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Abstract. Inventories for global aerosol and aerosol precur-and aerosol interactions (e.g. the aerosol impact on cloud
sor emissions have been collected (based on published irproperties) in global modeling. In 2003 the Asol Inter
ventories and published simulations), assessed and prepar&brparison project AeroComh(tp://nansen.ipsl.jussieu.fr/
for the year 2000 (present-day conditions) and for the yeathEROCOM)) has been initiated to identify the specific na-
1750 (pre-industrial conditions). These global datasets esture of these uncertainties. Detailed output (of aerosol mod-
tablish a comprehensive source for emission input to globaliles) of more than 15 global models was systematically an-
modeling, when simulating the aerosol impact on climatealyzed, mainly by comparing to available data from in-situ
with state-of-the-art aerosol component modules. As thesasampling and remote sensing. In initial comparisons of the
modules stratify aerosol into dust, sea-salt, sulfate, organideroCom Experiment “A” modelers were allowed to use
matter and soot, for all these aerosol types global fields oraerosol emissions (an essential model input) of their choice,
emission strength and recommendations for injection altitudewithout a clear connection to any particular year. This com-
and particulate size are provided. Temporal resolution varieplicated the interpretation of model diversity (Kinne et al.,
between daily (dust and sea-salt), monthly (wild-land fires)2005; Textor et al., 2005). It remained unclear, if unusual
and annual (all other emissions). These datasets benchmarkodel-tendencies for any particular aerosol component re-
aerosol emissions according to the knowledge in the yeafated to model input (e.g. emission-data) or to aerosol pro-
2004. They are intended to serve as systematic constrainitsessing and transport. In an effort to harmonize aerosol input,
in sensitivity studies of the AeroCom initiative, which seeks two additional AeroCom simulations were requested with
to quantify (actual) uncertainties in aerosol global modeling.prescribed emission data for primary aerosol and for aerosol
precursor gases. AeroCom Experiment “B” ties model input
(e.g. aerosol emissions and meteorological data via nudging
in GCMs) to the year 2000 in an effort to evaluate models
with observational data available for that year. AeroCom

Aerosol introduces large uncertainties in climate modelingEXperlment Pre” was designed to establish a pre-industrial

(IPCC, 2001). These uncertainties are fueled by Iimitations(year 1750) modeling reference, to extract the anthropogenic

to adequately represent aerosol amount, aerosol pro ertieaeros’OI impact in conjunction with Experiment *B” (Schulz
q y rep ' brop es[ al., 2006). For both Experiments “B” and “Pre” global
Correspondence tc5. Kinne data sets for aerosol emissions needed to be defined. For

(stefan.kinne@zmaw.de) year 2000 emissions (Experiment “B"), recently published
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Table 1. AeroCom common (natural) emissions.

time aero injection mlpm] o leff flux[Tglyr]  flux [Tglyr]
resolution type* altitude Am]  AeroCom IPCC-TAR
dust daily DU  surface 0.656 2.0¢ 210 1678 215850%
sea-salt daily SS surface 0.0 2.0 250 7925 334880%
DMS daily S surface 0.040 1.8 0.095 18.2 1HB0%
volcanic, explosive  yearly $  (Vp+500m)- 0.0407 1.8 0.059 2.0
(V7+1500m) 0.018Y
volcanic, continuous  yearly s (0.67*vy)— 0.04 1.8 0.059 12.6 9.3 [4-20]
(1.0*V7) 0.015M expl. + cont.
SOA monthly ~ POM  surface 19.1 [12-76)]

* DU-dust, SS-sea-salt, S-sulfur [m(S)=0.5*m(&Dor m(S)=0.33*m(SQ)], POM-particulate organic matter [=1.40*organic carbon]

+ 2.5% of sulfur should be emitted as particulatesS@ost sulfur (S) is emitted as gaseous,;SO

€ log-normal size-distribution parameters (number mode radius and standard dev.) of the coarse size mode

K'hased on a recent review by Kanakidou et al., 2005

M50 of the volcanic mass each is associated with a smaller @)%nd larger (.042m) number mode radius. indicates the altitude
of the top of the volcano.

emission inventories (e.g. Bond et al., 2004; van der Werfferring to the year 1750 (for Experiment “Pre”) are explained
et al., 2003) and recently published model simulations (e.gin Sect. 5. The temporal resolution of all data-sets is sum-
Gong et al., 2003; Ginoux et al., 2003; Boucher et al., 2003)marized in Sect. 6. Emission injection heights, in particu-
were interpreted and combined to a comprehensive dataar those for wild-land fires are explained in Sect. 7. And
set addressing all major aerosol emission sources. For presize recommendations are addressed in Sect. 8. All emission
industrial emissions (Experiment “Pre”), year 2000 emis- data-sets are available (in netcdf data format) via a dedicated
sions of non-natural origin were scaled back according tdfile transfer site at the Joint Research Center (JRC) in Ispra,
changes in population, crop production and wood consumpitaly: ftp:/ftp.ei.jrc.it/pub/Aerocom/or available from the
tion, whereas natural emissions (e.g. dust, sea-salt) remainelithors of this paper. To help in locating specific data, all ftp-
at year 2000 levels. Background and details to both recomsite subdirectories and their content are listed in Appendix A.
mended data-sets are now introduced.

3 Common emissions

2 General features and overview o o o
Natural emissions (common to both emission scenarios) in-

For the years 1750 and 2000, global aerosol emissiorclude wind-blown contributions of mineral dust (DU) and
fields are defined at a common spatial resolution ofsea-salt (SS), sulfur (S) contributions from volcanoes and
1.0°[latitude] * 1.C°[longitude]. Emission fluxes for all rel- DiMethyl Sulphide (DMS, mainly oceanic) and Secondary
evant aerosol species and precursors in global modeling ar®rganic Aerosol (SOA) formed from natural Volatile Or-
provided in units of kg per (190-1.0°) grid-box. Tempo- ganic Compound (VOC) emissions. Since in 2004 most
ral resolution ranges from daily to yearly depending on themodels did not include parameterziations for SOA forma-
species. In addition, injection heights and sizes of particulatdion, SOA emissions were prescribed to be added to the emis-
emissions are prescribed. Emissions are categorized by thegions of Particulate Organic Matter (POM). An overview of
origin as either ‘natural’ or “anthropogenically modified”. = recommendations for injection height and particle size and a
Natural emissions such as dust, sea-salt, oceanic DMS ancbmparison of annual total fluxes to IPCC-TAR estimates are
volcanic sources are assumed to be identical in both Expergiven in Table 1.
iment “B” (year 2000) and Experiment “Pre” (year 1750). Table 1 also lists size-recommendations in terms of log-
Thus, these emissions are referred to as “common emisaormal size-distribution parameterg (number mode ra-
sions”. They are introduced in Sect. 3. “Anthropogenically dius) ands (standard deviation), plus the resulting.r This
modified emissions” as they changed with industrializationradiatively most “effective radius” is defined by the ratio of
are presented separately. Those referring to the year 2008ums by third and second radii momenEr3/=r?. Since
(for Experiment “B”) are described in Sect. 4 and those re-the effective radius for dust and sea-salt is predominantly
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DUST year 2000, global annual total : 1.68e+03 Tg/yr
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Fig. 1. Global fields of annual dust emission fluxes and dust emissions for four selected months (January, April, July and October). The dust
emissions are given in gﬁfyear or g/n?/month according to the linear color scale and its minimum and maximum values.

determined by the coarse mode, only log-normal distribution3.1 Dust
parameters for the coarse modes are displayed.

The common emissions are evenly distributed over the_ . timates for dust (DU based imulati
year unless the emissions are closely tied to near surfacEMission estimates for dus (DU) are based on simulations

winds and their variability. Thus, for dust, sea-salt and DMSWKhSXeér jgrf‘:lcg wirr:ogbof th_e yesar ZOOODgene':Atat(_ad_lb y the
a daily temporal resolution was adopted (as a compromisé\l oddard Eart serving System Data Assimilation

between need and excessively large datasets). System (GEOS DAS). The daily average DU flux output was
distributed over four size-bins (radii ranges of 0.1-1.0, 1.0—

1.8, 1.8-3.0, 3.0-6,0m) at 1.0[latitude] * 1.C°[longitude]
horizontal resolution (Ginoux et al., 2001, 2003). To accom-
modate modal size schemes (frequently used in global mod-
eling) DU flux data (after subdividing the original size-bins
each into ten subsections of equal radius-range and number)

www.atmos-chem-phys.net/6/4321/2006/ Atmos. Chem. Phys., 6, 43242006
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SEA-SALT year 2000, global annual total : 7.93e+03 Tg/yr
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0.0e+00 salt mass 9.3e+01 g/m2/yr
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0.0e+00 salt mass 1.5e+01 g/m2/mo

Fig. 2. Global fields of annual sea-salt emission fluxes and sea-salt emissions for four selected months (January, April, July and October).
Sea-salt emissions are given in &Ilyear or g/n?/month according to the linear color scale and its minimum and maximum values.

were stratified according to size into two domains: accu-DU density varies between 2.2 and 2.9 gfcdepending on
mulation mode (radii: 0.05-0,6m) and coarse mode (radii its mineral composition (e.g. Reid et al., 2003). Thus, as-
>0.5um). Then for each size domain the DU flux was suming an average DU density of 2.5 gfkand prescrib-
distributed over a log-normal function, which is defined by ing standard deviations of 1.59 for the accumulation mode
the three parameters of mode-radiggradius at the peak and 2.0 for the coarse mode (following assumptions of the
concentration), standard deviatier(distribution width) and ~ M3/M7 size scheme in Wilson et al., 2001), mode-ragii r
number N. As DU (mass) flux and number concentration inwere determined independently for each mode at each grid-
each domain are defined, the mode-radjj<an be deter- point and for each time-step. Daily global fields for mode-
mined with assumptions to standard deviation and densityradius and number (along with the prescribed values for
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DMS year 2000, global annual total : 1.83e+01 Tglyr S
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Fig. 3. Global fields of annual DMS flux emissions and DMS emissions for four selected months (January, April, July and October). The
DMS emissions are given in g:?rtyear or g/n@/month according to the linear color scale and its minimum and maximum values.

density and distribution width) establish the recommended The (radiatively) characteristic size of any size-
emission input for DU in modal size schemes. To accom-distribution is commonly represented by the effective
modate aerosol modules with (size-) bin schemes, softwareadius (gf), defined as the ratio between the sums of
is provided, which can extract the DU emission flux for any third and the second moments of (‘equivalent’) radii of all
DU size-range. Based on the modal approach 98.6% of théndividual particles Er3/=r?). The characteristic maximum
DU flux mass is assigned to the coarse mode (and 1.4% tdimension for DU is about 4m, largely determined by
accumulation mode). The spatial distributions of DU emis- contribution of coarse mode particles (e.g. a coarse mode
sions on an annual and a monthly basis are given in Fig. 1. radius of 0.65um combined with a standard deviation of 2.0
translates into 2.&m for ref). DU emissions are prescribed

www.atmos-chem-phys.net/6/4321/2006/ Atmos. Chem. Phys., 6, 43242006
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Fig. 4. Annual distribution of volcanic explosive (upper panel) and volcanic continuoysegtssions (lower panel).

to take place in the lowest model layer. Biases may havamates. Inaccuracies are introduced by the simple modal size
been introduced by limitations of the GEOS DAS mete- representation and by model specific implementations (e.qg.
orology and simplifying assumptions. The coarse (daily) inconsistencies with boundary layer mixing (e.g. convection)

temporal resolution and injections into the lowest modeland/or adaptations to different model resolutions).

layer only are expected to contribute to DU flux underesti-

Atmos. Chem. Phys., 6, 4324344 2006 www.atmos-chem-phys.net/6/4321/2006/
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POM_S0A 2000 sum [Tg/yr] 19.1 g/ m2fyr

20.000
10.000

J0M ¢

EQ}

Iotitude {deq)

S05 ¢

605+

180W 150w 120w 90W  BOW 50w OE SO0E BOE QUE 120E 150E 180E
langitude (deg)

Fig. 5. Annual SOA emissions (tied to natural terpene emissions) for the year 2000.

3.2 Sea-salt establish the recommended emission input for SS in modal
size schemes. To accommodate aerosol modules with (size-)
. . bin schemes, software is provided, which extracts SS flux
Sea-salt (SS) daily emission data are based on year 2008issions within any size-range. Distributions of SS emis-
ECMWEF near surface winds. SS mass fluxes are provideq;ns are displayed in Fig. 2.
over 24 size bins (covering radii from 0.005 to 20:48) The (radiatively) characteristic size of any size-

at 1.173[latitude] * 1.175[longitude] horizontal resolution  yistribution is commonly represented by the effective

(Qong et. al., 2903). Contributions_of SS emissions assOiadius (e), defined as the ratio between the sums of
ciated with radii larger 1@m were ignored and SS €ON- hirq and the second moments of (“equivalent”) radii of
tributions over sea-ice were removed according to monthly individual particles £r3/£r?). The characteristic SS

ECMWF §ea—|ce—free-fr§lct|ons for the'year 2000. The datayiameter is about Bm, largely determined by coarse mode
were regridded to a horizontal resolution of 1*@.0° and particle contributions (e.g. a coarse mode radius of Qi
redistributed (after subdividing the original size-bins eachin conjunction with a standard deviation of 2 translates
into ten_ subsectic_)ns of gqual radius—ran_ge and number) ovef 2.5um for ref). SS emissions are prescribed to take
three Slz€ domalnsE_ Aitken mode (ra@t0.05.m), accu- . place in the lowest model layer. Uncertainty issues are
mulation mode (radii: 0.05-0/om) and coarse mode (radii  gjnjjar to those for DU, including the numerical spread
>0.5um). Then for each size domain SS fluxes were dis-j,y, 1he modal representation. For example, even though
tributed over a log-normal fun_ctlon, which is d_efl_ned by the original SS fluxes of radii larger than 10n were rejected,
three parameters of mode-radiys standard deviation and ¢ cqarse size mode flux fit with a large distribution width

number N. As SS (dry-mass) flux and number concentrationgianard deviation of 2.0) will lead to non-negligible SS
in each domain are defined, the mode-radigsan be de- flux contributions for radii up to 2&m.

termined with assumptions to standard deviation and den-

sity. Assuming a SS (dry-mass) density of 2.2 g/¢Manel, 3.3 DMS

1976) and prescribing standard deviations of 1.59 for the

Aitken and the accumulation modes and 2.0 for the coarsdaily DMS emission data are based on six hourly data of
mode (following assumptions of the M3/M7 size scheme insimulations with the LMDZ general circulation model LOA
Wilson et al., 2001), mode-radijyrwere determined inde- (Boucher et al., 2003) at 2Batitude] * 3.75[longitude] res-
pendently for each mode at each grid-point and for each timeelution. Oceanic DMS emissions are derived by applying a
step. Daily global fields for mode-radius and number (alongparameterization for air-sea transfer velocities (Nightingale,
with the prescribed values for density and distribution width) 2000) to simulated climatology tied to measurement samples

www.atmos-chem-phys.net/6/4321/2006/ Atmos. Chem. Phys., 6, 43242006
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Table 2. AeroCom anthropogenically modified (full molecular mass) emissions for the year 2000.

type data source timere- aerotype injection ,[gm] o refiflum]  flux[Tglyr]  flux [Tglyr]
solution altitude AeroCom IPCC-TAR
wild-fire ~ GFED monthly BC 6 layers  0.040 1.8 0.095 3.1 5.7 [5-9]
GFED monthly POM 6 layer§  0.040 1.8 0.095 34.7 54 [45-80]
GFED monthly St 6 layers?  0.040 1.8 0.095 4.1 2.2 [1-6]
biofuel SPEW yearly BC surface 0.040 1.8 0.095 1.6 in wild fire
SPEW yearly POM surface 0.040 1.8 0.095 9.1
domestic [IASA yearly Sha surface 0.015 1.8 0.036 9.6 184
fossilfuel SPEW yearly BC surface 0.015 1.8 0.036 3.0 6.6 [6-8]
SPEW yearly POM surface 0.015 1.8 0.036 3.2(+19.1) 28[10%-30]
roads IIASA yearly Sha surface 0.015 1.8 0.036 1.9 F6
shipping EDGAR yearly St surface 0.500 20 166 7.8 3
off-road IIASA yearly s+ surface 0.015 1.8 0.036 1.6 kie)
industry  IIASA yearly s+t 100-300m 0.500 20 166 392 67.5°
power-pl. 1IASA yearly Sha 100-300m  0.500 20 1.66 48.4 58.6

* S-sulfur [m(S)=0.5*m(SQ,) or m(S)=0.33*m(Sg)], POM-particulate organic matter [=1.40*organic carbon], BC-black carbon
+ 2.5% of sulfur should be emitted as particulate,S@ost sulfur (S) is emitted as gaseous,SO

H 9-100 m, 100-500 m, 500—-1000 m, 1-2 km, 2—3 km, 3—6 km, assignment according to Table 4

ACooke et al. (Cooke et al., 1999) report a more moderate amount of 10.1 Tg OC-CIyr.

Bhased on EDGAR3.2 FT2008tp://www.rivm.nl/edgarand Olivier et al. (2005).

I probably not all industrial sources are included in the IIASA inventory.

(Kettle and Andreae, 2000). Continental DMS emissions ofsions are placed between 500 and 1500 m above each volcano
biogenic origin (Pham et al., 1995) are generally much lower.peak.

To exclude unrealistic high contributions over coastal land Continuous degassing is equally distributed over all grid
regions (gridboxes with more than 5% land fraction), val- points with GEIA volcano locations. The annual continu-
ues of the nearest completely continental pixel were adoptedous degassing emissions recommend by GEIA are consid-
Then daily average data were interpolated ontd®slP-grid.  ered to be an underestimate (Graf et al., 1998; Textor et
Distributions of DMS emissions are given in Fig. 3. al., 2004). Thus, continuous sulfur-containing emissions of
GEIA are multiplied by a factor of 1.5. The new estimate
(at 12.6 TgS/year) is still conservative, since many volcanoes
are either not monitored or have emissions that cannot be ac-
curately detected by satellite sensors presently at use. Con-
Annual volcanic (sulfur) emissions data, displayed in Fig. 4,tinuous degassing emissions are placed in the upper third of
consider both continuous degassing and explosive volcanoshe volcano (altitude) to account for degassing at the flanks
Volcanic sulfur is emitted as 97.5% $@nd 2.5% SOA4. Data  of the volcanoes. Volcanic SGemissions are displayed in
are based on the GEIA inventoriyt{p://www.igac.noaa.gov/  Fig. 4.

newsletter/22/sulfur.php http://www.geiacenter.oryy/ (An-

dres and Kasgnoc, 1998). However, since there are a numg 5 Secondary Organic Aerosol

ber of ambiguities which may lead to implementation differ-

ences, an interpreted and updated dataset is provided, whiq@onthly Secondary Organic Aerosol (SOA) emissions are
is summarized next. provided. They are based on the assumption that 15% of
Data on explosive emissions are based on observationailatural terpene emissions form SOA, although SOA produc-
evidence including the Aerosol Index (Al) of TOMS satellite tion is much more complicated (Kanakidou et al., 2005).
sensors. The multi-annual total emission (at 2 TgS/year) oflt is assumed that SOA is formed on time-scales of a few
explosive emissions is equally distributed over all grid boxeshours and that SOA precursor emissions condense on pre-
with volcanoes that had been active over the last 100 yearsxisting aerosol. In reality, substantial SOA formation can
(Halmer et al., 2002). The emissions are assumed to beccur at higher altitudes (Kanakidou et al., 2005). Terpene
continuously released, because only about 1/3 of explosivemissions of 127 Tg/year were taken from GEIA (Guenther
emissions are linked to violent explosive phases. The emiset al., 1995). This translates into an annual global average

3.4 \olcanic emissions

Atmos. Chem. Phys., 6, 4324344 2006 www.atmos-chem-phys.net/6/4321/2006/
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of 19.1 TgPOM/year, which is within bounds of other esti-
mates of 10 to 60 Tg POM/year (Kanakidou et al., 2005).
The spatial distribution of SOA emission, depending on the
vegetation type is given in Fig. 5.

BC_GFED 2000 sum [Tg/yr] 3.0 g,/ m2/yr

4 Anthropogenically modified emissions — year 2000

Emissions which have changed (usually sharply increased)
with industrialization are: contributions by sulfur - mainly
in form of sulfur-dioxide (SQ) — and carbon. Carbona-
ceous emissions are commonly stratified into organic carbon
in terms of Particulate Organic Matter (POM) and strongly
absorbing black carbon (BC). BC is also often referred to

1BOW 150w 120w 90w BOW 30w OF 30E B0E 90E 120E 1S0E 18BOE

as elemental carbon, although strictly speaking BC is only longude (de3)
the light absorbing fraction of elementary carbon. Primary

sources for anthropogenic emissions are large scale (wild- - POM_GFED 2000 sum [Ta/yr] 54.7 ] g/m2yr
land) fires, bio fuel burning including domestic fuel burning ' 5 - .

and fossil fuel burning. For the latter a distinction is made be-
tween sources from road traffic, international shipping, off-
road (rail, inland shipping and non-specified transport), in-
dustry and power-plants, to account for differences in injec-
tion height and particle size, as indicated in Table 2. Table 2
summarizes individual contributions recommended for Ae-
roCom Experiment “B” year 2000 simulations. Details on

other emissions are given below.

Intitude (deq)

4.1 Large-scale (wild-land) fire emissions of BC, POM and
SO

Monthly data for large-scale (wild-land) fire emissions of

carbon and sulfur are based on the Global Fire Emission
Database (GFED) inventory (van der Werf et al., 2004, avail-
able online athttp://www.ess.uci.edujranders). In this [
data-set, satellite derived fire hot spots from TRMM-VIRS  ..*
and ERS-ATSR are calibrated to burnt area from the MODIS r
sensor for selected regions, and combined with the CASA

30N F

biogeochemical model that was previously adjusted to ac- " 4 1.000
count for fires to estimate fuel loads (van der Werf et al., £ ‘}Qéi = 0750
2003). The peak in the seasonal cycle of biomass burning - : e, 0.500

emissions derived from fire hot spots has a tendency to pre- % @ o250
cede the peak as derived from atmospheric measurement
of CO, especially in the southern hemisphere (Petron et al., .
2004). Annual totals are in overall agreement to other esti- =%
mates (e.g. Generoso et al., 2003; Bond et al., 2004; Hoelze: '
mann et al., 2004), and are further evaluated in Appendix D.
Due to strong year-to-year variations, two data-sets are of-
fered: An estimate specifically for to the year 2000 and a
5-year (1997-2001) average for climatological simulations.
Year 2000 emissions were below average because of wet L&ig. 6. Annual wild-land fire emissions of BC (upper panel), POM
Nifia conditions in the tropics (van der Werf et al., 2004). The(center panel) and SQlower panel) and for year 2000.

annual emission patterns of BC, POM and,Sitdm large

scale biomass burning (wild-land fires) representing the year

2000 are displayed in Fig. 6. Monthly emissions into the
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Fig. 7. Annual biofuel emissions of BC (top left), POM (top right) and S@m domestic (bottom left) and off-road activity (bottom right)
for the year 2000.

atmosphere are distributed over six ecosystem-dependent alent technology on biofuel emissions between 1996 and 2000
titude regimes between the surface and 6 km (see Sect. 7). is a contributing factor. Sulfur-dioxide biofuel emissions for
the year 2000 are based on energy statistics for the year 2000
4.2 Biofuel emissions of BC, POM, and $O (Cofala et al., 2005). Country and regional estimates (see
) . ) i Appendix B) were gridded following EDGAR (Olivier et al.,
Biofuel emissions include the burning of charcoal and dung,nn2) gistribution patterns (Dentener et al., 2005) and pro-
and charcoal making. Also included in this category is Cropjecteq from EDGAR estimates for the year 1995. Emission
residue burning. Yearly average data (no annual cycle) forpatterns of BC and POM from SPEW and EDGAR based

biofuel organic emissions are based on the Speciated Parti, f,r-dioxide emissions from domestic and off-road sources
ulate Emissions Wizard (SPEW) inventory for 1996 (Bond are displayed in Fig. 7.

et al., 2004). When choices for the AeroCom datasets were

made, SPEW was (and in 2006 still is) the most detailed at4.3  Fossil-fuel emissions of BC, POM, and $0

tempt to evaluate an emission factor dataset and couple it to

energy statistics for 1996. It was assumed that this invenYearly average data (no annual cycle) for fossil-fuel organic
tory applies without changes to the year 2000, because it iemissions are based on the Speciated Particulate Emissions
expected that year 2000 biofuel emissions are well within thewizard (SPEW) inventory for 1996 (Bond et al., 2004). It
uncertainty range of SPEW 1996. Here the uncertain overalivas assumed that this inventory applies without changes to
impact from changes in energy consumption and in concurthe year 2000. Sulfur-dioxide fossil-fuel emissions are based
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Fig. 8. Annual fossil-fuel emissions of BC (top left), POM (top right) andSm road transport (middle left), power-plants (middle right),
shipping (bottom left) and industrial activity (bottom right) for the year 2000. For ship emissions over oceans the distribution of the SPEC
data-base, as illustrated for POM or BC is more realistic than the rather simple distribution in the EDGAR database, as illustrated for SO
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Table 3. AeroCom anthropogenically modified (full molecular mass) emissions for the year 1750.

time re-solution  aerosol injection size In size In g r amount

solution type* altitude hlum]  std.dev pm]  [Talyr]
wildland fire monthly BC 6 layerd  0.040 1.8 0.095 1.03
monthly POM 6 layerd!  0.040 1.8 0.095 12.8
monthly st 6 layers?  0.040 1.8 0.095 1.46
biofuel yearly BC surface 0.040 1.8 0.095 0.39
yearly POM surface 0.040 1.8 0.095 1.56
domestic yearly st surface 0.040 1.8 0.095 0.12

* S-sulfur [m(S)=0.5*m(SQ,) or m(S)=0.33*m(Sg)], POM-particulate organic matter [=1.40*organic carbon], BC-black carbon
+ 2.5% of sulfur should be emitted as particulate,S@ost sulfur (S) is emitted as gaseous,SO
H 9-100 m, 100-500 m, 500-1000 m, 1-2 km, 2—3 km, 3—6 km, assignment according to Table 4

on energy statistics for the year 2000 using technology consatio from the “Hundred Year database for Integrated Envi-
trolled emission factors from IIASA/RAINS (Cofala et al., ronmental Assessments” (HYDE) data-set (Klein-Goldewijk
2005). The country and region estimates (see Appendix Band Battjes, 1997 http://www.rivm.nl/hyde see also Ta-
were gridded following EDGAR (Olivier et al., 2002) dis- ble B3 in Appendix B).

tribution patterns (Dentener, 2005). Ship traffic for the year

2000 is assumed to have increased by 1.5% per year since Actual scaling corrections are then performed according to
1995 over the EDGAR3.2 values. Fossil fuel emission pat-present day land cover (Olsen et al., 1985). Emissions from
tern for BC and POM and SQemission patterns from road deforestation fires are scaled by population whereas emis-
traffic, power-plants, ship-traffic and industry for the year sions over all other land-surfaces (e.g. grassland, shrub/bush,

2000 are displayed in Fig. 8. agricultural activity) scale only to 60% by population (as itis
assumed that 40% burns anyhow). Forest emissions in high
4.4 More emissions latitudes of the northern hemisphere (Europe, N. America,

N o . _ Russia) are doubled from current estimates, to account for
For additional emission data (e.g. for full chemistry simula- |ess fire suppression in the past (Brenkert et al., 1997).
tions) it is recommended to use the EDGAR 3.2, 1995 data-

base (Olivier et al., 2002ittp://www.mnp.nl/edgar No spe-
cific recommendations are given for oxidant fields.
5.2 Biofuel emissions of BC, POM, and $0

5 Anthropogenically modified emissions — year 1750

With the exception of fossil fuel emissions, which can be Pre-industrial biofuel estimates are derived separately for
neglected, anthropogenic emissions in pre-industrial imegarbonaceous aerosol and sulfur emissions. The BC and
were small but not zero. In particular contributions from POM contributions are scaled back to the year 1750 based on
wild-land fires (open burning) and biofuel emissions in in- Statistics for population and crop production (where differ-
habited regions must be considered. In the absence of obsefnces between developing and developed countries are con-
vational data, emission estimates for AeroCom Experimenﬁidered)- Pre-industrial carbon emissions are tied to the wood
“Pre” (year 1750) are derived from educated-guess assumpconsumption, where the switch from electricity or natural gas

tions. Recommendations for AeroCom Experiment “Pre” @s predominant cooking fuel back in time to wood was con-
(year 1750) simulations are summarized in Table 3. sidered (Ito and Penner, 2005). For sulfur-dioxide a CO bio-

fuel inventory for the year 1890 (van Aardenne et al., 2001)

5.1 Large-scale (wild-land) fire emissions of BC, POM and is multiplied by 0.00346, based on the ratio of emission fac-
SO tor estimates (Andreae and Merlet, 2001) for,S&d CO

(0.27 g and 78 g per kg of burned dry biomass, respectively).
Pre-industrial wild-land fire emissions are based on scaled “year 1750-to-year 1890” population ratio from the HYDE
five-year averages (1998-2002) of monthly data of thedata-set (see Appendix B) establishes the emissions for the
Global Fire Emission Database (GFED) inventory (van deryear 1750. Emissions at high latitudes in the northern hemi-
Werf et al., 2003, 2004; Randerson et al., 2005). Centrakphere (Europe, N. America and Russia) are doubled to ac-
to a rescaling is the (year 1750 to year 1990) populationcount for a higher per person use (Brenkert et al., 1997).
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Fig. 9. Maximum emission height (in meter) for (large-scale) wild-fire aerosol.

Table 4. Fractional distribution (in %) of emission heights for wild-land fires.

0- 100- 500- 1000- 2000-  3000-

100m* 500m 1000m 2000m 3000m 6000m
agricultural waste 100 - - - - -
tropical (30 S-30 N) 20 40 40 - - -
Temperate (30N-60N, 30S-60S) 20 20 20 40 - -
Boreal (Eurasia) 10 10 20 20 40 -
Boreal (Canada) 10 10 10 10 20 40

* contributions assigned to heights below the actual surface altitude are moved into the lowest applicable height range and contribution of
the 0-100m altitude are always emitted in the lowest modeling layer.

6 Temporal resolution Most emissions are assumed to be evenly distributed in the

lowest model-layer (“surface”). Fossil fuel emissions from
The temporal resolution of the individual datasets is given inindustry and power-plants should be injected between 100
Tables 1 to 3. For simplification all anthropogenic enhancedand 300 m above the surface, because these emissions are
emissions have no inter-annual variation — except for largeysually released at the top of chimneys. Large-scale wild-
scale wild-land fires, where a monthly resolution is neces-and fire emissions are released distributed over six altitude
sary to represent their (dry-) seasonal character. For all natregimes: 0-100 m, 100-500 m, 500—1 km, 1-2 km, 2—-3km,
ural emissions that are tied to near surface winds (e.g. DU3—6 km according to wild-land fire location and type based
SS, DMS) a daily temporal resolution was selected as a comon detailed work by D. Lavoue (2003, personal communica-
promise between detail and size of the data-sets. The originalon). Table 4 lists the altitude distribution by type.
simulations on which daily emissions are based on were done

. : Emissions are distributed evenly within each altitude layer.
at a much higher temporal resolution.

Contributions assigned to heights below the actual surface
altitude are moved into the lowest applicable height range
7 Injection height while contributions assigned to the 0—100 m altitude are al-

ways emitted in the lowest model layer. For illustration pur-
Recommended injection heights above the earth surface gfoses also the maximum emission height for wild-land fire
the individual emission datasets are given in Tables 1 to 3emissions is indicated in Fig. 9.
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The most complex altitude assignment is for volcanic The data-sets explained in this paper are considered an ini-
emission. It is based on a data-set for volcanic location andial first step to establish a global and temporal sufficiently
volcano top altitude [¥] (Halmer et al., 2002). For each vol- comprehensive aerosol emission database. This work did not
cano, (continuous) explosive contributions should be evenlyattempt to assess uncertainties; nevertheless it should be rec-
placed between 500 and 1500 m above &hd continuous  ognized that there is more confidence in some sources (like
degassing should occur in the upper 1/3 altitude of each volSO, from anthropogenic sources) than in other sources (e.g.
cano. emissions of EC and POM) where there are deviations of a
factor of 3 between estimates found in the literature. Inad-
equate temporal resolution is another source for uncertain-
ties. In particular the lack of an annual cycle for most anthro-

: . ... pogenically modified emissions is a large simplification (De
Recommended aerosol sizes for particles of the IndlV'd_MeijretaI., 2006). Similarly, the daily resolution for dust and

ual emission datasets are given in Tables 1 to 3. Size . . I o
. . ; ., . sea-salt seem inadequate, since their simulated emissions are
recommendations are given in terms of log-normal distribu-

. . . tied to the strength of near-surface winds and their variability.
tions parameters, where the mode radiyg @escribes the . R .
; T . In that context, potential uncertainties introduced by the in-
peak concentration and the standard deviationdescribes . . . D
T ) . consistency with respect to the applied year 2000 wind fields
the distribution width. From both log-normal values a (radia- for dust and sea-salt abpear minor. In fact. a study comparin
tively) characteristic size has been determineg)(ras the bp ! ' Y haring

i . ust mobilization due to the use of different (NCEP, NASA
ratio between the sums of the third and the second mome - .
of the radius-sr3/ Sr2. EOS-DAS) surface winds for the same year leads to fairly

For wildland fire (open burning) and biofuel aerosol the consistent fields — except for some differences over East Asia

recommended characteristic size gf£0.1um is based and Australia (Luo et al., 2003).Also note that dust applies

. , wind data only over land, whereas sea-salt applies wind data
on an analysis of numerous field-measurements (see Ap-

pendix C). For fossil-fuel two different size-distributions are only over ocear.13. ,

defined. A large size mode with~1.7um is recom- In summary, improvements should ngress (8] hlghe.r t.em-
mended for power-plant and industrial emissions (representPOra! resolutions for all aerosol emissions (by providing
ing fly-ash, and components formed on it). A relatively small &t 1€ast seasonality to all emissions), (2) consistency for
size mode with &5~0.04.m is recommended for other fos- needed ancillary data (e.g. identical meteorological fields
sil fuel emissions (e.g. traffic) based on kerbside measure@d Yéars, when simulating emission for sea-salt, dust and
ments in several EU-cities (Putaud et al., 2004; van Din-PMS) and (3) consistencies to simultaneously released trace-
genen et al., 2004). For particles from volcanic emissions3aS emissions (e.g. during wild-land fires) that are relevant

half of the mass is assigned each to the small fossil-fuef® atmospheric chemistry. In addition, an extension to in-
size (e~0.04um) and to the biofuel size §~0.1.m). clude emission-estimates associated with future scenarios is

For dust and sea-salt, size recommendations are more conflanned.
plex, because they are defined by two and three size-modes,
respectively, with variations permitted between consecutive

days. However, since the mass flux is dominated by contri-appendix A
butions of the coarse size domain, the average characteristic

size is well represented by the coarse mode wih42.1um Names and location of data-files on IES, JRC
for dust and atdi~2.5um for sea-salt. ftp-web site

8 Size choices for primary particulate emissions

9 Discussion and conclusion All AeroCom emission data-sets are available (in netcdf data
format) via a dedicated file transfer site at the Joint Research

The above emissions, recommended for AeroCom, represeitenter in Ispra, Italy:ftp://ftp.ei.jrc.it/pub/Aerocom/ To

the state-of-the-art for global aerosol emissions inventoried€lp locate specific data ftp-site subdirectories and their

in the year 2004. In cases where several alternative dataseg9ntent is outlined below:

were available, such as three large-scale burning wild-land

fire inventories (van der Werf et al., 2004; Generoso et al./dust.ncf dust data “dust200001.nc” (Jan 2000), ...,

2003; Hoelzemann et al., 2004; see Appendix D), selectiorfdust200012.nc” (Dec 2000)

criteria included global annual coverage, lack of biases and

emission-fluxes within expected bounds. The overall goal/seasaltncf salt data “salt200001.nc” (Jan 2000), ...,

was to provide global emission fields and recommendationgsalt200012.nc” (Dec 2000)

for seasonality, emission height, and size distribution of all

aerosol sources that are simple enough to be easily implelDMS_ncf DMS data “dms200001.nc” (Jan 2000), ...,

mented in global models. “dms200012.nc” (Dec 2000)
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Ivolcanic_ncf volcanic data

— degassing “contineousolc.nc”

— explosive “explosivevolc.nc”
/other_ncf_2000all other emissions for the year 2000

— BC-biofuel “BC1bfuel.nc”

— BC-fossil fuel “BC1ff.nc”

— BC-wildland fire “GFED2000BC.nc”
“GFED_averagel997-20028C.nc”

— POM-wildland fire “"GFED200QPOM.nc”
“GFED_averagel997-2002°OM.nc”

— SO2-wildland fire “GFED2000.SO2nc”
“GFED_averagel997-2002502.nc”

— POM-biofuel “POMbfuel.nc”

— POM-fossil fuel “POMff.nc”

— S0O2-domestic “SODomestic2000bau.nc”

— SO2-industry “SO2ndustry 2000bau.nc”

— S02-ships “SO2nternationalShipping2000bau.nc”

— SO2-off road “SO20ff-road 2000bau.nc”

— SO2-powerplant “SOPowerplant2000bau.nc”

— SO2-traffic “SO2RoadTranspor2000bau.nc”

— POM-SOA “SOA.nc”
/other_ncf_1750all other emissions for the year 1750

BC-biofuel “BC1.175Qbfuel.nc”

BC-wildland fire “GFED.175QBC.nc”

POM-wildland fire “GFED1750POM.nc”

SO2-wildland fire “GFED1750S02nc”

POM-biofuel “POM.175Q bfuel.nc”

— S0O2-domestic “SODomestic1750bau.nc”

— POM-SOA “SOA.nc”

www.atmos-chem-phys.net/6/4321/2006/

4335

Appendix B

Regional aspects of AeroCom emissions

For a quick reference on regional contributions of BC, POM
and SQ, annual AeroCom emissions are stratified into 18 re-
gions according to the IMAGE integrated assessment model,
as illustrated in Fig. B1 (courtesy of B. Eickhout at RIVM,
Netherlands).

Regional AeroCom emissions by species and source are
summarized for current conditions (year 2000) in Table B1.
Figures B2, B3 and B4 display the global distribution of an-
nual emission totals for BC, POM and $@r the year 2000,
combining all sources.

Corresponding to Table B1 regional distributions for pre-
industrial conditions (year 1750) are given in Table B2. Fig-
ures B5, B6 and B7 display the global distribution of annual
emission totals for BC, POM and $SQor the year 1750,
combining all sources. Differences of emissions between
years 2000 and 1750 provide estimates on anthropogenic
contributions.

A central role, when back-scaling current emission to ob-
tain estimates on pre-industrial emissions has been the popu-
lation ratio of the HYDE data-seh{tp://www.rivm.nl/hyd8.

In particular the 1990/1750 and the 1890/1750 population
ratios were applied and are listed among others for the 18
IMAGE regions (see Fig. B1) in Table B3.

Appendix C

Background to the sizing of primary aerosol from
biomass burning

Biomass burning is one of the main sources for carbonaceus
aerosol in the atmosphere. Globally it contributes to about
40% of CQ,32% of CO, 38% of tropospheric ozone, 7% of
total particulate matter and 39% of particulate organic car-
bon. The majority of biomass aerosol (ca 80%) occurs in
the tropics as seasonal event (e.g. Aug—Oct: S. Africa and
S. America).

To provide background on choices for the sizing of freshly
emitted (young) biomass aerosol. We compiled a summary
of measurements (Allen and Miguel, 1995; Anderson et
al., 1996; Andreae and Merlet, 2001; Cachier et al. 1996;
LeCanut et al., 1996; Radke etal., 1991; Scholes et al., 1996;
Suscott et al., 1991). Measured size distributions have been
fitted to a multi-model lognormal distribution, which is de-
fined by

dN NIn10 (nr =1Inry,)?2
dnr — Jonino EXD[ 2(no)2 } (€1

whereN is total particle number,is the mode radius and
o is the standard deviation. A comparison of fits is presented
in Fig. C1.
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RIVM Environmental Research -1998 World Regions and Subregions
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Fig. B1. Regional choices for continental regions by the IMAGE project (by B. Eickhout).

Table B1. Regional distributions of AeroCom emissions for the year 2000 (in Tg/year).

category BC BC BC BC POM POM POM POM POM SO, SO SO, SO SO SO SO, SO SO, SO,
wildf biof fos.f all wildf biof fosf soa all wildf v.ex Vv.CO dom road pow off-r ship indu all
CANADA 0.01 0.01 0.03  0.05 0.18 0.05 0.02 069 095 0.02 0 0 0.07 0.01 0.54 0.05 0 119 188
USA 0.07 0.06 0.27 0.40 111 0.45 0.2 123 299 0.11 0.22 1.01 0.31 0.17 124 0.11 0 312 175
C AMERICA 0.13 0.03 006 022 15 0.18 0.14 062 245 0.14 0.23 2.24 0.04 0.08 1.84 0.08 0 136 6
S AMERICA 0.73 0.08 022 103 8.3 0.5 0.24 658 15.6 0.85 0.47 4.76 0.16 0.22 0.54 0.12 0.01 161 872
N AFRICA 0 0 0.05 0.05 0 0.03 0.06 003 0.12 0 0 0 0.05 0.07 0.68 0.01 0 0.64 145
W AFRICA 0.73 0.18 0.01 0.92 7.65 0.97 0.04 253 112 1.01 0.02 0 0.14 0.04 0.06 0.03 0 0.14 143
E AFRICA 0.25 0.08 0.01 0.34 2.65 0.44 0.01 0.7 3.80 0.35 0.17 0.02 0.09 0.01 0.03 0.01 0 0.08 0.77
S AFRICA 0.56 0.07 0.05 0.69 581 0.4 0.09 094 7.24 0.83 0.03 0.02 0.12 0.05 1.79 0.02 0 064 35
OECD EU 0.01 0.03 025 0.28 0.11 0.21 0.17 033 081 0.01 0.08 0 0.44 0.14 3.47 0.19 0.08 205 6.47
EAST EU 0.01 0.03 0.1 0.14 0.12 0.28 0.1 0.08 058 0.01 0 0 0.67 0.03 4.2 0.04 0 101 596
F. USSR 0.08 0.02 017 027 1.81 0.14 0.17 098 3.10 0.15 0.14 0 1.16 0.06 5.61 0.12 0 399 112
MID EAST 0 0.01 012 013 0 0.06 0.24 012 042 0 0.03 0 0.49 0.25 2.8 0.06 0.07 244 6.14
SOUTH ASIA 0.04 0.40 0.18 061 0.38 214 0.14 069 3.35 0.05 0 0 0.59 0.44 3.49 0.13 0 289 76
EAST ASIA 0.01 0.41 1.01 1.42 0.21 2.03 0.93 0.69 387 0.02 0.02 0 4.75 0.12 8.76 0.44 0 152 293
SE ASIA 0.20 0.15 0.14 0.50 224 0.8 0.19 149 472 0.21 0.44 0.79 0.38 0.15 1.05 0.06 0.02 16 47
OCEANIA 0.23 0 0.03 0.26 2.56 0.02 0.02 097 357 0.33 0.11 4.52 0.01 0.04 0.85 0.04 0 081 6.71
JAPAN 0 0 0.14 015 0.01 0 0.09 005 0.15 0 0.22 2.57 0.07 0.04 0.25 0.04 0 0.48 3.66
GREENLAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OCEAN 0 0.07 021 027 0 0.39 0.35 0.4 114 0 1.83 9.29 0 0 0 0 7.58 0 18.7
WORLD 3.04 1.63 3.04 7.72 34.7 9.09 32 191 66.1 4.1 4 25.2 9.55 1.92 48.4 1.56 7.75 39.2 142.

wildf — wildfire, biof — biofuel, fos.f — fossil fuel,v.ex— volcanic, explosivey.co— volcanic, continuousjom— domesticroad — road
traffic, pow— powerplant pff-r — off road,ship— shipping.indu — industry

The accumulation size-mode (radii smaller than 01 Data points in the lower right of Fig. C2 indicate log-
usually contains more than 90% of the biomass burningnormal parameters from fits to young biomass aerosol. As
aerosol mass. Figure C2 presents the log-normal paramehe biomass aerosol ages, the mode radius increases and the
ters data-pairs fort (actually the diameter is shown) and  distribution width narrows, resulting in an increase to effec-
of only the accumulation size-mode associated with the sizdive radius (from 0.10 to 0.1pm), which is small in the con-
distributions of Fig. C1. text of orders of magnitudes among different aerosol sizes.
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Fig. B2. Global distribution of all BC emissions for the year 2000.
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Fig. B3. Global distribution of all POM emissions for the year 2000.

As biomass burning emissions are associated with youngf volatility analysis on young aerosol emitted by North
aerosol, recommendations are 0.0% for (number-) mode American fires (Reid et al., 2003), where sampled aerosol
radius f, and 1.8 for standard deviatiangas listed in Ta-  (r, =0.55um, 0=1.7) has been pre-heated to 3COto bake
bles 1 to 3). These values are consistent with estimatesff volatile compounds (organics, sulfate, nitrate, water etc.),
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Fig. B4. Global distribution of all S@ emissions for the year 2000.
Table B2. Regional distributions of AeroCom emissions for the year 1750 (in Tg /year).
category BC BC BC BC POM POM POM POM POM SO s, SO, SO, SO SO, SO, SO, SO S0,
wildf biof fos.f all wildf biof fosf soa all wildf v.ex A} dom road pow off-r ship indu all
CANADA 004 0 0 004 08 0 0 069 154 007 0 0 0 0 0 0 0 0 0.07
USA 000 001 0 002 006 006 0 123 135 001 022 101 0 0 0 0 0 0 124
C AMERICA 0.01 0 0 0.01 0.15 0.01 0 0.62 0.78 0.01 0.23 224 0 0 0 0 0 0 249
S AMERICA 0.23 0.01 0 0.24 257 0.03 0 6.58 9.17 0.28 0.47 476 0 0 0 0 0 0 551
N AFRICA 0 00 0 001 0 002 0 003 006 0 0 0 0 0 0 0 0 0 0
W AFRICA 022 004 0 027 239 011 0 253 508 032 002 0 0 0 0 0 0 0 034
E AFRICA 008 004 0 012 088 011 0 07 168 012 017 002 0 0 0 0 0 0 o3l
S AFRICA 020 003 0 022 205 007 0 094 306 029 003 002 0 0 0 0 0 0 034
OECDEU 000 001 0 001 004 005 0 033 041 0 008 0 001 0 0 0 0 0 010
EASTEU 000 001 0 001 001 003 0 008 012 0 0 0 0 0 0 0 0 0 0
F. USSR 0.09 0.02 0 0.11 2.10 0.13 0 0.98 321 0.17 0.14 0 0 0 0 0 0 0 0.31
MID EAST 0 0.01 0 0.01 0 0.02 0 0.12 0.15 0 0.03 0 0 0 0 0 0 0 0.03
SOUTHASIA 001 006 0 007 008 029 0 069 106 00l 0 0 003 0 0 0 0 0 004
EAST ASIA 001 010 0 010 010 046 0 069 126 001 002 0 005 0 0 0 0 0 008
SEASIA 006 003 0 010 074 013 0 149 236 006 044 079 00L 0 0 0 0 0 13
OCEANIA 006 0 0 007 078 001 0 097 177 010 011 452 0 0 0 0 0 0 4n
JAPAN 0 001 0 001 001 003 0 005 008 0 022 2571 0 0 0 0 0 0 2.79
GREENLAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OCEAN 0 0.07 0 0 0 0 0 0.4 0.40 0 1.83 9.29 0 0 0 0 0 0 111
WORLD 1.03 0.39 0 141 12.8 1.56 0 19.1 335 1.46 4.00 25.2 0.12 0 0 0 0 0 30.8

wildf — wildfire, biof — biofuel, fos.f — fossil fuel,v.ex— volcanic, explosivey.co— volcanic, continuousjom— domesticroad — road
traffic, pow— powerplant pff-r — off road,ship— shipping,ndu — industry

resulting in core aerosol (mainly BC and low volatility or- Appendix D
ganics) of ;=0.32um andg=1.9.
Comparison of available wildland fire inventories

By 2003, three different global large-scale wildland fire in-
ventories had been developed (van der Werf et al., 2004;
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Fig. B5. Global distribution of all BC emissions for the year 1750.
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Fig. B6. Global distribution of all POM emissions for the year 1750.
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Fig. B7. Global distribution of all S@ emissions for the year 1750.

Table B3. Regional population for the year 1750 and population ratios for selected subsequent years with respect to the year 1750 population
according to the HYDE database.

yr 1750 1860 /1750 1890/ 1750 1950/ 1750 1990/ 1750
(in million) pop - ratio pop - ratio pop - ratio pop - ratio
Canada (B 7.6 23 46 93
USA 21 115 46 75 121
C.America 55 2.4 51 9.8 26
S.America 50 3.6 9.8 225 59
N.Africa 45 3.0 5.4 9.8 26
W-Africa 221 1.7 2.3 3.9 11
E-Africa 8.0 21 3.6 6.6 19
S-Africa 107 1.6 2.3 3.9 11
OECD-Europe 113 1.8 2.4 29 3.3
E-Europe 3% 1.2 2.4 2.8 3.9
F.USSR 253 2.7 6.3 7.1 11
M-East 93 1.6 3.7 6.3 21
S-Asia 1720 1.9 1.9 2.7 6.5
E-Asia 2689 1.6 1.6 2.7 4.6
SE-Asia 285 1.6 3.5 6.4 16
Oceania 0] 1.8 22 42 88
Japan 28 1.1 2.0 34 5.0
World 7223 1.8 2.4 3.5 7.3
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Fig. C1. Multi-modal log-normal fits to measured biomass size samples.
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Fig. C2. Relationship between (number-) mode diameter (in nm) and standard deviation (describing the distribution width) from log-normal
fits to the size-distributions of Fig. C1. Data points in the lower right refer to young biomass aerosol. Data points towards the upper left refer
to aged biomass aerosol indicating an aging trend to larger mode-radii and narrower distribution width.

Comparisons of POM estimates
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Fig. D1. Comparison of three different global large-scale burning (wildland fire) inventories for regional POM emission estimates by
Generoso et al. (2003), Hoelzemann et al. (2004) and van der Werf et al. (2004).
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Generoso et al., 2003; Hoelzemann et al., 2004). WherCachier, H., Liousse, C., Pertuisot, M. H., Gaudichet, A., Echarlar,
comparing the inventories on a regional basis, as for POM F., and Lacaux, J. P.: African fire particulate emissions and atmo-
in Fig. D1, there is good agreement in a relative sense, al- spheric influence. Biomass Burning and Global Change, edited
though estimates by Hoelzemann (GWEM 1.2) are smaller, by: Levine, J. S., MIT Press, Cambridge, MA, 1996. .
especially in South America. This lower estimate is erro- C0fala, J., Amann, M., Klimont, Z., and Sépp, W.: Scenarios
neous and associated with a failure in the underlying area ©°f Yorld Anthropogenic Emissions of SONO, and CO up
burnt satellite product, so that the impact of small but in- 02030 Internal report of the Transboundary Air Pollution Pro-
) . . . . gramme, International Institute for Applied Systems Analysis,
tens_e fires is underesn_mated in that region. A more rec_:ent Laxenburg, Austria, pp. 17, 2005.
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scription of SPEW (Bond et al., 2004). A particular problem  mental Management 72, 149-161, 2004.
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