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Large Scale Biosphere-Atmosphere 
Experiment in Amazonia (LBA)

• The Large-scale Biosphere–Atmosphere Experiment in Amazonia 
(LBA) is a multinational, interdisciplinary research program led by 
Brazil.  NASA was an active co-sponsor of the first Phase of LBA.

• For Phase I of LBA, the driving scientific questions were, 
1. How does Amazonia currently function as a regional entity?
2. How will changes in land use and climate affect the biological, 

chemical and physical functions of Amazonia, including the 
sustainability of development in the region and the influence of 
Amazonia on global climate? 



In the beginning … scientific 
themes at the outset of LBA

• Carbon cycling in old-growth forests
• Eddy covariance was still immature
• Very few long term forest inventory
studies, most oriented towards forestry

• Anthropogenic forest disturbance
• Clear-cut deforestation extent was already well-

quantified and its effects on surface-energy and water 
budgets had been investigated by ABRACOS

• Other anthropogenic disturbances including logging, 
understory fires, and fragmentation were poorly 
understood

• Regional and global influence of Amazonia
• Potential effects of Amazon deforestation explored in 

numerical models considering water and energy budget 
influences.  Carbon not yet modeled at the global scale.



Three key papers …



Three key papers

• Carbon balance of old growth forests
• Grace et al. (1995) Carbon dioxide uptake by an undisturbed tropical rain forest 

in Southwest Amazonia, 1992 to 1993.  Science 270: 778-780.

• Forest degradation by logging and fire
• Nepstad et al. (1999) Large-scale impoverishment of Amazonian forests by 

logging and fire. Nature 398:  505-508.

• Regional influences of Amazonia and Earth system feedbacks
• Cox et al. (2000) Acceleration of global warming due to carbon-cycle feedbacks 

in a coupled climate model. Nature 408: 184-187.



Carbon cycling in old growth forests … 



Challenge to dogma…

• ”Grace et al. have now called into question the steady-state assumption 
for undisturbed tropical forests.  Determining whether or not tropical 
forest ecosystems are indeed important global carbon sinks will require 
an understanding of their historical and spatial complexity” [Keller et al. 
1996]
• Scientific concerns 

• Obviously, this was a study at a single site
• Interannual variability (study in 1992-1993 followed mid-1991 Pinatubo eruption)
• Recovery from the 1983 El Niño or even older drought disturbance
• Anthropogenic disturbance at this riverine site



Methodological concerns … 

“If a tree falls in the forest….”

“Who would risk siting a 45 m 
tower and $100,000 of delicate 
instrumentation near a senescent 
emergent?”

Keller et al. Science, 1996

Be careful what you ask for!



Forest inventory plots of the RAINFOR network also find 
carbon uptake 

Phillips et al. 1998



Forest inventory plots of the RAINFOR network also 
show carbon uptake  ... Until they don’t

Phillips et al. 1998
Phillips et al. 2009



Inevitably, an eddy covariance tower forest site also had 
to lose carbon

• Carbon loss to the 
atmosphere at the 
Tapajos National Forest 
eddy covariance tower 
sites was related to high 
rates of tree mortality 
prior to the start of 
observations possibly 
related to the 1997-
1998 ENSO event.  The 
sites had unusually 
large accumulations of 
woody debris.

Saleska et al. 2003



Carbon budgets from 
atmospheric observations

Gatti et al. 2014 2010 (Dry) (Pg C y-1) 2011 (Wet) (Pg C y-1)
Total 0.48 ± 0.18 0.06 ± 0.10
Fire 0.51 ± 0.12 0.30 ± 0.10
NBE -0.03 ± 0.22 -0.25 ± 0.14

Gatti et al. 2014

• Sampling from aircraft profiles
• Fluxes estimated from 

integrated mole fraction 
differences compared to 
coastal values divided by the 
air-mass travel time from the 
coast to the sampling site



van der Laan-Luijkx et al. 2015

Carbon budgets from atmospheric sampling (revisited)

• Uncertainty in the results from 
Gatti et al. (2014) are illustrated 
here based on variable inputs 
for the CO2 from fires.

• In most cases, the result is 
similar but the magnitude of 
the difference between dry and 
wet years is diminished.



Present and future observations include total column 
CO2 from space

Liu et al. 2017



What about that sink? 

• We are moving toward a no analog
state for tropical forests!
• Is there an old growth forest sink?
• What is the cause of that sink?

• CO2 fertilization? 
• Recovery from disturbance?

• How will the old growth forest respond to changing climate conditions 
(temperature, rainfall, VPD)?
• If the old growth forest is a sink, how long can it remain so?
• That leads us to anthropogenic disturbance … 

Chambers et al. unpublished

Present
Modeled future



Anthropogenic forest disturbance (we did not call it 
degradation in 1999)

“Most of the world’s tropical forest is mature and 
undisturbed and little is known about its carbon 
balance.” [Grace et al. 1995]

Nepstad et al. 1999



Logging

• Semi-automated 
interpretation of Landsat 
data based on a spectral 
mixing model

• Logging 1999-2002
• 12,000 to 20,000 km2 y-1

• Similar magnitude to 
deforestation at that time

• Similar magnitude to 
estimates based on sawmill 
surveys

Asner et al. 2005



Understory fire

• Results based on 
temporal filtering 
of MODIS NDVI
• 85,000 km2 of 

understory fire 
from 1999-2010
• Forests that burned 

more than once 
accounted for 16% 
of all understory 
fires.

Morton et al. 2013



Fire continues to be a major threat to Amazon 
ecosystem integrity. In 2015 to 2016 over 40,000 
km2 of forest suffered fires exclusive of clear-cut 
deforestation



Degradation estimates are 
highly variable

• Estimates of degradation 
consider different processes 
(logging, burning, all), have 
different thresholds, spatial 
scales, and temporal 
definitions.  
• Degradation can occur more 

than once.
• Forests recover from 

degradation at unknown rates  
• Degradation estimates have 

been minimally validated and 
are not operational.
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Degradation questions

• Where is degraded forest 
located and what is its 
extent? 
• What is the rate of 

degradation?  
• Is degraded forest 

recovering or continuing to 
degrade?  At what rates?
• How does degradation affect 

forest energy, water, and 
carbon budgets? Municipality of Feliz Natal, Mato Grosso, Brazil



Regional and global influences of Amazonia

Vegetation carbon Soil carbon

Global
South America

Fully coupled
Offline

• Importance of climate + carbon cycle feedbacks
• Amazon tipping point concept for the Earth System



Birth of the Amazon Tipping Point

• “Amazon forest dieback” enters our vocabulary
• But, how do trees die? (Drought experiments)

Caxiuanã throughfall exclusion



Drought experiments

Nepstad et al. 2007 da Costa et al. 2010

All trees 10-20 cm DBH

20-40 cm DBH >40 cm DBH

Drought
Control
Ambient

• Mortality take years
• Large trees suffer greater mortality



Big trees access deep water

Brum et al. 2018

H2O < 1 m
H2O > 1 m



Response of evaporative demand related to 
traits for tropical forest trees

Grossiord et al. 2019



Transpiration is a key source of water to the atmosphere 
at the end of the dry season

Days before wet season
A = -60 to -30 days
B = -30 to 0 days

Transpiration source
Ocean source

Dry season Transition

Wright et al. 2016



Transpiration is a key source of water to the atmosphere 
especially in drought years

Staal et al. 2018



Tipping point feedbacks (4)
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Regional and global influences questions

• Is there a tipping point?
• What is the tipping point?
• How is the tipping point modified by changing climate and CO2?
• How is the tipping point modified by forest degradation? 



Summary questions:

• What is the rate of carbon uptake in old growth forests and what are 
the limitations to that uptake?
• What are the rates of forest degradation and regeneration and what 

are their landscape level controls?
• Is there an Amazon tipping point in the Earth system forced by 

deforestation and forest degradation?  What is it and what the main 
controls?



Thanks to everyone who made LBA possible!


