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East Asia outflow contains primary aerosols aris-
ing from diverse sources including: wind-blown mineral
dust, biomass/biofuel burning, sea salt spray, and com-
bustion and construction. The outflow also contains
large amounts of secondary particles (e.g., sulfate, ni-
trate and ammonium), which are produced from pro-
cesses involving gas-phase pollutants emitted in Bast
Asia. The TRACE-P and ACE-ASIA experiments have
produced a comprehensive observation-based character-
ization of the aerosol and their precursors in East Asia.
A three-dimensional regional scale model that incorpo-
rated an on-line, size-resolved, aerosol thermodynamics
model (SCAPE-II) was used (STEM-2K3) was used to
study the aerosol ion distributions, and factors that in-
fluence the composition-size relationships, in the Bast
Asia outflow during the TRACE-P and ACE-ASIA pe-
riods. Results from the model were compared with var-
ious observations, and used to study how the aerosol
composition changed as air masses travel off the conti-
nent and out over the western Pacific. The results pre-
sented in this paper indicate that present day models
have substantial interpretive and diagnostic capabili-
ties. However the results also point out that improve-
ment in our predictive capability will require substan-
tial reductions in uncertainties, and that closer inte-
gration of models and measurements is clearly needed.
These issues will be the focus of this paper.

A22E-06 1510h

Change in Mixing State of the Global
Aerosol Since Pre-Industrial Times

Frank Raes! (frank.raes@jrc.it)

Julian Wilson?! (julian.wilson@jrc.it)

Rita Van Dingenenl (rita.van-dingenen)

1European Commission, Joint Research Centre, Ispra,
VA 21020, Ttaly

The magnitude of the radiative effect of individual
chemical aerosol components is sensitive to how they
are mixed among the particles. Using a global chemi-
cal transport model we show that the increase in emis-
sions of aerosol particles and their precursor gases have
caused important changes in aerosol formation pro-
cesses, and hence the aerosol mixing state. Whereas
in pre-industrial times the conversion of gaseous pre-
cursors followed by nucleation was the dominant mech-
anism for particle production over large parts of the
globe, today the direct emission of anthropogenic black
carbon particles with subsequent condensation of con-
densable material predominates. The latter process
has led to particles that are chemically more complex
(more internally mixed) today than in pre-industrial
times. We review the measurements that allow us to
test the model calculations. They include direct mea-
surements such as single particle mass spectroscopy,
an indirect ones such as tandem humidity differential
mobility analysis. The available measurements seem
to confirm the present day predominance of internally
mixed particles, as suggested by the model results. We
therefore argue that assessments of the present and fu-
ture radiative forcing of aerosols and hence sound cli-
mate change mitigation policies, must evaluate changes
in the emissions of individual aerosol components in
terms of their effect on the complete aerosol mixture,
rather than just that component alone.
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Back trajectories suggest that an elevated absorb-
ing aerosol plume observed over Oklahoma in May 2003
can be traced to intense forest fires in Siberia two
weeks earlier. The Fire Locating and Modeling of Burn-
ing Emissions (FLAMBE) product is used to estimate
smoke emissions from those fires. The Model for Inte-
grated Research on Atmospheric Model Exchanges (MI-
RAGE) is used to simulate the transport, aging, radia-
tive properties, and removal of the aerosol. The sim-
ulated aerosol optical depth is compared with satellite
retrievals, and the vertical structure of the plume is
compared with in situ measurements. Sensitivity ex-
periments are performed to determine the sensitivity
of the simulated plume to uncertainty in the emissions
vertical profile, mass flux, size distribution, and com-
position.
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Fast response measurements of particle size distri-
butions, bulk submicron particle composition, and sin-
gle particle composition were made aboard the NOAA
WP-3D research aircraft over the eastern Pacific Ocean
and the western coast of North America. Simultane-
ous measurements of gas-phase tracers and photochem-
ically reactive compounds, and meteorological analy-
ses, show convincing evidence of long-range transport
of layers of aerosol particles from anthropogenic and
biomass-burning sources in east and southeast Asia.
High concentrations of particulate sulfate and gas-
phase HpSOy observed during one transport event were
interpreted with the aid of a numerical model of par-
ticle formation and growth. The simulation indicates
that the particles were formed over the mid-Pacific via
gas-to-particle conversion following long-range trans-
port of SOo through a midlatitude wave cyclone. This
work points to the complexity and diversity of particles
transported over intercontinental distances, and the
importance of quantitatively understanding the trans-
port and chemistry of both particles and partially sol-
uble precursor gases through cloud systems to estimate
the properties and global impacts of the transported
aerosol.

URL: http://www.al.noaa.gov/WWWHD /Pubdocs/
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Sulfate and nitrate are prominent aerosol compo-
nents in the marine atmosphere, and their budgets are
partly controlled by global anthropogenic emissions.
Long-range transport of pollution is a phenomenon that
highly complicates the marine atmosphere chemistry,
as chemical, microphysical and transport processes in-
teract closely, and can alter the radiative and bio-
geochemical budgets of the atmosphere. Oxygen iso-
topes of SO4 and NOg, and especially the isotopic
anomaly (A17O = 6170—0,5*(5180), represent a highly
specific tracer of the formation pathways of SO4 and
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NOg in the atmosphere. It allows notably to quan-
tify the role of ozone chemistry in aerosol formation.
Size-segregated aerosol samplings have been performed
at Trinidad Head (coastal site, Northern California) in
Spring 2002 as part of the Intercontinental Transport
and Chemical Transformation (ITCT) 2k2 experiment.
Preliminary results of elemental analyses indicated im-
pact of long-range Asian-originated aerosol transport
at the site during ITCT-2K2 as evidenced by soil and
trace species data. The isotope analyses performed on
a complete set of size-segregated SO4 and NOg3 aerosols
sugget that pollution events can alter significantly the
budget of formation pathways of these species.
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We use a global 3-D model (GEOS-CHEM) of tro-
pospheric chemistry, fully coupled with aerosol simu-
lation and nested over North America (1 degree by 1
degree) to examine the tranport pathways and asso-
ciated mechanisms of North American pollution (CO,
03, and aerosols) outflow, particularly in the summer.
MOPITT CO columns as well as aerosol optical depths
from MODIS and AERONET are compared with model
simulated CO columns and aerosol optical depths re-
spectively to identify outflow events and the export
patterns. The relatively high resolution (1x1) over the
nested domain allow a more detailed examination of
outflows due to (1) frontal lifting, (2) convection, and
(3) Warm Conveyor Belt (WCB). Differences in the ex-
port of CO and aerosols, as suggested by MOPITT and
MODIS observations as well as seen in the model, al-
low determination of whether the export is ahead of or
behind the frontal systems. Bxamining each outflow
events against synoptic weather systems would answer
the question whether every frontal system leads to a
pollution export event. We also examine the role of
the recirculation over the Gulf of Mexico in exporting
pollution from southeast U.S.
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The Big Bend Regional Aerosol and Visibility Study
(BRAVO) was an intensive air quality monitoring
project that measured speciated fine aerosols from July
through October 1999 at 36 sites throughout Texas. A
primary goal of BRAVO is to identify the major emis-
sion sources that contribute to haze in Big Bend Na-
tional Park (BBNP), which is located in southwestern
Texas. In support of this, the Regional Modeling Sys-
tem for Aerosols and Deposition (REMSAD) was used
to predict the sulfate concentrations in most of North
America, and estimate the contribution of sulfate from
ten U.S. and Mexican source regions to sulfate concen-
trations measured at Big Bend and the other BRAVO
monitoring sites. Several biases were identified in the
original REMSAD source apportionment results. For
example, during October the predicted contribution of
the eastern U.S. sources to eastern Texas were up to
two times larger than the measured sulfate. In addi-
tion, on days with transport predominately from Mex-
ico to southwest Texas, including Big Bend, the pre-
dicted sulfate concentrations systematically underesti-
Thus, indicating an un-
derestimation of Mexico’s contributions. In order to

mated the measured sulfate.

remove these biases, the REMSAD source apportion-
ment results were merged with the measured sulfate
data using a synthesis conservation of mass inversion
technique to derive daily source apportionment scal-
ing factors. This technique essentially regresses the

source apportionment estimates against the measured
data. Measured data from all 36 monitoring sites were
used in the analysis. Due to the inherent ill-posed na-
ture of this inversion problem constrained least-squares
regression was used allowing the coefficients to vary
from 0 to 4. The synthesis inversion reduced the av-
erage eastern U.S. contribution to sulfate at Big Bend
from 42 to 30%, while Mexico’s contribution increased
from 23 to 41%. Texas’s contribution changed from 16
to 14%. In addition to the large source areas, REMSAD
was used to estimate the contribution from the Carbon
power plant facilities located 210 km southeast of Big
Bend in Mexico. The synthesis inversion resulted in
Carbon’s contribution increasing from 14% to 22%.
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The POLDER-1 spaceborne instrument monitored
atmospheric aerosol between October 1996 and June
1997 both over land and oceans. From the full dataset
of aerosol load derived from POLDER, we have iden-
tified major aerosol events. Six large events are se-
lected because the high concentration air masses can
be followed at least for 4 or 5 days and up to 10 days.
The aerosol sources for these events are identified as
biomass burning, Saharan dust and what seems to be
industrial/domestic sulfate, with two events for each
case. To these observations, we compare the simula-
tions from the LMDz (Laboratoire de Meteorologie Dy-
namique) general circulation model coupled with the
INCA (Interaction with Chemistry and Aerosols) mod-
ule. We investigate the long-range transport of aerosol
plumes in the model, including transport speed, direc-
tion, and diffusion, as well as the deposition. Day-
to-day comparisons between the LMDz/INCA results
and POLDER data show that the transport of aerosols
is correctly represented. Since the LMDz/INCA rep-
resents with accuracy the aerosol transport, it can be
used to assimilate aerosol data.
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"Tar balls,” amorphous carbonaceous spherules that
are locally tropospheric
through biomass and biofuel burning, form a distinct
group of particles, readily identifiable with electron
microscopy. They differ from soot in lacking a tur-
bostratic microstructure, and their morphology and
composition ( 90 mol% carbon) renders them distinct
from other carbonaceous particles. Tar balls are abun-
dant in slightly aged (minutes to hours) biomass smoke,
indicating that they likely form by gas-to-particle con-
version within smoke plumes. Although the material of

abundant in the aerosol

tar balls is initially hygroscopic, the particles become
largely insoluble through free radical polymerization of
their organic molecules. Tar balls are primarily exter-
nally mixed with other particle types, and they do not
appreciably increase in size during aging. When they
coagulate with water-bearing particles, their material

may partly dissolve and no longer be recognizable as
distinct particles. Tar balls may slightly absorb sun-
light. They are a widespread and previously unrecog-
nized type of carbonaceous (organic) atmospheric par-
ticle.
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Absorbing aerosols such as elemental carbon (EC)
play a large role in the Earth’s radiation budget. How-
ever, the impact of EC emissions is hard to model ac-
curately because the light absorption per mass of el-
emental carbon (EC specific absorption, ESA) varies
with the source type and the conditions of the com-
bustion that created it. The wavelength dependence
of this absorption also varies with the size and nature
of the absorbing material. We measured the ESA of
ambient aerosol by measuring both light absorption at
7 wavelengths (as the reduction in light transmission
through a quartz Aethalometer filter) and EC (by a
thermal/chemical method) at Amami Ohshima, Japan
as a part of the APEX program in the Spring of 2002.
We also measured light scattering at 3 wavelengths so
we could compute wavelength-dependent single-scatter
albedos. We found that in smoke from sugar-cane burn-
ing the absorption varied as the inverse square of the
wavelength, while in plumes from Asian mainland pop-
ulation centers it varied as the inverse of wavelength to
the first power. We argue that models should there-
fore use different, wavelength-dependent “constants”
for different conditions. Modelers also need to under-
stand the degree to which the parameters they use de-
pend on measurements that can contain large uncer-
tainties.
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