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A71F-08 1045h

Solubility and Freezing Effects of Fe2+

and Mg2+ in H2SO4 Solutions at
Upper Tropospheric and Lower
Stratospheric Temperatures and
Compositions

Matthew E. Wise1,2 (303-492-1433;
matthew.wise@colorado.edu); Sarah D. Brooks1,2;
Rebecca M. Garland1,2; Daniel J. Cziczo2,3;
Daniel M. Murphy3; Scot T. Martin4; Margaret
A. Tolbert1,2

1Department of Chemistry and Biochemistry, Univer-
sity of Colorado, Boulder, CIRES Room 318, Cam-
pus Box 216, Boulder, CO 80309, United States

2Cooperative Institute for Research in the Environ-
mental Sciences, University of Colorado, Boulder,
CIRES 216 UCB, Boulder, CO 80309, United States

3Aeronomy Laboratory, National Oceanic and At-
mospheric Administration, 325 Broadway Code
R/E/AL 6, Boulder, CO 80305, United States

44 Division of Engineering and Applied Sciences, Har-
vard University, 29 Oxford St, Cambridge, MA
02318, United States

Chemical elements characteristic of earth miner-
als and meteorites are present within background tro-
pospheric and stratospheric sulfate aerosol particles.
However, it is unknown (a) if these elements are present
predominately in a solid matrix, or rather as soluble
aqueous metal ions or complexes and (b) how these
impurities could affect particle freezing. To address
these questions, we have determined the total equilib-
rium metal solubility (viz. [Fe2+] T and [Mg2+]T ) of
MgSO4, FeSO4 7H2O, and a mixture of metal sulfates
representative of meteorite samples in 20 - 90 wt %
sulfuric acid solutions over the temperature range 200
- 300 K. We estimate that soluble Fe2+ and Mg2+ re-
spectively comprise ca. 0.02 - 0.3 wt % of the solutions
at temperatures and acid compositions representative
of the atmosphere. Bulk freezing experiments were also
carried out on sulfuric acid containing soluble metal.
It was found that 57.6 wt % H2SO4 containing soluble
meteoritic metal and 60 wt % H2SO4 containing solu-
ble Fe and soluble meteoritic metal froze approximately
12 - 20 K higher than solutions containing no soluble
metal.

A71F-09 1100h

The Effect Of Size Dependent Surface
Adsorption On Crystal Nucleation In
Binary Droplets

Yuri S. Djikaev1 ((650)604-3187;
djikaev@chem.ucla.edu)

Azadeh Tabazadeh1 ((650)604-1096)
1NASA Ames Res. Center, MS: 245-4, Moffett Field,

CA 94035, United States

We have recently considered the thermodynamics
of crystallization in atmospheric droplets and have de-
rived a criterion to determine when crystal nucleation
at the droplet surface is thermodynamically favored
over the volume process. For both unary and multi-
component droplets, this criterion has the form of an
inequality identical to the condition of partial wetting
of at least one crystal facet by its melt. In the present
work, we study the effect of adsorption of soluble sur-
factants on surface-stimulated crystal nucleation in bi-
nary droplets, and the dependence of this effect on the
droplet size. Soluble surfactants in aqueous droplets
are mainly composed of molecular species such as nitric
acid and/or organic molecules. A droplet is modeled to
consist of an internal part of more or less uniform den-
sity and a surface layer. Assuming the droplet to be
in equilibrium with the surrounding vapor mixture, we
derive a set of equations to determine the main physi-
cal characteristics of both the interior and surface layer
of the droplet. We outline a procedure to evaluate the
parameters in an adsorption isotherm that needs to be
known for the application of our theory. Performing nu-
merical evaluations for the case of aqueous nitric acid
droplets, we show that an increase in the overall surfac-
tant concentration in the interior of the droplet causes
an increase in the surfactant concentration (in this case
molecular nitric acid) at the surface layer. Although
this leads to a decrease in the droplet surface tension,
the condition of partial wetting may still hold due to
an increase in the overall solid-liquid surface tension of
the crystalline nucleus. Thus, surface-stimulated crys-
tallization may remain an important mechanism for the
freezing of atmospheric droplets even at high concen-
trations of soluble surfactants. Finally, the impeding
effect of soluble surfactants on surface crystallization
in multicomponent droplets becomes weaker with de-
creasing droplet size due to an increase in the surface-
to-volume ratio.

A71F-10 1115h

Atmospheric Ion Clusters: Properties
and Size Distributions

Raffaella D’Auria1 (310-825-9230;
dauria@atmos.ucla.edu)

Richard P Turco1 (310-825-6936; turco@ucla.edu)
1Department of Atmospheric Sciences, University of

California, Los Angeles, Los Angeles, CA 90095-
1565, United States

Ions are continuously generated in the atmosphere
by the action of galactic cosmic radiation. Measured
charge concentrations are of the order of 103 cm−3

throughout the troposphere, increasing to about 5 ×
103 cm−3 in the lower stratosphere [Cole and Pierce,
1965; Paltridge, 1965, 1966]. The lifetimes of these ions
are sufficient to allow substantial clustering with com-
mon trace constituents in air, including water, ni-
tric and sulfuric acids, ammonia, and a variety of or-
ganic compounds [e.g., D’Auria and Turco, 2001 and ref-
erences cited therein]. The populations of the resulting
charged molecular clusters represent a pre-nucleation
phase of particle formation, and in this regard comprise
a key segment of the over-all nucleation size spectrum
[e.g., Castleman and Tang, 1972]. It has been suggested
that these clusters may catalyze certain heterogeneous
reactions, and given their characteristic crystal-like
structures may act as freezing nuclei for supercooled
droplets. To investigate these possibilities, basic infor-
mation on cluster thermodynamic properties and chem-
ical kinetics is needed. Here, we present new results
for several relevant atmospheric ion cluster families. In
particular, predictions based on quantum mechanical
simulations of cluster structure, and related thermo-
dynamic parameters, are compared against laboratory
data. We also describe a hybrid approach for model-
ing cluster sequences that combines laboratory mea-
surements and quantum predictions with the classical
liquid droplet (Thomson) model to treat a wider range
of cluster sizes. Calculations of cluster mass distribu-
tions based on this hybrid model are illustrated, and
the advantages and limitations of such an analysis are
summarized.

References:
Castelman, A. W., Jr., and I. N. Tang, Role of small

clusters in nucleation about ions, J. Chem. Phys., 57,
3629-3638, 1972.

Cole, R. K., and E. T. Pierce, Electrification in the
Earth’s atmosphere for altitudes between 0 and 100
kilometers, J. Geophys. Res. 70, 2735-2749, 1965.

D’Auria, R. and R. P. Turco, Ionic clusters in the
polar winter stratosphere, Geophys. Res. Lett., 28, 3871-
3874, 2001.

Paltridge, G. W., Experimental measurements of
the small-ion density and electrical conductivity of the
stratosphere, J. Geophys. Res. 70, 2751,2761, 1965.

Paltridge, G. W., Stratospheric small-ion density
measurements from a high-altitude jet aircraft, J. Geo-
phys. Res. 71, 1945-1952, 1966.

A71F-11 1130h

Surface Nucleation as a Mechanism for
the Formation of Solid Polar
Stratospheric Cloud Particles

Patrick Hamill1 (4089245241; hamill@wind.sjsu.edu)

Azadeh Tabazadeh2 (6506041096;
atabazadeh@mail.arc.nasa.gov)

Y. S. Djikaev1 (djikaev@venus.arc.nasa.gov)
1Physics Department San Jose State University, 1

Washington Square, San Jose, CA 95192, United
States

2NASA Ames Research Center, MS 245-4, Moffett
Field, CA 94035, United States

Polar stratospheric clouds (PSCs) are observed in
the Arctic and Antarctic winter stratospheres when
temperatures dip below 200 K. The first manifesta-
tion of these clouds is the formation of ternary sys-
tem (HNO3/H2O/H2SO4) droplets by the absorption
of water and nitric acid into pre-existing sulfuric acid
solution droplets. The ternary sytem droplets are nu-
merous, small and liquid. As the temperature drops
further, at some stage, a small fraction of these ternary
system droplets freeze, forming relatively large solid
particles that are primarily either nitric acid dihydrate
(NAD) or nitric acid trihydrate (NAT). The formation
process is not well understood. Homogeneous nucle-
ation of the solid phase from the liquid does not yield
rates in agreement with observations if one assumes hy-
drate germs form within the bulk volume. We show
that assuming a nucleation rate proportional to sur-
face area brings various laboratory measurements of
the nucleation rate of the solid phase into much bet-
ter agreement than assuming the rate is proportional
to the volume. We describe the thermodynamic condi-
tions under which surface crystalization is favored over
volume (bulk) crystallization. Finally, we show that
atmospheric ions could serve as germs for the crystal-
lization of ternary system droplets.

A71F-12 1145h

Measurements of Heterogeneous and
Homogeneous Ice Nucleation by
Atmospheric Aerosols

Paul J DeMott1 (9704918257;
pdemott@lamar.colostate.edu); Anthony J Prenni1

(tony@chem.atmos.colostate.edu); Sonia M
Kreidenweis1 (sonia@chem.atmos.colostate.edu);
Daniel J Cziczo2 (djcziczo@al.noaa.gov); Daniel M
Murphy2 (dmurphy@al.noaa.gov); David S
Thomson2 (dthomson@al.noaa.gov); Cynthia H
Twohy4 (twohy@coas.oregonstate.edu); David C
Rogers3 (dcrogers@ucar.edu)

1Colorado State University, Department of Atmo-
spheric Science, Fort Collins, CO 80523, United
States

2National Oceanic and Atmospheric Administration,
Aeronomy Laboratory, Boulder, CO 80305, United
States

3National Center for Atmospheric Research, Research
Aviation Facility, Broomfield, CO 80021, United
States

4Oregon State University, College of Oceanic and At-
mospheric Sciences, Corvallis, OR 97331, United
States
Measurements during two recent field campaigns

have provided the first direct evidence on the role of
heterogeneous and homogeneous ice formation mech-
anisms in the formation of cirrus clouds. Natural
aerosols were processed at controlled temperature and
relative humidity conditions in a continuous flow ice-
thermal diffusion chamber. Conditions required for the
onset of homogeneous freezing nucleation were noted
and compared to expectations based on laboratory
and theoretical studies for sulfates and sulfate-organic
aerosol mixtures. Heterogeneous nucleation was inves-
tigated at temperatures warmer than the homogeneous
freezing nucleation temperature of pure water and at
relative humidities that were too low to support the de-
gree of haze particle dilution required for homogeneous
freezing at colder temperatures.

Free tropospheric aerosols were sampled from a
mountaintop (3220 m MSL) site in the Ice Nuclei
SPECTroscopy program, which also focused on deter-
mining the chemical composition of processed ice nu-
clei by mass spectroscopy and transmission electron mi-
croscopy [see Cziczo, this conference]. In this study,
1) a methodology for differentiating conditions neces-
sary for heterogeneous versus homogeneous freezing nu-
cleation was validated, 2) heterogeneous nuclei were
detected in concentrations ranging from 1 to 50 per
liter at conditions relevant to the upper troposphere, 3)
the most abundant composition of heterogeneous nuclei
were mineral dust-like particles, and 4) conditions re-
quired for activating homogeneous freezing of solution
droplets were found to be in agreement with labora-
tory studies of sulfate aerosol freezing, including in-
ferences to the sometimes deleterious effects of associ-
ated organic constituents. Similar measurements were
obtained from an aircraft platform during the NASA
CRSYTAL-FACE experiment, when sampling both am-
bient air and residual particles from cirrus ice crystals.
Heterogeneous ice nuclei were present in similar con-
centrations in the upper troposphere in this study, but
large enhancements of heterogeneous nuclei were found
in inferred dust layers.

A71G MCC: 123 Sunday 0830h

Tracer Transport Using Assimilated
Meteorological Data Sets: Successes
and Failures I

Presiding: S Pawson, NASA Goddard
Space Flight Center; M Schoeberl,
NASA Goddard Space Flight Center

A71G-01 0830h INVITED

Evaluating assimilated wind transport of
mineral aerosols

Natalie M Mahowald1,2 (303-497-1719;
mahowald@ucar.edu)

Chao Luo2 (chaoluo@bren.ucsb.edu)
1NCAR, PO Box 3000, Boulder, CO 80307, United

States
2Bren/ICESS, UCSB, Santa Barbara, CA 93106,

United States

Mineral aerosols are hypothesized to impact climate
by influencing the radiative budget and ocean and ter-
restrial biogeochemistry. Sources of mineral aerosols
are dry, unvegetated soils with easily erodible soils and



F108

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-##, 2002.

2002 Fall Meeting

strong winds. Analyses of events detected by satel-
lite and in situ observations suggest that assimilated
wind based transport models are able to capture some
of the features of atmospheric dust outbreaks. Studies
of the interannual variability in mineral aerosols also
suggest that some but not all of the characteristics of
interannual variability can be captured. Contrast be-
tween different assimilated wind datasets suggest that
differences between datasets may provide information
about the robust characteristics of the assimilated wind
based models. Information from other tracer studies is
used to provide insight into the simulation of mineral
aerosols. In this presentation we focus on understand-
ing what we can and cannot capture in mineral aerosol
transport characteristics using assimilated wind based
transport models.

A71G-02 0845h

Global Aerosol Distributions From a
Chemical Transport Model With
MODIS Assimilation

David W Fillmore1 (303-497-1629;
fillmore@ucar.edu)

William D Collins1 (303-497-1381;
wcollins@ucar.edu)

1National Center for Atmospheric Research, PO Box
3000, Boulder, CO 80307, United States
The global distribution of aerosol mass is simulated

for the year 2001 using a chemical transport model
that assimilates MODIS (Moderate Resolution Imaging
Spectrometer) observations of aerosol optical depth.
The new MODIS instrument flying on the NASA Terra
satellite is unique in its ability to provide estimates of
aerosol optical depth over dark land surfaces. Tradi-
tional aerosol retrieval schemes, in contrast, are lim-
ited to ocean surfaces. Assimilation over land allows
the model to correct the aerosol burden closer to the
aerosol source regions. Emissions of aerosols from land
sources, especially from biomass and fossil fuel burning,
are otherwise poorly quantified and if unconstrained
contribute to significant uncertainties in the modeled
aerosol distributions. The MODIS assimilation is com-
pared to a parallel assimilation of AVHRR (Advanced
Very High Resolution Radiometer) aerosol retrievals for
the same time period. This comparison shows that the
AVHRR based assimilation generally underestimates
aerosol optical depths relative to the MODIS based as-
similation, typically by 10 to 20 % . The relative bias
is especially pronounced in regions of highly absorb-
ing aerosols such as the soot rich Indian subcontinent,
where it can be as high as 50 % . The one exceptional
region is dust dominated sub-Saharan Africa where the
AVHRR assimilation yields the higher aerosol burden.
Model integrations with the assimilation restricted to
ocean only and land only, when compared to global as-
similations, give a rough assessment of model errors in
aerosol sources and in transport and scavenging pro-
cesses, respectively. Further sensitivity studies of the
simulated aerosol distributions to assumptions about
emission sources, aerosol optical properties and other
assimilation parameters begin to quantify the uncer-
tainties associated with aerosol assimilation models.

A71G-03 0900h

Simulation of the Transport and
Dispersion of Perfluorocarbon Tracers
Released in Texas Using multiple
Assimilated Meteorological Wind
Fields

Bret Schichtel1 (970 491 8581;
Schichtel@cira.colostate.edu)

Mike Barna1 (Barna@cira.colostate.edu)

Kristi Gebhart2 (gebhart@cira.colostate.edu)

Mark Green3 (green@dri.edu)
1Cooperative Institute for Research in the Atmo-

sphere / Colorado State University, Foothills Cam-
pus, Fort Collins, CO 80523

2National Park Service, Colorado State University
Cooperative Institute for Research in the Atmo-
sphere (CIRA ) Foothills Campus, Fort Collins, CO
80523

3Desert Research Institute, 755 E. Flamingo Road,
Las Vegas, NV 89119
The Big Bend Regional Aerosol and Visibility Ob-

servational Study (BRAVO) was designed to determine
the causes of visibility impairment at Big Bend Na-
tional Park, located in southwestern Texas. As part of
BRAVO, an intensive field study was conducted dur-
ing July-October 1999. Among the features of this
study was the release of unique perfluorocarbon trac-
ers from four sites within Texas, representative of in-
dustrial/urban locations. These tracers were moni-
tored at 21 sites, throughout Texas. Other measure-
ments collected during the field study included upper-
level winds using radar profilers, and speciated fine-
particulate mass concentrations. MM5 was used to

simulate the regional meteorology during BRAVO, and
was run in non-hydrostatic mode using a continental-
scale 36km domain with nested 12km and 4km domains.
MM5 employed observational nudging by incorporating
the available measured wind data from the National
Weather Service and data from the radar wind profilers.
Meteorological data from the National Weather Ser-
vice’s Eta Data Assimilation System (EDAS), archived
at 80km grid spacing, were also available. Several
models are being used to evaluate airmass transport
to Big Bend, including CMAQ, REMSAD, HYSPLIT
and the CAPITA Monte Carlo Model. This combina-
tion of tracer data, meteorological data and deployment
of four models provides a unique opportunity to as-
sess the ability of the model/wind field combinations to
properly simulate the regional scale atmospheric trans-
port and dispersion of trace gases over distances of 100
to 800km. This paper will present the tracer simu-
lations from REMSAD using the 36 and 12 km MM5
wind fields, and results from HYSPLIT and the Monte
Carlo model driven by the 36km MM5 and 80km EDAS
wind fields. Preliminary results from HYSPLIT and
the Monte Carlo model driven by the EDAS wind fields
shows that these models are able to account for the pri-
mary features of tracer concentrations patterns in the
Big Bend area. However, at times the simulated con-
centration peaks proceeded or followed the actual mea-
sured concentrations by about at day and the duration
of the simulated tracer impacts were shorter than those
measured in the Big Bend area.

A71G-04 0915h INVITED

Tracer Transport Driven by GEOS DAS
Fields: Successes and Failures

Dale J Allen (301-405-7629; allen@atmos.umd.edu)

University of Maryland, Department of Meteorology,
3417 Computer and Space Science Building, College
Park, MD 20742-2425, United States

Assimilated data from the NASA/Goddard Data As-
similation Office and its predecessor have been used
to drive CTMs for approximately 15 years. The use
of assimilated data was a big breakthrough because
it allowed model output and measurements to be di-
rectly compared. It also lessened the impact of GCM-
biases on model-calculated distributions. Early suc-
cesses at NASA-Goddard included simulation of trace-
gas transport behind synoptic- and planetary-wave sys-
tems. Simulation of boundary layer ventilation by
deep convection led to realistic upper tropospheric
tracer mixing ratios; although, the location and tim-
ing of convective events is still an area that needs im-
provement. Comparison of correlations between model-
calculated and measured trace gas concentrations from
aircraft campaigns revealed that existing transport al-
gorithms were inappropriate for solving constituent
continuity equations; Monotonic transport algorithms
with (hopefully) minimal diffusion were introduced.
Model-calculated trace gas and aerosol distributions
are now so accurate that in many instances they can be
used to correct satellite data (e.g., TOVS data). How-
ever, assimilation-driven calculations are not without
problems. Data insertion impacts the residual circula-
tion, mass conservation, the quasi-biennial oscillation,
etc. The impact of these problems on long-term and/or
off-line trace gas and aerosol simulations will also be
discussed.

A71G-05 0930h

Measurements and Models of the
Atmospheric Ar/N2 Ratio

Mark O. Battle1 (207-725-3410;
mbattle@bowdoin.edu); Michael L. Bender2

(bender@princeton.edu); Melissa B. Hendricks2

(mhendric@princeton.edu); David T. Ho3

(david@princeton.edu); Robert Mika2

(rmika@princeton.edu); Galen McKinley4

(galen@alum.mit.edu); Song-Miao Fan5

(fan@splash.princeton.edu); Tegan Blaine6
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(rkeeling@ucsd.edu)

1Bowdoin College, Dept. of Physics and Astronomy
8800 College Station, Brunswick, ME 04011-8488,
United States

2Princeton University, Dept. of Geosciences Guyot
Hall, Princeton, NJ 08544, United States

3Lamont-Dhoerty Earth Observatory, 61 Route 9W,
Palisades, NY 10964, United States

4Instituto Nacional de Ecoloǵıa, Periférico 5000, 4
piso, México, DF 04530, Mexico

5Princeton University, Atmospheric and Oceanic Sci-
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ton, NJ 08544-0710, United States

6Scripps Institution of Oceanography, 9500 Gilman
Dr. University of California, San Diego, La Jolla,
CA 92093-0244, United States

The Ar/N2 ratio of air measured at 6 globally dis-
tributed sites shows annual cycles with amplitudes of
12 to 37 parts in 106. Summertime maxima reflect the
atmospheric Ar enrichment driven by seasonal warming
and degassing of the oceans. Good agreement between
models and data validates climatologies and model es-
timates of seasonal air-sea heat fluxes and atmospheric
tracer transport models.

A71G-06 0945h

Sensitivity of Assimilated Tropical
Tropospheric Ozone to the
Meteorological Analyses

Hiroo Hayashi1 (301 352 2163;
hiroo@dao.gsfc.nasa.gov)

Ivanka Stajner2 (ivanka@dao.gsfc.nasa.gov)

Steven Pawson1 (pawson@dao.gsfc.nasa.gov)

Anne M Thompson3

(thompson@gator1.gsfc.nasa.gov)
1GEST Center, C/o NASA GSFC, NASA GSFC, Code

910.3, Greenbelt, MD 20771, United States

2SAIC c/o NASA GSFC, NASA GSFC, Code 910.3,
Greenbelt, MD 20771, United States

3Atmospheric Chemistry and Dynamics Group, NASA
GSFC,Code 916, Greenbelt, MD 20771, United
States

Tropical tropospheric ozone fields from two different
experiments performed with an off-line ozone assimi-
lation system developed in NASA’s Data Assimilation
Office (DAO) are examined. Assimilated ozone fields
from the two experiments are compared with the col-
located ozone profiles from the Southern Hemispheric
Additional Ozonesondes (SHADOZ) network. Results
are presented for 1998. The ozone assimilation sys-
tem includes a chemistry-transport model with ana-
lyzed winds from the Goddard Earth Observing System
(GEOS) Data Assimilation System (DAS), and assim-
ilates ozone observations derived from satellites alone.
The two experiments use wind fields from different
versions of GEOS DAS: an operational version of the
GEOS-2 system and a prototype of the GEOS-4 sys-
tem. These two systems use different general circula-
tion models and data insertion techniques. The shape
of the annual-mean vertical profile of the assimilated
ozone fields is sensitive to the meteorological analyses,
with the GEOS-4-based ozone being closest to the ob-
servations. This indicates that the resolved transport
in GEOS-4 is more realistic than in GEOS-2. Remain-
ing uncertainties include quantification of the repre-
sentation of sub-grid-scale processes in the transport
calculations, which plays an important role in the lo-
cations and seasons where convection dominates the
ozone transport.

A71G-07 1000h INVITED

Tropospheric Carbon Monoxide Inverse
Modeling Using Assimilated
Meteorology

Prasad S Kasibhatla1 (919-613-8075;
psk9@duke.edu)

Avelino Arellano1 (919-684-8068; afa3@duke.edu)
1Nicholas School of the Environment and Earth Sci-

ences, Duke University, Durham, NC 27708, United
States

Quantifying regional emissions of chemically ac-
tive tropospheric species is challenging. Tradionally,
spatially-resolved emission inventories have been con-
structed using bottom-up approaches. In this talk, we
report on the application of the GEOS-CHEM chemi-
cal transport model driven by assimilated meteorology
from the NASA/DAO Data Assimilation System to de-
rive regional source estimates for carbon monoxide us-
ing a Bayesian inverse modeling framework. We will
show that, in combination with atmospheric measure-
ments, such models can provide useful constraints on
regional CO sources. We will also identify important
challenges that remain in the use of assimilated me-
teorological datasets in atmospheric chemical inverse
modeling studies.

A71G-08 1015h

Receptor-oriented tracer modeling:
applying assimilated meteorological
products in a quantitative framework
to derive surface fluxes from
atmospheric measurements of CO2

Christoph Gerbig1 (1-617-495-9624;
chg@io.harvard.edu)
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vard University, 20 Oxford Street, Cambridge, MA
02138, United States

Determining regional fluxes from CO2 measure-
ments over land is rendered difficult due to high-
frequency variability associated with synoptic events
and changes in turbulent mixing, as well as convec-
tive redistribution and inhomogeneous fluxes in the
near-field of the observations. Assimilated meteoro-
logical products at high resolution are thereby neces-
sary to capture variations associated with weather sys-
tems and to adequately resolve atmospheric transport.
To assess the requirements for assimilated meteorolog-
ical data products necessary to derive surface fluxes
from atmospheric measurements, we present the use of
these products in a receptor-oriented framework that
quantitatively links concentration changes in CO and
CO2 at the locations of observations (receptors) to sur-
face fluxes in upwind regions. The framework consists
of (1) regional Lagrangian transport model, (2) pa-
rameterized surface boundary conditions for fossil fuel
and biospheric fluxes, and (3) lateral boundary con-
ditions. The transport model - the Stochastic Time-
Inverted Lagrangian Transport (STILT) model interpo-
lates assimilated winds and incorporates realistic tur-
bulent winds in the boundary layer - is run backward
in time, extracting the adjoint solution from assimi-
lated winds to map out the source-receptor relation-
ship (footprint) at high temporal and spatial resolu-
tion. Issues like violation of mass conservation in the
assimilated meteorological fields, and preservation of
well-mixed distributions will be discussed in the light
of requirements for time-reversibility. Comparison of
simulated concentrations of CO and CO2 with aircraft-
borne data collected during the 2000 COBRA mission
highlights the current shortcomings and future require-
ments for assimilated meteorological data products in
carbon science.

A71G-09 1050h INVITED

A Comparison of the Lower
Stratospheric Age-Spectra Derived
from a General Circulation Model and
Two Data Assimilation Systems

Mark R Schoeberl1 (301-614-6002;
schom@zephyr.gsfc.nasa.gov)

Anne R Douglass1 (301-614-6028;
douglass@persephone.gsfc.nasa.gov)

Zhengxin Zhu1 (zhu@code916.gsfc.nasa.gov)

Steven Pawson2 (pawson@dao.gsfc.nasa.gov)
1NASA/GSFC, Code 916, Greenbelt, MD 20771,

United States
2Goddard Earth Science and Technology Center,

Univ. of Maryland, Baltimore County, MD 20771,
United States
We use kinematic and diabatic back trajectory cal-

culations, driven by winds from a general circulation
model (GCM) and two different data assimilation sys-
tems (DAS), to compute the age spectrum at three lat-
itudes in the lower stratosphere. The age-spectra are
compared to chemical transport model (CTM) calcu-
lations, and the mean ages from all of these studies
are compared to observations. The age spectra com-
puted using the GCM winds show a reasonably well-
isolated tropics in good agreement with observations;
however, the age spectra determined from the DAS dif-
fer from the GCM spectra. For the diabatic trajec-
tory calculations, the age spectrum is too broad as a
result of too much exchange between the tropics and
mid-latitudes. The age spectrum determined using the
kinematic trajectory calculation is less broad and lacks
an age offset; both of these features are due to exces-
sive vertical dispersion of parcels as can be seen in the
simulations. The tropical and mid-latitude mean age
difference between the diabatically and kinematically
determined age-spectra is about one year, the diabatic
being older. The CTM calculation of the age spectrum
using the DAS winds shows the same dispersive charac-
teristics of the kinematic trajectory calculation. These
results suggest that the current DAS products will not
give realistic trace gas distributions for long integra-
tions; they also help explain why the mean ages deter-
mined in a number of previous DAS-driven CTMs are
too young compared with observations.

A71G-10 1105h INVITED

Evaluation of Transort in the Lower
Tropical Stratosphere in a Global
Chemistry and Transport Model

Anne R Douglass1 (301-614-6028;
douglass@persephone.gsfc.nasa.gov)

Mark R Schoeberl2 (301-614-6002;
schom@zephry.gsfc.nasa.gov)

Richard B Rood3 (301-614-6155;
rrood@dao.gsfc.nasa.gov)

Steven Pawson4 (301-614-6159;
spawson@dao.gsfc.nasa.gov)

1Atmospheric Chemistry and Dynamics Branch, Code
916 NASA Goddard Space Flight Center, Greenbelt,
MD 20771

2Laboratory for Atmospheres, Code 910 NASA God-
dard Space Flight Center, Greenbelt, MD 20771

3Earth and Space Data Computing Division, Code
930 NASA Goddard Space Flight Center, Greenbelt,
MD 20771

4Data Assimilation Office/Goddard Earth Sciences
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In order to compare the transport characteristics of
an assimilated dataset with those of the parent general
circulation model (GCM), a set of off-line transport ex-
periments has been performed. The tracer-estimated
age of air inferred from observations of SF6 and CO2 is
compared to the values determined from the GCM and
the data assimilation system (DAS). Distributions of
ozone, total reactive nitrogen, and methane from the
two simulations are also compared with observations.
These comparisons show that DAS fields produce too
rapid ascent in the Tropics and excessive mixing be-
tween the Tropics and middle latitudes; these features
are much better represented in the GCM. The unreal-
istic transport produced by the DAS fields may be due
to implicit forcing that is required by the assimilation
process when there is bias between the GCM forecast
and observations that are combined to produce the an-
alyzed fields.
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In recent years, data assimilation has become an in-

dispensable tool for our understanding of the global
features of meteorological variables. However, assess-
ments of transport characteristics using trajectory re-
lated methods as well as chemical transport models
(CTMs) show that results derived from assimilated
(or analyzed) winds exhibit significantly larger mix-
ing and entrainment rates compared to results derived
from GCM winds, which are closer to results derived
from observations (e.g., Douglass et al., 2002; Schoe-
berl et al., 2002). This discrepancy presents a seri-
ous challenge to our ability to understand and model
global trace gas transport and distribution. We use
the GEOS-DAS to explore this issue by examining how
the process of data assimilation alters the dynamics of
the underlying GCM and how this leads to the excess
of lower stratospheric mixing and transport in the sub-
tropics. In particular, we show that significant model
biases in tropical winds necessitate large analysis incre-
ments. These increments directly force large subtropi-
cal regions of instability with negative PV gradient on
the one hand, and generate excessive noise in the trop-
ical wind fields on the other. The result is an excess of
transport in the lower stratospheric subtropics.
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A goal of the Tropospheric Ozone Production about
the Spring Equinox (TOPSE) experiment is to de-
termine the causes of observed springtime increases
in mid-tropospheric ozone concentrations at remote
mid- and high-latitude locations of the Northern Hemi-
sphere. Observed seasonal variations in stratosphere-
to-troposphere exchange (STE) may explain a portion
of the increases. In this study, seasonal variations
in CTM-calculated, assimilation-calculated, and mea-
sured lower stratosphere/upper troposphere (UTLS)
ozone concentrations are compared in the mid- and
high-latitudes of the northern hemisphere for the year
2000. CTM-calculated mixing ratios are taken from
calculations with the Goddard CTM driven by me-
teorological data from versions 3 and 4 of the God-
dard Earth Observing System Data Assimilation Sys-
tem (GEOS DAS). Assimilation-calculated mixing ra-
tios are produced by assimilation of ozone observations
from the Solar Backscatter Ultraviolet/2 (SBUV/2) in-
strument and/or the Total Ozone Mapping Spectrome-
ter (TOMS). Ozone measurements include HALOE data
from UARS and DIAL data from TOPSE. Questions to
be addressed include: How similar are model-calculated
and assimilation-calculated seasonal cycles? Is the sea-
sonal cycle affected by the choice of assimilation system
(version-3 or version-4)? Are seasonal changes in STE
of ozone reflected in model and/or assimilation ozone
distributions? Are seasonal changes in 2000 typical of
other years?
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Tomographic-Differential-Optical-Absorption-
Spectroscopy (Tom-DOAS) is a new application of the
DOAS method designed to measure 2-3-dimensional
concentration fields of different trace gases (e.g. NO2,
HCHO, Ozone) in the troposphere. Numerical re-
construction techniques are used to obtain spatially
resolved data from the slant column densities provided
by DOAS instruments.

We discuss the detection of emission plumes by
AMAX (Airborne Multi AXis) DOAS Systems which
measure sunlight by telescopes pointing in different di-
rections. 2D distributions are reconstructed from slant
columns by using airmass factor matrices and inversion
techniques.

We discuss possibilities and limitations of this tech-
nique gained with the use of simulated test fields.
Therefore the effect of the parameter choice (e.g. flight
track, algorithm changes) and measurement errors is
investigated. Further, first results from the Partenavia
aircraft measurements over Milano (Italy) during the
European FORMAT campaign will be presented.
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