
FAO assessment of forests and 
carbon stocks, 1990–2015  
Reduced overall emissions, but increased degradation



FAO’s most recent global estimations of carbon emissions 
from deforestation and forest degradation for the period 
2011–2015 point to a reduction of over 25 percent in emissions 
from deforestation over this period, i.e. from an average of 
3.9 to an average of 2.9 Gt (or billion tonnes) of CO2 per year.

According to the FAO estimates, while deforestation still 
contributes to net emissions into the atmosphere, the remain-
ing forests continue to be a net carbon sink globally, having 
stored on average some 2.1 Gt of CO2 annually, during the 
period 2011–2015. Half of the FAO estimated sink was due 
to net growth in planted forests. 

If the contributions of deforestation and forest sinks are 
considered together, forests are a net source of emissions, 
at an average of 0.8 Gt of CO2 per year during the period 
2011–2015, although this represents a reduction of over 
50 percent with respect to the decade 2001–2010, which saw 
average net forest emissions of 1.7 Gt of CO2.

 The FAO figures are based on the FAOSTAT Emissions 
database methodology, which uses national data reported by 
countries to FAO via the Global Forest Resources Assessment 
(FRA) as input, and applies the Intergovernmental Panel on 
Climate Change (IPCC) guidelines for estimating national 
greenhouse gas emissions from agriculture, forestry and 
land use. Previous FAO data published in the IPCC Fifth 

Assessment Report (IPCC, 2014a) were based on FRA 2010 
figures. The estimates released in this document thus update 
and extend for the first time the IPCC analysis to 2015.1

The input data used for these estimates, including area 
extent and biomass information, are produced by each coun-
try according to FRA guidelines, using ground-based and 
aerial measurements. They are not directly comparable to 
measurements using satellite imagery, which, although use-
ful, do not capture certain types of forests or stages in the 
growth cycle or discern critical trends in land-use change. 
For example, dry forests in Africa or central Brazil have great 
spaces between trees and often have few leaves for large 
parts of the year, making them difficult to capture by remote 
sensing. At the same time, areas of managed forest (where 
trees are harvested and regrown) are typically considered 
as forest land by countries reporting under the FRA, but may 
be classified as deforestation by satellite-based surveys.

What is a forest?

FAO defines forests as land with trees higher than 5 m 
height and a minimum canopy cover of 10 percent, 
excluding land that is mainly used for agriculture or 
urban use. Trees may be temporarily absent in man-
aged forests and still be classified as forest land. 
These parameters are used for international reporting 
through the FRA, although countries also use national 
definitions for their own purposes.

For the purpose of this document, forest area is 
further subdivided into: Natural forest (which includes 
the two FRA subdivisions Primary forest and Other 
naturally regenerated forest) and Planted forest.

For the purpose of this analysis, deforestation 
is considered to occur when forest land changes to 
non-forest use.

Global estimates of forest emission trends show that total 
emissions have decreased by over 25 percent between the period 
2001–2010 and the period 2011–2015. FAO data show that the decrease 
is due to a decline in deforestation rates globally. They also reveal that 
emissions from forest degradation, estimated for the first time, are 
increasing over time and represent one-quarter of total emissions. 
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1  More details on methods and additional data analysis will be made available on 
the FRA website in September 2015.
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DiFFeReNCes betweeN COuNtRies  
AND ReGiONs  

Countries with developed economies2 continued to represent 
the bulk of the overall estimated carbon sink, or 60 percent 
of the total during 2011–2015, but down from 65 percent of 
the total during 2001–2010. The decrease was largely due 
to decreases in new forest area plantations.

At the regional level, Africa, Asia and latin America and the 
Caribbean all continued to be net sources of emissions from 
forests, although emissions from Africa and latin America 
and the Caribbean decreased over the period 1990–2015. 
Brazil alone represented more than 50 percent of the overall 
estimated reduction in emissions over the period 2011–2015, 
with a decrease of almost one-third in net deforestation 
between 2005 and 2006, and a halving of net deforestation 
between 2010 and 2011.

The forests of Europe and North America continued to be 
carbon sinks over the period 1990–2015. Oceania did not 
show a clear trend in forest emissions over the same period.

What is a carbon sink and hoW does 
it Work?

A carbon sink is anything that absorbs more carbon 
that it releases, while a carbon source is anything 
that releases more carbon than it absorbs. Forests, 
soils, oceans and the atmosphere all store carbon 
and this carbon moves between these reservoirs in 
a continuous cycle. Forests can act as either a source 
or a sink at different times. 

A net carbon sink exists where total carbon absorp-
tion is higher than total emissions.

FORest DeGRADAtiON AND the imPORtANCe 
OF RestORAtiON iN stReNGtheNiNG the 
mitiGAtiON POteNtiAl OF FORest lAND

FAO’s data include, for the first time ever, a separate assess-
ment of emissions from forest degradation and removals from 
forest regrowth. According to the findings, emissions from 
forest degradation are significant: as large as 1.0 Gt CO2 yr-1 
on average over the period 2011–2015. This represented 
one-quarter of net emissions from forests, the remaining 
three-quarters being due to deforestation.

Overall, emissions from forest degradation have more than 
doubled, from an average of 0.4 Gt CO2 yr-1 in the period 
1991–2000 to an average of 1.0 Gt CO2 yr-1 for 2011–2015.

The predominant role of forest degradation that has been 
brought to light underscores the importance of restoration 
and conservation in addressing climate change mitigation. 

3/4 from  
deforestation

2  References in this document to countries with developed economies refer to those 
countries listed in Annex I of the United Nations Framework Convention on Climate 
Change, which can be consulted here: http://unfccc.int/parties_and_observers/
parties/annex_i/items/2774.php. Countries referred to as having developing 
economies are those not listed in this Annex.

What is forest deGradation?

Forest degradation is defined here as a net annual 
decrease of carbon stock density in land remaining 
forest.

1/4 from  
forest 
degradation

Net emissions, 2011–2015

©
FA

O
/S

.M
A

IN
A

©
FA

O
/S

.G
A

llA
G

H
ER



ReFeReNCes
FAO. 2005. Global Forest Resources Assessment 2005. FAO 
Forestry Paper 147. Rome (available at http://www.fao.org/
forestry/fra/fra2005/en/).

FAO. 2010. Global Forest Resources Assessment 2010. FAO 
Forestry Paper 163. Rome (available at http://www.fao.org/
forestry/fra/fra2010/en/).

FAO. 2014. FAOSTAT (online database). URl: http://faostat3. 
fao.org/home/E.

IPCC. 2003. Good Practice Guidance for the Land Use, 
Land-Use Change and Forestry sector. Prepared by 
the National Greenhouse Gas Inventories Programme 
[Penman, J., Gytarsky, M., Hiraishi, T., Krug, T., Kruger, D., 
Pipatti, R., Buendia, l., Miwa, K., Ngara, T., Tanabe, K., and 
Wagner, F. (eds)]. Hayama, Japan, IGES (available at http:// 
www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.html).

IPCC. 2006. 2006 IPCC Guidelines for National Greenhouse 
Gas Inventories. Prepared by the National Greenhouse Gas 
Inventories Programme [Eggleston, H.S., Buendia, l., Miwa, K., 
Ngara, T. and Tanabe K. (eds)]. Hayama, Japan, IGES (available at 
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html).

IPCC. 2013. Climate Change 2013: The Physical Science Basis. 
Contribution of Working Group I to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change [Stocker, T.F.,  
Qin, D., Plattner, G.-K., Tignor, M., Allen, S.K., Boschung, J., 
Nauels, A., Xia, Y., Bex, V. and Midgley, P.M. (eds.)]. Cambridge, 
United Kingdom and New York, NY, United States of America, 
Cambridge University Press (available at http://www.ipcc.ch/
report/ar5/wg1/).

IPCC. 2014a. Summary for Policymakers. In Climate 
Change 2014, Mitigation of Climate Change. Contribution 
of Working Group III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Edenhofer, O., 
Pichs-Madruga, R., Sokona, Y., Farahani, E., Kadner, S.,  
Seyboth, K., Adler, A., Baum, I. Brunner, S., Eickemeier, P., 

Kriemann, B., Savolainen, J., Schlömer, S., von Stechow, C., 
Zwickel, T. and Minx, J.C. (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, United States 
of America (available at http://www.ipcc.ch/pdf/assessment-
report/ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf).

IPCC. 2014b. Agriculture, forestry and other land use (AFOlU). 
In Climate Change 2014, Mitigation of Climate Change. 
Contribution of Working Group III to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change 
[Smith, P., Bustamante, M., Ahammad, H., Clark, H., Dong, H., 
Elsiddig, E.A., Haberl, H., Harper, R., House, J., Jafari, M., 
Masera, O., Mbow, C., Ravindranath, N.H., Rice, C.W., 
Abad, C.R., Romanovskaya, A., Sperling, F., Tubiello, F.N.]. 
Cambridge University Press, Cambridge, United Kingdom and 
New York, NY, United States of America (available at report.
mitigation2014.org/report/ipcc_wg3_ar5_chapter11.pdf).

© FAO 2015

This document is the result of a collaborative effort 
between the Forestry Department, the Natural Resources 
Department and the Statistics Division of the FAO.

data sources and availability

The FRA data have been drawn directly from each coun-
try’s Country Report, which will be made available as of  
8 September 2015 at http://www.fao.org/forestry/fra/ 
67090/en/

FRA data, available over the period 1990–2015, include, 
among others, estimates of forest area and of carbon stocks 
in both aboveground and belowground biomass carbon pools.

For each UN Member State an updated time series, 
1990–2015, of annual net CO2 emission/removal from for-
est land will also be made available on the FAOSTAT website  
(http://faostat3.fao.org/faostat-gateway/go/to/download/
G2/GF/e).
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