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Measurement of Organic and Inorganic
Chemical Tracers for Source
Apportionment of Tropospheric
Aerosols Collected During the
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Naturally occurring dust and anthropogenic air
pollutants are important contributors to tropospheric
aerosols and impact air quality and the radiative bal-
ance of the Earth’s atmosphere. In order to better un-
derstand the relationship between the origin, chemical
composition and ultimate impact of Asian aerosols on
climate forcing, aerosol samples were collected as part
of the ACE-Asia experiment for detailed chemical anal-
ysis. Atmospheric particulate matter samples were col-
lected from March 27, 2001 through May 6, 2001 at the
ACE-Asia ground station located on Cheju Island, Ko-
rea. During this period, this region is impacted by an-
thropogenic air pollution emissions from highly urban-
ized region of Asia and by desert dust originating from
northeastern Asia. As part of the experiment, atmo-
spheric particulate matter samplers were also collected
in urban and desert locations in Asia that represent
regional sources of particulate matter in Asia. Size re-
solved aerosol samples were analyzed for trace metals
by using microwave assisted-acid digestion and ICP-
MS analysis, speciated organic compounds using sol-
vent extraction and GC-MS analysis, as well as soluble
ions and elemental and organic carbon (ECOC). These
measurements provide fingerprints for source appor-
tionment of the atmospheric particulate matter samples
collected at the Cheju Island sampling site. The use
of these chemical tracers for apportionment of wind-
driven long range transported desert dust, local crustal
derived dust, biogenically and anthropogenically de-
rived sulfate, specific urban combustion source, and
fossil fuel combustion will be presented.
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Analysis of the Spatial Variability of
Tropospheric Aerosol as Observed by
Space Lidar
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Global models are currently our primary means of
estimating the direct and indirect forcing of the Earth’s
climate by aerosols. However, there are large uncertain-
ties in the representations of aerosols in these models.
One area of uncertainty is the spatial variability of the
aerosol distribution predicted by the model. This has a
bearing on the spatial and temporal resolution required
to appropriately capture the pattern of aerosol concen-
tration and column burden. Further, statistics of the
distribution such as the spatial autocorrelation func-
tion provide a means of testing the representativeness
of the acrosol transport and removal processes incorpo-
rated in the model. An understanding of aerosol vari-
ability is also necessary to devise optimum sampling
strategies for combining satellite observations with in
situ measurements for the purpose of validation.

The Lidar In-space Technology Experiment (LITE)
is a backscatter lidar built by NASA Langley Re-
search Center and flown on Space Shuttle Discovery
in September 1994. Global observations of clouds and
aerosols were made between the latitudes of 57N and
57S during 10 days of the mission. The LITE dataset
represents a unique set of observations of tropospheric
aerosol on a global scale. Characteristics of the ob-
served aerosol distribution relevant to the above con-
siderations have been analyzed and will be discussed.
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Understanding Heterogeneous
Chemistry at the Molecular-Level
using Broadband Nonlinear
Technologies: Application to
Atmospheric Aerosol Growth and
Chemistry

Heather C. Allen (614-292-4707; allen.697@osu.edu)
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Surface reactions on liquid and solid particles can
significantly impact tropospheric chemistry since many
reactions that are slow to occur in the gas phase may
in fact be favored on these atmospheric particles. Cur-
rently, we are investigating the surface structure of a
variety of solid and liquid surfaces in order to under-
stand particle growth and chemistry in the troposphere.
The structure of a surface is different than the bulk
media and consequently, the chemistry occurring at a
surface is often unique. Surface vibrational sum fre-
quency generation is the primary tool used in these
studies because of its surface and molecular selectiv-
ity. New advances in our lab using broadband technol-
ogy and ultra-fast laser sources for probing reactions
taking place on surfaces on short timescales and at at-
mospheric pressures will be presented. Surface struc-
tures and adsorption of gas-phase water at the surface
of various organic solutions (e.g. ethylene glycol and
methylnapthalene) will be discussed.
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Pittsburgh Supersite

Andrey Y Khlystov! (andrey@andrew.cmu.edu);

Charles Stanier?! (cos@andrew.cmu.edu); Wan-Yu
Chun? (wrchun@andrew.cmu.edu); Dimitris
Vayenas! (dvayenas@andrew.cmu.edu); Mulia
Mandiro! (mmandiro@andrew.cmu.edu); Spyros N

Pandis! (Spyros@andrew.cmu.edu)

1Carnegie Mellon University, Dept. Chemical Engi-
neering 5000 Forbes ave., Pittsburgh, PA 15213,
United States

Ambient aerosol particles change size with changes
in ambient relative humidity. The magnitude of the size
change depends on the hygroscopic properties of the
particles, which is determined by their chemical com-
position. Hygroscopic properties of particles influence
many environmentally important aerosol qualities, such
as light scattering and partitioning between the gas and
particle phases of semivolitile compounds. Studying
the hygroscopic growth of ambient particles is thus of
paramount importance.

The highroscopic growth of ambient particles and
their chemical composition are measured continuously
within the Pittsburgh Air Quality Study (EPA super-
site program). The hygroscopic size changes are mea-
sured using an automated system built for this study.
The system consists of two Scanning Mobility Particle
Sizers (SMPS, TSI Inc.) and an Aerodynamic Parti-
cle Sizer (APS, TSI Inc.). The three instruments mea-
sure aerosol size distribution between 5 nanometers and
10 micrometers in diameter. The inlets of the instru-
ments and the sheath air lines of the SMPS systems
are equipped with computer controlled valves that di-
rect air through Nafion dryers (PermaPure Inc.) or by-
pass them. The Nafion dryers are drying the air stream
below 40% RH at which point ambient particles are ex-
pected to lose most or all water and thus be virtually
dry. To avoid changes in relative humidity and evap-
oration of volatile particles due to temperature differ-
ences the system is kept at ambient temperature. The
system measures alternatively dry (below 40% RH) and
wet (actual ambient RH) acrosol size distributions ev-
ery 6 minutes.

The hygroscopic growth observed with the size-
spectrometer system is compared with theoretic predic-
tions based on the chemical composition of aerosol par-
ticles. A modified semi-continuous Steam-Jet Aerosol
Collector provides the total available budget (parti-
cles and gas) of water-soluble species, which is used
as an input to the thermodynamic model. The model
calculates the aerosol/gas partitioning of semivolatile
species including water and thus predicts the hygro-
scopic growth of particles.

Preliminary data on the measured hygroscopic
growth factors of ambient aerosol and a comparison
with the model predictions will be discussed.
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Because airborne sampling legs are usually short
relative to typical sampling times for carbonaceous
aerosols, the number of published OC and EC alti-
tude profiles is limited. It is only recently that No-
vakov et al. suggested that there may be as much car-
bonaceous aerosol as sulfate in the free troposphere,
a radical change from the ”almost all sulfate” view of
many authors. We measured OC and EC during ACE-
Asia from the NSF/NCAR C-130 aircraft, using a PC-
BOSS sampler developed by Delbert Eatough of BYU.
This sampler not only preconcentrated the samples (im-
proving our S/N by about 3-5x for a given sampling
time), but it also eliminated or minimized two major
OC sampling artifacts: 1) a VOC denuder made of
carbon-impregnated-glass (CIG) filter strips minimized
the positive artifact due to adsorption of organic vapors
on our quartz filters and 2) a CIG filter behind the
quartz collected any volatilized OC aerosol that would
have caused a negative artifact. Our data show that
the positive artifact would often have been many times
the actual OC, while the negative artifact would have
been between 10 and 50% of the actual OC.

Rarely was our S/N less than 2, in part because of
relatively high OC and EC concentrations in Asian out-
flow and because of the enhancement by the PC-BOSS
sampler. OC varied from 0.3 to 34 ug C/m3, with a
median of 4 ug C/m3. EC was between 0.1 and 37 ug
C/m3, with a median of 1.6 ug C/m3. These concen-
trations of black carbon will have a significant radia-
tive impact. The median EC/OC ratio was 0.4, with
an average of 0.8. The median ratio of OC (as carbon,
with no multiplier for other elements) to NSS was 0.6,
with an average of 1.6. Clearly organic aerosol con-
centrations are comparable to those of sulfate in Asian
outflow.

URL: http://saga.pmel.noaa.gov/aceasia/
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The NPOESS Airborne Sounder Testbed Interfer-
ometer (NAST-I) provides high spatial resolution (2.0
km footprint) scanning and high spectral resolution
(0.25 cm-1) measurements in the spectral region of
645-2700 cm-1 from the ER-2 or Proteus high-altitude
(20 or 16 km, respectively) aircraft. Assuming that
the contributions to the observed spectra (upwelling
atmospheric emission, the upwelling surface reflected
downward atmospheric radiation, and upwelling surface
emission) can all be separated, then it is possible to de-
termine the surface temperature and emissivity under
the assumption that the surface radiates as either a
specular or a diffuse reflector. High spectral resolution
permits the separation of these terms and a statistical
technique has been developed to retrieve the surface
and atmospheric properties contained in the spectral
radiance signal. Specifically, for surface temperature
and emissivity, we develop regression relations between
the amplitudes of eigenvectors of surface emissivity to
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the amplitudes of radiance eigenvectors. Similarly, the
magnitude of the surface skin temperature, as well as
the atmospheric temperature and humidity at various
atmospheric levels, is related to the amplitudes of the
radiance eigenvectors. The eigenvectors and regression
relations are based on a synthetic set of NAST-I radi-
ance spectra for a climatology of atmospheric and sur-
face conditions. A set of laboratory measured emissiv-
ity spectra for a wide variety of surface types is used
to compute the emissivity eigenvectors and the eigen-
vector amplitudes used in the statistical training. The
surface emissivity spectrum as well as the surface tem-
perature and the atmospheric parameters are then pre-
dicted from the radiance eigenvector amplitudes that
are derived from actual NAST-I radiance spectra. The
retrieved surface emissivity and skin temperature is
validated by internal consistency with that derived us-
ing the observed NAST-I radiance spectra in a full ra-
diative transfer calculation based on radiosonde or re-
trieved atmospheric profiles. Retrieval results obtained
during various NAST-I field campaigns are presented.
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Uniquely, sulfur dioxide is both a signal and an

interference for satellite instruments such as TOMS
which measure backscattered ultraviolet sunlight. Sul-
fur dioxide is the major interfering species for ozone
measurements, but serendipitously, TOMS can trace
volcanic clouds by monitoring SOg. Obtaining the
maximum benefit from these and similar missions such
as near UV limb sounders, requires temperature depen-
dent SOg absorption cross-sections.

Between 300 and 400 nm, there is only a single pub-
lished low temperature SOg absorption cross-section
measurement [McGee and Burris 1987]. That work was
done at dry ice temperature between 300 and 320 nm.
We report new measurements of low pressure (~1 Torr)
SOg absorption coefficients between room (295K) and
dry ice (197) temperatures. Spectra were scanned be-
tween 280 and 325 nm at a resolution of 0.015 nm.
Measurements were done at relatively low (1 Torr) pres-
sures, but we plan to investigate the effect of adding ni-
trogen and oxygen at pressures typical of tropospheric
or stratospheric conditions.

McGee, T.J.; Burris, Jr., SO2 absorption cross sec-
tions in the near UV. J.; JQSRT 37 (1987) 165.
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Two-dimensional and three-dimensional VHF source
mapping emitted by lightning discharge progression
have been established by a unique technique based on
the broadband interferometry. Though the functions
and potential capabilities of the broadband interferom-
etry have been shown widely, the discussion on their
accuracy have not been discussed sufficiently yet. Then
the objective of this paper is presenting the quantita-
tive discussion and evidence of the superiority of the
broadband Interferometer. The main attention is paid
on the two-dimensional source localization for VHF im-
pulses. One unit of interferometer consists of three
antennas, and azimuth and elevation of VHF sources
against the site of the interferometer can be derived.
Since the background noise components are superim-
posed on the VHF pulse signals intrinsically, the calcu-
lated azimuth and elevation include location error. The
broadband interferometry is based on the phase esti-
mation for more than a hundred Fourier components.
Since the Fourier component is linearly independent
each other, we can estimate the azimuth and elevation
for all Fourier components. If there is no noise, and if

there is no dispersions during VHF pulse propagation,
the azimuth and elevation for all Fourier components
should be the same. In the real observations it does
not happen, and estimated azimuth and elevation vary
depending on the frequency. The variation of azimuth
and elevation depends on the original VHF pulse, and
in some cases there is less variation and other cases the
variation are large. In any cases we normally adopt the
arithmetic averaging or weighted averaging to finalize
the azimuth and elevation for VHF pulse source. If
we think about this situation seriously, we can notice
the existence of the redundancy in terms of the Fourier
spectra. This means that we can reach an idea to use
this for the discussion of location error or ambiguity of
the broadband interferometry.

One additional idea is the application of broadcast
signals. The frequency bandwidth of the broadband
interferometry is ranging from 25 MHz to 250MHz,
and this frequency band includes FM radio and VHF
TV services. Since the relative positions of broad-
casts against the VHF broadband interferometer are
constant, and the azimuth of Fourier frequency com-
ponent corresponding to the broadcast is known. It is
able for us to use this to calibrate the broadband sys-
tem, and it can be done on site exactly on real time.
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The Odin satellite, which carries two instruments,
OSIRIS and SMR, was launched to a heliosyncronous
orbit in February 2001. The observation time is di-
vided between aeronomical and astronomical measure-
ments. In aeronomy mode OSIRIS and SMR will scan
the limb either in a continuous or in a stepwise manner
from tangent altitudes of 60 (alternatively 120 km) to
7 km. OSIRIS includes an UV-visible spectrometer and
an infrared imager. SMR is a sub-millimeter radiome-
ter, which is used for both aeronomy and astronomy
measurements.

In this paper we present a Modified Onion Peel-
ing (MOP) method to retrieve minor species densities
from limb scatter measurements by OSIRIS. The goal is
to retrieve vertical profiles of ozone, NOg, OCLO and
BrO density, and also aerosol and Rayleigh extinction.
The need for absolute calibration of the radiance mea-
surement is circumvented by dividing the data with a
reference measurement made at a high tangent altitude
by the same instrument. We approximate the atmo-
sphere to be, at least in the first order, locally spher-
ically symmetric. This leads to a non-linear inversion
problem. Multiple scattering is taken into account by
pre-calculated total to single scattering radiance ratios
tabulated as a function of wavelength, tangent altitude,
and several other relevant parameters. The inversion
uses the whole UV-visible spectral range of OSIRIS.
Several constituents are inverted simultaneously. We
show preliminary retrieval results from selected OSIRIS
measurements.

Odin is a Swedish-led satellite project funded jointly
by Sweden (SNSB), Canada (CSA), Finland (Tekes)
and France (CNES).
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The intensity of solar ultraviolet, visible, or near-
infrared radiation back scattered from the Earth’s at-
mosphere carries information on several trace gases and
aerosol. A number of new satellite instruments will
measure atmospheric constituents by looking at scat-
tered radiation in limb-viewing geometry. The OSIRIS
instrument flying on the Odin satellite since Feb. 2001
and the SOLSE and LORE instruments flown on the
Shuttle flight STS-87 use this technique. SCIAMACHY
and GOMOS on Envisat and SAGE III on Meteor-3M
will carry out limb scatter measurements in addition to
nadir-viewing measurements of scattered sunlight and
limb-viewing occultation measurements.

Inversion methods for retrieveing constituent pro-
files from limb intensity measurements are under ac-
tive development. A central part of data inversion is
a radiative transfer model. Accurate radiative trans-
fer modeling for limb-viewing measurements is compli-
cated, because the spherical shape of the atmosphere
has to be taken into account. Multiple scatterings in
the atmosphere as well as light reflected from Earth’s
surface significantly contribute to the intensity.

‘We have compared limb intensities from six different
models, which use different numerical methods to solve
the radiative transfer problem. The objective is to vali-
date the models aginst each other and to get an idea on
their computational efficiency. Four of the models take
fully into account the spericality of the atmosphere:
a model which uses a Gauss-Seidel iteration scheme
(GSS), a model called ”Combining Differential-Integral
approach involving the Picard Iterative approximation”
(CDIPI), and two Monte Carlo models (a model called
”Siro” and a model developed at the Russian Academy
of Sciences). The two other models, a model based on
the Combined Differential-Integral approach (CDI) and
a model called "LIMBTRAN”, involve some approxi-
mation in spherical geometry but are computationally
much faster than the fully spherical models. In the
first comparisons of limb intensity from a realistic at-
mosphere the fully spherical models differed at most by
5%, often less. The difference between fully spherical
models and CDI and LIMBTRAN increased with tan-
gent altitude, in the first comparisons differences were
at most 8%.
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A lot of aerosol particles occur in Asian continent
in spring. The aerosol particles are called Asian dust.
The Asian dust is transferred from Asian continent to
North-East Asia. The long-range transported aerosol
particles from Asian continent generally affect in Ko-
rea during Asian dust event. Also, the aerosol parti-
cles characteristics change while the aerosol particles
go through Korean peninsular. Especially, the aerosol
particles react with air pollutant in urban area. This
study selects two observational sites. The one is An-
myon island where is located in west coast of Korea, the
other is Kwang-Ju city where is located in southwest
area of Korea. The Anmyon island is first observational
site when the Asian dust reaches the Korean peninsula
and is Korean Global Atmosphere watch observatory.
So, The many instruments are installed for aerosol ob-
servation. The Kwang-ju city site is urban area where
is one of large city in Korea. The KJIST(Kwang-Ju
Institute of Science Technique) is located in Kwang-
Ju city. The KJIST have many instruments for the
acrosol particles. So, the Anmyon island and Kwang-Ju
city sites are important sites in Korea for monitoring
about the long-range transported aerosol particles from
China. The aerosol particles are measured continually
using aethalometer and nephelometer were used exten-
sively for measurement of the aerosol particles scatter-
ing (ssp) and absorption (sap). Aerosol particles scat-
tering is measured at 450nm, 550nm, and 700 nm by
nephelometer that is a high-sensitivity device capable
of detecting the scattering properties of aerosol parti-
cles. For calculation the single scattering albedo(w),
defined by w=(ssp)/ (ssp+ sap), estimated from at-
mospheric black carbon aerosol (BC) concentration of
aethalometer and the data of nephelometer measure-
ment at 550nm.Especially, BC(ng/m3) is converted into
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10-8 (/m) by using Bodhaines method for aerosol ab-
sorption. Aerosol Optical Depth (AOD) is measured by
sunphotometer. The ngstrm exponent is calculated by
using the AOD. Airborne particle counter is used for
aerosol size distribution. The aerosol particles are col-
lected by PM-10 High Volume Air sampler (HVAS) and
analyzed the chemical components of the particles by
Ton Chromatography.

URL: http://www.metri.re.kr/kgawo
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The TUV one-dimensional atmospheric radiative
transfer model has been adapted for use within snow-
pack by addition of a multi-level snow layer. We use
the model with previous observations of snow albedo
and attenuation depth to derive a range of scattering
coefficients applicable to natural snow. The behavior
of actinic flux within model snowpack is compared to
that of irradiance. The two quantities differ substan-
tially at the snow surface, but decrease at constant ra-
tio within the bulk of the snowpack. Below the surface,
spectral total actinic flux may be approximated by 4 x
We simulate in-snow
nitrate photolysis for a variety of environmental condi-
tions.

downwelling spectral irradiance.

Resultant NOx production estimates reproduce
observations well. Boundary-layer enhancements of up
to 40 pptv NOx per day due to fluxes from the snow
are shown to be quite realistic for mid-April at Alert.
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The Odin satellite carrying a sub-mm radiometer
(SMR) and the Optical Spectrograph and Infra Red
Imaging System (OSIRIS) was launched in February
2001. The two instruments will provide vertical profiles
on a global basis of various atmospheric constituents
such as Og, ClO, HNO3, NoO, HoO and its isotopes
HéSO, HDO and H%7O, as well as temperature. The
aim of this poster is to present the capabilities of the
SMR radiometer for the retrieval of temperature from
non-oxygen bands in the stratosphere and the meso-
sphere. Some first results will be presented.

Odin is a Swedish-led satellite project funded jointly
by Sweden (SNSB), Canada (CSA), Finland (Tekes)
and France (CNES).
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Convective storms play a significant role in the
transport of trace chemical species in the atmosphere.
They not only transport these chemicals by their cir-
culation, but also produce new chemical species via
chemical reactions (both homogeneous and heteroge-
neous) between trace chemicals and water substance in
the cloud. In this paper, we will report a numerical
model simulation study utilizing a 3-D nonhydrostatic,
quasi-compressible cloud model with detailed cloud mi-
crophysics and chemistry to simulate the formation of
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sulfate particles in the storm. A typical concentration
profile of sulfur dioxide gas is assumed to exist in the
beginning of the simulation. The sounding of a 1981
storm occurred in Montana is used as the initial con-
dition for the storm development. The chemical reac-
tions include the initial hydration of SO2, two ioniza-
tion steps of the hydrated species that produces SO3
ions, and the oxidation of SO3 to SO4 ions by hydro-
gen peroxides. The above reactions are assumed to oc-
cur mainly in the liquid phase, but the sulfur contami-
nated liquid drops may be taken up by ice particles in
the cloud via the riming process. Thus, the cloud pro-
cess not only re-distributes the original sulfur dioxide
gas, but also produces new sulfate particles and trans-
ports these new aerosol particles by the storm circula-
tion. There are observational confirmation of such new
aerosol formation and re-distribution.
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Retrieving Aerosol Size Distributions
and Integral Properties From
Simulated Satellite Extinction
Measurements

Glenn K Yue (757-864-2678; g.k.yue@larc.nasa.gov)

NASA Langley Research Center, 100 NASA Road,
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A new method to retrieve aerosol size distribu-
tion and integral properties from the Polar Ozone and
Aerosol Measurement (POAM) II and III is proposed.
This method assumes that the aerosol number density
in each size bin, the surface area and volume densities
can be expressed as a linear combination of the mea-
sured extinctions. The coefficients in the expressions
are obtained by minimizing the retrieval errors aver-
aged over a set of testing size distributions.

It is found that not all six aerosol extinctinos mea-
sured by POAM are required to retrieve aerosol prop-
erties. The derived expressions for retrieving aerosol
properties are presented. The retrieval uncertainties
for different aerosol properties and different satellite
systems including SAGE II and IIT are compared and
discussed. It is found that in general, the aerosol prop-
erties can be retrieved with reasonable accuracy from
satellite measurements of aerosol extinctions. However,
the retrieval of POAM II and III is not as accurate as
SAGE II and III.

A21B-0073 0830h POSTER

Absolute Brewer Zenith-sky Radiance
and Polarization Measurements with
Application to the Retrieval of
Aerosol Properties
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A Brewer spectrophotometer operating in zenith-
sky mode has been absolutely calibrated and equipped
with a polarizing filter to enable measurements of the
absolute radiance in two planes. (The zenith-solar
plane and the plane perpendicular to it). In this
new configuration, two months of data were collected
at Fairbanks, Alaska (65°N, 148°W) as part of the
TOMS3-F campaign. An extended (305-360 nm) wave-
length scan was used for these measurements. Compar-
isons between these data and a vector radiative trans-
fer model indicate good agreement. In addition, an in-
vestigation into the feasibility of using these absolute
radiance and linear polarization measurements for pur-
poses of retrieving aerosol optical depth, effective ra-
dius, and refractive index has been conducted. Brewer
data, model comparisons, and the results of the feasi-

bility study will be presented.
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Light reflected or transmitted by a planetary at-
mosphere contains information about particles and
molecules in the atmosphere. Therefore, accurate mod-
eling of the radiation field may be used to retrieve in-
formation on atmospheric composition. In this paper,
a multi-layer model for a vertically inhomogeneous at-
mosphere is implemented by using the doubling-adding
method for a plane-parallel atmopshere. By studying
the degree of polarization of the transmitted and re-
flected solar light in the Huggins bands, we show that
the behavior of tropospheric ozone and stratospheric
ozone, and the lower tropospheric and upper tropopsh-
eric ozone are significantly different. This result pro-
vides the theoretical basis for the retrieval of tropo-
spheric ozone from the measurement of the degree of
polarization of the scattered sunlight both from the
ground and from the space.
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Observations and Models
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Observations of the absorption of solar radiation by
the atmosphere in clear and cloudy skies are compared
to several calculations performed with different radia-
tive transfer models. It is found that the calculated
absorption differs from the observed value by a signifi-
cant amount in cloudy conditions, with models under-
predicting the absorption. Most interestingly it is also
found that the models, all using identical input, differ
among themselves significantly, e.g. yielding absorp-
tance estimates ranging from 15% to 19% for the col-
umn of atmosphere from the surface up to 7 km. Mod-
els predict clear sky absorptance in agreement with the
observations within experimental uncertainties.

These results are from ARESE II; a comparison with
ARESE I results shows agreement within observational
uncertainties. As in ARESE I, visible absorptance is
present on some days at levels of up to 2.5%, which
can be attributed to the presence of aerosols.
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Light Scattering by Aerosols Over the
Remote Ocean: Clear-Sky Point and
Column Radiative Closure Studies
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Field data gathered by ship and aircraft during
leg 2 of the First Aerosol Characterization Experiment
(ACE 1) were used to study clear-sky radiative clo-
sure over the remote Southern Ocean. Closure was
evaluated by comparing observations with modeled val-
ues of: (i) aerosol light scattering coefficients in the
marine boundary layer and free troposphere, (ii) total
aerosol optical depth, and (iii) total solar radiation at
the ocean surface. Point modeling using the ship data
benefited from an existing study of closure on the ship,
expanding the number of data points considered in that
study from 22 to 887. Point and column modeling us-
ing the aircraft data provide the first such studies to
date.

Aerosol light scattering coefficients were calculated
from size-distributed measurements of aerosol chemi-
cal composition and number concentration, and were
compared with observations at three wavelengths (450,
550, and 700 nm) on both ship and aircraft. Point clo-
sure on the ship could be achieved at all wavelengths
for both total and hemispheric backscattering coeffi-
cients if the model accounted for experimental uncer-
nephelometer nonideal-
and the likely nonsphericity of dried sea salt

tainties in aerosol chemistry,
ities,
aerosols. Point closure on the aircraft could be achieved
at most wavelengths for total scattering coefficients,
but could not be achieved at any wavelengths for hemi-
spheric backscattering coefficients. Deviations between
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predicted and observed backscattering coefficients on
the aircraft were widely scattered rather than biased,
indicating that a low signal to noise ratio in observed
backscattering coefficients was the likely cause for lack
of closure.

Aerosol optical depth and solar radiation at the
ocean surface were calculated for the two days with
clear-sky periods when the aircraft measured aerosol
profiles near the ship. Input gas and meteorological
data were the observed profiles of ozone, water vapor,
temperature, and pressure from the surface to approx-
imately 35 km, as well as total column ozone. In-
put aerosol data were the observed profiles of bound-
ary layer and tropospheric aerosols from the surface to
approximately 6 km, as well as stratospheric aerosol
profiles estimated from observations made during the
Stratospheric Aerosol and Gas Experiment (SAGE).
Aecrosol optical depths were very low (<0.1) on both
days, resulting in large experimental uncertainties in
observed depths and minimal impact of aerosols on to-
tal solar radiation at the surface. Column closure for
aerosol optical depths could be achieved at all wave-
lengths (500, 778, and 862 nm) on both days when the
model accounted for the spectrally-dependent contri-
butions of stratospheric and free tropospheric aerosols.
Uncertainty in modeled solar radiation at the ocean
surface was dominated by the experimental uncertainty
in column water vapor.
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Scattering characteristics of highly
elongated particles
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In studies involving radiative transfer in the
atmosphere-ocean system one often encounters the dif-
ficult task of modeling the optical properties of ensem-
bles of randomly oriented nonspherical particles. In
many cases these particles have shapes that deviate sig-
nificantly from that of a sphere, such as ice-crystals.
If the particles are large compared to the wavelength
of light one can use geometric optics, or ray-tracing
techniques, for this purpose. Similarly, if the size of
the particles are smaller than, or comparable to, the
wavelength of the incident light other methods exist
that can accurately model the single scattering prop-
erties of highly elongated particles. For particles with
sizes comparable to the wavelength of the incident light
few good methods are available for computing the op-
tical properties of ensembles of randomly oriented par-
ticles. Still fewer methods exist for ensembles of parti-
cles with highly aspherical, or elongated shapes. Here
we show results for the optical properties of such en-
sembles of highly elongated particles obtained using a
rigorous approach to the single scattering problem for
spheroidal particles. We use the Separation of variables
Method (SVM) and exploit the fact that expansion of
the eigenfunctions of the boundary value problem in
the spheroidal coordinate system yields a numerically
stable solution for spheroids with large aspect ratios.
Ensemble averages are obtained through the traditional
T-matrix which we obtain after a transformation of the
solution as expressed in the spheroidal coordinate sys-
tem to one expressed in the spherical system.

We compare the optical properties of ensembles of
highly elongated particles with those obtained for en-
sembles of spheres with an equal volume to surface area
(V/A) ratio. This allows us to explore the usefulness of
this approximate representation especially for the pur-
pose of modeling energy transfer.
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Trace Gases and Aerosol Optical
Properties Over the US Mid-Atlantic
During Summer 2001
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Anthropogenic emissions from rapid urban sprawl,
commuter/commercial traffic and industrialization
along the East Coast of the United States have a
profound effect on urban and regional air quality.
During summer 2001 we used a light aircraft re-
search platform operated from North Carolina north-
ward through Pennsylvania measuring meteorological
scalars, selected trace gases and aerosol optical prop-
erties on selected pollution episode days. The goal of
this research is to gain an improved understanding of
the sources, sinks, transport and photochemical trans-
formations controlling the observed abundance of pho-
tochemical oxidants and fine particulate haze over the

U.S. Mid-Atlantic region. The aircraft research capa-
bilities will be described, over 60 research flights to-
taling in excess of 160 flight hours summarized, and
key findings presented. Although westerly transport
of remnant ozone and haze along with precursors can
make substantial contributions to observed urban cor-
ridor air quality aloft, significant production downwind
of the urban center often can occur within the plane-
tary boundary layer during the afternoon hours.

A21B-0079 0830h POSTER
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The Japanese investigation ship, Mirai, cruised in
the Western Pacific in May 2001. The cruise is a part
of ACE-ASIA project. During the cruise, we measured
atmospheric gas components on the ship. CO, Og,
NO, NOg, SOy were measured continuously by com-
mercial instruments, and 40 canisters were sampled for
hydrocarbon measurements and were analyzed by GC-
FID and GC-MS in the laboratory in Tokyo. Since the
shipped area is located in the east of Japan main is-
land, most of the air masses would be affected by the
pollutants emitted in Japan. In May, the wind is mostly
coming from the west, and long range transport of pol-
luted air and aerosol would be observed.

After leaving the port near Tokyo, the concentra-
tions of CO, Og, SOg, NO and NOg decreased gradu-
ally as expected. NO and NOj are sensitive to the in-
fluence of the exhaust emitted from the ship itself. SOg
is also sensitive to the exhaust from the ship, but there
are some small, and broad peaks which are not corre-
sponding to the NO and NO, peaks. The concentra-
tion of O3 and hydrocarbons decreased drastically after
the front passage. Westerly wind polluted in Japan was
dominant in most case, but the clean maritime air came
from east or south when low pressure passed. The back-
ward trajectories explain the concentration changes of
hydrocarbons well. When the air came quickly from
Japan, high concentrations were observed. There are
good correlation between O3 and hydrocarbons.
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An NHy4 T record covering the period AD1846-1997
was reconstructed using an 80.4 m ice core from East
Rongbuk Glacier on Mt. Everest. Variations in NH4+
are characterized by a dramatic increase since the
1950s. The highest NH4 T concentrations occur in the
1980s. They are about two-fold more than those in the
first half of 20th century. EOF analysis on the ma-
jor ions series from this core indicate that NH, T has
a unique source and/or transport pathway that differs
with those of crustal species. Instrumental sea level
pressure (SLP) and regional temperatures are used to
explore the relationships between NHy4 T variations and
atmospheric circulation and source strength over Asia.
Higher NH4+ concentrations are associated with an en-
hanced winter Mongolian High and a deepened sum-
mer Mongolian Low. A positive relationship exists be-
tween NHy T concentrations and regional temperature
of the GIS Box 36 indicating that an increase in tem-
perature may contribute to the strengthening of natu-
ral ammonia emissions (e.g. plants and soil). None of
these variations of atmospheric circulation and natural
sources can result the dramatic increase in NHy con-
centrations since the 1950s. This increase should reflect
to substantially strengthening of agricultural activities
over Asia during the last few decades.
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States Visibility Assessment Program,
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In the western United States there is a growing
concern about the increasing impairment of visibility
in and around National Parks, National Monuments,
Quan-
tifying trace species associated with energy produc-
tion and consumption is critical in understanding re-
gional visibility impairment and modeling how present
and future energy use patterns may influence visibil-
ity. The Western States Visibility Assessment Program
(WSVAP) of the New Mexico Institute of Mining and
Technology (NMT) was established to provide visibil-
ity assessment and associated trace species data to re-
gional, state, and local policy makers, industry repre-
sentatives, and other interested parties. The program’s
origins are found in prior DOE-sponsored research im-
plemented by the Center for Applied Research in con-
nection with the Grand Canyon Visibility Commission.

As a part of this program, a three-week field cam-
paign was initiated in July and August of 2001 to mon-
itor a suite of atmospheric traces species at the Hance
site within Grand Canyon National Park in northcen-
tral Arizona and at the Island in the Sky District
within Canyonlands National Park in southeast Utah.
Gaseous trace species monitored at each site included
oxides of nitrogen, carbon monoxide, sulfur dioxide,
non-methane hydrocarbons, and low molecular weight
aldehydes, ketones and organic acids. Additionally, to-
tal suspended particulate and PM2.5 samples were also
collected, both of which are to be subsequently ana-
lyzed for speciated composition. Corresponding data
simultaneously collected at or near the sampling sites
by Park Service and other personnel included visibility
quantification, ozone, meteorological parameters, sep-
arate speciated PM2.5 data (IMPROVE), and acidic
species deposition (CASNET). The presentation will in-
clude initial analysis of the collected data and a brief
discussion of future measurements, as well as planned
modeling exercises.

wilderness arcas, and other scenic attractions.
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Observations of CH4, CO, CO2, O3, NOx, NMHC,
222Rn and standard meteorological parameters have
been made along the Trans-Siberian railroad (48.5-
58.50N; 37.7-135.00E ), Russia. Owver the period 1995
- 2001 seven expeditions during different seasons were
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carried out, and boundary layer air data covering al-
most 113 000 km were obtained without significant con-
tamination from the train. A secondary CH4 maximum
occurs in the annual cycle in summer: highly elevated
levels of CH4 were observed in late June - August over
the West Siberian lowlands which generally decreased
towards East Siberia, except for the far eastern region,
where frequent biomass burning events were registered.
The isotopic signatures of sampled CH4 point to the
wetlands as the dominant source of methane emissions,
with some indications of natural gas release. Diurnal
variations of 222Rn, CO2 and CH4 due to both mi-
crometeorological conditions and varying soil and veg-
etation types, were used to estimate ecosystem fluxes of
CO2 and CH4. Whilst background CO levels over the
west Siberian wetlands were close to background values
at mid-to-high northern latitudes, high CO concentra-
tions, exceeding 1000 nmol/mol, were registered east of
Chita, as a consequence of forest and other vegetation
fires, which significantly affect the chemical composi-
tion of the air over Russia. O3 also showed increases in
East Siberia and the far eastern region: high night-time
O3 values during spring and summer coincided with CO
concentration increases. Back-trajectory analyses sug-
gest that boreal forest fires in far eastern Siberia had a
significant impact on the observed CO and O3 mixing
ratios.
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The Arctic Oscillation and the North
Atlantic Oscillation: Definitions and
Mechanisms (joint with OS)

Presiding: N Gillett, University of
Oxford; J Perlwitz, NASA Goddard
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The leading empirical orthogonal function (EOF)
of the sea-level pressure field, referred to as the Arc-
tic Oscillation (AO) or Northern Hemisphere annular
mode (NAM), consists of a dipole between the polar
cap region and the surrounding zonal ring centered
along 45 N. Embedded within the outer ring are cen-
ters of action over the Euro-Atlantic and Pacific sec-
tors in which pressure fluctuates in phase. That the
observed pressure fluctuations at these two centers of
action are virtually uncorrelated in the observations
raises the question of whether the Pacific center in
the annular mode could be an artifact of EOF anal-
ysis. It is argued that sea-level pressure fluctuations at
the Pacific and Euro-Atlantic centers of action of the
AO/NAM would be more strongly correlated were it
not for the coexistence of a second hemispheric mode in
which geopotential height fluctuations over the North
Atlantic and North Pacific vary out of phase. Evi-
dence of the coexistence of such a pattern, whose signa-
ture in the 500-mb height field resembles an augmented
of the Pacific/North American pattern, with a wave-
train over the Euro-Atlantic sector is presented. The
inter-sectoral linkages in the outer ring of the Southern
Hemisphere annular mode are obscured by coexisting
modes of variability in a similar manner, but to a lesser
extent.
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The late-winter formation of an interannual seesaw
between the surface Aleutian and Icelandic lows (AL
and IL, respectively) is shown to significantly impact
the covariance structure of the leading mode of the
interannual variability in the geopotential height field
over the extratropical Northern Hemisphere. The tro-
pospheric leading mode for early winter (November-
January) is characterized by a polar-midlatitude dipole
over the Euro-Atlantic sector with a high degree of
the annularity, coupled with the anomalous lower-
stratospheric polar vortex. Over the North Pacific,
no significant anomalies are associated with this mode.
After the formation of the AL-IL seesaw, however, the
dipole no longer dominates in the upper-tropospheric
variability. The dipole signature is masked in late win-
ter (February-April) by the predominant combined sig-
nature of the so-called Pacific/North American pat-
tern and a meridional dipole over the Northwestern
Atlantic as an upper-level manifestation of the see-
Though somewhat less pronounced, the leading
mode of the near-surface variability is modified ac-
cordingly in late winter by the superposition of the
distinct signature of the AL-IL seesaw. The annular-
ity of the leading mode of the tropospheric variability
is thus reduced in late winter particularly at the up-
per levels. Nevertheless, because of the particular ge-
ographical alignment between the anomalous AL and
IL, their seesaw changes the zonal wind coherently be-
tween the two ocean basins, yielding a strong projec-
tion on the meridional plane whose latitudinal profile
is almost indistinguishable from the counterpart of the
Arctic-midlatitude dipole.

It is argued that what is called the Arctic Oscilla-
tion in some recent literature, defined as the leading
mode of the sea-level pressure variability for the entire
cold season, may be interpreted as a superposition of
the AL-IL seesaw upon a dominant signal of the Arctic-
midlatitude dipole. The corresponding leading mode
for the upper troposphere primarily represents the vari-
ability associated with the seesaw. It is also argued
that the late-winter tropospheric variability over the
North Atlantic may not necessarily be associated with
the Arctic-midlatitude dipole. The remote influence of
the North Pacific variability accounts for as much as
30% to 50% of the variance in the vicinity of the IL for
the data period considered.

saw.
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Is the NAO Inseparable From the Arctic
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A rotated principal component analysis (RPCA) is

performed on cosine adjusted monthly gridded hemi-
spheric sea level pressure anomalies over latitudes 40N
to 85N and period 1946-1998. The monthly data are
grouped into traditional seasons (DJF, MAM, JJA,
SON) and a 12-month-averaged annual analysis is per-
formed. The number of components retained for ro-
tation never exceeds ten, the limit often used in sim-
ilar analyses published using lower latitude datasets
(e.g., Barnston and Livezey, 1987; Rogers, 1990). The
methodology here contrasts that of the unrotated EOF
analysis used in the original discovery of the AO. In
each non-winter season the RPCA reveals the NAO to
be the first component. The second component is cen-
tered only over the Arctic Ocean basin, and is here
called the AO. This result is achieved in non-winter
seasons with only 5-7 EOFs retained for rotation. In
winter, rotation of as many as 10 components fails to
separate the NAO from the AO, a result also obtained
for an annually-stratified run. It will be suggested that
the winter inseparability may be due to a shared storm
track between the northern Atlantic and the Arctic, ex-
tending over the region between Iceland and the Bar-
ents Sea and eastward. Finally, Summer cyclonic activ-
ity over the Arctic Ocean basin is largely independent
of the northern Atlantic, and a highly significant rela-
tionship is found between the AO phase and the direc-
tion of rotation (cyclonic, anticyclonic) of the Arctic
Ocean.
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The geographical disparate NAO and NPO are
found to be highly correlated in time: A temporal cor-
relation coefficient of 0.43 is found between them with
extremely high statistical significance. The NAO and
NPO are here identified as the non-seasonal leading
EOF/PC mode derived from the monthly surface pres-
sure data provided by NCEP for 1958-2000. This over-
all correlation is analyzed in both time and frequency
domains to reveal interesting behavior of the oscilla-
tions. The leading EOF/PC mode for the Northern
Hemisphere (NH), identified as the NH Annular Mode
(NAM), is also obtained. It bears strong resemblance to
the amalgamation of NAO 4+ NPO in the EOF pattern,
and not surprisingly also highly correlated with both
NAO (0.88) and NPO (0.76) in time. In particular,
the decadal behavior of NAO and NPO closely follow
each other, and with that of NAM, showing a long-term
trend which had an abrupt change since around 1988.
Based on the temporal correlations and the fact that
NAM encompasses NAO and NPO geographically, we
conclude that NAO and NPO are major partners con-
stituting NAM. This strongly corroborates the notion
put forth by Thompson and Wallace [1998; 2000].

Thompson, W.J., and J.M. Wallace, The Arctic
Oscillation signature in the wintertime geopotential
height and temperature fields, Geophys. Res. Lett.,
25, 1297-1300, 1998.

Thompson, W.J., and J.M. Wallace, Annular Modes
in the Extratropical Circulation. Part I: Month-to-
Month Variability, J. Climate, 13, 1000-1016, 2000.
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We apply a variant of Non-linear Principal Compo-
nent Analysis to atmospheric observations and simula-
tions from a Global Climate Model. Analysis of tro-
pospheric geopotential height fields for the Northern
Hemisphere shows that climate variability in the extra-
tropics during the second half of the twentieth cen-
tury is due to the existence of 3 main weather regimes.
These regimes are similar to those identified recently by
various groups. We show that by introducing a fourth
weather regime, it is possible to build a climate cycle
for the recent past. We will describe this cyclic climate
regime, its relation to stratospheric variability and its
link to the Arctic Oscillation. We will also describe the
structure of the cyclic regime present in climate simu-
lations conducted with a Global Climate Model.
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The study of instability and unstable modes has
been instrumental in developing many parts of physics.
In meteorology for instance, the theory of baroclinic
instability is considered seminal. Usually instability
calculations are based on manipulating the basic equa-
tions, such as they are known to us. Still many modes,
such as the NAO, can not be readily related to the-
ory. Here we follow an unbeaten track. We use a large
data set (Reanalysis) of NH 500 mb daily data. We
then breed growing modes by repeated application of
the constructed analogue (CA) operator to an arbi-
trary (non-zero) initial state, while renormalizing the
resulting fields to avoid e-folding to either zero or in-
finity. It will be shown that CA converges to complex
growing time varying modes with calculable e-folding
time and period. The 1st mode consists of 2 space pat-
terns (orthogonal); their associated time-series (a de-
formed sine - cosine pair) are orthogonal too. The in-
terpretation of these modes for the real world may not
be entirly straightforward, but we do note that a zero
frequency NAO like feature appears as the 2nd mode.
Given slow growth, should these modes play a big role?
Do these modes explain appreciable variance in the ob-
servations? Among the technical issues: how to cal-
culate mode n from the data set, given that n-1 modes
are already known. How does the definition of the areal
extent (US) impact these modes.
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