
A prototype monitoring system compliant with 

IPCC Approach 3 for securing activity data: 

application to the Colombian Amazon 



 Background and objectives 

• Activity data required for gain/loss approach for REDD+ reporting 

• IPCC Approach 3: Spatial/temporal explicit estimates of activity data 

• Approach 3 enables Tier 3 reporting 

• Prototype implemented in BEEODA, fully open source (GitHub)  

 

Objective: Obtain annual unbiased estimates of areas of 
IPCC land categories and conversions with 95% CIs for the 

Colombian Amazon from 2000 and onwards 



   Methods 

CCDC/YATSM in BEEODA (Zhu & Woodcock 2014; Holden, 2015) 
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 Workflow overview 

1) Data pre-processing 

2) Model runs 

3) Classification and mapping 

4) Post-processing and mosaicking 

5) Area estimation 

 

 



 Area estimation 

• Stratified estimation, 14 strata, 1050 sample units  

• “Continuous reference labels” collected 

• Continuous map and reference labels allows for 

continuous area estimation – unbiased annual 

estimates computed following Stehman (2014) 

• Scripts in BEEODA on GitHub 

 

 

 

 

 

 

 

Base strata: Forest to pasture 

2001 Forest 

2005 Forest 

2009 Pasture 

2016 Pasture 

2005 Strata: Stable forest 



Example: 

F F F F F F F F F F FP FP FP FP FP FP FP 

F F F F F F F F F FP FP FP FP FP FP FP FP 

MAP 

REF. 

F: FOREST 

FP: FOREST TO PASTURE 
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1 2 3 4 5 6 7 

1 1 0 0 0 5 0 0 

2 0 2 0 0 14 0 0 

3 0 0 3 0 14 0 0 

4 8 0 0 4 14 0 0 

5 9 11 11 11 5 11 11 

6 0 0 0 0 14 6 0 

7 0 0 0 0 14 0 3 

Unclass 8 13 13 13 14 13 13 

TO 

FROM 

STABLE CLASSES 

1. Forest 

2. Grassland 

3. Urban + “other” 

4. Pasture/cropland 

5. Secondary forest 

6. Water 

7. [merged]  

 

CHANGE CLASSES 

8. Forest to pastures/unclass. 

9. Forest to secondary forest 

10. [merged] 

11. Gain of secondary forest 

12. All to unclassified 

13. Loss of secondary forest 

 

0.   All others to all others 

 

 





Results 



Stratification, 

2000-2016 



Zoom in to 

deforestation hotspot. 

 

Multiple areas of 

sustained regrowth 



Margin of error = confidence interval / area estimate 

Estimated 

stable forest 



Estimated 

forest to pasture 



Conversion of 

primary forest to 

secondary forest  



Loss of secondary 

forest 



Deforestation 



Estimated area of secondary forest 



• Currently working with IDEAM for implementation (testing – not 

operational) 

• Papers in preparation (one on method and one on results) 

• Constructing annual estimators using single sample time-saving but 

imprecise – other approaches preferred? – more research needed 

• CCDC/YATSM is currently being refined; accuracy and precision will be 

higher if more time spent on training data and reference sample  

• Carbon bookkeeping model on top for Tier 3 compliant estimation of 

carbon emissions and removals (funding from NASA CMS 2016) 

 

 Conclusions and future directions 



Figure from 

2016 NASA 

CMS proposal 

(funded). 

Hypothetical 

illustration of 

pixel level 

carbon 

modeling 

framework. 

Upper plot 

shows the 

analysis by the 

presented 

prototype: 

land 

conversions 

triggers a 

carbon 

response that 

is modeled by 

book-keeping 

approach 

(lower plot). 

 



parevalo@bu.edu  

olofsson@bu.edu  

https://github.com/beeoda 

https://github.com/parevalo  

https://github.com/ceholden  
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Backup slides 
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From Stehman (2014) 



3. Shrubland  Other approaches 

Attempt to map other land cover types 




