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mean-square wave slope are others), and b) the param-
eterizations are based on observations that cannot re-
solve fluxes on time scales of less than a day. We mea-
sured the flux of DMS on an hourly time scale in the
Eastern Equatorial Pacific from the NOAA ship R/V
Ronald H. Brown, using an atmospheric pressure ion-
ization mass spectrometer (APIMS) with an internal
isotopically-labeled standard. Both standard and am-
bient concentrations were measured at 20 Hz. We also
measured the seawater DMS concentration with a purge
and trap system, so that we could compute the DMS
exchange coefficient (flux/interfacial concentration dif-
ference). We will compare our transfer coefficients with
those from three commonly used parameterizations and
with those reported from the GASEX data sets.
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The second Dynamics and Chemistry of Marine
Stratocumulus experiment (DYCOMS-II) was an in-
tegrated investigation of the stratocumulus topped
boundary layer regime off the coast of Baja California
using the NCAR C-130. While the suite of chemical
measurements was relatively scant, the application of
a novel, fast technique for measuring dimethyl sulfide
(DMS) was employed to great advantage in constrain-
ing the dynamic exchange between the strongly capped
marine boundary layer (MBL) and the free troposphere
above. This exchange parameter, the entrainment ve-
locity, in concert with the surface flux, plays a principal
role in controlling the abundance and diurnal behavior
of DMS, and most other trace gases, in the MBL world-
wide. By measuring the fluxes of DMS and ozone with
direct eddy-correlation methods the entrainment rates
were determined with unprecedented accuracy, thereby
allowing an inference to be made of the oceanic carbon
monoxide emissions. The observed fluxes of DMS and
ozone are found to be in line with previous estimates
and measurements, but the carbon monoxide fluxes are
substantially larger than others reported in the litera-
ture. Furthermore, very strong horizontal gradients of
DMS were observed on almost every flight and indicate
patchy emissions upwind of the target area, the orien-
tation of which is not easily explicable from patterns of
oceanic primary production.
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Since 1995, a series of international field experi-
ments has focused on the measurement of aerosol prop-
erties in marine regions downwind of continental emis-
sions. A goal of these experiments has been the char-
acterization of regional aerosol properties and their
controlling processes in order to improve estimates of
aerosol direct and indirect radiative forcing. The first
Aerosol Characterization Experiment (ACE 1) purpose-
fully steered clear of any continental plumes in order to

characterize the “background” aerosol upon which an-
thropogenic perturbations could be imposed. ACE 2 fo-
cused on the European plume, INDOEX (Indian Ocean
Experiment) on the plume emanating from the Indian
subcontinent, ACE Asia on the Asian plume, and TAR-
FOX (Tropospheric Aerosol Radiative Forcing Obser-
vational Experiment) and NEAQS (New England Air
Quality Study) on the eastern U.S. plume. In addition,
measurements of dust and biomass burning aerosols
from Africa were made the Atlantic Aerosols99 cruise.
With the exception of TARFOX, all experiments in-
cluded the shipboard sampling of aerosol chemical,
physical, and optical properties. The shipboard sam-
pling was done with standardized protocols to minimize
sampling biases and to make the data from the differ-
ent regions directly comparable. Regional aerosol prop-
erties from the North American, European, African,
Asian, and Indian plumes will be compared and the ma-
jor findings from these experiments will be presented.
Properties that will be compared include the relative
contribution of the dominant chemical components to
aerosol mass and light extinction, the absolute concen-
trations of the chemical components, light scattering
and absorption by the aerosol, single scattering albedo,
and aerosol optical depth. Since TARFOX was an air-
craft study we include only data collected at altitudes
less than 300 m. In addition to using standardized sam-
pling protocols on the ship, over-determined data sets
were collected so that a measured aerosol property such
as aerosol mass or light extinction could be compared
to mass or extinction calculated from an independent
set of measurements. Hence, internal consistency in
the data sets could be checked, sources of uncertainty
could be identified and quantified in the measurement
and model methods, and our understanding of regional
aerosol properties could be objectively assessed. Based
on these closure studies, successes of the experiments
will be discussed as well as some of the areas where im-
provements are needed in measurement and modeling
capabilities.

URL: http://saga.pmel.noaa.gov
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The oxidation of DMS is the main source of SO2,
MSA, and non-sea-salt sulfate (nss) in the clean ma-
rine boundary layer (MBL). Recently the importance
of BrO - in addition to OH and NO3 - has been sug-
gested as oxidant for DMS. Furthermore HOClaq and
HOBraq can increase the oxidation of S(IV) to S(VI)
in aerosol and cloud particles. Chlorine and bromine
in the MBL are derived from seasalt aerosol. We in-
vestigated the importance of these processes for the
chemistry of the MBL and possible climate links with
the one-dimensional chemical and microphysical model
MISTRA-MPIC. BrO plays a very significant role as
oxidant even under very low mixing ratios of 0.5 pmol
mol−1. We found that still significant uncertainty ex-
ists in the kinetics of DMS oxidation especially with
regard to the endproducts of DMS oxidation. Under
most conditions that we studied the net effect of halo-
gens, especially under cloudy conditions, is an increase
in particulate sulfur (MSA plus nss) and decrease of
precursors for the formation of new CCN. In field ex-
periments at Baring Head, New Zealand, it was found
that supermicron sea salt aerosols were enriched sev-
eral fold in their alkalinity resulting from ocean surface
layer biogenic sources. Extrapolation of these Baring
Head results to typical open ocean lower MBL condi-
tions indicate that supermicron sea salt aerosol alka-
linity is enriched by a factor of 100 - 150% compared
to deeper ocean water. This would lead to increased
alkalinity in the seasalt aerosol and therefore an en-
hancement of the importance of the nss production by
O3,aq . Our model runs show a non-linear response of
the oxidation by O3,aq with increasing alkalinity due
to saturation effects. In the model runs with increased
alkalinity O3,aq dominates the total nss production.

A22E-03 1425h

Non-Seasalt Sulfate (NSS) Production
by O3-Oxidation in Seasalt Aerosols
under Clear Sky Conditions:
Implications for Modeling of Global
Marine Boundary Layer NSS and of
New Particle Production

Herman Sievering1 (303-735-4470;

hsieveri@carbon.cudenver.edu); Jill Cainey2;
Mike Harvey3 (mharvey@niwa.co.nz); John
McGregor3; Sylvia Nichol3; Roland von Glasow4

1Depts. of Geography, Environ. Science & Physics
and INSTAAR, Univ. of Colorado , CB 172 PO
173364, Denver, CO 80217, United States

2Cape Grim Baseline Air Pollution Station, 159 Nel-
son St., Smithton 7330, Australia

3Nat’l. Inst. of Water & Atmospheric Research, Kil-
birnie, Wellington 14-901, New Zealand

4Scripps Inst. of Oceanography, 9500 Gilman, La
Jolla, CA 92093, United States

Aqueous-phase mechanisms can explain a portion
of the coarse aerosol NSS (heterogeneous O3 oxida-
tion and halogen chemistry in the water associated with
seasalt aerosols)found in the MBL. NSS data were col-
lected at Baring Head, New Zealand during clear sky
and normal cloudiness conditions. The clear sky coarse
aerosols - a unique data subset - encountered little
cloud, had substantial excess alkalinity from marine
biogenic sources, and contained over 8 nmol NSS m-
3; normal cloudiness coarse aerosols contained 5 nmol
NSS m-3. Up to 90% of the clear sky coarse aerosol
NSS (70-80% for normal cloudiness cases) was due to
O3-oxidation within seasalt aerosols. For typical global
open ocean conditions this biogenic source introduces
100% to 150% added alkalinity beyond that from bulk
seawater. The MISTRA model was used to assess the
magnitude of S oxidation by O3 in seasalt aerosols due
to this added alkalinity. For a doubling of alkalinity,
the % contribution to S oxidation increases 2.5x, caus-
ing O3 oxidation to dominate over halogen chemistry
and H2O2 oxidation. A major implication of this S
oxidation by O3 in seasalt aerosols is that new parti-
cle production from biogenically-derived oceanic S is
severely limited in the MBL.
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In this study highly time-resolved bulk aerosol com-
position data recorded from airborne measurements
during TRACE-P P3B Flight #10 and ACE-ASIA C130
Flight #6 are used to investigate the extent of fine
particle mixing among various inorganic aerosol par-
ticle constituents. First, a biomass-burning plume,
roughly 3-4 day old, superimposed on a background
aerosol recorded in the Philippine Sea during the NASA
TRACE-P experiment is investigated. Focusing on the
fine particle NO3-, SO42-, K+, and NH4+ system, the
observed correlations suggest the existence of a fine
mode K+-NO3- aerosol. Because K+-NO3- is thermo-
dynamically less favored than 2K+-SO42- in a mixture
of NO3-, SO42-, K+, and NH4+, the correlations sug-
gest that aerosols could be composed of biomass burn-
ing particles (KNO3) mixed externally with the back-
ground (NH4)2SO4 aerosols. A “closed-mode” thermo-
dynamic aerosol simulation predicts a degree of exter-
nal mixing of 60 to 100 % is necessary to achieve the
observed ionic associations. The same methodology is
applied to a dust aerosol plume mixed with polluted ur-
ban and sea-salt aerosols recorded in the marine bound-
ary layer of the Yellow Sea during the ACE-ASIA mis-
sion. The aerosol simulation carried out assuming vari-
ous degrees of external mixing between dust and urban
particles indicates the observed 2NH4+-SO42- associa-
tion only exists when most of fine-mode dust particles
exist externally. In this case, the degree of external
mixing is estimated to be between 72 % and 100 %.
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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 East
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 East
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.
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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.

A22E-07 1525h

Simulation of the Intercontinental
Transport, Aging, and Removal of a
Boreal Fire Smoke Plume

Steven J Ghan1 (509-372-6169; steve.ghan@pnl.gov)

Elaine G Chapman1 (509-372-6181;
elaine.chapman@pnl.gov)

Richard C Easter1 (509-372-6175;
richard.easter@pnl.gov)

Jeffrey S Reid2 (831-656-4725;
reidj@nrlmry.navy.mil)

Chris Justice3 (301-405-1600;
ustice@hermes.geog.umd.edu)

1Pacific Northwest National Laboratory, Mail Stop
K9-24 PO Box 999, Richland, WA 99352, United
States

2Naval Research Laboratory, 7 Grace Hopper Ave.
Stop 2, Monterey, CA 93943-5502, United States

3University of Maryland, Department of Geography,
College Park, MD 20742, United States

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 H2SO4 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 SO2 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/
ITCT/2k2/
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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 NO3, and especially the isotopic

anomaly (∆17O = δ17O-0.5*δ18O), represent a highly
specific tracer of the formation pathways of SO4 and


