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Mapping the Carbon Stored in 
the World’s Tropical Forests

REDD+ post-Cancun and role of enabling technologies

Scott Goetz

A. Baccini, N. T. Laporte, W.S. Walker,
R. Dubayah, R. A. Houghton

Reducing sources of carbon emissons in the Tropics (REDD)
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• Scale – project, sub-national, national

• Scope – RED, REDD, REDD+, REDD++

– REDD+ includes conservation, sustainable management of forests, 
afforestation/reforestation

– REDD++ includes trees outside forests, agroforestry systems, other 
land sectors like agriculture and wetlands

• Financing – carbon market, fund, or hybrid approach?

• Civil Society Engagement – participation of indigenous peoples, forest 
communities and other stakeholders in REDD design and 
implementation

• MRV – systems for carbon stocks/emissions to be consistently and 
accurately measured, reported, and verified (MRV)

• Capacity Building – assisting individuals, organizations, communities 
and governments through education, training, technology transfer and 
funding.

Key Issues for REDD COP-15 Decision on REDD+

Uncertainties in C stock estimates influence 
decisions of potential investors 

(and determine the market price of C) 

• Carbon stock (emission factors) and deforestation 
estimates (activity data) are the key factors in carbon flux 
calculations for REDD+

• 60% of the uncertainty in carbon fluxes from deforestation 
& degradation in the Brazilian Amazon are due to 
uncertainty in carbon stock (not D&D estimates)1

• Current estimates of aboveground carbon in tropical African 
forests vary by over 100% (46.9 Pg – 104.5 Pg) 2

• To reduce uncertainty in emissions, we need to know the 
carbon that was stored in forests that have been removed..
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I. 2007 pan-tropical forest cover (forest 
/nonforest) derived from ALOS/PALSAR

II. pan-tropical medium-resolution (500-m) 
above-ground carbon stock derived from 
fusion of MODIS, LiDAR and field 
observations

III. Country capacity building focused on 
training, technology transfer and 
engagement in calibration/validation 
activities

WHRC’s effort developing Pan-tropical data sets 
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• Forest Inventories 

• Stratify & Multiply (SM) Approach
– Assign an average biomass value to land cover/vegetation type map

• Combine & Assign (CA) Approach
– Extension of SM, GIS and multi-layers information

• Ecological Models (EM) Approach
– Remote sensing to parameterize the model

• Direct Remote Sensing (DR) Approach
– Empirical Models where RS data is calibrated to field estimates
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Several ways to do Large Area aboveground 
Carbon Stock Estimation
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Intensive Field Sample Data are Quite Limited

Forest inventory data are not much better..
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Canopy Structure from the Geoscience Laser 
Altimeter System (GLAS) LiDAR on IceSat1
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Co-located Field Measurements
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Field observation network  & calibration
>300 locations  > 30,000 trees measured 
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Standard error 22.6 MgC/ha  
Adjusted R-squared: 83.2
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Pan-Tropical C Stock Mapping

• Screened MODIS mosaic
• multiple years

• cloud free

• High quality QC

• Screened GLAS metrics
• Canopy height, height of median energy, etc.

• Co-located field 

measurements 
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Composite 2007 - 2008
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Pantropical Aboveground Carbon Mapped 
with Satellite and Field Observations

(500m resolution)
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Biomass of the 
Brazilian Amazon
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