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species between the statosphere and troposphere and
further show their usefulness as isotopic tracers in the
Jovian atmosphere.
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A Comparative Study of
Photochemistry in the Atmospheres
of an Extrasolar
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Anthony Y.-T. Leel (ytl@gps.caltech.edu)
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1Caltech, Caltech 150-21 1201 E. California Blvd.,
Pasadena, CA 91125, United States

2Carnegie, 5241 Broad Branch Rd., NW Washington,
DC 20015, United States

Since the discovery of the first extrasolar planet 51
Peg b (Mayor & Queloz 1995), the formation and evolu-
tion of planetary systems have been intensively studied.
Most of the known planets have masses similar to the
Jupiter and some of them are orbiting close to the cen-
tral stars at < 0.05 AU. These "hot jupiters” reside in
an irradiated environment much more intense than that
for our solar system’s giant planets. Using the one-
dimensional Caltech/JPL KINETICS model, we have
simulated the atmospheric photochemical processes of
a “hot jupiter”. Unlike solar jovian planets, OH and O
radicals are more prevalent, driving the chemical reac-
tions in this “hot jupiter”. The main results are (a) the
atomic hydrogen abundance is 1000 times greater than
that of Jupiter and is primarily formed by OH radicals
produced in the photolysis of HyO and subsequent re-
action of OH + Hg, and (b) hydrocarbon formation is
initiated by the downward flux of C atoms produced by
the photolysis of CO in the upper atmosphere, unlike
the colder jovian planets which derive their hydrocar-
bons from photodissociation of CHy4 and subsequent re-
actions of the products. Hydrocarbon abundances are
many orders of magnitude less than those of Jupiter,
implying the haze formation is probably insignificant
in affecting the optical spectrum /albedo.
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GLOMAP - A Global Model of Aerosol
Processes: First results

Ken S Carslaw (carslaw@env.leeds.ac.uk)
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Martyn P Chipperfield (martyn@env.leeds.ac.uk)
The UK’s Global Model of Aerosol Processes
(GLOMAP) is being developed to address several
pressing problems: (1) to examine the processes con-
trolling the global aerosol lifecycle; (2) to quantify
changes in aerosol properties and distribution in re-
sponse to anthropogenic emissions; (3) as a tool for
the interpretation of field observations; and (4) as
a benchmark model for developing parameterizations
for the UK Hadley Centre’s GCM, the Unified Model.
GLOMAP is an aerosol microphysics and chemistry
model based on the existing CTM TOMCAT, which
has been widely used for tropospheric chemistry stud-
ies. Aerosols are simulated on a size bin grid and
driven by processes of nucleation, condensation, coag-
ulation, cloud scavenging etc. The aerosol module can
be linked directly with the full tropospheric chemistry
scheme in TOMCAT. In this presentation we show first
results from GLOMAP, including several sensitivity
experiments exploring the model’s response to parame-
ters such as nucleation rate, condensable vapor supply,
and wet removal efficiency.
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Aerosol Microphysics, Cloud
Condensation Nuclei, and Primary
Particles: Model Results and
Evaluation

Peter J Adams! (412-268-5624;
petera@andrew.cmu.edu)

Kaiping Chen’

IDepartment of Civil and Environmental Engineering
Carnegie Mellon University, 5000 Forbes Avenue,
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In order to quantify better the indirect effect of
aerosols, it is necessary to predict cloud condensa-
tion nuclei (CCN) concentrations in general circulation
models. Therefore, it is necessary to develop accu-
rate representations of size-resolved microphysics in cli-
mate models. Here we will present results from a two-
moment sectional model of aerosol microphysics in the
GISS GCM Il-prime general circulation model. Size-
resolved representations of sulfate, sea-salt, elemen-
tal and organic carbon aerosols are included. Model
results demonstrate that, on a per mass basis, emis-
sions of primary particles are more effective at increas-
ing CCN concentrations than secondary products of
gaseous emissions (e.g. sulfur dioxide). Such effects
depend on a detailed knowledge of the microphysical
processes that produce CCN and, therefore, are not
captured by commonly used empirical correlations be-
tween CCN and aerosol mass. However, global aerosol
models have generally had only modest success in rep-
resenting well-studied aerosols such as sulfate. Model
predictions for more challenging aerosols, such as car-
bonaceous and mineral dust aerosols, have generally re-
sulted in poor agreement with observations. Therefore,
global aerosol models require significant work to im-
prove performance. Evaluation of a size-resolved mi-
crophysical model is especially challenging given the
lack of observations of aerosol size. As a step towards
such an evaluation, preliminary comparisons between
size parameters retrieved by MODIS and model results
will be shown.
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Global Simulation of
Ammonium-sulfate-nitrate Inorganic
Aerosols: Implications for Natural
Visibility in the United States and
Intercontinental Transport of
Pollution
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Atmospheric Sciences, Atlanta, GA 30332, United
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‘We use a global 3-D coupled oxidant-aerosol model
(GEOS-CHEM) to quantify natural and transbound-
ary pollution influences on sulfate-nitrate-ammonium
aerosol concentrations in the United States. This work
is motivated by the EPA Regional Haze Rule, which
requires immediate action to improve visibility in U.S.
wilderness areas towards an endpoint of natural visi-
bility conditions by 2064. We present full-year simu-
lations for 1998 and 2001 and evaluate them with na-
tionwide networks of observations in the U.S. and Eu-
rope (IMPROVE, CASTNET, NADP, EMEP). Sulfate
results are unbiased across all seasons, representing a
major improvement over previous models. Ammonia
emissions are too high in fall and possible reasons are
discussed. Shutting off U.S. anthropogenic emissions in
the model defines residual aerosol concentrations in the
U.S. representing contributions from natural and trans-
boundary pollution sources. We find that this residual
is dominated by transboundary transport of pollution
from Canada, Mexico, and Asia. Transpacific trans-
port of Asian anthropogenic aerosol accounts for 30%
of residual ammonium sulfate in both the western and
eastern U.S. We find that achievement of natural vis-
ibility anywhere in the U.S. is seriously compromised
by transboundary transport of anthropogenic sulfate-
nitrate-ammonium aerosols. This is in contrast to car-
bonaceous aerosols, for which we previously found that
natural sources dominate over transboundary transport
of pollution. Our best estimates of residual aerosol con-
centrations in the U.S. are 2-4 times higher than the de-
fault values recommended by the EPA for natural vis-
ibility calculations, with major implications for emis-
sion controls to be implemented over the next decade.
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Aerosol chemical characterization by a
Particle-Into-Liquid Sampler and an
annular denuder /filter pack system in
three field experiments in 2003
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A particle-into-liquid-sampler (PILS) coupled with
ion chromatography and an annular denuder/filter-
pack system were deployed at three representative IM-
PROVE network sites, Bondville, IL (February), San
Gorgonio, CA (April), and Grand Canyon, AZ (May)
for month long continuous monitoring in 2003. These
three sites were selected for intensive field experiments
because of historically high nitrate measurements in the
seasons studied. Aerosol particles smaller than 2.5 um
(PM 2.5) were collected by PILS and analyzed by ion

chromatography. The SO3~, NO3, CI~, NHJ, Na™T,

Ca2t and Mg2t concentrations were quantified with
a time resolution of fifteen minutes. The annular de-
nuder system consisted of denuders to remove HNO3(g)
and NH3(g) and a two-stage filter pack with two nylon
filters and an NHg(g) removing denuder downstream
of the filter pack to absorb any ammonia loss from the
filter pack. The back up nylon filter was designed to
collect any HNOg lost from the first nylon filter. The
annular denuder system was operated for 24 hr period
daily. The denuders were extracted by deionized wa-
ter on-site and analyzed by ion chromatography (IC)
in the laboratory. The first nylon filter was extracted
by deionized water and the back up nylon filter was
extracted by basic anion eluent, namely 1.8 mM/1.7
mM NagCO3/NaHCOg3 solution. Both aliquots were
analyzed by IC in the laboratory. The fast in-situ
PILS results are compared with those of the annular
denuder /filter-pack system for three distinctive sites in
the U.S.. For example, PILS captured nitrate ion con-
centration as high as 27 pg/m3, whereas the annular
denuder system had a 24 hr average of 13 pg/m3 dur-
ing the winter experiment in Bondville. The results
obtained in these three month long field campaigns pro-
vide valuable comparison of PILS versus conventional
filter measurements in characteristic sites nationwide.
Moreover, a detailed aerosol chemical characterization
for several weeks at each site is accomplished.
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Modeling Airborne Beryllium
Concentrations From Open Air
Dynamic Testing

Naomi M Becker (1-505-667-2165; nmb@lanl.gov)

Los Alamos National Laboratory, MS F665 PO Box
1663, Los Alamos, NM 87545, United States

A heightened awareness of airborne beryllium con-
tamination from industrial activities was reestablished
during the late 1980’s and early 1990’s when it became
recognized that Chronic Beryllium Disease (CBD) had
not been eradicated, and that the Occupational Health
and Safety Administration standards for occupational
air exposure to beryllium may not be sufficiently pro-
tective. This was in response to the observed CBD in-
crease in multiple industrial settings where beryllium
was manufactured and/or machined, thus producing
beryllium particulates which are then available for re-
distribution by airborne transport. Sampling and mod-
eling design activities were expanded at Los Alamos
National Laboratory in New Mexico to evaluate poten-
tial airborne beryllium exposure to workers who might
be exposed during dynamic testing activities associated
with nuclear weapons Stockpile Stewardship. Herein is
presented the results of multiple types of collected air
measurements that were designed to characterize the
production and dispersion of beryllium used in compo-
nents whose performance is evaluated during high ex-
plosive detonation at open air firing sites. Data from
fallout, high volume air, medium volume air, adhesive
film, particle size impactor, and fine-particulate count-
ing techniques will be presented, integrated, and ap-
plied in dispersion modeling to assess potential onsite
and offsite personal exposures resulting from dynamic
testing activities involving beryllium.
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Measurements of Natural Radioactivity
in Submicron Aerosols in Mexico City.
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Natural radionuclides can be useful in evaluating
the transport of ozone and aerosols in the troposphere.
Beryllium-7, which is produced by cosmic ray interac-
tions in the upper troposphere and lower stratosphere
and becomes adsorbed on fine aerosols, can be a useful
indicator of upper air transport into a region. Lead-210
is produced by the decay of radon-222 out-gassed into
the lower atmosphere from ground-based uranium de-
posits. Potassium-40, found in soils, can act as a mea-
sure of wind-blown dust and also comes from burning
of wood and other biomass that is enriched in this nat-
ural radioisotope. Thus, both lead-210 and potassium-
40 can aid in identification of aerosols sourced in the
lower atmosphere. As part of our continuing interest
in the lifetimes and sources of aerosols and their radia-
tive effects, we report here measurements of fine aerosol
radioactivity in Mexico City, one of the largest megac-
ities in the world. Samples were collected on quartz
fiber filters by using cascade impactors (Sierra type,
Anderson Instruments) and high-volume air samplers
from the rooftop of the main laboratory of El Cen-
tro Nacional de Investigacién y Capacitacién Ambien-
tal (CENICA). By using stage 4 of the impactor and
timers, we were able to collect integrated samples of
sizes > 1 micrometer and < 1 micrometer over 12-
hr time periods daily for approximately one month in
April 2003. Samples were counted at the University
of Illinois at Chicago by using state-of-the-art gamma
counting (beryllium-7, 477.6 keV; potassium-40, 1460.8
keV; lead-210, 46.5 keV). The beryllium-7 data in-
dicate one possible upper-air transport event during
April 2003. As expected, the lead-210 data indicate
very little soil contribution to the fine aerosol. The
potassium-40 data showed an increase in fine aerosol
potassium during Holy Week that might be attributed
to local combustion of biomass fuels. The data will be
presented and discussed in light of future data analysis
and comparison with other measurements taken during
the study. The authors wish to thank the researchers
at CENICA. This work was supported by the U.S. De-
partment of Energy, Atmospheric Science Program. We
also wish to acknowledge Drs. Mario and Luisa Molina
for their help in organizing and directing the Mexico
City Metropolitan Area 2003 field study, during which
these data were collected.
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Microscopic Structure of an Individual
Sea Salt Particle: How Does It Look
Like?

Alexander Laskin (509 376 8741;
Alexander.Laskin@pnl.gov)
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P.O.Box 999 K8-88, Richland, WA 99352

Over the last few decades much attention has been
given to the physical and chemical properties of sea salt
aerosol, which is considerably one of the most abun-
dant aerosols emitted naturally in marine and coastal
Previous studies of different research groups
have clearly demonstrated that variety of atmospheric
heterogeneous processes of sea salt particles are effec-
tively controlled by particle-absorbed water. Specifi-
cally, there is increasing evidence that heterogeneous
chemistry of deliquesced sea salt particles can lead to
the formation of photochemically active gas-phase halo-
gen products. Sea salt particle is a diverse mixture of
mineral salts. Consequently, understanding of the gas-
particle reaction mechanisms requires detailed account
of its internal composition together with knowledge of
origin and location of particle-absorbed water. In this
work we present solid evidence based on electron mi-
croscopy observations that: (1) when sea salt particle
dries out it ousts highly soluble magnesium salts toward
particle surface forming a natural thick coating that
surrounds NaCl crystals located in the core, (2) the
magnesium salts coating remain deliquesced at relative
humidity as low as RH=15% revealing the fact that the
water absorbed by sea salt particle is largely a solvent
water of the magnesium salts brine. With the exception
of extremely low relative humidity it is evident that in
the real environment of the lower atmosphere a sea salt
particle is either a liquid microdroplet or at least it
has liquid outer shell of deliquesced magnesium salts.
The implications of this fact to heterogeneous chem-
istry of sea salt particles, their optical properties, hy-

areas.

groscopicity and phase transitions are highlighted and
discussed.
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Field Measurements of Atmospheric
Elemental Carbon Concentrations in
the Northeastern US Over a Quarter
Century
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Elemental Carbon (EC) are black carbon aerosols
in earth’s atmosphere and have a warming effect as
they absorb solar radiation and they may also mod-
ify cloud cover. Model calculations suggest that their
role in global warming may be second only to carbon
dioxide. At present, no reliable long-term atmospheric
EC data are available. The EC data currently used
in models to estimate radiative forcing is based on EC
emissions from combustion of a variety of fossil fuels.
The uncertainties are high and unacceptable. We have
initiated a program that will provide accurate data at
two locations in the Northeastern US for 20 to 25 years.
‘We have continuously collected daily aerosol samples
at Whiteface Mountain in New York State since July,
1978 and Mayville, 530 km upwind (southwest)of
‘Whiteface Mt. from July, 1983 to the present. Both
sites are rural, with little industry and thin popula-
tion. These samples have been analyzed for sulfate and
their relationship with long-term regional sulfur diox-
ide emissions have been studied [Husain et al., Geo-
phys. Res. Lett. 25, 967-970, 1998]. We have devel-
oped a methodology to determine EC concentrations in
these filter samples using the thermal optical method
[Li et al., Atmos. Env. 36, 4,699-4,704, 2002]. The
EC concentrations were determined in monthly com-
posites for 1984, 2001 and 2002 at Mayville and for
2002 at Whiteface Mt. The annual mean concentra-
tions at Mayville for 1984, 2001, and 2002 were 0.539,
0.411 and 0.377 pg/m3, respectively. Thus, a decrease
of 27 percent in EC concentration was observed over
a period of two decades. The EC concentration for
2002 at Whiteface Mountain was 0.070 pg/m3 or ap-
proximately 6-fold lower than that for Mayville. When
completed, the data would provide an invaluable source
for verifying the models relating emissions from fossil
fuel and biomass burning and atmospheric EC burden
and in calculating radiative forcing.
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Preliminary Results from an Aerosol
Assimilation System of MODIS
Radiances Using the GOCART
Aerosol Transport Model
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We present results from a simple off-line assimila-
tion system of the radiances from the 7 MODIS chan-
nels that sense aerosols over ocean. The Goddard
Chemistry and Aerosol Radiation Transport Model
(GOCART), which is driven by assimilated meteorol-
ogy, simulates five aerosol types: dust, seasalt, black
carbon, organic carbon and sulfate. This presentation
focuses on the forward model that takes the aerosol
information from the GOCART model and calculates
radiances based on optical parameters of the aerosol
type, satellite viewing angle and the particle growth
from relative humidity. Because the GOCART model
is driven by previously assimilated meteorology, these
forward model radiances can be directly compared with
the observed MODIS level2 radiances. The off-line as-
similation system simply adjusts the aerosol loading in
the GOCART model so that the observed minus for-
ward model (O-F) radiances agree. Minimal change is
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made to the GOCART aerosol vertical distribution, size
distribution and the ratio of the five different aerosol
types. The loading in the GOCART model is updated
with new MODIS observations every 6 hours. A nec-
essary but not sufficient criterion for success of an as-
similation system is that O-F radiance differences are
smaller than those of a free-running GOCART model
without observational updates. We analyze those geo-
graphic locations where the assimilation appears bet-
ter than the free-running GOCART model and those
locations where the updates are being rejected by the
GOCART model. We also examine the O-F radiance
differences in terms of the scattering angle and discuss
possible contributions to these differences from: parti-
cle non-sphericity, incorrect refractive indexes, missing
small particles, and water leaving radiance from the
ocean. We also compare results with an assimilation
of MODIS retrieved optical depths. This research is
part of an ongoing effort at NASA Goddard to inte-
grate aerosols into the Goddard Modeling and Assimi-
lation Office (GMAO) products.
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Maritime Aerosol Optical Data
Collected by the NASA SIMBIOS
Project
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Since 1997, the NASA SIMBIOS Project and its
Principal Investigators have collected, processed and
archived optical aerosol data from handheld sun pho-
tometers in maritime locations for the purpose of vali-
dating retrievals from SeaWiFS and other Ocean Color
satellites. The calibration, processing, quality control
and archival methodology for these data are described
here, along with their (spatially and temporally non-
uniform) deployment statistics. Data processing has
been standardized for all instruments by using iden-
tical calibration methods, ancillary data and process-
ing software. Statistical analysis reveals a dataset
influenced by its temporal and geographic distribu-
tion, while multi-modal histograms for Aerosol Optical
Thickness (AOT) and Angstrém Exponent reveal var-
ied aerosol populations. A K-means unsupervised clas-
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sification technique was used to separate these popula-
tions. Properties for each class are presented, and they
compare favorably with maritime aerosols measured by
AERONET Cimel sun photometers in island sites. Re-
sults are also compared with SeaWiFS aerosol models,
and the implications of this comparison are explored.
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Aerosol Direct Radiative Forcing -
Estimates from a Global Aerosol
Analysis with MODIS Assimilation
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1National Center for Atmospheric Research, P.O. Box
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New estimates of the direct shortwave radiative
forcing of aerosols are based on a three year (March
2000 - February 2003) MODIS (Moderate Resolution
Imaging Spectroradiometer) aerosol analysis. The anal-
ysis assimilates MODIS observations of aerosol opti-
cal depth with the chemical transport model MATCH
(Model of Atmospheric Transport and Chemistry). The
clear-sky and cloudy-sky radiative forcings of sulfate,
sea-salt, organic and black carbon and dust aerosol
are calculated within the NCAR CAM (Community At-
mosphere Model) using the MODIS aerosol analysis
and MODIS measured visible and near-infrared surface
albedos. The top-of-atmosphere shortwave monthly-
mean fluxes are compared to the corresponding CERES
(Clouds and the Earth’s Radiant Energy System) mea-
sured fluxes for the same time period.
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Further Developments in Closure
Experiments for Surface Diffuse
Irradiance Under Cloud-free Skies at
a Continental Site
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Problems with measurements of components of
shortwave radiation at the surface using traditional
pyranometers (“black” or the single element pyranome-
ter) including zero-offsets, have led to the recommen-
dation of the use of “black and white” pyranometers
(B&W) whose inherent superiority arises from low ther-
mal inertia of the cold junction’. Here we discuss clo-
sure experiments for direct and diffuse surface irradi-
ances measured with the shaded and ventilated B&W
Eppley Model 8-48 pyranometers under cloud-free skies
at DOE’s ARM site and which are compared with ra-
diative transfer model calculated values. For the mea-
surements in 2002, calculations of irradiance utiliz-
ing surface-measured aerosol single scattering albedo
(SSA) agree with that measured to within the mutual
uncertainties. For the days in 2001 and 2003, the mod-
eled irradiance values agree with that measured only
if highly absorbing aerosols of SSA 0.7, well below
surface measured SSA, are used. For measurements
in 2002 and 2003 modeled diffuse/direct irradiance ra-
tios continue to exceed those measured using a sili-
con detector-based radiometer (Multi-Filter Rotating
Shadowband Radiometer) for wavelengths in the visible
and near-IR, suggesting problems with either (i) mea-
surements and/or (ii) model estimates of atmospheric,
specifically, aerosol, absorption. A detailed study is
therefore required to establish the role of aerosol ab-
sorption in shortwave radiative transfer.
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Density of Single Ambient Particles
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The holly grail in aerosol climate interaction is a
roadmap that takes one from emissions of aerosol and
aerosol precursors through aerosol transformations, to
optical and cloud effects and finally to climate impacts.
A critical element on this path must be the behavior of
aerosol as a function of atmospheric relative humidity,
which in turn requires an understanding of the corre-
lation between aerosol composition and hygroscopicity.
For single component particles this problem is tractable
and reasonably understood. But, the vast majority of
particles in the real atmosphere are internal mixtures
of hygroscopic salts, organic acids and or bases, long
chain hydrocarbons, soot, mineral dust and the list go
on. Hundreds of organic compounds with highly vary-
ing hygroscopicities can be found in single particles. It
would be unrealistic to expect global climate models to
include and track each of these compounds. A similar
problem faces the experimental world, where measur-
ing the size, detailed molecular composition and hy-
groscopicity of individual particles although, in princi-
ple possible, is impractical. Single particle mass spec-
troscopy can be used to classify particles as organics
mixed with sulfate, for example. Or in some cases pin-
point the class of some of the organics found in the
mixture. But it cannot yield a quantitative measure of
relative amounts. In an attempt to address this issue

we have developed the method to measure simultane-
ously hygroscopicity, size, and composition of individ-
ual ambient particles. However, the data from Long
Island NY, where the vast majority of particles were in-
ternally mixed sulfate with organics, the correlation be-
tween composition and hygroscopicity was rather weak.
This is due to the fact that single-laser single particle
mass spectra cannot quantitatively measure the ratio of
organics to sulfates. In contrast, we found a very clear
correlation between hygroscopicity and particle density
for a given class of particles. In this case the density of
the sulfate containing class is more quantitative mea-
sure of the ratio of organic to sulfate, which in turn
determines particle hygroscopicity. Because the mea-
surement of particle density, size and composition is
much easier than measuring hygroscopicity, if general
relationships between hygroscopicity and density for
specific particle classes can be found, the measurement
burden is significantly reduced. We will present results
on particle density, hygroscopicity, size and composi-
tion measurements using a DMA and discuss a DMA-
free second-generation system.
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The presence of dust and atmospheric
aerosols, both of natural and anthropogenic origin, sig-
nificantly affects the accuracy of the retrieval of key en-
vironmental parameters from spaceborne instruments.
Considerable efforts have been invested in developing
the methods to account for the effects of aerosols in the
UV /VIS spectral region. Similarly, efforts are currently
underway for the thermal infrared region. However,
the impact of aerosols on top of atmosphere radiances
measured in the near-IR (3- 6 micron) spectral region
has been largely overlooked. We present the results
from forward modeling studies that explore the sensi-
tivity of high-resolution near-IR spectral radiances to
various aerosol characteristics, including aerosol com-

other

position, size spectra, vertical distribution and loading.
High resolution near-IR spectral aerosol optical prop-
erties for individual aerosol species, including miner-
als, carbonaceous, sulfates, sea-salt, nitrates and their
mixtures, were computed by utilizing the Library of
Atmospheric Aerosol Refractive Indices (LAARI) and
Mie code. These optical models were then incorpo-
rated into the DISORT radiative transfer code linked
with kCARTA (kCompressed Atmospheric Radiative
Transfer Algorithm developed at the Atmospheric Spec-
troscopy Laboratory of the University of Maryland).
Linked kCARTA and DISORT codes enable calcula-
tions of high spectral resolution radiances, accounting
for gaseous absorption and for absorption and multiple
scattering by aerosol particles. We contrast the mea-
surement sensitivity (i.e., weighting function) obtained
in clear sky conditions with those for several cases of
aerosol loading, including mineral dust, biomass burn-
ing and carbonaceous aerosols and consider the impact
on CO retrievals, focusing on the 4.7 micron absorp-
tion band. The variability in radiances due to these
aerosol loadings is compared with the variability es-
timated given different CO atmospheric profiles, and
temperature and water vapor profiles.
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Volcanic emissions represent a major source of sul-
fur and crustal material to the atmosphere. These emis-
sions can have significant effects including modifying

the radiative properties of the atmosphere, safety is-
sues regarding aircraft flights, and health effects in the
local regions. For these reasons, it is important to ac-
curately predict volcano plumes, and to be able to dis-
tinguish them from dust or biomass burning events.
With an increased understanding of how the mixing
state of particles changes in volcanic plumes, the ra-
diative properties may be modeled more accurately
too. Semi-continuous measurements of individual par-
ticle size and chemical composition were made using a
dual polarity aerosol time-of-flight mass spectrometer
(ATOFMS) aboard the NOAA R/V Ronald H. Brown
during the Aerosol Characterization Experiment - Asia
(ACE-Asia) Intensive Field Operations period in the
Pacific Ocean during the spring of 2001. Here we focus
on particles measured during the time period when the
air mass reaching the ship was influenced by emissions
from the Miyakejima volcano, March 29, 2001 through
April 01, 2001. Continuous gas phase measurements
and radiative measurements were also performed. A
major goal involves determining whether unique single
particle signatures can be used to distinguish volcanic
particles from other sources. The temporal evolution
of particle types associated with the volcano will be
presented and compared to gas phase measurements.
Evidence of heterogeneous chemical reactions will also
be discussed. Preliminary results suggest unique vol-
canic particle types containing ammonium, sulfate, and
potassium. These particle types and their associations
will be described. Additionally, the mixing state of par-
ticles and its relation to simultaneous optical measure-
ments will be examined.
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Source emissions of sulfate aerosols as well as other
pollutants over the Asian Continent have been increas-
ing due to rapid development of industrial activities
in recent years. In winter, sulfate aerosols are usually
transported eastward to downwind areas by westerly
winds to directly affect the environment of the down-
wind areas including Japan and its surrounding ocean.
Concentrations of non-sea-salt sulfate (nss-SO3 ) and
selenium (Se) in aerosols show a good correlation to
each other, suggesting that they would be derived from
the same sources, e.g., fossil fuel combustion. Selenium
in fossil fuels is emitted by combustion into the atmo-
sphere as Se(0) or Se(IV), and the latter is supposed
to be oxidized into Se(VI) during the transport and de-
position process. Therefore, the Se(VI)/Se(IV) concen-
tration ratio should be a good indicator of the distance
or duration of transport of aerosols in the aerial oxida-
tion or reduction environment.

We performed observations to confirm the idea and
to understand what determines the Se(VI)/Se(IV) ra-
tio in aerosols. Consequently, a positive correlation
was found between Se(VI)/Se(IV) ratio and oxidation-
reduction potential in the aerosols. This fact suggested
that the selenium’s oxidation state reflects oxidation-
reduction condition in the atmospheric aerosols.

As a field experiment, aerosol samples were collected
in winter in 1999 at two sites facing the Sea of Japan,

and analyzed for nss-SO} , Se(IV), and Se(VI) to infer

emission sources. Episodes of a high nss-SO%
tration were observed several times. On the
the wind conditions as well as the Se/S nss—SO47 and
Se(VI)/Se(IV) ratio, these episodes are classified into
three types as emission source, i.e., continental-coal,
local-coal and local-petroleum types.

concen-
asis of
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This poster overviews the strategy and preliminary
results from the CSTRIPE experiment (Coastal Stra-
tocumulus Imposed Perturbation Experiment), con-
ducted in Monterey, CA in July 2003. The goal of
the study was to create imposed perturbations in ma-
rine stratocumulus using artificially introduced aerosol
sources, and to quantify the resulting indirect effects
on stratocumuolus microphysics, albedo, precipitation,
and structure. The imposed perturbations include hy-
groscopic salt flares burned by a separate aircraft and
emissions from shipping traffic. The CIRPAS Twin Ot-
ter aircraft carried a suite of instruments chosen to
perform a number of closure studies on aerosol-cloud-
radiation interactions. These include: three aerosol siz-
ing instruments collectively spanning 13 nm - 10 pum;
the Caltech 3-column CCN spectrometer; an Aerodyne
acrosol mass spectrometer; three cloud microphysics
probes; three light absoprtion instruments (U. Wash-
ington modified PSAP, DRI photoacoustic, DMT SP-
2); the U. Miami 95 GHz cloud radar; the NCAR Multi-
channel scanning radiometer; and upward and down-
ward facing pyranometers including a stabilized plat-
form for reliable measurements of albedo. On five days,
a separate aircraft carrying the NASA GISS Research
Scanning Polarimeter overflew the Twin Otter. This
instrument suite provides sufficient information to per-
form closure studies on models of cloud condensation
nucleus properties (aerosol-CCN closure), cloud acti-
vation processes (aerosol-cloud closure), and cloud ra-
diative properties (cloud-radiation closure).

URL: http://www.cstripe.caltech.edu/
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The size and chemical composition of individual
particles were evaluated with high temporal resolu-
tion during the Asian Pacific Regional Aerosol Chem-
ical Characterization Experiment (ACE-Asia) using a
transportable aerosol time-of-flight mass spectrometer
(ATOFMS) aboard the NOAA Research Vessel Ronald
H. Brown. ATOFMS allows characterization of the
aerodynamic diameter and chemical composition of in-
dividual particles from a polydisperse aerosol. This
technique couples aerodynamic particle sizing with
time-of-flight mass spectrometry in a single instrument,
providing both positive and negative ion mass spectra
for each detected particle which are employed to clas-
sify the particles into different classes using criteria
based searches and a neural network algorithm, ART-
2a. Size-resolved chemical characteristics of sampled
particles under different synoptic meteorological pat-
terns and at various locations and distances from con-
tinental influences are discussed in detail, with special
focus given to the associations among different species
and the variability in the degrees of aging, reaction,
and/or mixing, which can alter the optical properties
of these particles. Changes in the aerosol chemical
characteristics due to heterogeneous reactions are ev-
idenced in the mass spectra of detected particles by
the presence and intensity of specific ion markers (e.g.,
sulfate, nitrate). The ability to differentiate between
particles that have undergone heterogeneous reactions
is relevant since these reactions affect several aerosol
attributes, such as hygroscopic, optical, and radiative
properties. Particularly, heterogeneous reactions/ nu-
cleation on sea-salt and dust particles are discussed
together with results of comparison efforts with some
relevant laboratory and source characterization studies
that allow determination of corresponding ion mark-
ers, relative ratios among species, and probable sources
from a single particle perspective.
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Number-size distributions of aerosol particles in the
radius range of 0.008 - 5 um were observed at 8 - 11 km
altitudes over the Northwestern Pacific Ocean (Nagoya-
Petero Pavlovsk - Anchrage; 35 - 61 °N latitude) dur-
ing the PACE (Pacific Atmospheric Chemistry BExperi-
ment) -7 campaign in February 2000. The vertical pro-
files indicated that the number concentrations of fine
particles ( r < 0.1 pum radius) were highest at altitude
around the tropopause, whereas the number concentra-
tions of larger particles ( r > 0.1 pm radius) did not
change significantly above and below the tropopause.
At 8 km altitude (around tropopause), the ultra-fine
mode was sometimes found in the size distributions ob-
served in ozone-rich air. However, the mode was not
found in the air with low ozone mixing ratios. At 11
km altitude (the lower stratosphere), the mode radius
was generally at 0.05 mum and the shape of size distri-
butions suggested that these aerosols were highly aged.
This might be typical size distribution of the aerosols
in the Junge layer. However, relatively young aerosol-
size distributions with the mode radius at 0.03 pm were
also measured. According to the backward trajecto-
ries of air parcels, these aerosols were assumed to be
transported from the lower altitudes. These results
suggested that new particle formation has occurred at
altitudes around tropopause. In a part of the region
at 8 km altitude, high concentrations of aerosols were
found. Soot particles were collected in the air with
high mixing ratios of CO in the region. These results
gave evidences that anthropogenic pollution has spread
to the tropopause region over the Northwestern Pacific
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Ocean. Results of analysis using numerical model will
be shown.
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Mineral dust aerosols have radiative impacts on
Earth’s atmosphere, have been implicated in local and
regional air quality issues, and have been indentified as
vectors for transporting disease pathogens and bring-
ing mineral nutrients to terrestrial and oceanic ecosys-
tems. We present for the first time dust simulations
using online transport and meteorological analysis in
the NASA Finite-Volume General Circulation Model
(FVGCM). Our dust formulation follows the formu-
lation in the offline Georgia Institute of Technology-
Goddard Global Ozone Chemistry Aerosol Radiation
and Transport Model (GOCART) using a topograph-
ical source for dust emissions. We compare results of
the FVGCM simulations with GOCART, as well as with
in situ and remotely sensed observations. Additionally,
we estimate budgets of dust emission and transport into
various regions.
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Ilorin, Nigeria is strongly affected by annual intru-
sions of desert dust and biomass burning aerosols. An
overlap in the time periods covered by surface radiome-
ter measurements and the NASA/GEWEX Surface Ra-
diation Budget (SRB) projects from 1992-1994 allows a
comparison of point measured surface shortwave fluxes
with those from a global gridded product. An under-
estimation by SRB of the effects of the dust aerosol
during the dry season is noted and explained. Opti-
cal depth calculations from the Fu-Liou model using
assumptions of aerosol composition and size distribu-
tions, along with the 3-minute cloud screened surface
radiometer measurements indicate optical depths ap-
proaching 2 during periods of heavy dust intrusion.
Correlations of implied optical depth with column wa-
ter vapor from the GEOS-1 and ERA-40 meteorologi-
cal data sets are given to provide an estimate of the
effects of hygroscopic growth. These optical properties
will be compared against constituents projected as be-
ing over the site by GOCART (Georgia Tech/Goddard
Ozone Chemistry Aerosol Radiation and Transport)
and MATCH (Model of Atmospheric Transport and
Chemistry) aerosol assimilations. Calculations from
the NASA Langley Trajectory Model (LTM) give source
regions for air masses over Ilorin. Periods when the Sa-
hara and known biomass burning areas are the sources
correlate well with periods of strong surface radiative
forcing from the radiometer measurements. Compar-
isons with other aerosol and radiation data sets in-
cluding the TOMS Aerosol Index, AERONET, and the
NASA/GISS Surface And Atmosphere Radiative Fluxes
FD data product are given.
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If we want to determine the top of the atmosphere
aerosol radiative forcing with the accuracy of 0.5 W/m2
we need to know the aerosol optical depth (AOD) over
the land with the accuracy of 0.015. None of the cur-
rent operational satellite based instruments for AOD
retrieval has been able to achieve this accuracy. The
RMSE (Root Mean Square Error) of the AVHRR (Ad-
vanced Very High Resolution Radiometer) is typically
between 0.06 and 0.15, while the RMSE of the MODIS
(MOderate resolution Imaging Spectroradiometer) over
the land has been estimated to be 0.05+0.2A0D, which
varies between 0.07 and 0.21 for AOD between 0.1
and 0.8. Theoretical analysis suggests that the uncer-
tainties in aerosol phase function (due to uncertainties
in aerosol shape, size distribution and optical proper-
ties) are the major obstacles for accurate aerosol op-
tical depth retrieval. These uncertainties lead to a
much larger error in aerosol optical depth retrieval at
large scattering angles (usually at close to nadir view),
than at the off nadir views at medium scattering an-
gles. The Department of Energy research satellite in-
strument, the Multispectral Thermal Imager (MTI), is
capable to retrieve the aerosol optical depth with the
accuracy of 0.03 using the off nadir view at medium
scattering angles. Based on our theoretical analysis
and on the MTI experience we suggest that to achieve
the required accuracy in the AOD retrieval the future
satellite instruments using single or dual-view should
use off nadir views and combination of visible and near
infrared spectral bands.
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Atmospheric size distributions provide important
fundamental information for studying atmospheric par-
ticle physics. To capture enough information using a
distribution with reasonable resolution results in mas-
sive data sets. For example, 5-minute scans with 30
size bins produces 8640 data points per day. The com-
plexity of such data set usually creates difficulties in
data handling and interpretation. Principal Compo-
nent Analysis (PCA) provides a way to reduce the di-
mensionality of data sets and produces a simpler yet
quantitatively equivalent data set. The simplified data
set usually provides an easier mean for data interpreta-
tion. In applying PCA to size distribution data, there
are several important aspects that one needs to pay
attention to. These include proper weighting for the
data, correct selection of the number of components to
extract and a rotation scheme to transform the result
to simple structure for interpretation. In this poster,
these important issues in applying PCA to size distri-
bution data will be discussed. A new weighting scheme
for size distribution data has been developed. This new
weighting scheme allows one to fit the size distribution
data more accurately without requiring too many com-
ponents. Application of Varimax rotation to the eigen-
vectors enables one to turn the eigenvectors to a simple
and physically meaningful size distribution function.
As a result, a complete distribution can be broken down
into a series of simple and independent distributions for
easy interpretation. Furthermore, procedure on how to
extract the correct number of components will be ad-
dressed. Finally, some field study measurements from
Pacific 2001 and other studies held in Southern Ontario
will be used as an illustration of how to make use of
the rotated scores to explain some atmospheric process
such as local nucleation and transport.
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We apply and extend recent results of Larsen et al.
(2003), concerning spatial and temporal correlations
among aerosol particles, to correlations among differ-
ent size bins. The basic question addressed is: what
should be a reasonable set of requirements on coher-
ence vs. collection times, in order to define a physically
meaningful notion of a size distribution and its time
evolution? To that end, we present and examine new
high temporal resolution aerosol data in the form of 5
contemporaneous time series, corresponding to five dif-
ferent aerosol size bins. We calculate cross-correlation
functions among the different sizes and discuss the
implications of variable coherence times on the no-
tion of the aerosol size distribution. References: M.L.
Larsen, W. Cantrell, J. Kannosto, A.B. Kostinski, " Re-
sponse from Authors to Comment on ”Detection of Spa-
tial Correlations among Aerosol Particles”, to appear
In Aecrosol Science and Technology M.L. Larsen, W.
Cantrell, J. Kannosto, A.B. Kostinski, ”Detection of
Spatial Correlations Among Aerosol Particles”, Aerosol
Science and Technology, 2003, vol. 37, no. 6, pp. 476-
485.
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Aerosol retrievals from satellite measurements play
an important role in monitoring aerosol spatio-
temporal distributions. Few studies have attempted to
assimilate the satellite aerosol products into the models
to improve aerosol forecast. Furthermore, most current
aerosol models are off-line, in which the aerosol radia-
tive effects are not directly considered during the simu-
lations. This study uses the Colorado State University
Regional Atmospheric Modeling Systems (CSU RAMS)
and the GOESS8 aerosol retrievals during Puerto Rico
Dust Experiment to investigate how the aerosol mod-
eling can be improved by assimilating the satellite re-
trievals. A four-stream radiative transfer model was
integrated into the RAMS to consider the aerosol radia-
tive effect in the model simulation in a “real” scenario
(rather than offline). Aerosol transport model is built
upon a tracer advection module in RAMS with addi-
tion of emission and deposition components. Satellite
retrievals from GOESS8 are assimilated into the RAMS
using nudging schemes. Modeled aerosol optical thick-
ness (AOT) and mass concentration are then compared
with the measured quantities. Results show that the
assimilation of GOES8 AOTs with high-temporal reso-
lutions provides a promising method to improve aerosol
modeling. The challenges in assimilation of satellite
column AOTSs into the 3D models are discussed.
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Previous space-based observations have contributed
much to our knowledge of the stratosphere in recent
decades. These observations have been characterized
by large horizontal or vertical scales, leaving a range

of unobserved phenomena at smaller scales. This is es-
pecially true near the tropopause, where rapid verti-
cal changes in temperature and composition have been
unobserved on a global basis. This presentation will
briefly review some of the current science questions,
including troposphere-stratosphere exchange, both in
the tropics and mid-latitudes, as well as filamentation
at internal barriers in the atmosphere, and the require-
ments they place on the desired measurements. Ac-
curate and precise observations of temperature, and a
number of trace species having a range of atmospheric
lifetimes as well as different source and sink regions are
needed, with horizontal resolutions of a few degrees or
less, and vertical resolutions of ~ 1 km. The species
chosen are O3, H20, CH4, N20O, NO2, N205, HNO3,
CFC11, CFC12, CIONO2, and aerosol properties. New
requirements on the instrument include the ability to
make measurements at multiple azimuths, using nar-
row fields of view, oversampling, multiple spectral in-
tervals for some species, as well as high radiometric
accuracy and precision, and careful calibration. The
instrument description shows how these requirements
are met. The HIRDLS instrument is a 21 channel limb-
scanning infrared radiometer, based on a folded off-axis
telescope and HgCdTe detectors cooled to 62 K. The
2-axis scan mirror is capable of making vertical scans
across the limb over a wide range of azimuths from the
orbital plane, resulting in complete global coverage of
all species. The scan parameters are programmable
from the ground, so observations may be tailored to
specific geophysical situations. Finally, examples of re-
trievals of simulated radiances illustrate the expected
precision and resolution of the data.

URL: http://www.eos.ucar.edu/hirdls/
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EOS MLS, the Earth Observing System
Microwave Limb Sounder
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Dr, Pasadena, CA 91109, United States

EOS MLS is an instrument that remotely senses
Earth’s upper troposphere, stratosphere and meso-
sphere by measuring millimeter and submillimeter
wavelength thermal emission from the atmospheric
limb. It will be operated on the EOS Aura satellite
starting in 2004, and is a follow-on to the MLS on the
Upper Atmosphere Research Satellite. New technology
enables many more measurements by EOS MLS than
were possible with UARS MLS, and measurements to
lower altitudes. The EOS MLS measurement suite in-
cludes HpO, OH, HO5, O3, ClO, HCl, HOCI, BrO,
NoO, HNO3, CO, HCN, CH3CN, volcanic SOg, tem-
perature, cloud ice and geopotential height. All mea-
surements are made day and night, simultaneously and
continuously over 82S -82N latitudes on each orbit. Sci-
entific objectives are to improve knowledge in areas of
(1) stratospheric chemistry and chemistry-climate in-
teractions, (2) upper tropospheric processes that affect
climate variability, and (3) pollution in the upper tro-
posphere. This talk will give an overview of the EOS
MLS experiment.

A12C-03 1430h

Science Goals of EOS-Aura’s Ozone
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The Ozone Monitoring Instrument (OMI) will fly
on NASA’s EOS-AURA satellite, scheduled for launch
in early 2004. OMI is a UV/VIS, nadir viewing spec-
trometer that will provide near global coverage of solar
backscatter radiances in one day using a wide field tele-
scope. OMI has several technological advances, but has
heritage from the TOMS, SBUV, GOME, GOMOS and
SCIAMACHY. Using the wavelength range 270 to 500
nm with a 0.5 nm resolution, OMI will measure sev-
eral key parameters for stratospheric and tropospheric
chemistry and for climate research, including Og, NOg,
SOg, OCIO, HCHO, BrO, UVB, aerosols, and cloud
heights and fraction. Combining OMI data with the
other Aura instruments will allow derivation of tropo-
spheric gases important for air quality studies. OMI’s
high spatial resolution (13 x 24 km?2) will allow obser-
vation between clouds, thus giving better penetration
into the troposphere than any other UV/VIS backscat-
ter instrument flown to date. Science questions ad-
dressed by OMI include: e Is the ozone layer recovering?
o What are the sources and distribution of aerosols and trace
gases that affect global air quality?
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