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Why should we enhance the precision of forest-related 

biomass estimates?

Existing country-case studies integrating EO biomass
products with NFIs to increase the precisión of estimates

• Greater confidence in (sub)national AGB estimates: In line 

with IPCC guidelines → good practice to reduce uncertainties 

as far as practicable 

• Address implementation challenges of ground surveys that 

include: incomplete NFIs, inaccessible areas (i.e., gaps), 

limited funding for implementation, etc.

• Improve sampling efficiency → Same targeted precision can 

be achieved with a reduced number of samples (saving 

money)

Ståhl et al., 2016
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Design-based inference

DESIGN-BASED
Sampling design Probability sample

Estimators of the mean and 

variance (e.g., Horvitz–Thompson)

Peru’s sampling frame - SERFOR

How do we estimate biomass stocks and changes within forests?

Using ground-based reference data → National Forest Inventories (NFIs)

1. Define a [probabilistic] sampling design (i.e., number, location and array 

of plots) based on the NFI's desired level of precision 

2. Collect information from the ground (e.g., tree species, DBH, tree height) 

and used an allometric equation to estimate biomass/carbon

3. Estimate the mean biomass/carbon per AOI (e.g., stratum)

4. Estimate the standard error / CI of biomass/carbon per AOI
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Biorender.com

Advantages:

Unbiased estimators to estimate means, totals, changes and their variances

Disadvantages:

Challenges on the completion and continuous remeasurement of plots

https://essd.copernicus.org/articles/15/5301/2023/
Biorender.com
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Introducing EO biomass products as auxiliary
information

N. Joshi, 2016 

Optical Radar Lidar
Raw EO data EO - derived biomass products
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Model-assisted estimators

Once we start incorporating EO-data, what estimators 

can we use to increase the precision of biomass 

estimates?

MODEL-ASSISTED Sampling designProbability sample

Build a relationship between map units and NFI data Estimators of the mean and variance (e.g. GREG)

Advantages:

Unbiased or asymptotically unbiased to estimate means, totals, changes and their variances

Disadvantages:

Probability samples are still needed
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Model-based inference

Once we start incorporating EO-data, what other 

inferential strategies can we use to increase the 

precision of biomass estimates?

Advantages:

Unbiased or asymptotically unbiased to estimate means, totals, changes and their variances

Disadvantages:

Increase risk of bias, specially when reference data of suitable quality and distribution are not available

MODEL-BASED Representative reference data Map unit (co)variances

Builds a model between map units and NFI to predict
Estimate means and SE based on the model 

assumptions
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Existing guidance on data integration

              
            

               
    

              
          

               
    

                 
       

         

                
          
         

                
                   

                
        

                   
             

   

             
          

                       
                     

                  

           

              
        

           

        
                    

             

        
                     
                   

                                        

                
            
           
       

          

   

   
              

           
            

      

          

          

  

  

  

   

  

                
              

   

          

  

            
         

           

   

                   
              

           

   

    

     

                                       

     

        
        

              

          

                        

                 
             
          

           

                 
             

                
             
       

Methods are dictated by the 
quantity and quality of the 
reference data and the sampling 
design used to acquire it.

Ground reference data are vital, 
biomass products are auxiliary 
data
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GFOI R&D Session on integrating EO and 
ground data for enhanced forest-related 

biomass estimation
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