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Tropical forests drive uncertainty in the carbon cycle 

Petagrams of Carbon (PgC):

Pan et al. 2024



There are LOTS of biomass maps
Spawn et al. 2020

Avitabile et al. 2016

Baccini et al. (2012)

Harris et al. 2021



Biomass maps disagree!

Comparison of ESA CCI and GEDI biomass maps.

Systematic regional differences in biomass estimates (±80 Mg ha-1), 
driven by availability and treatment of validation data.

Hunka et al. 2023



GEO-TREES is a global collaboration



Local allometry

GEO-TREES will provide validation data

50x50 m AGBD estimatesALS structural metrics

AGBD~CHM models

Vol. = β0 × (D × H)β1

ALS (≥ 1000 ha) Tree inventory (≥ 10 ha) Site biomass mapTLS (≥ 3 ha)



GEO-TREES sites: data collection progress

March 2026 – c/o Milton Solano



Ecological covariates of biomass at local scales 

Do forests follow different “functional recipes” to achieve high biomass?

Potential survival
Annual survival of 25% 

largest trees

Wood density
Per species

(Zanne et al. 2009)

Potential growth rate
95th percentile basal 

area growth 

Maximum size
99th percentile diameter

Community weighted means of species functional traits in 50×50 m quadrats



Climatic gradients do not capture local variation

Annual precipitation (mm)

Precipitation seasonality (CoV)

Mean temperature (°C)

Elevation (m asl)

Ab
ov

e-
gr

ou
nd

 w
oo

dy
 b

io
m

as
s 

(M
g 

ha
-1

)More within- than 
among-site variation in 
biomass stocks.

Climate gradient 
effects on biomass 
stocks are weak.

Local environmental 
factors (e.g. 
topography, soils) have 
site-specific effects.



Composition is highly predictive of biomass stocks 

One model per site.

Predictors: axes from 
Principal Coordinates 
Analysis (PCoA) of 
composition dissimilarity 
matrix.

No information on traits or 
biomass, only relative 
abundance.
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R2 = 0.33 – 0.78 
RMSE = 35 – 87 Mg ha-1



Many different functional recipes for high biomass

Importance of different 
traits varies by site.

Among sites, similar 
biomass stocks can 
result from different 
trait values.

Negative effects of 
some traits at some 
sites implies co-
variation of traits.

Wood density (g cm-3)

95th percentile growth (m2 ha-1) Survival of large trees (prob.)
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Many different functional recipes for high biomass
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BCI (Panama): 
semi-deciduous 
El Niño drought forest.

Sinharaja (Sri Lanka): 
mid-elevation sub-
montane rainforest.

Rabi (Gabon): 
lowland moist 
flooded forest.



Importance of community traits for biomass

Importance of growth 
and survival for biomass 
stocks varies among 
sites.

Wood density a 
consistent driver of 
biomass across sites.

Potential size not 
important. An outcome 
of growth and survival?

Biomass stocks

Wood 
density

Potential 
survival

Potential 
growth

Maximum 
size

Production Residence time

Standardised effect
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