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Global land cover mapping 





Global MODIS metrics 

Red = mean red reflectance of three darkest months 

Green = mean near-infrared reflectance of three greenest months 

Blue = mean middle-infrared (band 7) of three warmest months 



Metrics are reordered multi-temporal composites which 

capture the salient points of annual vegetation phenology 

Red = mean red reflectance of three darkest months 

Green = mean near-infrared reflectance of three greenest months 

Blue = mean middle-infrared (band 7) of three warmest months 
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Annual updates of land cover 



United Nations Food and Agriculture Organization 

Forest Resource Assessment Report 

•! Africa and South America feature largest forest losses 

•! Overall rate of forest loss continues to decrease 



Forest definitions 

•! IPCC Good Practice Guidance 

–!Forest is a minimum area of land of 0.05 – 1.0 

hectares with tree crown cover (or equivalent stocking 

level) of more than 10 – 30 percent with trees with the 

potential to reach a minimum height of 2 – 5 meters at 

maturity in situ 

•! Our current definition 

–! .09 hectares (one Landsat pixel) with tree crown 

cover >= 30 percent for trees >=5 meters in height 

–!Optical data cannot reliably quantify sparse and/or 

short tree cover in the context of monitoring  



•! Employ MODIS to indicate change and develop a stratified 
sampling frame (low/medium/high) for Landsat-scale analysis 

•! Acquire and interpret Landsat image pairs per stratum 

•! Use MODIS change and Landsat change in regression 
estimator approach to derive final change estimate 

•! Targeted sampling allows some spatial disaggregation of 
change 

Forest monitoring using MODIS and 

Landsat data sets – first approach 



Forest Change in Insular Southeast Asia 
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MODIS change indicator map, 

resampled to 20km by 20km blocks 



Quantifying changes in rates  

of forest clearing – Indonesian example 

Using national-scale forest cover loss indicator maps 

from AVHRR for 1990 to 2000 and 

from MODIS for 2000 to 2005 



globalmonitoring.sdstate.edu/projects/gfm 



Indonesia forest clearing, 1990 to 2005 

•! 1990’s 

–! ENSO fires of 1997-98 

–! Oil palm expansion 

–! Increasing timber plantations 

–! Stable central government and 

growing economy 

•! 2000  

–! Economic crisis 

–! Oil palm policy reform / 
slowed expansion 

–! Less fire and easily 

accessible lowland 

forest 





Percent forest cover, 2000 

PNAS, in press 

MODIS-stratified Landsat samples 

PNAS, 2010 



Percent forest cover, 2000 

PNAS, 2010 



Percent gross forest cover loss, 2000 to 2005 

PNAS, 2010 



2005 United Nations Food and Agriculture 

Organization Forest Resource Assessment Report 

•! Africa and South America feature largest forest losses 

•! Overall rate of forest loss continues to decrease 



Global gross forest cover loss, 2000 to 2005 

PNAS, 2010 
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•! Use MODIS to radiometrically normalize Landsat 

imagery for exhaustive mapping at 30m spatial 

resolution via: 

–!1) Landsat epochal composites 

•! Combine best observations over a given interval to create cloud-free 

image 

•! Cloud-free composites require such a long compositing period that 

change occurs within the composite interval 

–!2) Landsat time-series characterizations 

•! Map each good pixel and create time-series of forest cover estimates 
in metric space 

•! No image composite needed 

•! Unequal numbers of cover estimates over the regions (scene 

overlaps, SLC-off gaps) 

Forest monitoring using MODIS and 

Landsat data sets – 2nd approach 
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MODIS processing 







Growing season 

“Extended growing season” 
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http://kea.sdstate.edu/ 

projects/boreal/index.html 







Cloud likelihood 

Shadow likelihood 

Water likelihood 

50-90% 

>90% 

50-90% 

>90% 

>50% 





N 

Classification results 

    Forest 2000 

    Forest loss 2000-05 

    Non-forest 2000 



Year 2000 composite Year 2005 composite Year 2000 composite Year 2000 composite 

Classification results 

    Forest 2000 

    Forest loss 2000-05 

    Non-forest 2000 















Yaroshenko et al. (2008) 

European Russia’s Forests (poster map and GIS dataset). 
Moscow, Greenpeace.  



Annual timber harvesting  
m3*1,000,000 



Classification results 

    Forest 2000 

    Forest loss 2000-05 

    Non-forest 2000 

N 



Year 2000 composite Year 2005 composite Year 2000 composite 

Classification results 

    Forest 2000 

    Forest loss 2000-05 

    Non-forest 2000 
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GLAS shots over Sumatra, Indonesia on Landsat 2004-2006 composite 5/4/7 

Landsat derived  

probability of forest 

at GLAS shot  

locations 
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51-75% 

76-100% 
   



GLAS-calibrated Landsat (r=2001,g=2004,b=2007) 

Vegetation height 



GLAS-calibrated 

Landsat  
(r=01,g=04,b=07) 

Landsat forest 

cover loss (00-08) 

MODIS forest 

cover loss (00-08) 

MODIS forest 

cover gain (00-08) 
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Model based on full time series analysis per pixel 

Comparison of model (map) results with expert- interpreted sample blocks II 



MODIS change analysis verification using 
independent datasets 

Verification 

PRODES data for Brazilian Amazon 

Comparison of annual deforestation per province 



MODIS change analysis verification using 
independent datasets 

Verification 

NFDP burned areas data for Canada 

Comparison of annual burned area per province 



Value-added science applications 
•! CHALLENGE – DEVELOP GLOBALLY CONSISTENT AND 

LOCALLY RELEVANT DATA 


