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Summary

A global assessment of gross forest cover loss and 
estimated carbon release is presented.

We employed a consistent methodology and data source 
to quantify forest clearing from 2000 to 2005 and related 
the area change to reference above-ground carbon data. 
Our remote sensing gross forest cover loss monitoring 
algorithm combines the strengths of global forest change 
mapping to produce a spatially explicit depiction of change 
at moderate resolution and statistical sampling to provide 
precise areal estimates of change in forest cover based on 
more accurate, higher resolution data.



Summary

An estimated 101.1 Mha of forest cover was lost globally.

The most disturbed biome, in both absolute and relative 
terms, was the boreal.  The relatively least disturbed was 
the humid tropics, due mainly to the presence of large, 
inaccessible forest tracts. At the continental scale, North 
America had the largest area of forest cover loss, followed 
by Asia and South America. At national scales, for the 
seven countries with over 1Mha of forest area, Brazil 
featured the largest area reduction in forest cover. 



Summary

The biome with the highest carbon release was the 
humid tropics, with an estimated 2.08Gt of carbon 
removed from standing forests.

While this biome contains nearly 50% of above-ground 
carbon, it accounted for only 38% of the total global 
release of 5.44Gt. At the continental scale, carbon release 
is highest in South America (1.70Gt) and North America 
(1.58Gt). At national scales, Brazil (1.27Gt), Canada 
(0.80Gt), the United States (0.66Gt) and Russia (0.48Gt) 
have the highest carbon release values.



Methods

In estimating forest area and loss, each biome was 
analyzed separately. Results for the boreal, (Potapov et 
al. 2008), temperate (Potapov et al. in review), humid 
tropics (Hansen et al. 2008) and dry tropics were 
aggregated to produce a global synthesis. Our method 
employed an internally consistent and efficient 
probability-based sampling approach that integrates low 
and high spatial resolution satellite data sets. 
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Methods

The method relies on high temporal, low spatial resolution 
MODIS data for mapping biome-scale forest cover loss 
hotspots. We employed a sampling frame to divide each 
biome into high, medium and low forest cover loss strata 
based on the 5-year MODIS-based forest cover loss 
monitoring results. Probability-based samples are taken 
within each stratum and Landsat data analyzed per 
selected sample block. Per stratum regression estimators 
are then applied, to generate final per stratum mean forest 
cover loss and standard error estimates. The approach 
enables rapid assessments of large area forest cover 
change as the MODIS algorithm is used repeatedly for each 
time interval, and the targeted sampling of Landsat data 
enables precise estimation of change based on relatively 
few samples.
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Methods

The IIASA (Kindermann et al. 2008) above-ground forest 
carbon data were also aggregated to the sample block 
scale. Total tons of above-ground forest carbon per block 
was calculated as the product of the IIASA above-ground 
carbon and the year 2000 forest area estimate. Total tons 
of carbon released due to forest cover loss was likewise 
calculated by multiplying the total 2000 above-ground 
forest carbon by the area of forest cover loss per block. 

Kindermann G.E., McCallum I., Fritz S., Obersteiner M. (2008) A Global Forest Growing Stock, Biomass 
and Carbon Map Based on FAO Statistics. Silva Fennica, 42(3), 387-396



Stratified sampling design

A stratified sampling design was implemented as a 
precision enhancing feature, directing the sample 
allocation to areas likely to exhibit change. Each biome 
was partitioned into a sampling frame consisting of square 
blocks 18.5 km per side and the strata were determined 
based on the MODIS-derived forest cover loss map. The 
500m MODIS-derived forest cover loss map for 2000-2005 
was aggregated per block, yielding percent change for 
each of the blocks within the biome. The stratum 
boundaries were chosen guided by the cumulative square 
root frequency rule and the sample size allocated to each 
change stratum was initially determined by optimal 
allocation. Within each stratum, a simple random sample 
of blocks was selected and forest cover and forest cover 
loss were interpreted from high spatial resolution Landsat 
data.
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Stratified sampling design



Stratified sampling design

The comparison of MODIS- and Landsat-derived forest 
cover and forest cover loss values for sample blocks 
illustrates the high correlation between these products. 
Stratification based on the MODIS-derived forest cover 
loss successfully improved precision of the overall 
estimate of forest clearing and allowed us to use a small 
number of sample blocks compared to a simple random 
sampling method.



Biome boundaries and sample block locations

The project workflow was divided to four main forested 
biomes. The biome boundary was defined using a 
modified version of the world terrestrial ecoregion map of 
Olson et al. (2001). The method employs MODIS-derived 
forest cover loss hotspot map to stratify each biome into 
high, medium and low forest cover loss strata. A stratified 
random sample of blocks (18.5 km by 18.5 km) was 
selected and forest loss for each sample block interpreted 
from Landsat data.



Biome boundaries and sample block locations



Percent forest cover, 2000

The Landsat-analyzed sample block classification results 
were used to calibrate biome-wide MODIS-derived forest 
extent. The relationship between Landsat-based forest 
cover area and mean VCF tree canopy density per sample 
block was used to derive forest extent for year 2000. A 
simple linear regression (no intercept) model was used 
with mean VCF tree canopy density per block as the 
independent variable.



Percent forest cover, 2000



Percent forest cover loss, 2000 to 2005

To estimate forest cover loss within medium and high 
change strata, a separate regression estimator were 
applied using the proportion of area within the sample 
block classified as MODIS-derived forest loss as the 
auxiliary variable. For the low change stratum a post-
stratification was performed using tree canopy cover 
and/or road density to select post-strata. The forest cover 
loss estimates were then constructed from the sample 
mean Landsat-derived clearing within these post-strata. 
The regression estimator procedure leads to a spatial 
depiction of each biome at the block scale. By 
construction, the aggregate predicted change for all 
biomes equals the estimated forest cover loss derived 
from the sample blocks, ensuring internal consistency 
between the mapped and estimated forest loss.



Percent forest cover loss, 2000 to 2005



Above-ground carbon release, 2000 to 2005

Our method for gross carbon release estimation employed 
the spatially explicit area of forest loss and the reference 
aboveground carbon. Assumptions include that all change 
dynamics, whether mechanical clearing, fire or other 
change dynamic resulted in total removal of above-ground 
biomass. Total tons of above-ground forest carbon per 
block was calculated as the product of the IIASA 
(Kindermann et al. 2008) above-ground carbon and the 
year 2000 forest area estimate. Total tons of carbon 
released due to forest cover loss was likewise calculated 
by multiplying the total 2000 above-ground forest carbon 
by the area of forest cover loss per block.



Above-ground carbon release, 2000 to 2005



Results

Biome-scale forest area, forest cover loss and carbon 
release

Global 2000 forest area was estimated to be 3,268.8 Mha 
with the humid tropics having the largest forest extent 
among all biomes. Total forest area lost at the global scale 
was 101.1Mha, equaling 3.1% of the year 2000 forest area 
and a 0.6% annual forest cover loss rate. Forest cover loss 
was highest in the boreal forest biome, 60% of which was 
due to fire. The humid tropical forest biome was second 
with over 27Mha of forest cover loss from 2000 to 2005. 
However, the humid tropical biome is the least disturbed 
when comparing proportional rates of change. The 
Amazon interior is the largest remaining intact forest 
landscape, largely due to its inaccessibility.  The interior 
Congo Basin is also absent of significant clearing. 



Results

Biome-scale forest area, forest cover loss and carbon 
release

The dry tropics are third with 20.4Mha of forest cover loss.  
Forests in this biome are predominantly open-canopied 
and often fire-adapted. The temperate forest biome has 
the lowest forest cover of all biomes, largely due to the 
fact that the majority of the biome has already been 
cleared by human development activities. The 
proportional change in the temperate is, however, second 
highest among the biomes, and highest if the largely 
natural fire dynamic of the boreal forest biome is 
discounted.



Results

Biome-scale forest area, forest cover loss and carbon 
release

The humid tropics contain roughly one-half of global 
above-ground carbon found in forests. While just over 
one-quarter of forest cover loss is found in this biome, the 
portion of global carbon release due to forest removal 
approaches 40%. This underscores the unique carbon 
storage capacity of the humid tropics, but also highlights 
that the remaining 60% of carbon release is estimated to 
occur in other biomes. As with the forest cover and loss 
estimates, carbon release in the temperate and boreal is 
proportionally higher when compared to their global 
carbon storage percentages.



Results

Biome-scale forest area, forest cover loss and 
carbon release



Results

Countries with pervasive forest cover loss

Select countries feature pervasive forest cover removal, 
including the larger nations of Brazil, Canada, Russia and 
the United States. In Brazil, clearings are concentrated 
within the arc of deforestation, while the Amazonian 
hinterland is a significant remaining forest absent of 
change. Canada has significant change in every province 
and territory. Logging predominates in the settled south, 
and fire in the largely uninhabited north. Russia also has 
widespread forest loss, with logging in the European North 
and in Far East, and fire throughout Siberia. The United 
States has intensive forest loss in Alaska due to fires and in 
the southern tier states from Texas to the Carolinas due to 
pine plantation rotation. 



Results

Countries with pervasive forest cover loss

Other larger countries with pervasive loss of forest cover 
include Australia, Paraguay, Argentina, Indonesia and 
Malaysia. Fire is the principal cause of forest loss in 
Australia. Paraguay and Argentina continue to have 
intensive forest clearing related to agricultural 
development. Indonesia and Malaysia present significant 
forest cover loss, largely associated with palm oil 
expansion and agroforestry. 



Conclusion

This study has shown that forest clearing and resulting 
carbon release is not predominantly a humid tropics 
phenomenon.

The unique feature of humid tropical forests when 
compared to the forests of other biomes is their ecological 
intactness and the comparative richness of ecosystem 
services. A better rationale for attempting to reduce 
humid tropical forest clearing would focus on the unique 
suite of humid tropical ecosystem services beyond simply 
carbon emissions.  



Conclusion

The primary driver of global forest cover loss appears to 
be access.

Global-scale variation in forest cover loss is related to a 
host of environmental, economic, political and social 
factors that favor, or not, forest exploitation. The two 
biomes with largely inaccessible forest regions, the boreal 
and humid tropics, have the lowest forest loss rates (once 
boreal fires are discounted).   Stable political and 
economic conditions coupled with access leads to clearing. 
An open question is the degree to which these forests can 
be maintained when faced with conditions that favor their 
removal. Mechanisms such as REDD offer a way forward 
on this issue, and will be evaluated against the reality of 
widespread forest exploitation. 



Conclusion

In conclusion, our capacity for generically monitoring 
forest change at the global scale is still being developed. 
Remote sensing offers an efficient and synoptic method 
for doing so. It is incumbent that such information sources 
are made available to as wide a user group as possible. 
This is done by performing systematic global acquisitions 
and providing data at no cost and with easy access. 
Systems used in this study meet these requirements and 
are the only ones currently viable for global-scale inquiry.
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