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Annex 1 

Country-specific review-and-revision 
methodologies

Every effort has been made to produce consistent results at a global scale. Some countries, 
however, used unique methods to review and revise land-cover and land-use classifications. 
Those methods are described here.

Canada
Data for Canada were derived using the classification methodology described in the main body 
of this report but applied across the Canadian National Forest Inventory (NFI) photo-plot 
grid system (Gillis, Omule and Brierley, 2005). The NFI uses 2 km × 2 km plots with 20 km 
horizontal and vertical spacing (i.e. a 20 km systematic grid), producing more than 18 000 
individual plots. For the purposes of RSS 2010, a 25 percent sample of the plots (i.e. every fourth 
plot) was selected for initial analysis (Figure 1). In total, 4 052 2 km × 2 km plots were analysed 
across Canada. 

At each plot location, level-1 segments from imagery captured in 2000 were directly assigned 
land-cover labels based on the Canadian Earth Observation for Sustainable Development of 
Forests (EOSD) dataset (Wulder et al., 2006). The EOSD dataset is a 25 m spatial resolution, 
Landsat-based, 23-class land-cover classification for the forested areas of Canada. The 23 
EOSD classes were aggregated into the simple 5-class legend, and level-1 segments for 2000 
were assigned a value based on the majority land cover of the underlying EOSD data. The full 
methodology, as described in the main body of this report, was used where no EOSD data 
existed (i.e. in largely non-forested portions of Canada) and to classify 1990 and 2005 segments.

The initial conversion of land cover to land use was completed following the survey 
conversion rules, as described in the main body of this report. Next, a series of automated 
re-coding procedures was implemented in the review-and-revision phase of land-use validation. 
These procedures involved re-coding polygons to forest land use in cases where commercial 
timber harvest activity was indicated from NFI photo-plot data, where a forest fire occurred 
during the period of analysis (as indicated in the Canadian National Fire Database; Stocks et 
al., 2002), or where no known deforestation (on the basis of NFI land-use and deforestation 
information) had occurred. Remaining sites were examined by image interpreters to ensure the 
accuracy of the final land-use classification.

Parameter estimates were calculated separately for Canada and integrated into analyses of 
FRA regions and FAO climatic domains.

Russian Federation
The Russian Federation used a stratified sample of 300 RSS sample sites to estimate forest area 
and forest area change for the three survey periods. A total of 1 961 complete RSS sample sites 
were contained within the Russian Federation. Landsat data were available for 1 219 of these for 
all three time periods; this incomplete coverage is due to the lack of satellite data acquisitions 
for the eastern part of the Russian Federation in 1990. Although all 1 961 sample sites were 
processed to the extent possible using the methods described in the main body of this report, 
expert review and revision of all sample sites in the Russian Federation was not possible in the 
timeframe of the study. 

Cloud-free, seasonal 250 m spatial resolution data from MODIS were used, along with 
vegetation change indices, to create 23 strata according to percentage forest cover and amount of 
indicated change in forest cover. A probability-based selection process was implemented to select 
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the final plots for review and revision based on a minimum separating distance (i.e. plots were 
preferred to be further apart within any single stratum) and minimum number (ten) per stratum. 
A total of 282 RSS sites were expertly interpreted for land-cover and land-use classification.

The parameter estimates and statistical variance of the stratified sample were incorporated 
with those of the systematic sample for Europe and used in analyses of the boreal climatic 
domain.

United States of America
RSS results for the United States of America were derived from the National Land Cover 
Dataset (NLCD) (Vogelmann et al., 2001; Homer et al., 2004). The NLCD is a 21-class land-
cover product for the conterminous United States based on Landsat satellite data. The 21 classes 
were reduced to the five simple land-cover classes required for RSS 2010. Level-2 segments for 
1990, 2000 and 2005 were assigned land-cover labels directly from the NLCD dataset for each 
survey period. Land-cover labels were adjusted to land use using the automated conversion rules 
described in the main body of this report. A probability-based sample of sites, by FAO climatic 
domain, was selected for review and revision for continental United States and Alaska. At each 
review-and-revision site, the accuracy of the land-use call was evaluated against the NLCD and 
high-resolution aerial photography. The results of the accuracy assessment were used to adjust 
the overall area of land-use category for the United States in its entirety and for each FAO 
climatic domain. 
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Annex 2	

Survey sites processed vs analysed

The table below lists, by region or country-specific grouping, the number of sample sites 
processed (grand total), analysed and not analysed. The main reason that survey sites were not 
analysed was missing data in one or more time periods due to cloud cover, a lack of satellite 
image acquisitions, or other data anomalies.

Region/country Analysed Not analysed Grand total

Africa 2 322 196 2 518

Asia 2 863 184 3 047

Canada 3 737 315 4 052

Europe 625 55 680

Oceania 769 29 798

Russian Federation 282 1 679 1 961

South America 1 372 129 1 501

North & Central America 1 096 126 1 222

Grand Total 13 066 2 713 15 779
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Annex 3	

Review-and-revision contributors

Central Africa: M. André, A. Bararwandika, G. Begoto, L. Dimanche, F. Esono Mba, N. Gideon, M. 
Ibara, A. Kondjo Shoko, H. Koy Kondjo, S. Makak, F. Mande, J. Mendomo Biang, C. Musampa, 
R. Ncogo Motogo, B. Nkoumakali, C. Ouissika

East Africa: B. Abdelbagi Elsiddig Yousif, H. Abdelraheem Eltigani, S. Abdelrahman Edrees Alim, 
F. Anouar Haroon Turbo, S. Bakheit Mando, M. Balla Elfadel, N. Chamuya, J. Eltayeb Ahmed 
Adam, A. Eman Ibrahim Ahmed, A. Hanady Ibrahim Abdelgabbar, S. Ishraga Yousif Ali, A. 
Jeylani, E. Maina, I. Manal Ali Yassin, M. Mohamed Ahmed, M. Mohamed Rakhi, J. Muchichwa, 
B. Mutasim Fadlelseed, A. Mvududu, K. Mwaura Wamichwe, J. Otieno, M. Ranin Mahdi Elfadel, 
M. Salah Yousif, O. Saria Mohamed Abd Alsattar, M. Shaie Alim, S. Sibuh, E. Ssenyonjo, T. 
Taddesse, M. Yousif Modwi Ali 

South Africa: M. Yousif Modwi Ali, L. Basalumi, K. Chirambo, D. Cunhete, M. Dhliwayo, L. 
Dobson, J. Kamwi, J. Leroux, M. Lotter, J. Macuacua, J. Makinta, J. Mukosha, M. Pande, V. 
Rahanitriniaina, M. Rutherford, S. Syampungani

West and North Africa: A. Abimbola Abayomi, G. Akouehou, M. Barry, R. Bayala, O. Biodun 
Freeman, A. Djimramadji, O. Faye, A. Garba, A. Goudiaby, B. Jobo Samba, Y. Kombate, A. 
Lefhaili, A. Mariko, A. Nouhou, E. Ould Boubacar, C. Ould Sidi Mohamed, N. Tangara, M. 
Yakubu, T. Yantay

Central America: F. Antonio Girón Gonzáles, M. Castillo, I. de la Caridad Diago Urfé, A. Degracia, 
Y. González Rivera, T. Hernandez Contreras, E. Mejias Sedeño, J. Rodriguez Rubí, A. Yolanda 
Duarte Noriega, A. Yovany Murillo

North America: M. Gillis, S. Healey, C. Meneses-Tovar
South America: G. Bayma, E. Bolfe, E. Monteiro Garçon, D. Gomez, W. Holler, P. Martinho, M. 

Oliveira-Miranda, B. Pedroni de Oliveira, C. Spadotto, R. Torlay, S. Trajano, D. Victoria, E.E. 
de Miranda, O. Oshiro, C. Bahamondez, V. Barrena Arroyo, R. Benitez, L. Boragno, R. de la 
Cruz Paiva, R. Echeverría, J. Garcia, R. Gosalvez, J. Marquina, P. Melgarejo, C. Montenegro, M. 
Ormeno, O. Peña, A. Rodríguez Montellano, E. Rojas, M. Uribe, A. Granja, C. Velasco

East Asia: M. Bayasgalan, Z. Changgui, X. Chaozong, H. Cho, X. Dengpin, Y. Hirata, M. Kexi, 
S. Kim, W. Liuru, Z. Min, Z. Narangerel, L. Shiying, E. Sumiyasuren, Z. Wei, L. Xiaonong, C. 
Xinyun, W. Xuejun

Southeast Asia: L. Anh Hung, N. Bantayan, C. Bigol, B. Budiharto, L. Chivin, P. Edirisinghe, 
K. Homsysavath, P. Htut, J.A.F. Ignazio, Y. Jantakat, P. Kandel, B. Luangphaseuth, J. Pokana, 
S. Preap, S. Pungkul, M. Rahman, E. Sambale, D. San San Aye, R. Sari, R. Singh Bondwal, M. 
Srivastava, K. Tshering, M. Van Tinh, L. Wong

West Asia: S. Chukumbaev, H. Samadi, M. Shojalilov 
Europe: S. Bartalev, A. Bastrup-Birk, C. Bauerhansl, S. Bauwens, J.G. Boureau, C. Dos Santos, G. 

Fernández Centeno, I. Gitas, M. Kendüzler, M. Lawrence, H. Mäkelä, G. Mozgeris, K. Olschofsky, 
P. Olsson, A. Seletkovic, D. Uebersax, K. Arnt, F. Baiocco, F. Barrett, N. Bonora, T. Bucha, M. 
Buksha, V. Gancz, F. Hajek, M. Ilyuchyk, T. Kochneva, D. Krasouski, Z. Magyar, I. Marinosci, 
L. Mezei, E. Rune, V. Sambucini, V. Storozhuk, F. Stytsenko, S. Todorov, B. Tubic, R. Visentin, J. 
Zarins

Oceania: C. Howell, P. Lane, M. Mutendeudzi
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Summary of national and regional review-and-revision workshops

Area of interest Location Date No. countries No. experts Female Male

Brazil São José dos Campos September 2009 1 2 0 2

Central Africa Brazzaville February 2010 8 16 1 15

North America Salt Lake City March 2010 3 3 1 2

South Africa Cape Town March 2010 8 16 3 13

West Europe Rome March 2010 14 14 3 11

Central America Panama City July 2010 7 12 5 7

Southeast Asia Bangkok August 2010 14 23 5 18

East Asia Beijing September 2010 3 16 3 13

South America Valdivia November 2010 7 14 2 12

France Nogent November 2010 1 1 0 1

East Africa Nairobi December 2010 6 11 1 10

West Africa Dakar March 2011 13 18 1 17

New Zealand Rome March 2011 1 1 0 1

Australia Canberra April 2011 1 2 1 1

East Europe Budapest May 2011 9 14 1 13

Ireland/Latvia Teleconference May 2011 2 2 0 2

Sudan Khartoum May 2011 1 18 5 13

Brazil Campinas June 2011 1 9 3 6

Italy Rome June 2011 1 5 1 4

West Asia, North Africa Rome July 2011 5 5 0 5

Russian Federation Moscow September 2011 1 2 0 2

Total 107 204 36 168
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Annex 4	

Details of calculation

1. For every sample site, the following variables were extracted from the PostGreSQL database: 
•	 tile unique ID (rss_id)
•	 latitude (lat) and longitude (lon) of the centre of the tile
•	climatic domain (domain)
•	region (continent)
•	 total tile area (total)
•	water area (water)
•	no data area (nodata)
•	 forest area in 1990, 2000 and 2005 (forest90, forest00, forest05)
•	 area of gains and losses of forest in 1990-2000 and 2000-2005 (gain9000, loss9000, gain0005, loss0005)
•	 Julian date of image acquisition for 1990, 2000, 2005 (jdate90, jdate00, jdate05)

2. Then, the following variables were calculated: 
•	Area of land within the tile (gla)

Eq. 1	 gla = total - water - nodata

•	Latitude correction factor (corrlat)

Eq. 2
	 if lat ≤ 60° then corrlat = cos (lat)

	 if lat > 60° then corrlat = 2 * cos (lat)

NB: The number of samples was reduced to include only even degrees of longitude above 60 degrees 
latitude (Figure 1 shows the thinning of samples at high northern latitudes).

•	Weight of the sample i (wi)

Eq. 3	 wi =  
glai * corrlati

•	Proportion of forest in 1990, 2000 and 2005 (pfor90, pfor00, pfor05)

	 pfor90 =  
forest90

Eq. 4	 pfor00 =  
forest00

pfor05 =  
forest05

Sj glaj * corrlatj

gla

gla

gla

{

{
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•	Annualized proportion of gains, losses and net change for 1990–2000 (pagain9000, paloss9000, 
panet9000)

 
	 pagain9000 =               

gain9000

Eq. 5	 paloss9000 =               
loss9000

	 panet9000 = pagain9000 – paloss9000

NB: pagain0005, paloss0005 and panet0005 are calculated in the same way

3. For any subset S of samples (e.g. one climatic domain), average value (x-) and standard deviation 
(std) of pfor90, pfor00, pfor05, pagain9000, paloss9000, panet9000, pagain0005, paloss0005 and 
panet0005 were calculated with the survey package of R3 using the following formula:

Eq. 6	 x-  = 
Si ∈ SWi * xi

Eq. 7	 std =      
Si ∈ S Wi * (xi - x- )2

4. Final values (e.g. of annual loss in forest area between 1990 and 2000 in a given climatic 
domain) were obtained by multiplying the average and the standard deviation by the area of the 
region (A):

Eq. 8	 loss = paloss9000 * A ± 1.96 * 
std(paloss9000)

 * A

3	  http://cran.fhcrc.org/web/packages/survey/index.html.

{ gla* (jdate00 – jdate90)

gla* (jdate00 – jdate90)

Si ∈ SWi

Si ∈ SWi√
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This report presents the key findings on forest land use and 

land-use change between 1990 and 2005 from FAO’s 2010 

Global Forest Resources Assessment Remote Sensing Survey. 

It is the first report of its kind to present systematic 

estimates of global forest land use and change.

The ambitious goal of the Remote Sensing Survey was to use 

remote sensing data to obtain globally consistent estimates 

of forest area and changes in tree cover and forest land use 

between 1990 and 2005. Overall, it found that there was a 

net decrease in global forest area between 1990 and 2005, 

with the highest net loss in South America. While forest area 

increased over the assessment period in the boreal, temperate 

and subtropical climatic domains, it decreased by an average 

of 6.8 million hectares annually in the tropics. The survey 

estimated the total area of the world’s forests in 2005 at 

3.8 billion hectares, or 30 percent of the global land area.

This report is the result of many years of planning and three 

years of detailed work by staff at FAO and the European 

Commission Joint Research Centre, with inputs from 

technical experts from more than 100 countries. Many of 

these contributors now constitute a valuable global network 

of forest remote sensing and land-use expertise.

FAO FORESTRY PAPER

169

 
 

169
FAO

FORESTRY
PAPER

Global forest land-use change 
1990–2005

Global forest land-use change 
1990–2005
Global forest land-use change 
1990–2005


