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Forest Monitoring for Action (FORMA) 

ÅSet of algorithms to identify deforestation 
using satellite imagery quickly and cheaply 

 

Outline 

ÅWhy deforestation? 

ÅWhat is FORMA? 

ÅPython and FORMA 

 



Caveats 

ÅEconomist/geographer, not a programmer 

ÅParallel computing broadly speaking ς not 
necessarily in robust compsci terms 

 



Why do we care about deforestation? 

ÅBiodiversity 

ÅLocal and regional environment 

ÅClimate change 



How do we deal with deforestation? 

ÅAddress economic drivers 

ÅMonitor outcomes 



Monitoring: Issues with traditional methods 

ÅSlow turnaround 

ÅRelatively opaque methodologies 

ÅData black box 

ÅLocal accuracy vs. wide coverage 

ÅNeeded software tools expensive and hard to use 

ÅResearch aimed at scientists more than people on 
the ground. 

 

ÅBUT ς ƛǘΩǎ ǎǘƛƭƭ ǊŜŀƭƭȅ Ŏƻƻƭ ǎǘǳŦŦΗ 



Forest Monitoring for Action 

ÅSet of algorithms to identify deforestation using rapidly 
updated, free satellite imagery. 
 
ÅPrototype: monthly maps at 1km resolution 

 
ÅEarly-warning system to complement hi-res approaches 

 
ÅSpecial features 
ïRapid (monthly) updates: 2006-present 
ïPotential pan-tropical application 
ïIndonesia-wide prototype is unique 



The (very) basic intuition 

ÅForested areas look green 

 

ÅForest + fires + browning = deforestation? 

 

ÅFORMA algorithms search for telltale patterns 
ƻŦ ŦƛǊŜǎ ŀƴŘ άōǊƻǿƴƛƴƎέ 

 



FORMA Methodology 

ÅIdentify relevant patterns and time trends in 
άƎǊŜŜƴƴŜǎǎέ ŀƴŘ ŦƛǊŜǎ 

 

ÅTrain algorithms using historical data (2000-5) 

 

ÅApply parameters from training to subsequent 
data 

 

ÅOutput: probability of forest clearing, by pixel 



Original workflow for Indonesia: 
5ƻŜǎƴΩǘ ǎŎŀƭŜ 

ÅTwo dual core Windows desktops 

ÅOne 1tb hard drive that got quite full 

ÅOne ArcGIS license ($3000) for GIS data and 
imagery 

ÅOne Stata license ($1500) for statistical modeling 

ÅPython 2.5 as glue 

 

ÅStart to finish: 4 weeks 

ÅStart to finish on 4 cores: ~1+ week 



Pan-tropical application @ 250m 
resolution 

Å~130x more raw data 

 

ÅData comes split into pieces ς thanks NASA! 

 

Åά9ŀǎȅέ ǘƻ ǇŀǊŀƭƭŜƭƛȊŜ ƛŦ ȅƻǳ Ŏŀƴ ƎŜǘ ǊƛŘ ƻŦ ǇǊƛŎŜȅ 
software ŀƴŘ ƳŀƴŀƎŜ ŀƭƭ ǘƘŜ Řŀǘŀ Χ 



New workflow: Homebrew 
άaŀǇκwŜŘǳŎŜέ ƛƴ ǘƘŜ ŎƭƻǳŘ 

Å Amazon Web Services (AWS): 
ïEC2: small Linux spot instances ς approx. $0.06/hr 
ïSQS: fault tolerant job management 
ïS3: persistent storage for intermediate and output data 

 
Å Boto: interact with AWS 

 
ÅGDAL/OGR: load images as Numpy arrays; re-project images; GIS 

data management 
 

Å Numpy: 
ïSlice images into pieces, stack slices as time series in tabular format 
ïStatistical modeling by pixel, pixel neighborhood or ecoregion means 

plenty of room for parallelization 



The cloud/FOSS difference for 
Indonesia prototype 

Å 20 Linux instances: 
ï10x the compute power for $1.20/hour, with no software costs 

 
Å Easily scalable with SQS ς just re-run queue processing script on 

new instance 
 

Å Per-image processing significantly faster ς Numpy arrays are great! 
 
Å Parallel pre-processing in the cloud 
ïRUNNING FOR THE FIRST TIME THIS MORNING! 
ïPreprocessing time drops from from 3 days to <5 hours 

 

Å Allows us to experiment with different algorithms and data much 
more easily 



Future plans 

ÅMatplotlib + basemap for visualization 

 

ÅNumpy to mask out water and non-forest 
pixels 

 

ÅPiCloud? StarCluster? 



Maps of forest clearing: 
monthly time series for Riau, Indonesia 
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What happened after 2005? 



Cleared 
2000 - 2005 

Forest in 
2000 

60 ς 70% 

50 ς 60% 

70 ς 80% 

80 ς 90% 

> 90% 

Probability 

270 km 
167 mi 

Cleared by 10/2009 



Forest in 
2000 

Cleared 
2000 - 2005 

11/2005 



12/2005 



1/2006 



2/2006 



3/2006 



4/2006 



5/2006 



6/2006 



7/2006 



8/2006 



9/2006 



10/2006 



11/2006 



12/2006 



1/2007 



2/2007 



3/2007 



4/2007 



5/2007 



6/2007 



7/2007 



8/2007 



9/2007 



10/2007 



11/2007 



12/2007 



1/2008 



2/2008 



3/2008 



4/2008 



5/2008 



6/2008 



7/2008 



8/2008 



9/2008 



10/2008 



11/2008 



12/2008 



1/2009 



2/2009 


