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Context:

-Climate change observed during the last century related to
at eric composition change,

- Role of anthropogenic emissions is crucial, and especially from
combustion sources:

Ozone : NOx, NMVOC,.. emissions

Sulfate, nitrates, SOA : SO2, NOx, NMVOC emissions

BC and OCp : primary emission inventories ...

- Existing Inventories either developed for gases or for particles
(incoherence In the chosen proxidata...)

- Most recent studies, at regional or global scale, on pollution
transport and on radiative forcing deal with both components (with
aerosol module more or less complex including chemistry)



Pollutants : CO, CO2, NOx, NMVOC, SO2, BC, OCp

Peglod : 1860-2030

Anthropogenic sources included : fossil fuel and biofuel

combustion sources (not included : ships, waste burning, solvent
production and animals)

Bottom-up method used to derive emission inventories (based
on Junker and Liousse, 2008)

=> Emissions are provided country by country and spatialization is
done by using the GISS population map modified for large political
changes (2nd world war, USSR dismantlement..)

=> Different algorithms for 1860-1949, 1950-2003, 2000-2030 periods



1950-2003 1860-1949 2000-2030

Fuel preduction by -

United Nations )| Eremadetal 1997] | New projections using the

Energy data base

v Fuel tradir|19 data by POLES m0d6| (C”qL” 2002)

Fuel consumption data for 185 countries, 33 different Mitchell [1992,1993,1995] .
fuels, and over 50 different usagefechnology categories 3 : REﬂECt the

| | Fuel consumption data for present state of the world

138 countries and 4 fuel categories

Industrial Domestic Combined [
consumption consumption consumption Global estimate of fuel usage

%% IndUSK:LTj%t:;::ttii?gr;en:bined . |ntrOdUCtI0n Of
| carbon penalties as defined by

Semi- Semi-

developed | | DVeloPINg developed | | PP I Kyoto for 2010 and a reduction of
| 37 Gt of CO2 in 2030.

Emission factors for 3 country classifications, Emission factors for 3 (2) country classifications,
33 different fuels, and 3 usage categories 4 different fuels, and 3 global usage categories

| | . .
population density population density Fuel Consumpt|0ns are g|Ven for

W““‘"| sach within eaT“ country each scenarios, for each activity
1°x1° spatial distribution 1°x1° spatial distribution sectors and for each country groups.

of emissions of emissions

Industrialised

NB : Biofuel (1860-1969) : extrapolation from UN data and population trends for each country group and activities)




Past emissions : assumptions chosen to separate fuels into the 3 activities
sectors => for each country groups, UN data extrapolation

coal and biofuel =

crude oil

diesel/motor gasoline &




The 1950-1985 period is common between the two fuel
consumption database : a way to check the past data.

e coal [Etemad et al., 1991]
«  coal [UNSTAT]
brown coal [Etemad et al., 1991]
- brown coal [UNSTAT]
crude oil [Etemad et al., 1991]
crude oil [UNSTAT]
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What about EF values? =
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Table 2: Emission factors for CO, NOx, SO2 and NMVOC for different uses ;

Comb = Combined (or traffic) ; Dom = Domestic ; Ind = Industrial

Ref : (a) http://www.aeat.co.uk/netcen/airqual/naei/annreport/annrep96

(b): http://www.ipcc-nggip.iges.or.jp/public/gp/bgp/2_5_Aircraft.pdf

(c): http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/chlref4.pdf

(d): http://www.transport.govt.nz/business/multimodal/environment/vehicle/hapinz/28.ph
(e): Andreae et Merlet, 2001
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What about EF values?

EF (BC) &F (ocp).
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Values for EF in the scenarios for 2030 :
REF scenario : equal to foday 's
Reduction of EF for the CCC scenario depending on each country group



Why these EF(BC) values ?

There are no wrong and right EF factors
There are estimates due to the lack of measurements

How do we check the consistency of our choices?
-by comparing with regional inventories including technologies details (such as GF, FB, PC) :

done for Europe (Guillaume and Liousse, 2008)
-by finding new theoretical ways to derive EF (BC/OC) (ex with CO/CO2)
-by including these inventories in models and comparing modeled and measured BC

concentrations
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Guillaume et al., 2007, 2008 “Improve’




Past to present evolution of global BC emissions (Mt/yr)
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high impact of evolutive EF dataset



Past to present evolution of emission location
BC 1900 1950




BC 2030 projections at global scale

IPCC-2100A2
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Liousse et al., in preparation



Comparison with previous historical BC emissions

O OCemissions
BC emissions :
10 |—©—this work (based on fuel data from Etemad et al.[1991]) OO
—A—this work (based on fuel data from UNSTAT)
Novakov et al. [2003]
Ito and Penner [2003]
— — — emissions from biofuel

Our estimates are in the range of existing BC inventories



S0O2, CO and NOX result

Comparison with previous global emission inventory
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BC
Country by country...
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=> a bottom up method based on satellite burned area maps and statistics

Pollutants : BC, OCp, OCtot, CO, CO2, NOx, NMVOC, SO2
and VOC by molecular species, as listed in Andreae and Merlet, 2004

Emissions = SB x GLCv x BEv x BDv x EFv

SB : burned area given on a 0.5x0.5 grid => for year 2000 : GBA 2000 product
(0.5°x0.5°, monthly)

=> since 1900 every 10 year : data from Mouillot and Field, 2005
GLCv : quantity of vegetation v present in each grid cell (%) => GLC 2000 map

=> An important work based on Liousse et al., 2005, Michel et al., 2006 with inputs
of Mayaux (Ispra) considering the GLC vegetation types

Mieville et al., 2008, Liousse et al., 2008



GLC 2000 map
GLC class BD BE EF
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Mieville et al., 2008, Liousse et al., 2008



Historical biomass burning BC emissions in 1900 and 2000

01/ 1900 01/2000

With this methodology : More intense BB Emissions in the Northern Hemisphere in 1900
than in 2000; same level of emissions in sub-Saharian fires.

Mieville et al., 2008



Testing our GICC emissions with ORISAM-TM4

global

ORISAM

Bessagnet et al, 2004
Cousin et al, 2005
Liousse et al, 2005
Mallet et al, 2005

Gaseous chemistry

Inorganic
Condensable

Aerosol sectional model

in each bin:
Absorption/
adsorption
+ internal
equilibrium

sulphate

2%4
NH; @Water OCP nitrate
HNO,

Emissions

ammonium

ORISAM = ORganic and Inorganic Sectional Aerosol Model

COUPLING

(Guillanme et al., 200724)

d N

TM4 (previous state)
(Van Velthoven et al., 1996):

-3°x2° horizontal,

-31 vertical levels (jsq. 10hPa),

- 38 gaseous components

-(+3 aerosol : sulfates, nitrates, ammonium
without size distribution)

-Emission : EDGAR3, POET (CQOV),

-ECMWEF,

-Dry and wet deposition

-Gaseous chemistry (Houweling et al., 1998)

Dry and wet deposition




GICC combustion emissions preliminarily tested in reduced model TM4-BC

1900
BC concentrations
(in ug/m3)
simulated with
BB, FF and BF of 1900
ECMWEF fields of 2000

0.0 2.0 4.0 6.0 8.0
BC in july 1900

2000
BC concentrations
(in ug/m3)
simulated with
BB, FF and BF of 2000
ECMWEF fields of 2000

0.0 2.0 40 6.0 8.0
BC in january 2000 BC in july 2000

» Same order of magnitudes for BC concentrations in 1900 and in 2000 ;
« BC 1900 > BC 2000 in US and over Northern Europe in 1900 than in 2000 ;
« BC 1900 < BC 2000 in Asia (essentially FF/BF increase) and in Africa .



On-going work:

Simulations with ORISAM-TM4 (here) and with MOZART model are on going to test our
historical and future inventory for gases and particles (GICC inventory). Tentative
validations will be performed with ground (inc. ice core) and satellite measurements
for main species for past and present.

An international comparison exercise of past and present emission inventories for
gases and particles is on going in the frame of the preparation of the next IPCC
(Lamarque et al.).

In this context : A zoom on main differences especially for BC and OC particle
emissions. The idea is to propose a coordinated inventory between the groups
working on carbonaceous aerosol inventories.

Regional zoom : a regional anthropogenic emission inventory is in construction in
Africa including african specificities (fuel consumption, emission factors ...) with a
combined approach including experiments/modeling.
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