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Monitoring Carbon Stocks and Emissions at GCF Jurisdictional Scales is Scientifically Robust
The latest scientific and technological approaches are a great fit for GCF jurisdictions in terms of delivery and uncertainty 



       
     
           
         

   

Carbon Monitoring TechnologyPrograms within California’s Institutional Network 

• Methods for rapid forest plot inventory 

• Methods to greatly extend the coverage of plot inventory networks using aircraft 
• Methods for satellite based forest cover and carbon emissions monitoring 

• New geospatial communications tools 



        

  

    

      How Modern Forest Carbon MRV Systems Work 

Satellite for strategic mapping offorest cover and type 

Carbon stock sampling 

Scaling; Monitoring carbonemissions and gains 
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Forest Cover Monitoring 

UC Santa Barbara 

At jurisdictional scales, forest coverchange - from deforestation, degradation, and regrowth – are straightforward to monitor withCalifornia-grown satellite monitoring Stanford University Sonoma State University technologies. 
 Measurement resolutions: < 0.1 ha 
 Mapping and reporting: < 1.0 ha 

Jet Propulsion Lab, Pasadena 

Carnegie Institution, Palo Alto 



        

         
        

           

    

 

Carnegie Landsat Analysis System-lite (CLASlite) 
 System to automatically analyze imagery from 9 differentsatellites 

 Provides detailed maps of forest cover, deforestation, andforest degradation 

 Supports users from about 2229 organizations in 133countries 

 Stanford Online Course for training and disseminatingCLASlite in English and Spanish 

http://claslite.stanford.edu 

http://claslite.stanford.edu


  

 
    

  

  

What is CLASlite? 
Deforestation over Time 

Automated analysis of satellite imagery 

Maps of ForestChange 

Degradation over Time 



   
   

   
   

Colombian Government uses CLASlite Peruvian Government uses CLASlite 
National forest cover change Amazon forest cover change 
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Jurisdictional Forest Inventory 

• Field plot networks are essential formost carbon monitoring systems. 
• Lots of innovation ongoing instandardizing plot-level measurementsand calculations (allometrics) 
• But plots ultimately cover a smallproportion of the jurisdictionallandscape. 
• This has raised a lot of doubt regardingdeployment, maintenance and long-terefficacy. 



    
       

        
      
          

    

Surrogates for Field Inventory Plots? 

Requirements
– Measures an allometric (biomass-structural) property of the vegetation 

– Is not limited to any specific type of vegetation 

– Can be calibrated against hand-measured field plots 

– Can be used on thousands to millions of hectares per year 
– Is affordable at jurisdictional levels 



     Airborne Light Detection and Ranging 
(LiDAR) 



   A standard LiDAR image 







            Airborne LiDAR has become very common, and this is useful to REDD+ MRV 



              Carnegie is not a LiDAR provider.We are a carbon science, applications, and training source. 



  

 

     

Forest clearing Secondary forest 

Forest degradation 

Forest Canopy Cross-sections from Airborne LiDAR 



    Plot-scale calibration of Airborne LiDAR 



       

   

      

And an Explosion in LiDAR-based Forest Carbon Mapping 

Madagascar 

Barro Colorado Island, Panama 

Pacific Islands Western Amazon (Peru, Colombia, Ecuador) African Savannas 



    Uncertainty in LiDAR-based Carbon Estimation 
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      An Example from the Republic of Panamá 



 
         Elevation 

Aspect 

Slope Precipitation 

Seasonality 

Jurisdictional Stratification
• Freely available NASA data 
• Easy to use and ready for analysis 



   Jurisdictional Stratification with CLASlite 



     National Stratification Directs Airborne LiDAR Sampling 





          

  

 

Scaling Up the LiDAR Data to the Jurisdictionusing Well-established Models 

LiDAR Mapping Geospatial Software Models 

Jurisdictional Environmental Data 
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National 1-ha Resolution Carbon Basemap of Panamá 
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Deploy Aircraft & Sample Country Until Statistical Needs Met 

> 10.0% 
5.0-10.0% 2.0-5.0% 1.0-2.0% 
0.5-1.0% 

5,000 hectares 



    
              

The High-resolutionCarbon Geographyof Perú 

128,546,068 hectares (321 million acres)at 1-hectare resolution with uncertainty reported forevery hectare throughoutthe country 
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Field Verification 

One day of flight 



           Carbon Stocks in Every Hectare of Perú Uncertainty in Every Hectare of Perú 



      Distribution of Carbon Stocks throughout Peru’s forests 



   Carbon Stocks by Jurisdiction 



  Peru’s Balance Sheet 



  Peru’s Balance Sheet 



   

  

    

      How Modern Forest Carbon MRV Systems Work 

Satellite for strategic monitoring 

Carbon stock sampling 

Scaling; monitoring emissionsand gains 



 

                                     

         An Example from a GCF Jurisdiction: Madre de Dios, Perú 

Carbon Emissions 

+ 

Carbon basemap adjusted by Continuous satellite monitoring 



      

      Carbon Emissions in Madre de Dios, Perú 

1 Tg = 1 million metric tons 
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