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ABSTRACT

Since the beginning of the 20th century, large geann surface emissions of atmospheric
chemical species have occurred. Previous inversttidee been developed during the past
few years which describe the changes in emissibus,they have focused either on
gaseous species or on particles and their precurdtie have developed a new inventory
of emissions, which covers the 1860-2005 period] provides consistent emissions
distributions of both gaseous species and aercoBésspecies considered in our inventory
are carbon dioxide (CO2), tropospheric ozone psmosr i.e. carbon monoxide (CO),
nitrogen oxides (NOx) and volatile organic comparfsfOCs), and aerosols and their
precursors, i.e. sulfur dioxide (SO2), and blacld arganic carbon. Our inventory
provides emissions from both anthropogenic and bgsburning emissions at the global
scale, at a 1x1 degree spatial resolution. The odelbgies we have used to construct the
inventory are discussed, as well as the statistiael and emissions factors that have been
used. The distribution of emissions provided by ithe=ntory are compared with other
available inventories at the global or the registalle.



INTRODUCTION

Since the end of the T9century, the development of industrial activitie$,intensive
agricultural practices and large scale deforestatiave led to the emission of large
amounts of chemical species into the atmosphere.ifid¢rease in the concentrations of
greenhouse gases since the second part of theetflury resulted in a climate forcing of
1.6 Wni? [0.6 to 2.4 Wrif] (IPCC, 2007). The increase in the emissions afnez
precursors (methane, carbon monoxide, nitrogenesxahd volatile organic compounds)
led to a significant increase in the concentratiohezone, which resulted in a additional
radiative forcing of 0.35 Wi [0.25 & 0.65 Wrf] (IPCC, 2007). The ozone forcing is
however still uncertain: long-term changes in ozand its precursors are still not well
quantified, the main uncertainties being due toarguantification of the evolution of the
emissions of ozone precursors. The climatic roleawhospheric particles from both
natural and anthropogenic origin is still not wiatiown: work conducted during the past
few years has contributed to more accurate esomatof the aerosol climatic forcing
since the preindustrial period. It is currentlyimsited to be -0.5 Wih[-.9 to -.1 Wn¥].
Again, one of the main uncertainty is due to tlek laf knowledge on surface emissions of
particles and of their long-term changes.

The main objective of the work discussed in thiggras to develop a methodology for the
calculation of a consistent emission inventory ofissions of gaseous and particulate
atmospheric compounds over the 1860-2005 periagnbories for a similar period have
been developed by other groups, but they takeantmunt either gases or particles. The
inventory we have developed considers gases andasrin a consistent way.

The paper focuses on the emissions resulting frotihr@pogenic activities and biomass
burning for the following species: carbon dioxid¥J2), carbon monoxide (CO), nitrogen
oxides (NOx), sulfur dioxide (SO2), black carborC)Band organic carbon (OC).

ANTHROPOGENIC EMISSIONS

The method we have used is based on the algoriltbosaceous aerosol emissions by
Junker et Liousse (2008). We use the statisticth gaovided by the United Nations
Energy Statistics Database (UNSTAThttp://unstats.un.org/ungd/together with
estimations of emission factors.

A schematic view of the algorithm is shown in Figur. Since data for the 1860-1950
period are sparse, a simplified algorithm was uledthis period (Figure 1.b). Three
emission sectors are considered, «industrial dpmestic » and « combined », the
« combined » category representing mostly traffitssions.
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Figure 1 Algorithms used to calculate anthropogenic siaiss for the (a) 1950-1997
and (b) 1860-1949 periods.

We have considered two scenarios for the evolutiothe emissions factors: a scenario
where emission factors are kept constant duringutieperiod, and one scenario where
the impact of changes in technologies on the eomsfactors are taken into account.
Figure 2 shows the evolution of emission factorscfzal, diesel and fuel use in developed
and developing countries for black carbon. Simdaolution of the emission factors for
the other species considered in the inventory \aks@ implemented.
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Figure 2 : BC Emission factors (g/kg) for coal and fuel usentparison with values
from Pertuisot [1993], values from Cooke et al.9ap

Figure 3 and 4 show the emissions of BC and CCB0B011950, 1970 and 1997. Large
differences are obtained in industrialized area iandeveloping countries such as India
and China, mostly over the past two decades. BOCId@missions have decreased since
the 1970s in Europe and North America, as a resulthe implementation of new
technologies.



Figure 3 : BC anthropogenic emissions in 1900, 1950, 197®87 : emissions are
given in Tg Clyear.
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Figure 4 : CO anthropogenic emissions in 1900, 1950, 197®@7 : emissions are
given in Tg Clyear.



BIOMASS BURNING EMISSIONS

Biomass burning emissions since 1900 are determimédo steps: emissions were first
guantified using satellite data for the past dec&aeissions for the 1900-1997 period are
then determined using historical data.

Emissions for the 1997-2005 period

Two fire satellite products are used for estimabigmass burning emissions :

- GBA2000 (Global Burnt Area 2000, Tansey et a4 : this product provides burnt
area data for year 2000 on a global scale.

- ATSR WFA, World Fire Atlas (Arino et al., 1999)his product provides daily fire
spots data for the 1995-2007 period, derived fraom ATSR instruments (Arino et al.,
2001)

A vegetation map is used to determine which typeegfetation is burning, when a fire is
detected at a given location of the globe. The osga in this study is GLC2000 (Global
Land Cover 2000, Bartholomé and Belward, 2005). Gf@ssions related to each
GLC2000 vegetation type are first estimated from AZ800 burnt areas. These
guantities are then used to calibrate ATSR fireslsixin order to derive the spatial and
temporal distribution of the emissions for the 12905 period.

For each vegetation class provided by the vegetatiap, the emissions of species X is
calculated as the product of burnt area, biomassitye burning efficiency and CO2
emission factor (Seiler and Crutzen, 1980) :

E = BA x BD x BE x EF (X)

where BA represents the burnt ared)(rBD is the biomass density (//mBE represents
the burning efficiency, and EF(X) is the emissiactor for species X (in kg(X)/kg dry
matter) for each vegetation class.

Since the GBA-2000 product is only available foary2000, fire pixel observations are
used for the rest of the period. Fire pixels givecpus information on the location of
fires, but it is not straightforward to estimates tamount of biomass burt from a fire
pixel. The emissions derived previously for 200tngSGBA2000 are used to calibrate
the amount of biomass burned in each fire pixelisSimns factors are taken from the
values compiled by Andreae and Merlet (2001), andBiIC and OC from Liousse et al.
(2004), and Michel et al. (2005).

Figure 5 displays the CO2 emissions from forestsfirfrom savanna burning and
agricultural waste burning from 1997 to 2005. Aglayear-to-year variation is obtained,
which reflects the variability in meteorologicalraitions as well as in deforestation.
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Figure 5: CO2 annual emission estimations from fires ireéts, savannas, and cultivated
areas, for the 1997-2005 period.

Emissions for the 1900-1997 period

Historical emissions are estimated from historibalrnt areas data determined by
Mouillot and Field (2005). This dataset provides ttx1 degree distribution of burned
areas for each decade since 1900. We used the ®DG2@etation map for calculating
the emissions resulting from biomass burning. lbutth be noted that this current
vegetation map might not be representative of tkgetation distribution for the
beginning of the 2B century. However, evolutive vegetation maps aré neadily
available. In order to quantify the emissionstfw past decades of the™2€entury, it is
assumed that the emissions for the 1990-2000 deodte historical inventory provides
the same emissions as the one determined usinfjtsadbservations during the 1997-
2005 period.

The evolution of burnt areas for selected decad®a 1900 to 2000 is shown in Figure
6. Global CO2 emissions for each decade are shovgure 7, and Figure 8 displays the
emissions for different areas of the world. Biombasming emissions decrease from the
beginning of the century to the 1920s. The emissr@main stable then until the 1970s.
Since the 1980s, emissions have increased at afastyrate, as a result of intense
deforestation in the tropics. In boreal regions &eev, burnt surfaces and emissions have
decreased during the last century, as a resulte&f@ippression policy, and fire fighting
systems.



Figure 6: Burned area distributions (injvde (Mouillot et Field, 2005), for the
1900-1910, 1930-1940, 1960-1970, 1990-2000 decades.

10000
9000
8000
7000
6000

5000

Tg(CO2)

4000

3000

2000

1000

0

1900-10 1910-20 1920-30 1930-40 1940-50 1950-60 1960-70 1970-80 1980-90  1990-2000
decade

Figure 7 : Evolution of global CO2 emissions between 1900 2000.
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Figure 8 : Emissions of CO2 for different areas of the world

CONCLUSIONS

A global inventory of emissions resulting from awfhogenic activities and biomass
burning for the 1860-2005 period has been developki$ inventory takes into account
in a consistent way the emissions of gases andsealeroi.e. carbon dioxide, carbon
monoxide, nitrogen oxides, black and organic carb@omparisons with existing

inventories, which take into account either onlysegaus species or only particulate
species are under way. First results will be shiwthe oral presentation.

These emissions are currently been used as boumdaditions in the MOZART-4
chemistry-transport model (Horowitz et al., 2003;mrBons et al., personal
communication). In the oral presentation, firstutess of the model simulation will be
discussed.
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