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Contributions from …

• Ane Alencar, Eugenio Arima, Greg Asner, Mateus 
Batistella, Richard Bilsborrow, Ruth DeFries, Frank 
Merry, Emilio Moran, Douglas Morton, Alex Pfaff, 
Wilfrid Schroeder, David Skole, Adriano Venturieri, 
Robert Walker



Landsat records 15,000 km2 y-1 deforestation between 
1978 and 1988 in the Brazilian Amazon

Skole & Tucker Science 1993

“Landsat satellite imagery covering the 
entire forested portion of the Brazilian 
Amazon Basin was used to measure, for 
1978 and 1988, deforestation, 
fragmented forest, defined as areas less 
than 100 square kilometers surrounded 
by deforestation, and edge effects of 1 
kilometer into forest from adjacent areas 
of deforestation. Tropical deforestation 
increased from 78,000 square kilometers 
in 1978 to 230,000 square kilometers in 
1988 while tropical forest habitat, 
severely affected with respect to 
biological diversity, increased from 
208,000 to 588,000 square kilometers.  
Although this rate of deforestation is 
lower than previous estimates, the effect 
on biological diversity is greater.”



The Large Scale Biosphere-Atmosphere 
Experiment in Amazonia

The LBA questions

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?



LBA ECO  -- A NASA Contribution to LBA
• How do tropical forest conversion, regrowth, and selective logging influence 

carbon storage, nutrient dynamics, trace gas fluxes, and the prospect for 
sustainable land use in the Amazon region? 

1.What are the rates and mechanisms of forest conversion to agricultural land uses, 
and what is the relative importance of these land uses? 

2.At what rate are converted lands abandoned to secondary forests; what is the 
fate of these converted lands, and what are the overall dynamic patterns of land 
conversion and abandonment? 

3.What is the area of forest that is affected by selective logging each year? How 
does the intensity of selective logging influence forest ecosystem function, thus 
altering forest regrowth and flammability? 

4.What are plausible scenarios for future land-cover change in Amazonia? 

LCLUC Questions



• Accomplishments 
during the LBA 
era (~1999-2009)

• Reflections on 
what we have 
learned since



Reservations

• Reflecting LBA, this presentation biased towards Brazil

• My focus is the collective LBA endeavor and not on our many LBA heroes.  
Therefore, the selection of papers is only illustrative of a much broader 
body of work.  Please forgive me if I left out your favorite result or author.

• Time is limited and I chose only a few themes.  LCLUC in LBA was much 
richer than the material that I have time to present.

• While many people contributed ideas to this presentation, you should still 
blame any distortions or errors on me.



http://www.obt.inpe.br/OBT/assuntos/
programas/amazonia/prodes

Plano Real BolsonaroPPCDAm

Q1.  What are the rates and mechanisms of forest conversion to agricultural land 
uses, and what is the relative importance of these land uses? 



Deforestation Estimates Generally Agree

Tyukavina et al. 2015



Morton et al., PNAS, 2006

Fate of deforestation from 2001-04 from MODIS phenology

~20% of deforestation in Mato 
Grosso led to direct conversion of 
forest to cropland (2001-2004)



Morton et al., PNAS, 2006

Fate of deforestation from 2001-04 from MODIS phenology

~20% of deforestation in Mato 
Grosso led to direct conversion of 
forest to cropland (2001-2004)

By the early years of this century, cattle ranching and 
agriculture  in Amazonia were not adventures dependent 
on subsidies, but an expansion of land use driven by 
market incentives.  Commercial agriculture and cattle 
ranching in the Amazon can be profitable.



Q2. At what rate are converted lands abandoned to secondary forests; what is the 
fate of these converted lands, and what are the overall dynamic patterns of land 
conversion and abandonment?

• Secondary-forest dynamics in Brazilian Amazonia 
were modeled for the 1978–2002 period to 
determine area and age

• Over the period 1978–2002, secondary-forest area 
was shown to have increased from 29,000 to 
161,000 km2 (that is, by a factor of 5)

• The mean age increased from 4.4 to 4.8 years (in 
other words age was nearly constant!). 

Neef et al. Ecosystems 2006



Secondary forest continues to occupy a relatively small 
area and remains young in 2014

Yang et al. Global Change Biology, 2020

• Secondary forest area 
in the Brazilian 
Amazon increased 
from approximately 
220,000 km2 in 2004 
to 280,000 km2 in 
2014

• Average age of SF 
remained less than 10 
years (age ~8.2 with 
one standard 
deviation of 3.2 
spatially 

Pará

Rondônia
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The extent and function of second growth forests was a 
major focus of research at the outset of LBA because 
second growth area had expanded considerably in the 
1980s and 1990s.  However, by the early 2000s, second 
growth forests were being re-cleared rapidly and their 
importance in land cover and function were diminished



Q3: What is the area of forest that is affected by selective logging each year? How 
does the intensity of selective logging influence forest ecosystem function, thus 
altering forest regrowth and flammability? 

Asner et al. Science 2005

• Logged areas ranged from 
12,075 to 19,823 square 
kilometers per year (±14%) 
between 1999 and 2002, 
equivalent to 60 to 123% of 
INPE reported deforestation 
area.



SIMEX Brazilian Amazon Logging Monitoring (IMAZON)

• Logging from August 
2020 through July 2021 
covered 3,774 km2

• 38% of the logged area 
had no legal 
authorization



Q3: What is the area of forest that is affected by selective logging each year? How 
does the intensity of selective logging influence forest ecosystem function, thus 
altering forest regrowth and flammability?

• Why was fire de-emphasized at the 
beginning of LBA?
• In the 1990s while we were planning 

LBA, the consensus was that Amazon 
forests only became flammable when 
they were disturbed.  This is reflected 
on the LBA-ECO question.

• As LBA progressed, we increasingly 
studied fire and considered it perhaps 
the most important threat to the 
integrity of the Amazon forests.

Cochrane et al. Science 1999



The Amazon has 
changed

“In one of the most culturally 
diverse Indigenous lands of 
the Amazon, in a landscape 
highly threatened by 
deforestation, our findings 
demonstrate that climate 
change may have already 
exceeded the conditions to 
which the system has 
adapted.”

Silverio et al. ERL 2022
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“In one of the most culturally 
diverse Indigenous lands of 
the Amazon, in a landscape 
highly threatened by 
deforestation, our findings 
demonstrate that climate 
change may have already 
exceeded the conditions to 
which the system has 
adapted.”

Silverio et al. ERL 2022

Climate oscillations marked by changes in Pacific 
and/or Atlantic sea surface temperature along with 
economic changes such as pasture and cropland 
expansion have a marked effect on seasonal fire 
activity and can lead to catastrophic fire outbreaks 
such as the forest fires in Roraima in 1999 and the 
Central Amazon (2015-2016) during El Niños and in 
the SW Amazon during 2005 and 2010 droughts.



Q4: What are plausible scenarios for future land-cover 
change in Amazonia?  

Prediction for 2020 by Laurance et al. 2001

What is wrong with this picture?



Road Network

Data from IMAZON Circa 2015 



Road Network

Data from IMAZON Circa 2015 

Impacts of roads on deforestation depend upon the 
conditions into which the roads are placed.  
Conditions that matter include the biophysical 
setting such as slope, rainfall, and soil quality plus 
externally determined factors such as national 
policies, exchange rates, and global commodity 
prices.  Influential conditions also include prior 
infrastructural investments and clearing rates (Pfaff 
et al. 2009).



Public policies can reduce tropical deforestation 

Arima et al. Land Use Policy 2014 Nepstad et al. Science 2014



We have a more complex appreciation of 
Amazonian land cover and land use change …
• Neoliberal reforms in the Brazilian macro-economy transformed the land change 

regime affecting the Amazonian Forest.  Specifically, in the late 1990s, 
engagement in global markets replaced rent capture from infrastructure 
investments as the primary driver of deforestation.  Walker et al., Geoforum
2009.

• Agriculture and cattle ranching in Amazonia were not adventures dependent on 
subsidies, but expansions of land use driven by market incentives.  Commercial 
agriculture and cattle ranching in the Amazon can be profitable.

• Impacts of roads on deforestation depend upon the conditions into which the 
roads are placed.  Conditions that matter include the biophysical setting such as 
slope, rainfall, and soil quality plus externally determined factors such as national 
policies, exchange rates, and global commodity prices.  Influential conditions also 
include prior infrastructural investments and clearing rates (Pfaff et al. 2009).



We have a more complex appreciation of 
Amazonian land cover and land use change …
• Profit is not everything.  Amazonian deforestation by small holders in 

colonization frontiers is associated with family size, life history, and 
market access.

• Climate oscillations marked by changes in Pacific and/or Atlantic sea 
surface temperature along with economic changes such as pasture 
and cropland expansion have a marked effect on seasonal fire activity 
and can lead to catastrophic fire outbreaks such forest fires in 
Roraima and the Central Amazon during 1997-1998 and 2015-2016 El 
Niños and in the SW Amazon during 2005 and 2010 droughts).

• Public policies can have profound effects on deforestation.



LBA’s Legacy

• Full USA-Brazilian 
partnership 

• True collaboration at PI, 
institutional and inter-
governmental levels

• Emphasis on training and 
education

• Example for other regional 
Earth system science 
programs

667 LBA-ECO publications 1998-2013

First Authors



Human Capital
One LBA LCLUC Legacy:  MapBiomas



Elections have 
consequences

Results of the first round, October 2, 2022

The fate of the Amazon forest hangs on Brazil’s choice?
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