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The Holistic Forest Conservation  Program 
carbon accountancy objectives  

Évaluer les émissions de gaz à effet de serre 

liées au changement du couvert forestier 
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The Holistic Forest Conservation  Program 
carbon accountancy objectives  
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125 000 ha of spiny forests 
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Remote Sensing and Carbon Accountancy  
Context 
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Remote Sensing and Carbon Accountancy  
Context 



Remote Sensing and Carbon Accountancy 
Outline  

1 ï Measuring biomass  

2 ï Monitoring deforestation  

 

 

A case study from a REDD+ pilot projet in 

Madagascar 



Measuring Biomass  
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How much carbon is stored hereé 

éand over 500 000 ha? 



Measuring Biomass 

Various steps carried out successively  

 

- Land Cover Mapping 

- Forest carbon inventory (+allometric model definition) 

- LiDAR flight 

- Large Scale Biomasse Estimation 



Measuring Biomass 
Land Cover Mapping 

Production of benchmark land cover map at the 

beggining of the projet for all the project area 



Measuring Biomass 
Forest Carbon Inventory 

Some figures:  

480 trees cut and weighterd for determining allometric equation 

102 plots of 20-30 meter of radius measures and geolocated 

 

1- Definition of allometric equation for malagasy forests 

2- Dendrometric measurements 



Measuring Biomass 
LiDAR Flight 

Forest clearing 

Secondary forest 

50 000 ha covered 

(10% of the projet 

area) 

Intact forest 



Measuring Biomass  
Large scale biomass estimation  

+ Forest Carbon 

Inventory 

biomass value at 

plot scale 

Allometric 

equation  

Assign an average 

biomass value to land 

cover type map 

LiDAR data 

calibration to field 

estimates 

Remote Sensing 

data calibration to 

LiDAR-derived 

biomass value 

Dendrometric field measurements 



Measuring Biomass  
Large scale biomass estimation  

Mean C-Biomass stock 

 

Focus on Fort-Dauphin Site 

Forêts humides 

90 tC/ha  +/- 43 

Forêts épineuses 

17 tC/ha  +/- 12 



Measuring Biomass  
Large scale biomass estimation  

+ Forest Carbon 

Inventory 

biomass value at 

plot scale 

Allometric 

equation  

Assign an average 

biomass value to land 

cover type map 

LiDAR data 

calibration to field 

estimates 

Remote Sensing 

data calibration to 

LiDAR-derived 

biomass value 

Dendrometric field measurements 
5% inaccuracy 

12% inaccuracy 

~35 % inaccuracy 

Accuracy depends 

on the forest 

inventory 

representativess 

and land cover 

mapping 



Measuring Biomass  
Large scale biomass estimation  

Country Extent 

Uncertainty 

level Référence 

Panama Entire country 54,5% Pelletier et al, 2011 

Brazil Amazon 60% Houghton et al, 2000 

Madagascar Project Scale ~35% this study 



Measuring Biomass  
Large scale biomass estimation  

Some key findings 

 

Assigning average value to land-cover map is a simple way to map 

biomass at large scale but inacuracy can be high due to lack of 

representativeness in the forest inventory and errors in land cover 

mapping 

 

LiDAR approach allow to greatly multiply forest inventory, while 

increasing acuracy and reducing cost. Extrapolation can be improve by 

rapidly evolving technology 

 

Biomass estimation are responsible for a large range of uncertainty 

in carbon emission 

 



Monitoring Deforestation 
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How can we identify and mesure land 

éthat was deforested in the past. 



Monitoring Deforestation 

Various approaches carried out successively  

 

- Ad-hoc Remote Sensing methodology ï wall to wall 

- Point sampling 

- Overland  

- Accuracy assessment framework 



Monitoring Deforestation 
wall-to-wall approach 

Overland 

Sept. 2000 Avril 2005 Nov. 2010 

Historical Deforestation 2000-2005 and 2005-2010 

Method : 

Supervised 

Classification 



Monitoring Deforestation 
Point sampling approach 

Overland 

28/05/2000 13/09/2001 25/04/2005 6/08/2005 

11/01/2011 17/10/2010 

Forest 

Non-forest 

No-image/Cloud/ Shadow 

Deforested beween 2000 and 2005 

Deforested beween 2005 and 2010 

Method : 

Photo-

Interprétation 


