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31% of land surface covered by forest (4 bn ha)

Source IPCC TAR, 2001, FAO FRA 2010 Picture credits, crisisobserver.com, bioblog





Decision 4/CP.15



Accurate reporting of global forest resources – the 

Forest Resource Assessments

• Country reports; 

Essential basis for 

global reporting if more 

than land cover are 

desired

• Remote sensing; 

Systematic, uniform, 

independent, neutral, 

verifiable

Picture credits FAO FRA 2010 Key findings

USGS Landsat 5 P231 R 67 22nd July 2011 



A role for Earth Observation technologies

• Satellite Observations can provide
a) uniform coverage of any given 

country (and indeed the globe)

b) consistent international 
georeferenced databases 

c) annual measures of land cover areas 
and changes

d) measurements of biomass (albeit not 
directly)

e) measurements of areas of 
disturbance (fire, wind throw, insects)

f) observations going back to 1972 (and 
even beyond with the declassification 
of early military satellite imagery)

g) potential for independent verification
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Image and interpretation H-J. Stibig JRC



Source Bartholome et al JRC



EVA HD, et al. 2004, A land cover map of South 

America, Global Change Biology, 10 (5), 731-744 

Photo credits H. D. Eva, ronet.com.br, skyscapercity.com
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30 August 1973

180 km

Landsat courtesy

USGS and NASA



04 August 2013
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Landsat courtesy

USGS and NASA







EVA HD, et al. 2004, A land cover map of South 

America, Global Change Biology, 10 (5), 731-744 

Carajas Iron Ore mine, Para state

http://assets.vale.com/ui/PublishingImages/en/business/mining/iron-ore-pellets/minerio-de-ferro_mina-de-carajas.jpg



Carajas Para 4th August 1973



Carajas Para 3rd August 2013



EVA HD, et al. 2004, A land cover map of South 

America, Global Change Biology, 10 (5), 731-744 

Photo credits H. D. Eva, ronet.com.br, skyscapercity.com

Balbina Dam

http://2amazonsintheamazon.files.wordpress.com/2013/09/img_5679.jpg



July 1972

150 km

Landsat courtesy USGS and NASA



August 1984

Landsat courtesy USGS and NASA



September 1985

Landsat ourtesy USGS and NASA



September 1987

Landsat courtesy USGS and NASA



December 1987

Landsat courtesy USGS and NASA



February 1988

Landsat courtesy USGS and NASA



September 1988

Landsat courtesy USGS and NASA



September 1989

Landsat courtesy USGS and NASA



July 2013

Landsat courtesy USGS and NASA



STIBIG H-J.et al., 2007. A land cover map for South and Southeast Asia derived from 

SPOT-4 VEGETATION data. Journal of Biogeography, 34, 625 - 637 

Photo credits AFP/AFP, Dita Alangkara



Indonesia: Central Sumatra - Riau province           Window size: 190 x 275 km

Images MODIS (2004) and ALOS (2007)



Indonesia: Central Sumatra - Riau province           Window size: 190 x 275 km

Images MODIS (2004) and ALOS (2007)



MAYAUX, P., et al., 2004, Journal of 

Biogeography 31 (6), 861-877

Photo credit: Reuters, and Paulin Ngobobo, WildlifeDirect



Background image VGT 2000 Mosaic (image source JRC, data source CNES )

350 km

2,400 km



Background image MODIS 10th January 2005 (source NASA )

35 km



Background image SPOT HRV 10 m March 2005 (image source JRC, data source CNES )

3.5 km



Background image SPOT HRV 2.5 m January 2005 (image source JRC, data source CNES )



Background image SPOT HRV 2.5 m March 2005 (image source JRC, data source CNES )





Source http://www.globaltimber.org.uk/africa.htm



Forest Law Enforcement, Governance and Trade

• Control of illegal logging in Cameroon and 

Indonesia avoided tax losses of $4 billion between 

2001 and 2006

• Forest reforms in Cameroon since 1994 saw tax 

revenues go from zero to $50 m/yr in 2004

Source: Statistics - Illegal Logging and Related Trade: 

2008 Assessment of the Global Response (Pilot 

Study), Chatham House, August 2008, 

http://www.illegal-logging.info/indicators

Photo: http://www.africanews.com/ Cameroon 

introduces wood tracking system, posted 17th June 

2010

http://www.illegal-logging.info/indicators
http://www.africanews.com/


http://www.bbc.co.uk/news/science-environment-17448581

http://awsassets.wwf.org.au/img/fl_illegal_logging_riau_sumatra_5178.jpg

http://newswatch.nationalgeographic.com/files/2010/07/logging-photo-4-thumb-425x320.jpg



1990

2000

2010
Samples are 20km x 20km size

Systematic sampling - 4016 sample sites
Tropical Latin America & 

Caribbean (LAC):

1230 sample sites

Sub-Saharan Africa 

(AFR):2045 sample 

sites

South and Southeast Asia plus 

PNG and the Solomon Islands 

(SEA): 

741 sample sites

->



N4 E117  Borneo / E-Kalimantan-North (Mentarang): Inland Swamp Forests / Oil Palm

N4 E117  Borneo / E-Kalimantan-North



Don’t always believe the map…

GLC2000 map

MODIS Land Cover map

IGBP DIS-cover 

map

UMd 

map



Examples of Error

• Geolocation; absolute and relative

• Thematic content - misclassification

– Errors of omission; where the thematic class represented in the 

final map is incomplete, i.e some areas of the target feature are 

not mapped – the map fails to depict the target feature

– Errors of commission; where the thematic class represented in 

the final map contains elements from different target features, i.e. 

some areas of the thematic class do not correspond to the 

associated target feature – the map depicts target features 

incorrectly 

• Omission leads to under-estimation, commission to over-

estimation… by chance these errors could cancel each other out in 

terms of area, and still leave you with an inaccurate map



Validation and reference data (“ground-truth”)

• In situ observations and 
measurements

• Species, populations and biome 
composition

• Population densities and spatial 
distribution

• Landscape characteristics

• Soil characteristics

• Biomass

• In situ has high cost, time 
constraints, access restrictions –
both physical and legal, nor are 
they error free

• Surrogates are often used (air 
photo, VHR imagery)
– Suitability, selection, preparation 

and analysis

– Own errors to be considered



Belward

Omission

Commission



Interpreting the confusion matrix

Not-

Harvested Harvested Row Total

Actual

Not-

Harvested 84 9 93

(Reference 

Data) Harvested 22 180 202

Column 

Total 106 189 295

n = 295

Predicted (Mapped Data)

Overall accuracy = 264 / 295   89%

Omission (Not-Harvested) = 84/93  90%

Commission (Not-Harvested) = 84/106   79%

Commission (Harvested) = 180/189   95%

Omission (Harvested) = 180 / 202   89%



Interpreting the confusion matrix

Not-

Harvested Harvested Row Total

Actual

Not-

Harvested 84 9 93

(Reference 

Data) Harvested 22 180 202

Column 

Total 106 189 295

n = 295

Predicted (Mapped Data)

Producer’s 

accuracy

User’s 

accuracy

Errors may not 

all have equal 

Importance…



Forest area estimates for year 2010 and annual deforestation 
1990-2000 & 2000-2010 (million ha & million ha per year)

Source FAO Country Survey JRC RSS

Region

Forest 

2010

Net loss 

1990-2000

Net loss 

2000-2010

Forest 

2010

Net loss 

1990-2000

Net loss 

2000-2010

South America  843 4.30 4.07 743 2.85 2.84

Africa 666 4.08 3.44 485 1.42 1.65

Southeast Asia 324 2.53 0.78 286 1.78 1.44

Reforestation
Brazil Photo: Reserva Ecologica De Guapi Assul

Afforestation
India Photo: K. Ramesh Babu The Hindu

Deforestation
South Kivu DRC Photo: CIRAD S. Bouderbala



https://earthenginepartners.appspot.com/science-2013-global-forest



Photo credit Thomas Faivre-Duboz



Photo credit Thomas Faivre-Duboz, modified by Alan Belward



Photo credit Thomas Faivre-Duboz, modified by Alan Belward



Photo credit Thomas Faivre-Duboz, modified by Alan Belward



Photo credit Thomas Faivre-Duboz, modified by Alan Belward



① Where are the world’s forests found? 

② Where is forest cover changing?

③ What are the reasons for this change?

④ EO is able to quantify these changes and help 

attribute causes.

Summary

Source; USGS S01_W053_tm_226-061_23081986

S01_W053_etm_226-061_08042003; segmentation JRC 


