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Direct estimation of biomass change

Integration with time series of land 
use change and/or Tier 3 models

Basis for direct AGB estimation

As auxiliary data sources 
for enhancing of AGB 

estimation
Enhancing NFI 

sampling designs or 
defining strata for 

reporting

For comparison-
verification

purposes
Operational

Research

Assessing the maturity level of Potential Applications

GFOI PLENARY 2025

Pre-operational

And opportunities 
& challenges
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GFOI PLENARY 2025

Enhancing forest-related biomass stock estimates

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

The risk of bias decreases toward 
the left side of the tree (when a 
probability sample –e.g., NFI- is 
available) and increases to the 
right (where reference data 
become limited)

Availability & quality of reference data
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Methodological approaches

Inferential strategies

Ståhl et al., 2016. Use of models in large-area 
forest surveys: comparing model-assisted, 
model-based and hybrid estimation
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Methodological approaches

Inferential strategies

Ståhl et al., 2016. Use of models in large-area 
forest surveys: comparing model-assisted, 
model-based and hybrid estimation

Introducing EO biomass products are used as additional 
source of information

MODEL-ASSISTED: 

MODEL-BASED:

DESIGN-BASED: Probability sampleSampling design

Model-based estimators of the population mean and variance

Builds a relationship between map units and field data

Estimators of the population mean and variance

Sampling design

Balanced reference data

Probability sample

Builds a relationship between map units and field data

Map unit (co)variances

Estimators of the population mean and variance



Walking through the tree

              
            

               
    

              
          

               
    

                 
       

         

                
          
         

                
                   

                
        

                   
             

   

             
          

                       
                     

                  

           

              
        

           

        
                    

             

        
                     
                   

                                        

                
            
           
       

          

   

   
              

           
            

      

          

          

  

  

  

   

  

                
              

   

          

  

            
         

           

   

                   
              

           

   

    

     

                                       

     

        
        

              

          

                        

                 
             
          

           

                 
             

                
             
       

Action 1:
• If using an existing map→ the decision

of which space-based biomass map to
select for the described approaches
must be made by the user

• If constructing a new map→ Map unit
variances and covariances are estimated
directly when constructing the map.

Decision 0:
For the left side of the tree, reference
samples are required. For model-based
inference, reference samples are preferred
but not required, given that map unit
variances and pairwise covariances
estimated using data for the AOI are
available.



Walking through the tree

              
            

               
    

              
          

               
    

                 
       

         

                
          
         

                
                   

                
        

                   
             

   

             
          

                       
                     

                  

           

              
        

           

        
                    

             

        
                     
                   

                                        

                
            
           
       

          

   

   
              

           
            

      

          

          

  

  

  

   

  

                
              

   

          

  

            
         

           

   

                   
              

           

   

    

     

                                       

     

        
        

              

          

                        

                 
             
          

           

                 
             

                
             
       

Decision 1:
Probability samples (e.g., NFI) are required for
design-based/model-assisted estimators.

Decision 2
Probability samples may be missing
observations.

                     

      

                

             

                 

                

      

                     

                    

                    

                                                  

                

             

                 

Decision 5
In some cases, the number of missing
observations is small in comparison to the total
sample size

Scenario 1
Use the biomass map as auxiliary data to increase
the precision of the estimate of the population
mean.



Walking through the tree

Scenario 4
• The mean is estimated using the standard model-

based synthetic estimator (mean over all map unit
predictions). To estimate the variance, the user
requires map unit variances and pairwise map unit
covariances.

• A model is fitted using the reference data and auxiliary
variables (biomass maps). The fitted model is then
used to predict biomass values for each map unit

Decision 7
• Model-based inference does not rely on probability

samples, but the sample should be balanced
(adequately represent the range of the distribution of
AGBD expected). Local expert knowledge of the
biomes and vegetation types in the region may assist
to assess the representativeness of the sample in the
area of interest.

• An important consideration of model-based
inference is that the estimator of the mean is not
necessarily unbiased.

              
            

               
    

              
          

               
    

                 
       

         

                
          
         

                
                   

                
        

                   
             

   

             
          

                       
                     

                  

           

              
        

           

        
                    

             

        
                     
                   

                                        

                
            
           
       

          

   

   
              

           
            

      

          

          

  

  

  

   

  

                
              

   

          

  

            
         

           

   

                   
              

           

   

    

     

                                       

     

        
        

              

          

                        

                 
             
          

           

                 
             

                
             
       



THANK YOU

GFOI PLENARY 2025

natalia.malaga.duran@gfz.de
cbabcock@umn.edu
neha.hunka@esa.int

mailto:natalia.malaga.duran@gfz.de
mailto:cbabcock@umn.edu
mailto:neha.hunka@esa.int


DYNAMIC SESSION



Incomplete NFI
• Observations missing at random
• Number of missing observations relatively small 

within the strata 

Interest in exploring EO information to enhance the 
precision of their country/ strata-wise biomass 
estimates for:
• International reporting mechanisms (e.g., NGHGI, 

NDCs, REDD+, etc.)
• National statistics

Hydromorphic zone (HZ)

Accessible montane forest (AMF)

Inaccessible montane forest (IMF)

Strata

Lowland forest (LF)

Country-case study: Peruvian Amazonia

NFI plot

PERU



MEXICO 



MEXICO 



Global Forests Observations Initiative (GFOI) 



              
            

               
    

              
          

               
    

                 
       

         

                
          
         

                
                   

                
        

                   
             

   

             
          

                       
                     

                  

           

              
        

           

        
                    

             

        
                     
                   

                                        

                
            
           
       

          

   

   
              

           
            

      

          

          

  

  

  

   

  

                
              

   

          

  

            
         

           

   

                   
              

           

   

    

     

                                       

     

        
        

              

          

                        

                 
             
          

           

                 
             

                
             
       

Enhancing forest-related biomass stock estimates



Self-reflection exercise

• Would you be interested in using biomass 
maps or have you already been using them?



Self-reflection exercise

• For what purpose?



Self-reflection exercise

• Would you be interested in using space-based 
biomass maps for any of the 
objectives/scenarios here described?



Self-reflection exercise

• Considering the country’s circumstances and 
needs, would you see yours needs reflected in 
the tree? 



Do you find the decision tree clear?

The Slido app                                        ’                  

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design


From your perspective, what are the 
challenges of using the tree?

The Slido app                                        ’                  

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design


What would be the best way to expand 
on the module?

The Slido app                                        ’                  

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design


Survey 2 min

• Do you find the decision tree clear?

• What would be the challenges on implementing it on your side?

• In your opinion, what would be the best way to communicate this
information (webinar, workshops, tutorials, code, other)

• Would you be interested in having supporting exercises explaining step by
step the implementation?

• If so, what format would you prefer? (R, Excel, Python, etc.)



Walking through the tree

              
            

               
    

              
          

               
    

                 
       

         

                
          
         

                
                   

                
        

                   
             

   

             
          

                       
                     

                  

           

              
        

           

        
                    

             

        
                     
                   

                                        

                
            
           
       

          

   

   
              

           
            

      

          

          

  

  

  

   

  

                
              

   

          

  

            
         

           

   

                   
              

           

   

    

     

                                       

     

        
        

              

          

                        

                 
             
          

           

                 
             

                
             
       

Scenario 1
Use the biomass map as auxiliary data to
increase the precision of the estimate of the
population mean.

The model-assisted difference estimator uses
the map unit values directly as the model
predictions and the reference data as the
observations. Further enhancement in precision
could be achieved by calibrating the map, i.e.,
by constructing a model of the relationship
between the reference data as the dependent
variable and the map values as the
independent variable and then applying the
model to predict a new value for each map unit


