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Figure 6.11 |  Atmospheric CO2, CH4, and N2O concentrations history over the industrial era (right) and from year 0 to the year 1750 (left), determined from air enclosed in ice 
cores and firn air (colour symbols) and from direct atmospheric measurements (blue lines, measurements from the Cape Grim observatory) (MacFarling-Meure et al., 2006).
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(Trudinger et al., 2002), and the CH4 and N2O growth slowed down 
(MacFarling-Meure et al., 2006), possibly caused by slightly decreasing 
temperatures over land in the NH (Rafelski et al., 2009).

There is substantial evidence, for example, from 13C carbon isotopes in 
atmospheric CO2 (Keeling et al., 2005) that source/sink processes on 
land generate most of the interannual variability in the atmospheric 
CO2 growth rate (Figure 6.12). The strong positive anomalies of the CO2 
growth rate in El Niño years (e.g., 1986–1987 and 1997–1998) orig-
inated in tropical latitudes (see Sections 6.3.6.3 and 6.3.2.5.4), while 
the anomalies in 2003 and 2005 originated in northern mid-latitudes, 
perhaps reflecting the European heat wave in 2003 (Ciais et al., 2005). 
Volcanic forcing also contributes to multi-annual variability in carbon 
storage on land and in the ocean (Jones and Cox, 2001; Gerber et al., 
2003; Brovkin et al., 2010; Frölicher et al., 2011).

With a very high level of confidence, the increase in CO2 emissions 
from fossil fuel burning and those arising from land use change are the 

dominant cause of the observed increase in atmospheric CO2 concen-
tration. Several lines of evidence support this conclusion:

• The observed decrease in atmospheric O2 content over past two 
decades and the lower O2 content in the northern compared to 
the SH are consistent with the burning of fossil fuels (see Figure 
6.3 and Section 6.1.3.2; Keeling et al., 1996; Manning and Keeling, 
2006).

• CO2 from fossil fuels and from the land biosphere has a lower 
13C/12C stable isotope ratio than the CO2 in the atmosphere. This 
induces a decreasing temporal trend in the atmospheric 13C/12C 
ratio of atmospheric CO2 concentration as well as, on annual aver-
age, slightly lower 13C/12C values in the NH (Figure 6.3). These sig-
nals are measured in the atmosphere.

• Because fossil fuel CO2 is devoid of radiocarbon (14C), reconstruc-
tions of the 14C/C isotopic ratio of atmospheric CO2 from tree rings 





Les émissions de CO2 

Others: Emissions from cement production and gas flaring 
Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014 

La déforestation a été la source principale de CO2 jusqu’en 1950 
L’utilisation du charbon continue à augmenter 
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6.1.1.2 Methane Cycle

CH4 absorbs infrared radiation relatively stronger per molecule com-
pared to CO2 (Chapter 8), and it interacts with photochemistry. On 
the other hand, the methane turnover time (see Glossary) is less than 
10 years in the troposphere (Prather et al., 2012; see Chapter 7). The 
sources of CH4 at the surface of the Earth (see Section 6.3.3.2) can be 
thermogenic including (1) natural emissions of fossil CH4 from geolog-
ical sources (marine and terrestrial seepages, geothermal vents and 
mud volcanoes) and (2) emissions caused by leakages from fossil fuel 
extraction and use (natural gas, coal and oil industry; Figure 6.2). There 
are also pyrogenic sources resulting from incomplete burning of fossil 
fuels and plant biomass (both natural and anthropogenic fires). Last, 
biogenic sources include natural biogenic emissions predominantly 
from wetlands, from termites and very small emissions from the ocean 
(see Section 6.3.3). Anthropogenic biogenic emissions occur from rice 

Box 6.1 (continued) 

Phase 2. In the second stage, within a few thousands of years, the pH of the ocean that has decreased in Phase 1 will be restored by 
reaction of ocean dissolved CO2 and calcium carbonate (CaCO3) of sea floor sediments, partly replenishing the buffer capacity of the 
ocean and further drawing down atmospheric CO2 as a new balance is re-established between CaCO3 sedimentation in the ocean and 
terrestrial weathering (Box 6.1, Figure 1c right). This second phase will pull the remaining atmospheric CO2 fraction down to 10 to 25% 
of the original CO2 pulse after about 10 kyr (Lenton and Britton, 2006; Montenegro et al., 2007; Ridgwell and Hargreaves, 2007; Tyrrell 
et al., 2007; Archer and Brovkin, 2008). 

Phase 3. In the third stage, within several hundred thousand years, the rest of the CO2 emitted during the initial pulse will be removed 
from the atmosphere by silicate weathering, a very slow process of CO2 reaction with calcium silicate (CaSiO3) and other minerals of 
igneous rocks (e.g., Sundquist, 1990; Walker and Kasting, 1992).

Involvement of extremely long time scale processes into the removal of a pulse of CO2 emissions into the atmosphere complicates 
comparison with the cycling of the other GHGs. This is why the concept of a single, characteristic atmospheric lifetime is not applicable 
to CO2 (Chapter 8).

Box 6.1, Figure 1 |  A percentage of emitted CO2 remaining in the atmosphere in response to an idealised instantaneous CO2 pulse emitted to the atmosphere 
in year 0 as calculated by a range of coupled climate–carbon cycle models. (Left and middle panels, a and b) Multi-model mean (blue line) and the uncertainty 
interval (±2 standard deviations, shading) simulated during 1000 years following the instantaneous pulse of 100 PgC (Joos et al., 2013). (Right panel, c) A mean 
of models with oceanic and terrestrial carbon components and a maximum range of these models (shading) for instantaneous CO2 pulse in year 0 of 100 PgC 
(blue), 1000 PgC (orange) and 5000 PgC (red line) on a time interval up to 10 kyr (Archer et al., 2009b). Text at the top of the panels indicates the dominant 
processes that remove the excess of CO2 emitted in the atmosphere on the successive time scales. Note that higher pulse of CO2 emissions leads to higher 
remaining CO2 fraction (Section 6.3.2.4) due to reduced carbonate buffer capacity of the ocean and positive climate–carbon cycle feedback (Section 6.3.2.6.6).

paddy agriculture, ruminants, landfills, man-made lakes and wetlands 
and waste treatment. In general, biogenic CH4 is produced from organ-
ic matter under low oxygen conditions by fermentation processes of 
methanogenic microbes (Conrad, 1996). Atmospheric CH4 is removed 
primarily by photochemistry, through atmospheric chemistry reactions 
with the OH radicals. Other smaller removal processes of atmospher-
ic CH4 take place in the stratosphere through reaction with chlorine 
and oxygen radicals, by oxidation in well aerated soils, and possibly by 
reaction with chlorine in the marine boundary layer (Allan et al., 2007; 
see Section 6.3.3.3).

A very large geological stock (globally 1500 to 7000 PgC, that is 2 x 
106 to 9.3 x 106 Tg(CH4) in Figure 6.2; Archer (2007); with low confi-
dence in estimates) of CH4 exists in the form of frozen hydrate deposits 
(‘clathrates’) in shallow ocean sediments and on the slopes of con-
tinental shelves, and permafrost soils. These CH4 hydrates are stable 

Le CO2 un gaz à (très) longue durée de vie 



Les émissions de différents pays 

Annex B countries have emission commitments in the Kyoto Protocol (excluding Canada and USA) 
Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 

Pays de l’Annexe B - diminution depuis1990 
 Non-Annex B countries (grand émergents) – forte augmentation depuis dix ans 
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Bilan global du CO2 anthropique 
moyenne 2004-2013 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014 

26% 
9.4±1.8 GtCO2/yr 

32.4±1.6 GtCO2/yr      91% 

+ 3.3±1.8 GtCO2/yr      9% 

10.6±2.9 GtCO2/yr 

29% 
Calculated as the residual 

of all other flux components 

15.8±0.4 GtCO2/yr 

44% 



Accélération récente des émissions 
de CO2 fossile 

Valeur globale  36.1 ± 1.8 GtCO2 en 2013, 61% de plus qu’en 1990 

 
Estimates for 2011, 2012, and 2013 are preliminary 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 

Uncertainty is ±5% for 
one standard deviation 
(IPCC “likely” range) 



Une croissance mondiale 
 intensive en émissions  

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 



Augmentation des émissions de CO2 
liées au charbon  (2008 to 2010) 
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Les quatre plus grands émetteurs 
The top four emitters in 2013 covered 58% of global emissions 

China (28%), United States (14%), EU28 (10%), India (7%) 

Bunkers fuel used for international transport is 3% of global emissions 
Statistical differences between the global estimates and sum of national totals is 3% of global emissions 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 



Emissions par habitant 
China’s per capita emissions have passed the EU28 and are 45% above the global average 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 

Per"capita"
emissions"
in"2013"



Expansion des surfaces de cultures 
(reconstruction depuis 1700) 



Changements des surfaces forestières  
(1990-2010) 

(FAO 2010) 



Les émissions de déforestation 
  3.3 ± 1.8 GtCO2 pendant 2004–2013, soit 15% des émissions de CO2 fossile 

Une baisse des émissions depuis 2000, principalement au Brésil 

Three different estimation methods have been used, indicated here by different shades of grey 
Land-use change also emits CH4 and N2O which are not shown here 

Source: Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014 

Indonesian 
peat fires 



Différents modes de déforestation 

(Figure 1). The emissions are large because the changes
in carbon density are large when forests are converted to
croplands. Essentially all the initial vegetation is replaced
by crops, so if the carbon density of the initial biomass is
known, it is, in principle, straightforward to calculate the
net loss of carbon associated with clearing. Additional
sources of uncertainty include estimating the time it takes
for the release or uptake of carbon to occur. How much of
the biomass is burned at the time of clearing? How much
woody material is removed from site (wood products) and
not decayed immediately? Answers vary across regions
and through time (e.g. [23]). Estimates of annual sources
and sinks depend on the answers, yet site-specific data are
generally lacking. A few case studies usually provide the
values used in calculation of carbon emissions and uptake
over large regions.

On average, soil carbon in the upper meter of soil is
reduced by 25–30% as a result of cultivation, and this
average has been documented in a large number of
reviews [24–27]. There is some variation about this aver-
age, but the loss is broadly robust across all ecosystems,
despite the variety of soil types, cultivation practices, and
decomposition processes.

Draining and burning of peatlands
The draining and burning of peatlands for the production
of oil palm in Southeast Asia are estimated to cause
average annual emissions of 0.3 PgC yr!1 [3]. This

activity has not been explicitly included in the modeling
analysis reported here, but the emissions have been
added to Figure 1 and Table 1 because the activity is
associated with deforestation. At 0.3 PgC yr!1, the drain-
ing and burning of peatlands is the activity with the third
highest emissions (Figure 1).

Pastures
The expansion of pastures in the tropics over the last
decades is estimated to have released 0.180 PgC yr!1

(Figure 1), the fourth largest net flux from land-use
change. Cattle pastures in Latin America are a major
driver of deforestation in that region.

The net emissions of carbon from changes in pasture area
are less than the emissions from cropland expansion, first,
because more forests are converted to shifting cultivation
and croplands than to pastures, and, second, because
pastures are generally not cultivated, and thus lose little
carbon from soils. The changes in soil organic carbon
(SOC) resulting from the conversion of forests to pastures
are highly variable, however, with both increases and
decreases observed.

Harvest of industrial wood
The harvest of industrial wood (e.g. timber, pulp) was
responsible for a net loss of 0.141 PgC yr!1 over the last
two decades (Table 1). This net flux from wood harvest
includes both the emissions from the burning and decay

4 Climate systems

COSUST-221; NO. OF PAGES 7

Please cite this article in press as: Houghton RA. Carbon emissions and the drivers of deforestation and forest degradation in the tropics, Curr Opin Environ Sustain (2012), http://dx.doi.org/10.1016/
j.cosust.2012.06.006
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Emission de deforestation par pays 

Houghton et al. 2012 
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Figure 5. Comparison between the CO2 budget values estimated
here (black line), and other methods and models (Table 6; coloured
lines) for (a) CO2 emissions from land-use change showing indi-
vidual DGVM model results (magenta) and the multi model mean
(yellow line), and fire-based results (orange), LUC data prior to
1997 (dashed black line) highlights the start of satellite data from
that year (b) land CO2 sink (SLAND) showing individual DGVM
model results (green) and multi model mean (yellow line), and (c)
ocean CO2 sink (SOCEAN) showing individual models before nor-
malisation (blue lines), and the two data-based products (red line for
Rödenbeck et al. (2014) and purple line for Park et al., 2010). Both
data-based products were corrected for the preindustrial source of
CO2 from riverine input to the ocean, which is not present in the
models, by adding a sink of 0.45GtC yr�1 (Jacobson et al., 2007),
to make them comparable to SOCEAN .

Figure 6. Comparison of global carbon budget components re-
leased annually by GCP since 2005. CO2 emissions from both (a)
fossil-fuel combustion and cement production (EFF), and (b) land-
use change (ELUC), and their partitioning among (c) the atmo-
sphere (GATM), (d) the ocean (SOCEAN), and (e) the land (SLAND).
See legend for the corresponding years, with the 2006 carbon bud-
get from Raupach et al. (2007); 2007 from Canadell et al. (2007); to
2008 published online only; 2009 from Le Quéré et al. (2009); 2010
from Friedlingstein et al. (2010); 2011 from Peters et al. (2012b);
2012 from Le Quéré et al. (2013); and this year’s budget (2013).
The budget year generally corresponds to the year when the budget
was first released. All values are in GtC yr�1.

The DGVMs thus estimate internally consistent land fluxes
over 2012, with both ELUC and SLAND being weaker than
those of the carbon budget. Internal consistency is an emerg-
ing property of the models, not an a priori constraint as is the
residual calculation of SLAND. These results thus suggest that
constraints from DGVMs may provide sufficient information
to be directly incorporated in the budget calculations in the
future.

3.3 Cumulative emissions

Cumulative emissions for 1870–2012 were 380± 20GtC for
EFF, and 145± 55GtC for ELUC based on the bookkeeping
method of Houghton et al. (2012) for 1870–2010, with an
extension to 2012 based on methods described in Sect. 2.2
(Table 10). The cumulative emissions are rounded to the
nearest 5GtC. The total cumulative emissions for 1870–
2012 are 525± 55GtC. These emissions were partitioned
among the atmosphere (220± 5GtC) based on atmospheric

www.earth-syst-sci-data.net/6/235/2014/ Earth Syst. Sci. Data, 6, 235–263, 2014

De fortes incertitudes 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;  
Le Quéré et al 2014; Global Carbon Budget 2014 

Magenta – différents modèles globaux 
Gris – modèle empirique calibré sur des observations 



Apport des données de télédétection 

Following Brazil, Bolivia contributed the second most deforestation in the last decade, which
accounted for 12% (1,969 ± 212 K ha) of the basin total, more than the sum of the Peruvian
Amazon (6%, or 979 ± 123 K ha) and the Colombian Amazon (2%, or 287 ± 67 K ha).

The geographic locations of deforestation were largely concentrated on the southeastern
edge of the basin (the so called “arc of deforestation”), with new hotspots emerging in western
Amazon (Fig 2). Consistent with reports by the Brazilian government, the FAO and other pre-
vious studies [14, 46–48], a declining trend in the Brazilian Amazon and the entire Amazon
basin after 2005 was confirmed (Fig 3). The annual relative share of Brazil’s deforestation
changed dramatically over the study period−from the highest of 87% in the year 2004 to the
lowest of 54% by the year 2010. The largest decline in deforestation rate was observed in Mato
Grosso, from 1,200 K ha in 2004 to below 100 K ha in 2010. Obvious declines were also ob-
served in Rondonia and Para, though to lesser degrees. These three states accounted for more
than 80% of forest clearing in Brazil. In the western and southern parts of the basin, deforesta-
tion rates in the Peruvian Amazon and the Bolivian Amazon also decreased slightly after 2006.
In the Colombian Amazon, annual rates nearly doubled from 2006 to 2009, although the total
area cleared there was much lower than those in the other countries or states.

Deforestation estimates derived through this study were comparable to those derived based
on Landsat data. At individual patch level, the deforestation maps derived through this study
had spatiotemporal patterns similar to the PRODES (Program for the Annual Estimation of
Deforestation in the Brazilian Amazon) product [48] and a Landsat-based global forest cover
loss (GFCL) dataset [14] (Fig 4). At the state-level, annual deforestation rates derived through
this study were highly correlated with those calculated based on the two Landsat-based

Fig 1. Deforestation year map derived from time-series of MODIS VCF tree cover dataset. (a) Overview
of the Amazon basin with yellow boxes indicating the locations of regional close-ups. (b) Close-up over the
Xingu river basin in Mato Grosso, Brazil. The large patch of remaining intact forest is a consequence of
protection status in this area. (c) Close-up in Colombia. (d) Close-up in Rondonia, Brazil.

doi:10.1371/journal.pone.0126754.g001

Carbon Emissions from Deforestation

PLOS ONE | DOI:10.1371/journal.pone.0126754 May 7, 2015 4 / 21



Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014 

26% 
9.4±1.8 GtCO2/yr 

32.4±1.6 GtCO2/yr      91% 

+ 3.3±1.8 GtCO2/yr      9% 

10.6±2.9 GtCO2/yr 

29% 
Calculated as the residual 

of all other flux components 

15.8±0.4 GtCO2/yr 

44% 

Séparer l’absorption du CO2 entre 
océan et continents 



Evolution du CO2 et de l’oxygène 
atmosphérique 



Une estimation directe des flux 
océaniques et terrestres 



Le puits de carbone océanique 

Ocean carbon sink continues to increase 
9.4±1.8 GtCO2/yr for 2004–2013 and 10.5±1.8 GtCO2/yr in 2013 

Source: Le Quéré et al 2014; Global Carbon Project 2014 
Individual estimates from Buitenhuis et al. (2010); Aumont and Bopp (2006); Doney et al. (2009); Assmann et al. (2010); Ilyiana et al. (2013); Sérérian et al. (2013); Oke et al. (2013);  

Landschützer et al. (2014); Park et al. (2010); Rödenbeck et al. (2014). References provided in Le Quéré et al. (2014). 

Data: GCP
IPCC and Global 
Carbon Project best 
estimate 

individual ocean models 

data products 



Variations interannuelles de 
l’accumulation du CO2 

The atmospheric concentration growth rate has shown a steady increase 
The growth in 2013 reflects the growth in fossil emissions, with small changes in the sinks 

Source: NOAA-ESRL; Global Carbon Budget 2014  



The residual land sink is increasing with time to 9.2±1.8 GtCO2/yr in 2013, with large variability 
Total CO2 fluxes on land (including land-use change) are consistent with atmospheric inversions 

Source: Le Quéré et al 2014; Global Carbon Project 2014 
Individual estimates from Zhang et al. (2013); Oleson et al. (2013); Jain et al. (2013); Clarke et al. (2011); Smith et al. (2001); Sitch et al. (2003); Stocker et al. (2013); Krinner et al. (2005);  

Zeng et al. (2005); Kato et al. (2013); Peters et al. (2010); Rodenbeck et al. (2003); Chevallier et al. (2005). References provided in Le Quéré et al. (2014). 
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Figure 5. Comparison between the CO2 budget values estimated
here (black line), and other methods and models (Table 6; coloured
lines) for (a) CO2 emissions from land-use change showing indi-
vidual DGVM model results (magenta) and the multi model mean
(yellow line), and fire-based results (orange), LUC data prior to
1997 (dashed black line) highlights the start of satellite data from
that year (b) land CO2 sink (SLAND) showing individual DGVM
model results (green) and multi model mean (yellow line), and (c)
ocean CO2 sink (SOCEAN) showing individual models before nor-
malisation (blue lines), and the two data-based products (red line for
Rödenbeck et al. (2014) and purple line for Park et al., 2010). Both
data-based products were corrected for the preindustrial source of
CO2 from riverine input to the ocean, which is not present in the
models, by adding a sink of 0.45GtC yr�1 (Jacobson et al., 2007),
to make them comparable to SOCEAN .

Figure 6. Comparison of global carbon budget components re-
leased annually by GCP since 2005. CO2 emissions from both (a)
fossil-fuel combustion and cement production (EFF), and (b) land-
use change (ELUC), and their partitioning among (c) the atmo-
sphere (GATM), (d) the ocean (SOCEAN), and (e) the land (SLAND).
See legend for the corresponding years, with the 2006 carbon bud-
get from Raupach et al. (2007); 2007 from Canadell et al. (2007); to
2008 published online only; 2009 from Le Quéré et al. (2009); 2010
from Friedlingstein et al. (2010); 2011 from Peters et al. (2012b);
2012 from Le Quéré et al. (2013); and this year’s budget (2013).
The budget year generally corresponds to the year when the budget
was first released. All values are in GtC yr�1.

The DGVMs thus estimate internally consistent land fluxes
over 2012, with both ELUC and SLAND being weaker than
those of the carbon budget. Internal consistency is an emerg-
ing property of the models, not an a priori constraint as is the
residual calculation of SLAND. These results thus suggest that
constraints from DGVMs may provide sufficient information
to be directly incorporated in the budget calculations in the
future.

3.3 Cumulative emissions

Cumulative emissions for 1870–2012 were 380± 20GtC for
EFF, and 145± 55GtC for ELUC based on the bookkeeping
method of Houghton et al. (2012) for 1870–2010, with an
extension to 2012 based on methods described in Sect. 2.2
(Table 10). The cumulative emissions are rounded to the
nearest 5GtC. The total cumulative emissions for 1870–
2012 are 525± 55GtC. These emissions were partitioned
among the atmosphere (220± 5GtC) based on atmospheric

www.earth-syst-sci-data.net/6/235/2014/ Earth Syst. Sci. Data, 6, 235–263, 2014

Le puits de carbone terrestre 
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in terrestrial ecosystems: the carbon ‘sinks’ (Figure 6.8). The ocean 
stored 155 ± 30 PgC of anthropogenic carbon since 1750 (see Sec-
tion 6.3.2.5.3 and Box 6.1). Terrestrial ecosystems that have not been 
affected by land use change since 1750, have accumulated 160 ± 90 
PgC of anthropogenic carbon since 1750 (Table 6.1), thus not fully 
compensating the net CO2 losses from terrestrial ecosystems to the 
atmosphere from land use change during the same period estimated 
of 180 ± 80 PgC (Table 6.1). The net balance of all terrestrial ecosys-

Figure 6.8 |  Annual anthropogenic CO2 emissions and their partitioning among the atmosphere, land and ocean (PgC yr–1) from 1750 to 2011. (Top) Fossil fuel and cement 
CO2 emissions by category, estimated by the Carbon Dioxide Information Analysis Center (CDIAC) based on UN energy statistics for fossil fuel combustion and US Geological 
Survey for cement production (Boden et al., 2011). (Bottom) Fossil fuel and cement CO2 emissions as above. CO2 emissions from net land use change, mainly deforestation, 
are based on land cover change data and estimated for 1750–1850 from the average of four models (Pongratz et al., 2009; Shevliakova et al., 2009; van Minnen et al., 
2009; Zaehle et al., 2011) before 1850 and from Houghton et al. (2012) after 1850 (see Table 6.2). The atmospheric CO2 growth rate (term in light blue ‘atmosphere from 
measurements’ in the figure) prior to 1959 is based on a spline fit to ice core observations (Neftel et al., 1982; Friedli et al., 1986; Etheridge et al., 1996) and a synthesis of 
atmospheric measurements from 1959 (Ballantyne et al., 2012). The fit to ice core observations does not capture the large interannual variability in atmospheric CO2 and 
is represented with a dashed line. The ocean CO2 sink prior to 1960 (term in dark blue ‘ocean from indirect observations and models’ in the figure) is from Khatiwala et al. 
(2009) and from a combination of models and observations from 1960 from (Le Quéré et al., 2013). The residual land sink (term in green in the figure) is computed from the 
residual of the other terms, and represents the sink of anthropogenic CO2 in natural land ecosystems. The emissions and their partitioning only include the fluxes that have 
changed since 1750, and not the natural CO2 fluxes (e.g., atmospheric CO2 uptake from weathering, outgassing of CO2 from lakes and rivers, and outgassing of CO2 by the 
ocean from carbon delivered by rivers; see Figure 6.1) between the atmosphere, land and ocean reservoirs that existed before that time and still exist today. The uncertainties 
in the various terms are discussed in the text and reported in Table 6.1 for decadal mean values.
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tems, those affected by land use change and the others, is thus close 
to neutral since 1750, with an average loss of 30 ± 45 (see Figure 6.1). 
This increased storage in terrestrial ecosystems not affected by land 
use change is likely to be caused by enhanced photosynthesis at higher 
CO2 levels and nitrogen deposition, and changes in climate favouring 
carbon sinks such as longer growing seasons in mid-to-high latitudes. 
Forest area expansion and increased biomass density of forests that 
result from changes in land use change are also carbon sinks, and they 

Depuis 1750, les émissions cumulées sont de 2000 ± 300 GtCO2 soit 2/3 
des émissions totales compatibles avec un réchauffement de 2°C 

Les émissions de CO2 fossile étaient de 36.1 ± 1.8 GtCO2 en 2013, 61% 
plus qu’en 1990 

Depuis 50 ans, environ 44% des émissions sont restées dans 
l’atmosphère, acroissant l’effet de serre de notre planète 



Emissions historiques et climat futur 
Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial 

Large and sustained mitigation is required to keep below 2ºC 

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown 
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014 

Data: CDIAC/GCP/IPCC/Fuss et al 2014



Combien d’émissions pour ne pas 
dépasser 2°C de réchauffement ? 

Cumulative CO2 emissions should remain below about 3200 Gt for a 66% chance of staying below 2°C 
At present emissions rates the remaining budget would be used up in about 30 years 

If emissions continue to grow as projected to 2019 and then continue at the 2019 rate, 
the remaining budget would be used up about 22 years from 2019 

Source: Friedlingstein et al 2014 

(Uncertainty"is"
about"±300"GtCO2)"

Friedlingstein et al. 2014 



Trois grandes questions de 
recherche 

sur l’évolution du cycle du 
carbone depuis 150 ans 
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Figure 6.13 | Blue points: Annually averaged CO2 concentration difference between 
the station Mauna Loa in the Northern Hemisphere and the station South Pole in the 
Southern Hemisphere (vertical axis; Keeling et al., 2005, updated) versus the differ-
ence in fossil fuel combustion CO2 emissions between the hemispheres (Boden et 
al., 2011). Dark red dashed line: regression line fitted to the data points.

6.3.2.4 Carbon Dioxide Airborne Fraction

Until recently, the uncertainty in CO2 emissions from land use change 
emissions was large and poorly quantified which led to the use of an 
airborne fraction (see Glossary) based on CO2 emissions from fossil fuel 
only (e.g., Figure 7.4 in AR4 and Figure 6.26 of this chapter).  However, 
reduced uncertainty of emissions from land use change and larger 
agreement in its trends over time (Section 6.3.2.2) allow making use 
of an airborne fraction that includes all anthropogenic emissions. The 
airborne fraction will increase if emissions are too fast for the uptake 
of CO2 by the carbon sinks (Bacastow and Keeling, 1979; Gloor et al., 
2010; Raupach, 2013). It is thus controlled by changes in emissions 
rates, and by changes in carbon sinks driven by rising CO2, changes in 
climate and all other biogeochemical changes.

A positive trend in airborne fraction of ~0.3% yr–1 relative to the mean 
of 0.44 ±0.06 (or about 0.05 increase over 50 years) was found by all 
recent studies (Raupach et al., 2008, and related papers; Knorr, 2009; 
Gloor et al., 2010) using the airborne fraction of total anthropogenic 
CO2 emissions over the approximately 1960–2010 period (for which 
the most accurate atmospheric CO2 data are available). However, there 
is no consensus on the significance of the trend because of differences 
in the treatment of uncertainty and noise (Raupach et al., 2008; Knorr, 
2009). There is also no consensus on the cause of the trend (Canadell 
et al., 2007b; Raupach et al., 2008; Gloor et al., 2010). Land and ocean 
carbon cycle model results attributing the trends of fluxes to underly-
ing processes suggest that the effect of climate change and variability 
on ocean and land sinks have had a significant influence (Le Quéré et 
al., 2009), including the decadal influence of volcanic eruptions (Fröli-
cher et al., 2013).

6.3.2.5 Ocean Carbon Dioxide Sink

6.3.2.5.1 Global ocean sink and decadal change

The estimated mean anthropogenic ocean CO2 sink assessed in AR4 
was 2.2 ± 0.7 PgC yr–1 for the 1990s based on observations (McNeil et 
al., 2003; Manning and Keeling, 2006; Mikaloff-Fletcher et al., 2006), 
and is supported by several contemporary estimates (see Chapter 3). 
Note that the uncertainty of ±0.7 PgC yr–1 reported here (90% confi-
dence interval) is the same as the ±0.4 PgC yr–1 uncertainty reported 
in AR4 (68% confidence intervals). The uptake of anthropogenic CO2 
by the ocean is primarily a response to increasing CO2 in the atmos-

Park et al. (2010)

b. CO effect only2

a.  Climate  effect  only

Assmann et al. (2010)

Graven et al. (2012)

updated from Le Quere et al. (2010)

updated from Doney et al. (2009)

updated from Khatiwala et al.
(2009)

c. CO and climate effects combined2
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Figure 6.14 |  Anomalies in the ocean CO2 ocean-to-atmosphere flux in response to 
(a) changes in climate, (b) increasing atmospheric CO2 and (c) the combined effects 
of increasing CO2 and changes in climate (PgC yr–1). All estimates are shown as 
anomalies with respect to the 1990–2000 averages. Estimates are updates from 
ocean models (in colours) and from indirect methods based on observations (Khati-
wala et al., 2009; Park et al., 2010). A negative ocean-to-atmosphere flux represents 
a sink of CO2, as in Table 6.1.
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La fraction des émissions absorbée par 
les réservoirs naturelle est très stable, 
malgré la très forte augmentation du 

forçage des émissions 

Quasi-linéarité de la réponse 
globale du cycle du carbone  
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Figure 5. Comparison between the CO2 budget values estimated
here (black line), and other methods and models (Table 6; coloured
lines) for (a) CO2 emissions from land-use change showing indi-
vidual DGVM model results (magenta) and the multi model mean
(yellow line), and fire-based results (orange), LUC data prior to
1997 (dashed black line) highlights the start of satellite data from
that year (b) land CO2 sink (SLAND) showing individual DGVM
model results (green) and multi model mean (yellow line), and (c)
ocean CO2 sink (SOCEAN) showing individual models before nor-
malisation (blue lines), and the two data-based products (red line for
Rödenbeck et al. (2014) and purple line for Park et al., 2010). Both
data-based products were corrected for the preindustrial source of
CO2 from riverine input to the ocean, which is not present in the
models, by adding a sink of 0.45GtC yr�1 (Jacobson et al., 2007),
to make them comparable to SOCEAN .

Figure 6. Comparison of global carbon budget components re-
leased annually by GCP since 2005. CO2 emissions from both (a)
fossil-fuel combustion and cement production (EFF), and (b) land-
use change (ELUC), and their partitioning among (c) the atmo-
sphere (GATM), (d) the ocean (SOCEAN), and (e) the land (SLAND).
See legend for the corresponding years, with the 2006 carbon bud-
get from Raupach et al. (2007); 2007 from Canadell et al. (2007); to
2008 published online only; 2009 from Le Quéré et al. (2009); 2010
from Friedlingstein et al. (2010); 2011 from Peters et al. (2012b);
2012 from Le Quéré et al. (2013); and this year’s budget (2013).
The budget year generally corresponds to the year when the budget
was first released. All values are in GtC yr�1.

The DGVMs thus estimate internally consistent land fluxes
over 2012, with both ELUC and SLAND being weaker than
those of the carbon budget. Internal consistency is an emerg-
ing property of the models, not an a priori constraint as is the
residual calculation of SLAND. These results thus suggest that
constraints from DGVMs may provide sufficient information
to be directly incorporated in the budget calculations in the
future.

3.3 Cumulative emissions

Cumulative emissions for 1870–2012 were 380± 20GtC for
EFF, and 145± 55GtC for ELUC based on the bookkeeping
method of Houghton et al. (2012) for 1870–2010, with an
extension to 2012 based on methods described in Sect. 2.2
(Table 10). The cumulative emissions are rounded to the
nearest 5GtC. The total cumulative emissions for 1870–
2012 are 525± 55GtC. These emissions were partitioned
among the atmosphere (220± 5GtC) based on atmospheric

www.earth-syst-sci-data.net/6/235/2014/ Earth Syst. Sci. Data, 6, 235–263, 2014
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More information, data sources and data files:  
www.globalcarbonproject.org 

Contact: c.lequere@uea.ac.uk  

More information, data sources and data files:  
www.globalcarbonatlas.org 

Contact: philippe.ciais@lsce.ipsl.fr  

Données sur le bilan global annuel de CO2 anthropique 
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Attribution des émissions à la consommation de produits 

The net emissions transfers into Annex B countries more than offsets the Annex B emission 
reductions achieved within the Kyoto Protocol 

In Annex B, production-based emissions have had a slight decrease while consumption-based emissions have 
grown at 0.5% per year, and emission transfers have grown at 11% per year 

Source: CDIAC; Peters et al 2011; Le Quéré et al 2014; Global Carbon Budget 2014 


