F128

with strong alkenes (and probably CO) gradient within
the seawater surface. Other synoptic observations in-
cluding air masses back trajectories, and chlorophyll
distribution in surface waters explain the variability of
the alkenes and CO backgrounds consistent with the
spatial variability of the marine photolytic source by
degradation of DOC. Periods of high ventilation corre-
spond also to significant changes in the alkanes/alkenes
distribution in the atmosphere probably linked to tur-
bulent mixing of surface water. Besides marine alkenes
and CO similar features, our study finally support the
existence of the measured significant levels (up to 100
pptv) of short lived NMHCs in the background sub-
antarctic atmosphere due to their photolytic produc-
tion by surface seawater; it also enables to conclude
that different production mechanisms occur for alkanes
involving possible biological processes in depth in the
water column.
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NO emissions from arid ecosystems:
first results from desert soils of
Namibia
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Very recently it becomes evident, that arid and
semi-arid soils may be a significant source of nitrogen
oxide. As for most other soils, NO emission seems to
be controlled by the availability of nitrogen containing
nutrients and of soil water. Particularly, desert soils
may provide rather high NO emissions just after sea-
sonally limited and/or sporadical rain events due to
the accumulation of nitrate and/or ammonium. We
like to present some results of NO emission from desert
soils which we have obtained through laboratory stud-
ies (and subsequent upscaling by a modified Galbally-
Johansson algorithm) on soil samples from Namibia.
Samples were taken in September/October 2001 be-
tween 18.55 - 24.43°S, 15.02 -16.29°E, and 464 - 1132
m a.s.l. We simultaneously determined NO production
and NO consumption rates of the soil samples at dif-
ferent soil temperatures (25 and 35°C) and for an ap-
propriate range of soil moisture (dry to field capacity).
NO production and consumption rates for dry soils are
always close to the detection limit of our method (0.01
ng kg71 s~ 1 and 107°% m3 kg71 sfl, respectively),
while wetting of the samples led to NO production rates
up to 11 ng s—1 per kg of dry soil. We also determined
soil nitrate and ammonium, as well as pH of the soil
samples to put variation of rates and fluxes into con-
text. Based on available climatological (soil tempera-
ture, rain) and soil chemical data, an attempt is made
to estimate the contribution of Namibian desert soils
to the regional budget of southern African emissions of
NOg.
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A Method for the Measurement of
Nitrous Acid Flux Using Relaxed
Eddy Accumulation
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HONO has recently received renewed attention as
a byproduct of condensed nitrogen photolysis and as
a potential atmospheric radical source. In particu-
lar, several recent accounts suggesting a photochemi-
cal source in forests have lead us to develop a method
for assessing nitrous acid flux above a hardwood for-
est in northern Michigan. The technique was based
on nitrous acid in ambient air being scrubbed into a
1mM phosphate buffer that was then derivatized into
a light absorbing complex. A separate scrubbing sys-
tem was used for updrafts and downdrafts after the air
had been separated through Teflon valves according to
input from a sonic anemometer. The detection of the
complex was performed via UV absorption through a
capillary flowthrough cell. Detection limit for this ana-
lytical method is around 10 pptv. Derivatized solution
from each flow system was injected into the capillary
cell via an 8-port valve with two sample loops. Each
sample loop was injected as soon as it filled, which al-
lowed measurement of all of the scrubbed material in
each flow system. Laboratory tests were performed to

assess the accuracy and suitability of this method. The
field worthiness of the instrument was determined dur-
ing the summer of 2003 at the University of Michigan
Biological Station in northern Michigan where it was
placed on top of a 35m tower above a forest canopy.
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Atmospheric Ammonia Emissions and a
Nitrogen Mass Balance for a Dairy
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Atmospheric ammonia (NH3) emissions have many
impacts on the environment and human health. Envi-
ronmental NH3 impacts include terrestrial and aquatic
eutrophication, soil acidification, and aerosol forma-
tion. Aerosols affect global radiative transfer and have
been linked to human health effects. The global emis-
sions of NHg3 are estimated to be 45 Tg N yr71 (Den-
tener and Crutzen, 1994) with most of the emissions
coming from domestic animals. The largest per animal
emission come from dairy cows at 33 kg N animal—1
year—1 versus 10 kg N animal—1 —1 for cattle. On
a global scale the emissions uncertainty is about 25%,
but local emissions are highly uncertain (Bouwman et
al., 1997). Local emissions determination is required
for proper treatment in air pollution models. The main
sources of emission from dairies are the cow stalls where
urea and manure react to form NHg, the storage la-
goons where NHg is the end product of microbial degra-
dation and the disposal of the waste. There have been
numerous studies of NHg emissions in Europe but farm-
ing practices are quite different in Europe than in the
U.S.. The impact of these differences on emissions is
unknown. We have been studying the NH3 emissions
from the Washington State University dairy for three
years to develop a detailed emission model for use in
a regional air pollution model. NHgz is measured us-
ing a short-path spectroscopic absorption near 200 nm
with a sensitivity of a few ppbv and a time resolution
of a few seconds. The open air short-path method is
advantageous because it is self calibrating and avoids
inlet wall adherence which is a major problem for most
NH3 measurement techniques. A SFg tracer technique
has been used to measure fluxes from the three main
emission sources: the cow stalls, anaerobic lagoon and
the waste application to grass fields using a sprinkler
system. Estimated yearly emissions from each source
will be compared to a nitrogen mass balance model for
the dairy.
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Livestock operations in the United States are an es-
calating environmental concern. The increasing den-
sity of livestock within a farm results in an increased
emission of odorous gases, which have gained consid-
erable attention by the public in recent years (Na-
tional Research Council (NRC), 2002). Odorous com-
pounds such as ammonia (NH3), volatile organic com-
pounds (VOC’s), and hydrogen sulfide (H2S) were re-
ported to have a major effect on the quality of life
of local residents living near livestock facilities (NRC,
2002). There has been little data collected related
to identification and quantification of gaseous com-
pounds collected from open stall dairy operations in

the United States. The research to be presented iden-
tifies and quantifies VOCs produced from a dairy op-
eration that contribute to odor and other air quality
problems. Many different VOCs were identified in the
air downwind of an open lactating cow stall area and
near a waste lagoon at the Washington State University
dairy using Gas Chromatography Mass Spectroscopy
(GC-MS) analysis techniques. Identified compounds
were very diverse and included many alcohols, aldehy-
des, amines, aromatics, esters, ethers, a fixed gas, halo-
genated hydrocarbons, hydrocarbons, ketones, other
nitrogen containing compounds, sulfur containing com-
pounds, and terpenes. The VOCs directly associated
with cattle waste were dependent on ambient temper-
ature, with the highest emissions produced during the
summer months. Low to moderate wind speeds were
ideal for VOC collection. Concentrations of quantified
compounds were mostly below odor detection thresh-
olds found in the literature, however the combined odor
magnitude of the large number of compounds detected
was most likely above any minimum detection thresh-
old.

A32B
1330h

Chemistry and Dynamics of the
Upper Troposphere and Lower
Stratosphere III Posters (joint with SA,
AE)

MCC: Level 1 Wednesday

Presiding: D Toohey, Program in
Atmospheric and Oceanic Sciences,
University of Colorado; E Richard,
NOAA Aeronomy Laboratory and
CIRES

A32B-0134 1330h POSTER

Single Particle Measurements of the
Chemical Composition of Cirrus Ice
Residue
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The NOAA Aeronomy Laboratory’s Particle Analy-
sis by Laser Mass Spectrometry (PALMS) instrument
is able to determine the chemical composition of the
particulate matter found in the atmosphere. Individual
particles are brought into a vacuum system where aero-
dynamic diameter is ascertained by the time required
for passage between two visible laser beams. An ex-
cimer laser is then pulsed to hit each aerosol and desorb
and ionize molecules and atoms. A complete positive or
negative spectrum is provided by a time of flight mass
spectrometer. The PALMS instrument was installed
in the nose of a NASA WB-57F high altitude research
aircraft throughout the 2002 CRYSTAL-FACE mission.
PALMS was used in conjunction with a Counterflow
Virtual Impactor (CVI) in order to separate ice crys-
tals, which compose high altitude cirrus clouds, from
the background aerosols which did not freeze. The ice
crystals were subsequently melted and evaporated and
the residual particles upon which they had formed were
analyzed. The PALMS instrument was therefore able to
determine what types of particles were responsible for
the formation of the cirrus clouds encountered during
CRYSTAL-FACE. The results will help elucidate the
mechanisms responsible for ice formation in the atmo-
sphere which are important to our understanding of the
Earth’s radiative budget.

URL: http://www.al.noaa.gov/PALMS/
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Observational Evidence Against
Mountain Wave Generation of Ice
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NAT Clouds in Early December 1999
Within the Arctic Vortex
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A number of recently published papers suggest that
mountain wave (or lee wave) activity in the strato-
sphere, producing temperatures below the ice frost
point, may be the primary source of large NAT par-
ticles. We use thermal infrared radiance measure-
ments from the Advanced Very High Resolution Ra-
diometer (AVHRR) instruments on board the National
Oceanic and Atmospheric Administration (NOAA)
polar-orbiting satellites to map out regions of ice clouds
produced by mountain wave cloud activity inside the
Arctic vortex. Lidar observations from three DC-8
flights in early December 1999 show the presence of
solid polar stratospheric cloud (PSC) Type la parti-
cles. By using back trajectories and superimposing
the position maps on the AVHRR cloud imagery, we
show that the observed solid Type Ia PSC particles
could not have originated at locations of high moun-
tain wave cloud activity. We also show that Mountain
Wave Forecast Model 2.0 (MWFM-2) gridbox-averaged
hemispheric hindcasts from the same time period are
in agreement with the AVHRR data. Our results show
that ice cloud formation in mountain wave clouds can-
not explain how at least three large-scale solid HNO3
PSC structures were formed in the stratosphere in early
December 1999.
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H,S0,/HNO3/H>0 Phase Diagram in
Regions of Stratospheric Importance
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We have investigated the region of  the
HoSO4/HNO3/HgO ternary liquid/solid phase dia-
gram bounded by ice, nitric acid trihydrate (NAT),
and sulfuric acid tetrahydrate (SAT) using differential
scanning calorimetry (DSC) and infrared spectroscopy
of thin films. We report measurements and analysis of
the eutectic melting curves in the ternary system of the
hydrates mentioned as well as the temperature of the
eutectics: ice/SAT/NAT, ice/sulfuric acid hemihexahy-
drate (SAH)/NAT, and SAT/NAT. We report for the
first time an analysis of the content of the solid phase
of completely frozen samples and find that sulfuric acid
octahydrate (SAO) is often present in frozen ternary
samples and can be a significant portion of the solid
phase. We provide a description of how the melting
path of a frozen ternary sample can be predicted using
the ternary phase diagram. We have parameterized our
melting point data and provide equations to generate
Finally, we compare our
results to the historic work of Carpenter & Lehrmann
(Carpenter, C. D.; Lehrman, A. Trans. AIChE 1925, 17,
35) and to other more recent work.

the ternary melting surface.
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A 102-L borosilicate glass reaction cell was designed
to measure both gas phase chemistry as well as the
Long
path Fourier transform infrared spectroscopy (FTIR)
is used to measure gas phase species while an atten-
uated total reflectance (ATR) FTIR probe is used to
measure the changes in the composition of the thin wa-
ter film at the same time during heterogeneous reac-
tions. This system has been used to study the hetero-
geneous hydrolysis of NOg. Three species (NOg, NO,
and HONO) were monitored in the gas phase, while
surface-adsorbed HNO3, NoOy4 and other species were
measured in the thin film of water adsorbed on the ATR
crystal. This apparatus includes a quartz lamp tube so
photolysis reactions can be studied. The details of the
system, specifications, and the chamber characteriza-
tion will be presented.

chemistry in thin surface films simultaneously.
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To investigate the role that mineral dust plays in
affecting the concentrations of trace gases in the tro-
posphere, the kinetics of ozone decomposition on alu-
minum oxide surfaces were studied at room tempera-
ture in a static ozone absorption chamber. The rate
of ozone destruction was first order on fresh films but
decreased with extent of ozone exposure. Passivation
of the alumina surfaces was also observed if the films
were not kept in a dry, purged environment. A lin-
ear relationship between the film specific surface area
(measured by gas adsorption) and film mass was found
which allowed us to use the mass of the film to normal-
ize our uptake coefficients to the actual surface area
of each sample. The initial rate of ozone destruction
increased linearly with alumina mass, indicating full
accessibility to the gas phase, and it increased with
decreasing ozone partial pressure. In particular, the
ozone concentration was varied from 8 x1012 to 1 x101%
molecules cm™ 2, over which 7, ;44 ranged from 1.5
%1075 to 1.0 x10~ 6. By repeatedly oxidizing the sur-
face until passivated a surface site concentration was
estimated to be 2 x1014 sites cm 2. Oxidations of alu-
mina were conducted as a function of relative humidity
by adding water vapour and ozone simultaneously to
the chamber. The presence of water vapour dramati-
cally reduced 7, ;4iq; by up to 80% at 75% RH. Our
results highlight the need to consider the oxidation and
hydration state of the mineral dust surface when inves-
tigating the impact that heterogeneous chemistry on
mineral dust may have in the atmosphere.
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Observations of broadband Infrared satellites such
as ILAS-II (Ministry of the Environment, Japan,
launched 14 December 2002) and SciSat-1 (Canadian
Space Agency, launched 12 August 2003) can provide
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details of the chemical composition and particle size
of atmospheric aerosols by direct inversion without re-
course to models. During the past decade, we have
developed mathematical methods to achieve this inver-
sion by working with FTIR observations of model atmo-
spheric aerosols in cryogenic flowtubes. More recently,
we have converted these to operational algorithms for
use in the above missions. In this presentation, we will
briefly outline these procedures and illustrate their ca-
pabilities using laboratory data. These laboratory re-
sults show that the chemical compositions, phases and
sizes of ensembles of particles can be obtained simul-
taneously using these procedures. We will also report
chemical and microphysical properties of lower strato-
spheric clouds and aerosols derived by applying these
procedures to observations from space.
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One of the biggest uncertainties in climate science

today concerns the water vapor feedback. Most climate
models maintain a nearly constant relative humidity as
the climate changes, which provide a strong positive
feedback to warming caused by anthropogenic green-
house gas emissions. On the other hand, it has been
suggested that specific humidity in the upper tropo-
sphere (UT) may remain fixed or even decrease as the
climate changes. Observational studies have attempted
to resolve this disagreement, but the results have been
inconclusive, and few of the studies have focused on
the tropical UT. This is a significant oversight: the
surface temperature is especially sensitive to changes
in water vapor in the tropical UT owing to the cold
temperatures found there. We present an analysis of
UARS MLS and HALOE water vapor measurements at
215 hPa in the tropics. We find strong evidence that
the water vapor feedback in the UT is positive, but
not as strong as fixed relative humidity scenarios. This
suggests that current model simulations may be over-
estimating the sensitivity of the climate.
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The Microwave Sounding Units (MSU) aboard the
NOAA TOVS series satellites have provided the best
satellite-based record of tropospheric and stratospheric
temperatures to date, because, in part, they used an
absorption of a well-mixed gas and were mostly in-
sensitive to clouds. The data set has an advantage
over the radiosonde record because of its global cov-
erage. This data set, though, is imperfect for a cli-
mate monitoring record because MSU was never in-
tended for long-term calibration. Among recent con-
troversies, two analyses of the same MSU data set give
conflicting results regarding temperature trends in the
mid-troposphere. This discrepancy is due to the com-
plex correction necessary for multiple satellites in dif-
ferent orbits, non-linearity in the detector response,
decaying orbits, etc. GPS occultation offers an ideal
data set to quantify various uncertainties in the MSU
climate records because GPS occultation is absolutely
calibrated by highly precise atomic clocks rather than
onboard blackbodies. We have used the occultation
archive containing GPS/MET data from 1995-1997 and
data from the CHAMP and SAC-C experiments from
2001 to the present to simulate the MSU stratospheric
temperature channel and thus validate it. (GPS occul-
tation is not well suited to validate the tropospheric
MSU channel because GPS microwave refractivity can-
not uniquely determine temperature in the lower tro-
posphere.) We have performed a full radiative transfer
calculation for MSU stratospheric brightness temper-
ature for each occultation profile, mapped the bright-
ness temperature globally using Bayesian interpolation,
and compared directly to maps of MSU stratospheric
brightness temperature. Initial results show that a
full radiative transfer calculation differs from the use
of a static weighting function by ~ 1 K in brightness
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temperature, induced mostly by varying vertical struc-
ture as exhibited by the occultation data. This cor-
rection is of the same order as that associated with
post-processing errors of MSU data. We will present
an exploration of the difference between MSU and GPS
occultation data as a function of season and latitude,
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and whether these structures contaminate estimation
of the inter-annual trend. Reference is made to the
ECMWF and the NCEP reanalyses.

A32B-0142 1330h POSTER

Dilution of the Antarctic Ozone Hole
Into Southern Midlatitudes
(1998-2000)

Jelena Ajticl’2 (64-3-4400445; j.ajtic@niwa.co.nz);
(64-3-4400428;
b.connor@niwa.co.nz); Bryan N. Lawrences;
Gregory E. Bodekerz; Karl W. Hoppel4; Joan E.
Rosenfield’ Darlene N. Heuff!

Brian J. Connor?

1Department of Physics and Astronomy, University of
Canterbury, Private Bag 4800, Christchurch 8020,
New Zealand

2National Institute of Water and Atmospheric Re-
search, Private Bag 50061, Omakau 9182, New
Zealand

3 British Atmospheric Data Centre, Rutherford Apple-
ton Laboratory, Chilton, Didcot OX11 0QX, United
Kingdom

4Naval Research Laboratory, Code 7220, Washington
DC 20375, United States

S5Goddard Earth Sciences and Technology Center,
NASA/Goddard Space Flight Center, Code 916,
Greenbelt MD 20771, United States

We examine reduction in southern midlatitude
ozone levels caused by the transport of ozone-depleted
air from the Antarctic polar vortex, between 15 Oc-
tober of the years 1998, 1999 and 2000 and the fol-
lowing 15 January. For each day in the period, dia-
batic RDF calculations are performed for parcels be-
tween 30° S and 60° S (initialized on a 1° longitude by
1° latitude grid, on seven isentropes, 400-700 K, with
50 K spacing), and are run back to 10 October. Mid-
latitude reduction in ozone caused by the presence of
Antarctic vortex air is calculated under the assump-
tion that the volume mixing ratio of depleted ozone
does not change along the trajectories. Two distinct
regions, the vortex core and the vortex edge region,
are taken into account. The results show that on av-
erage, 17-19 % of the midlatitude air parcels originate
inside the Antarctic vortex. The corresponding reduc-
tion in ozone is 17-21 DU. The reduction caused by
the presence of the air parcels originating in the vor-
tex edge region is significant, especially in the early
part of the examined period. The results for four sub-
regions in midlatitudes (spanning longitude regions of
90°, starting from 0°) are also presented, and they in-
dicate that during springtime, ozone reduction in the
region encompassing New Zealand and Australia is less
than in other subregions. In summer, the reduction is
the same in all subregions. Tests to examine the sensi-
tivity of the results to the choice of the initial day and
to the uncertainties in the wind fields, are also per-
formed. The results indicate that the method is more
sensitive to the initial conditions, including the size of
the vortex and the amount of filamentation, than to
the introduced perturbations in the winds. A compar-
ison of ozone reduction with the Total Ozone Mapping
Spectrometer (TOMS) measurements of ozone column
show that, on average, without the dilution effect ozone
levels in southern midlatitudes would be 5-7 % higher
during spring- and summertime. This corresponds to
60-70 % of the change in total ozone since 1979. These
results present a lower limit of the impact, as dilution
in the lowermost stratosphere and troposphere is not
captured in the calculations presented here.
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This presentation will discuss the sensitivity of as-
similated ozone fields in the upper troposphere and
lower stratosphere (UTLS) to a number of factors, fo-
cusing mainly on aspects of data selection and the pre-
diction model. This is important, because assimila-
tion represents an attempt to construct our best esti-
mates of the true ozone field; however, inaccuracies in
the UTLS ozone distribution translate into an uncer-
tainty in factors such as the calculated radiative forc-
ing of climate or the inferred stratosphere-troposphere
exchange (STE) of ozone. The 3D ozone data as-
similation system, from NASA’s Global Modeling and
Assimilation Office (GMAO), combines observations
of total ozone column and stratospheric profiles with
predictions from an off-line, parameterized chemistry
and transport model (pCTM) to produce six-hourly,
global analyses. The first experiments discussed as-
similate ozone retrievals from the Earth-Probe Total
Ozone Mapping Spectrometer (EPTOMS) and strato-
spheric profiles from the Solar Backscatter UltraVio-
let/2 (SBUV/2) instrument. The SBUV /2 ozone data
have a coarse vertical resolution, with increased un-
certainty below the ozone maximum, and TOMS pro-
vides only total ozone columns. Thus, the assimilated
ozone profiles in the UTLS region are only weakly con-
strained by the incoming SBUV and TOMS data. Con-
sequently, the assimilated ozone distribution should be
sensitive to changes in inputs to the statistical analysis
scheme. Sensitivity studies have been conducted to ex-
amine the responses to TOMS and SBUV /2 data selec-
tion, modifications of the forecast and observation error
covariance models, and the model formulation (turning
off chemistry or using different wind analyses in the
pCTM). The second set of experiments includes an ad-
ditional data type: ozone retrieved from infrared limb-
emission by MIPAS on Envisat. These data offer not
only improved vertical resolution in the stratosphere,
but also give measurements in the polar night. Com-
parisons of the assimilated ozone fields from both sets
of experiments with independent observations, primar-
ily ozone sondes, are used to determine the impact of
each of these changes. It is shown that many of the
changes have a significant impact on the UTLS ozone
estimates. Implications for interpretation of STE and
radiative forcing of climate are discussed.
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Simulation of a Stratospheric Intrusion
Using the Lagrangian Particle
Transport Model FLEXPART,
Combined With Observed Surface
Impacts Over the United States in
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This paper reports observations and a model simula-
tion of an exceptionally-strong tropopause fold in early
May 1999 which impacted the surface of Colorado and
the south-central United States. The model simulation
was performed using a special version of the Lagrangian
particle dispersion model FLEXPART, which revealed
the evolution of the fold eastward across the United
States during the subsequent week. This intrusion was
recorded by the NOAA Fritz Peak (40N, 105W) DIAL
ozone lidar on May 6. Its subsequent path has been
inferred from high ozone values in the AIRS data net-
work, and using altered water vapor (AWV) imagery, a
linear modification of the GOES water vapor channel
which depicts specific humidity in the mid- and upper
troposphere.
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Evaluation of a Three-Dimensional
Global Model in Simulating
Upper-Tropospheric Chemistry
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The impact of anthropogenic activity on radiatively
active trace species in the tropopause region (Upper
Troposphere and Lower stratosphere or UTLS) is still
poorly known. The climate sensitivity, however, is par-
ticularly high in this region. Many modeling studies
address the anthropogenic ozone and methane pertur-
bations in the UTLS, but it is virtually unknown to
what extent global chemistry-transport models (CTMs)
are capable of adequately simulating such perturba-
tions. Modeling the chemical composition of the UTLS
is very difficult, since this region is characterized by
strong cross-tropopause concentration gradients, mix-
ing between the stratosphere and the troposphere, and
by deep convection. In order to evaluate the perfor-
mance of our CTM (TM3) in quantifying the effects
of anthropogenic activity on UTLS ozone and methane
concentrations, we evaluated the model results with the
observations of the SONEX campaign, conducted in Oc-
tober and November 1997 in the UTLS over parts of
the U.S, Europe and the northern Atlantic Ocean. We
compared simulated concentrations of trace gases and
radicals, as well as OH and HOg loss and production
rates, with the observed values. In particular we dis-
cuss the role of non-methane hydrocarbons, the influ-
ence of convection, and ECMWF water vapor biases.
We also discuss the application of the new ECMWF re-
analysis data (ERA40). Despite several problems the
model reproduced the observed rates reasonably well.
On average the modeled ozone production was within
30% of the observed value. For samples not exposed to
recent convection and/or lightning the modeled ozone
production was within 20% of the observed.
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Addressing Global Questions With in
situ Measurements: Defining
Accuracy Using Both Advances in
Data Reduction Algorithms and
Developments in Laser Systems
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Data reduction and data analysis algorithms can in-
troduce statistically significant systematic bias and loss
of precision in results of both satellite and airborne in
situ measurement results. Because data from many in-
struments must be used to create a global mapping,
reducing these hidden systematic errors in in situ in-
strumentation is crucial to validating satellite data and
to integrating in situ results into global climate models.
Biases in the in situ measurements must be eliminated
before the result can be considered accurate. Addi-
tionally, inter-comparison among in situ instrumenta-
tion requires careful review of all collection, reduction
and analysis algorithms to eliminate differences in tem-
poral and spatial offsets as well as extrapolation to the
appropriate timescales to compare instruments. Typi-
cally, the in situ community does not archive raw data
nor publish retrieval and reduction algorithms in such a
way that they can be verified and reviewed; however the
global nature of current atmospheric questions requires
this change. In flight inter-comparisons between results
obtained from related instruments are necessary but
not sufficient to resolve differences in measurements
and in uncertainties; details of analysis techniques must
also be compared to ensure the agreement or disagree-
ment between instruments is well-understood. Simply
observing agreement or disagreement is not sufficient.
Having documented, traceable paths to compare labo-
ratory calibrations and analysis to flight data will lead
to improvements in instrumentation and retrieval al-
gorithms, thereby improving the credibility of atmo-
spheric data. We will show raw data from Cavity-
Enhanced Absorption Spectrometers using Integrated
Cavity Output Spectroscopy (ICOS) and Cavity Ring-
down Spectroscopy (CRDS) and demonstrate statisti-
cally significant improvement in second generation fit-
ting and retrieval algorithms. Improved lineshape mod-
els and singular value decomposition of the baseline
have improved internal consistency and precision of
the ICOS data, and empirical weighting of the least
squares fit has improved retrieval of decay constants
from CRDS while removing documented biases from the
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data. Within this framework, we will analyze the un-
certainty in the results from both a theoretical and in-
strumentation perspective to show how each aspect of
the instrument design and algorithm can affect the final
result and the uncertainty in that result. Accordingly,
Data Analysis and Reduction algorithms should be sub-
ject to the same peer review process and documentation
process as physical instrumentation.
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Tropopause Height and Temperature
Measurements by Using a Rayleigh
Lidar
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The radiosonde measurements have been tradition-
ally used in measuring the atmospheric temperature,
height, humidity, etc. in the 0-30 km height range.
Radiosonde may be limited by its spatial and temporal
resolution. Inter-comparison of radiosonde with other
instrument such as lidar should be useful. In this study,
a Rayleigh lidar has been setup to measure temperature
profile for the lower atmosphere in the 10-25 km range.
The technique is limited by the presence of aerosols,
which can interfere with the molecular scattering prop-
erties. However, the recent low aerosol abundance in
the stratosphere allows Rayleigh temperature measure-
ment extends down to upper troposphere. Lidar mea-
surement implemented by an inversion algorithm has
been developed to derive the atmospheric temperature
profiles. The agreement with radiosonde data is ex-
cellent. Based on the measurements of the cold point
tropopause, we find lidar temperature is cool by 0.8 K
compared with the radiosonde measurements. The li-
dar tropopause height is about 450 meters more than
the radiosonde. This difference should result from the
intrinsic limit of radiosondes in determining the at-
mospheric height and locating the coldest temperature
during its flight. The 10 year radionsonde measure-
ments in 1990-2000 reveal the local tropopause (25 N,
121 E) has been changing steadily. The cold point
tropopause has been rising for about 190 meters and
temperature lowered by 1.5 K.
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The Effect of the CIOO+NO Reaction
on ClO Observations from the
Harvard ER2-Based Halogen
Instrument
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We will comment on recent results from labora-
tory work and an analysis of in situ data from the
SOLVE (Sage III Ozone Loss and Validation Experi-
ment, staged out of Kiruna, Sweden from Nov 1999 to
Mar 2000) mission to investigate a systematic error re-
garding our understanding of the yield of Cl atoms from
the titration of ClO with NO. This yield is an input
parameter required to calculate the ambient ClO con-
centration from observed Cl atom fluorescence. The
yield is normally calculated using a model, based upon
flight conditions of temperature, pressure, flow veloc-
ity, [03], and [NOJ]. The source of the revision is the
inclusion of a mechanism that involves Cl atom loss in
our instrument duct due to reaction with O2, and sub-
sequent reaction of the ClOO product with NO. The
relative importance of the CIOO + NO mechanism is
extremely T-dependent due to the thermal instability
of ClIOO. We have evidence from in situ observations
and laboratory work that the rate constant (k) for the
ClOO+NO reaction is ~3.0e(-11) (cc/molec sec). Us-
ing this value lowers the Cl yield by ~15% at T = 215
K and ~10% at T = 220 K, with respect to a model
using k=0. The derived ClO observations are inversely
proportional to the yield, thus the ClO observations
increase by a similar amount. The expected effect on
CIO observations from earlier ER-2 aircraft missions
(SPADE, ASHOE/MAESA and POLARIS) will be dis-
cussed.
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A chemical ionization mass spectrometry (CIMS)
technique has been developed for precise in situ mea-
surements of hydrochloric acid (HCI).
surements of HCI, ozone, and other gases were made
in the summer of 2002 at subtropical latitudes in the
upper troposphere and lower stratosphere. Significant
abundances of HCIl were found in many upper tro-
pospheric air parcels as a result of stratosphere-to-
troposphere transport. Minimum upper tropospheric
HCI1 abundances are much lower than model mean es-
timates. Using the compact linear correlation of HCI
with ozone in the lower stratosphere, the amount of

Aircraft mea-

stratospheric ozone in the upper troposphere can be
uniquely distinguished from ozone that originated in
the troposphere. This approach allows the processes
affecting stratosphere to troposphere transport to be
diagnosed in the atmosphere with greatly increased pre-
cision and accuracy.
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Case Study
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Mixing is an important part of irreversible strato-
sphere troposphere exchange. Yet the mixing process is
poorly understood. We present a case study of mixing
in the vicinity of the subtropical jet, using airborne in
situ and remote sensing data during SONEX mission.
The case of intrusion of stratospheric air is identified
using ozone profile curtains from DIAL LIDAR onboard
DC-8. The thermal structure across the tropopause
is mapped using temperature profiles from Microwave
Temperature Profiler (MTP), together with the poten-
tial vorticity field based on the ECMWF data. Spa-
tial extent of mixing between stratospheric and tropo-
spheric air is examined using tracer relationships from
in situ measurement onboard DC-8. Results show that
mixing between stratospheric and tropospheric air in-
volved air mass with ozone value up to 400 ppbv.
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The case study also show that based on the tracer re-
lationship alone, without the background information
provided by the LIDAR data and MTP data, it is of-
ten difficult to conclude whether the observed mixing
represent stratosphere to troposphere transport or tro-
posphere to stratosphere transport. Results also show
that using 2 PVU or 3.5 PVU contour as the tropopause
in this case will likely underestimate the stratosphere
to troposphere transport.
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In situ measurements provide high resolution, high
accuracy data that can be used to study the effects of
both local and global scale transport. In this study, we
focus on the middleworld, a region of the atmosphere
where negative trends in midlatitude ozone and posi-
tive trends in water vapor have been reported during
the last decade. Changes in these trace gases affect
the radiative properties of this region, and can lead to
negative impacts on human health. This region of the
atmosphere is dynamically coupled to both the tropo-
sphere, via stratosphere-troposphere exchange driven
by wave-breaking events, isentropic transport, and/or
convective penetration, and to the overworld, via dia-
batic descent from the tropical stratosphere. The inter-
action between these regions results in air masses with
distinct signatures. During the CRYSTAL FACE mis-
sion in July of 2002, tracer measurements in the mid-
dleworld indicated significant transport of high latitude
air into the subtropics. We compare back trajectories
of air parcels sampled over Florida to the location and
dates of sondes launched in North America to search
for acceptable matches in space and time. We then
compare the selected sonde values to in situ aircraft
data in order to investigate the strength of mixing pro-
cesses responsible for the make-up of the air parcel sam-
pled by the aircraft. Additionally, in order to under-
stand the geographic dependence and the importance
of this transport process, we compare and contrast in
situ tracer-tracer correlations from various aircraft mis-
sions during the summer, namely ASHOE, STRAT, PO-
LARIS, CWVCS, and CRYSTAL FACE. This combined
dataset is used to identify the variability of the trans-
port mechanisms present in the northern latitude mid-
dleworld, between 75 and 155 degrees West, and their
longitudinal dependence.
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In situ measurements of C10, CIOOCI, CIONOg, and

BrO were acquired with the Harvard Halogen flight in-

strument onboard the NASA ER-2 aircraft in the Arc-

tic stratosphere during the winter of 1999-2000. These
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chlorine measurements, along with measurements of
HCI1 and total inorganic chlorine, Cly, enable the first
analysis of the inorganic chlorine budget in the Arc-
tic vortex. The results indicate excellent agreement
between the sum of the measured species (ClO +
2xClOOC1 + CIONOg + HCIl) and Cly in January
and early February; however, the budget agreement be-
comes significantly worse during early to mid-March.
The source of the March budget discrepancy is ex-
plored, revealing evidence that supports the validity of
the ClO, CIOOCI, and CIONOg measurements. The
BrO measurements represent a substantial improve-
ment in sensitivity, precision, and spatial resolution
relative to those acquired previously onboard the ER-
2. Modifications to the BrO detection system, labo-
ratory calibrations, and analysis of in situ BrO data
successfully obtained during twelve flights of the 1999-
2000 winter are presented. The Harvard Halogen in-
strument is currently being modified to include IO de-
tection capabilities. The observed long-term trend in
mid-latitude Northern Hemisphere ozone in the lower
stratosphere over the last two decades may be the result
of increased catalytic loss of ozone by the rate-limiting
halogen radicals Cl1O, BrO, and IO. This makes measur-
ing all three of these halogen oxides critical. The mo-
tivation and method of IO detection will be discussed.
Specifically, measuring 10 in situ requires the sensitivity
to detect sub parts per trillion concentrations. Based
on the known laser characteristics of the OH and NOg
laser systems used in this laboratory and the known
collection efficiency of the detection optics, we expect
a sensitivity of better than 10% cm ™3 for 10.
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The condensation trail (contrail) layers for the sub-
arctic setting of Fairbanks have been analyzed and fore-
casted based on atmospheric sounding measurements
and vertical profiles derived from the MMJ5 mesoscale
atmospheric circulation model. An operational contrail
observation site was established in 2001 for verifica-
tion. Using an improved Schmidt-Appleman criterion
the contrail formation was confirmed for the majority
of our observations. Without taking into account differ-
ent aircraft types we derived a success-rate of 0.91 for
the near real-time contrail analysis when using an av-
erage aircraft specific contrail factor of 0.0365 g/kg K.
Forecasts of contrail layers could be involved in flight
planning in order to avoid contrail formation and corre-
sponding possible climatic effects. High correlation was
found for the comparison of the 6 hour (r ~ 0.94) and
30 hour (r ~ 0.88) forecasts of contrail layer boundaries
with the boundaries derived from atmospheric sounding
for the period from February until July 2003.

URL: http://contrail.gi.alaska.edu/
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Aerosol in the plume wake of an Athena II solid fuel
rocket was sampled between 16 and 19 km altitude us-
ing a two channel laser particle counter with heated
and unheated sample inlets and carried by the WB-
57F aircraft during the ACCENT campaign. Total and
non-volatile aerosol size distributions were obtained for
particles with diameters between 360nm and 4100nm
during five plume encounters up to 45 minutes after
launch. The average fraction of the total aerosol vol-
ume accounted for by the volatile component for all of

the encounters was 66+19, approximately constant for
all of the encounters. Persistence of the volatile com-
ponent until the last plume encounter 45 minutes after
launch, along with other recent models and observa-
tions of rocket plumes, suggest that the composition
of the volatile component was primarily water ice and
HCI1 with a surface layer of HNO3. In this view, a thin
HNOS3 layer suppresses ice evaporation and so accounts
for the unexpectedly long lifetime of the plume volatile
aerosol. Our data strongly reinforce previous work sug-
gesting that rocket plumes contain HNO3 coated ice
particles and so are more reactive than has been widely
assumed.
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The chemistry in the upper troposphere is criti-
cally dependent on the availability of NO,. Lawrence
and Crutzen (Tellus, 50B, 263-289, 1998) proposed
that denitrification via efficient uptake of nitric acid
(HNO3) on ice particles and their subsequent gravita-
tional settling could significantly perturb upper tropo-
spheric chemistry. Despite several laboratory and field
studies, the degree to which HNOg is taken up by ice or
retained upon freezing of supercooled droplets is still
uncertain. In this study we investigate the sensitiv-
ity of upper tropospheric chemistry to variations within
the range of current uncertainties using the 3D global
chemistry transport model MATCH-MPIC. Recent up-
take models of HNOg3 on ice have been included in the
model. Associated key assumption used in the general
model formulation such as effective settling velocity of
ice particles or ice water contents are also reevaluated
in light of recent observations. The results are com-
pared with aircraft observations of gas-phase HNO3 in
order to put constraints on the model assumptions. The
influence of these assumptions on upper tropospheric
HO, and ozone are also evaluated.
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Atmospheric Brown Clouds: An
Integrated Approach for
Understanding their Climate Impacts

V. Ramanathan (858-534-8815; vram@fiji.ucsd.edu)
The most visible impact of air pollution is the haze,
a layer of pollutants and particles from biomass burn-
ing and industrial emissions. This cloud of pollution
at times has a brownish color and this brown cloud
phenomenon is a common feature of industrial and
rural regions around the world. Due to long range
transport, the mostly urban (fossil fuel related) or
rural (biomass burning related) phenomenon is trans-
formed into a regional haze (or cloud) that can span
an entire continent. e.g., the Asian Brown Cloud or
an entire ocean basin (e.g., N. Atlantic). It is now
becoming increasingly clear that the brown cloud has
dimmed the planet at the surface, while simultane-
ously making it brighter at the top, which can have
large impacts on Agriculture, health, climate and the
water budget of the planet. We use model results
and observed precipitation records to suggest that this
dimming effect could have contributed to drying of
the planet. My talk will describe the discovery of the
Asian Brown Cloud during the INDOEX experiment
and subsequent modeling studies that link this cloud
with global drying and disruption of regional climate
including the S. Asian monsoon, amongst other im-
pacts. These major advances were made possible by a
unique approach that integrated surface, aircraft and
satellite measurements with aerosol chemical, micro
physical and assimilation models. I will conclude with
a new experimental approach for solving this major
global environmental problem.
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The aerosol indirect effect has been measured for
some time now by satellite remote sensors, and more
recently by surface-based remote sensors. The indirect
effect is often expressed in terms of a relative change in
drop size for a relative change in aerosol optical depth
or extinction. Here we present some recent results of
surface based remote sensing of the indirect effect and
assess whether aerosol optical depth or extinction is a
suitable proxy for the aerosol affecting drop formation.
To do so, we use multiple realizations of a cloud model
to investigate the sensitivity of cloud drop effective ra-
dius re to aerosol parameters (size distribution and
composition) and dynamical parameters (updraft and
liquid water content). A breakdown of the individual
aerosol terms contributing to drop size change shows
that use of aerosol extinction as a proxy for size dis-
tribution and composition tends to underestimate the
magnitude of the first indirect effect. The use of the
aerosol index alleviates this problem somewhat. We
show that re is most sensitive to cloud liquid water,
a parameter often ignored in indirect effect analyses.
The relative importance of the other parameters varies
for different conditions but aerosol concentration Ng is
consistently important. Updraft plays an increasingly
important role under high aerosol loadings. Require-
ments for measuring the indirect effect over polluted
continents are shown to be more stringent than those
over cleaner, remote oceans. This may influence inter-
pretation of current satellite and surface remote mea-
surements of the indirect effect.
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Recent observational and modeling studies have
shown that absorptive aerosols can have significant ef-
fects on regional climate and the hydrological cycle.
The effects of aerosols on the global climate system
are simulated using the new NCAR Community Cli-
mate System Model (CCSM3) forced with aerosols from
a novel aerosol assimilation. The aerosol assimilation
produces global distributions of sea-salt, sulfate, car-
bonaceous aerosols, and soil dust constrained by satel-
lite observations. The satellite observations are aerosol
retrievals from the MODIS (Moderate Resolution Imag-
ing Spectroradiometer) instrument on the NASA Aqua
and Terra satellites. The analysis spans a three-year
period from March 2000 to February 2003. The effects
of aerosols are demonstrated by comparing CCSM inte-
grations with no aerosols, no absorbing aerosols, and
all aerosols. The differences in global mean surface
temperature are consistent with the climate sensitiv-
ity of the CCSM to changes in well-mixed greenhouse
gases. The results show statistically significant changes
in surface temperature, surface energy fluxes, boundary
layer structure, and precipitation. The fraction of these
signals related to the presence of absorbing aerosols is
quantified using the simulations with no aerosol absorp-
tion.
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