 

monitoring programs at permanent forests stations. These stations are 

irreplaceable and they need continued support from funding bodies



Engage citizen in the study of biodiversity







The building bricks

• GEO-TREES consists in a collection of permanent, well-studied, and locally supported sites

• Each site should have 

1. At least 10 1-ha permanent forest plots – established to the highest forest monitoring standards

2. At least 1000 ha of Airborne Lidar Scanning coverage

3. The capacity for Terrestrial Lidar Scanning

4. The capacity to remeasure plots

5. Ancillary data (meteo)



Strategic outlook

Amazonian Institute for Biodiversity and Sustainable Innovation 
(AIBSI) 

1. Implement an interdisciplinary training offer on biodiversity 
and sustainable innovation in the Amazon

2. Support the emergence of sustainable innovation

3. Catalyse the dialogue between biodiversity and society

The two programs are complementary: 

• CEBA’s vibrant network established since 2011 should remain the 
main funding source for basic research on biodiversity science

• AIBSI, from 2023 onwards, will add a transfer & training layer

AIBSI

CEBA

Transfer & training

Basic science

TRL


