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Comparison of MLS, HALOE,
POAM-II, SAGE-II, and ILAS
Measurements in October-November
1996 Using Traditional Correlative
Analysis and Trajectory Hunting
Technique
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We compared version 5 Microwave Limb Sounder
(MLS), version 19 Halogen Occultation Experi-
ment (HALOE), version 6 Polar Ozone and Aerosol
Measurement-II (POAM-II), version 6.0 Stratospheric
Aerosol and Gas Experiment-II (SAGE-II), and version
5.20 Improved Limb Atmospheric Spectrometer (ILAS)
measurements in the southern hemisphere in October-
November 1996. The following species were compared:
O3 (measured by all instruments), H2O (measured
by ILAS, HALOE, and SAGE-II), NO2 (measured by
ILAS, POAM-II, and SAGE-II), HNO3 (measured by
MLS and ILAS), and CH4 (measured by HALOE and
ILAS). This comparison was performed using tradi-
tional correlative analysis and trajectory hunting tech-
nique (THT). Launchinng backward and forward 5-day
trajectories from the location of measurements, the
THT identifies air parcels sampled at least twice within
a prescribed match criterion. Detailed sensitivity stud-
ies for the THT are performed. We conclude that the
THT is a powerful tool for validation studies, mak-
ing conclusions of the comparison statistically more ro-
bust.
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Advances in Stratospheric Dynamics
Attributable to UARS
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Observations obtained from instruments aboard the
Upper Atmosphere Research Satellite (UARS) have led
to significant advances in our understanding of dynam-
ics and transport in the upper troposphere, strato-
sphere, and mesosphere, particularly in tropical and
subtropical latitudes where ground-based observations
are scarce and winds are difficult to derive from radi-
ance. Global analyses from the UK Met Office, imple-
mented in support of the UARS mission, played an im-
portant role in the interpretation of dynamical and con-
stituent data from UARS. Several processes thought to
be important prior to the UARS decade were confirmed
with new and more extensive observations, including
tropical upwelling, diabatic descent in the polar vortex,
subtropical barrier, modulation of mean meridional cir-
culation and eddy mixing by the QBO and SAO, in-
teraction of the QBO with stratopause and mesopause
SAO, and interaction between the QBO and annual cy-
cle in the transport of trace species. More significant
are the contributions of UARS data to our understand-
ing of large-scale dynamics and transport in the trop-
ical and subtropical upper troposphere and lowermost

stratosphere: the morphology of intraseasonal oscilla-
tions, Kelvin waves, monsoon circulations, and their
role in stratosphere-troposphere exchange and dehydra-
tion of air entering the stratosphere.

The value of UARS observations for process studies
is clear. In the longer term, UARS observations and
data obtained from similar instruments aboard future
satellite platforms will be found valuable for the assess-
ment of climate sensitivity due to dynamics and trans-
port: e.g., the regulation of water vapor by deep con-
vection, and modulation of middle atmosphere compo-
sition and temperature by wave transport and induced
mean meridional circulations.

A41D-09 1115h
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Three dimensional (3D) analysis of O3 and CH4
have been made to study the longterm trends and in-
fluence of various dynamical phenomena on their distri-
butions. We have used measurements from the Halogen
Occultation Experiment (HALOE) on board the UARS
in the period of December 1991 to November 2000. The
analysis produces data base for a chemical constituent

at 100 × 50 horizontal resolution at 19 pressure levels
between 100 mb and 0.07 mb in season scale time inter-
val. The 3D analysis constitute most realistic represen-
tion of the chemical species in the earth’s atmosphere.

Empirical orthogonal functions (EOFs) are pro-
duced on 2D pressure levels as well as considering 3D
volume space. The 3D EOF#1 for CH4 captures the
longterm trends above 100 mb. The subsequent EOFs
capture the signal of the quasi-biennial, annual, and
semiannual oscillations. This suggests that the 3D
EOFs contain more information than those could be
obtained from the 2D EOFs, and also the 3D EOFs
construct a more compact basis set to represent the
complete data set. This is one of advantages of the
3D analysis of the satellite observations on the irreg-
ular space and time coordinates. On the contrary the
O3 EOF#3 capture the QBO related variability promi-
nently. The difference in EOFs of O3 and CH4 are
primarily linked to their source region and associated
transport mechanism.

Recently it has been shown that empirical correla-
tion matrices in atmospheric and oceanic sciences can
be modelled as random matrices. We apply the random
matrix techniques and obtain a criteria to determine
the significance of the computed EOFs. We also com-
pare our results with the Monte-Carlo based techniques
like rule-N. Our results indicate that RMT based crite-
ria selects fewer EOFs, than the rule-N, and they cor-
respond closely to physical significance as well. Thus,
for the purposes of identifying the physically relevant
features in EOFs, RMT based criteria provides realistic
bounds.
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The Microwave Limb Sounder (MLS) on the Up-
per Atmosphere Research Satellite (UARS) is sensitive
to water vapor and ozone in the lower stratosphere
and made coincident, daily measurements of the two
species in the tropical region between September 1991
and April 1993. The Cryogenic Limb Array Etalon
Spectrometer (CLAES), another of the instruments on
UARS has a spatial and temporal coverage similar to
that of MLS and can be used to indicate the presence
of cirrus. We describe the characteristics of the air in
which these cirrus are found. The frequency of appear-
ance of cirrus clouds increases as relative humidity in-
creases or as temperature decreases. Ozone mixing ra-
tios have a tendency to be lower in regions where there
are cirrus which may indicate that the air in which the
cirrus are found has entered the stratosphere relatively
recently. In some seasons, the location of cirrus is as-
sociated with the occurrence of deep convection. At

other times it is found remote from centres of deep con-
vection suggesting that the cirrus are formed by slow
ascent. The importance of cirrus in dehydrating the
lower stratosphere and the consequences of cirrus for-
mation within the context of stratosphere-troposphere
exchange are discussed.
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HALOE and SAGE Observations of
Tropospheric Cirrus and Background
Aerosol Near the Tropopause

Steven T Massie (303-497-1404; massie@ucar.edu)

NCAR, PO Box 3000, Boulder, CO 80307, United
States

The HALOE and SAGE experiments have observed
cirrus and background aerosol near the tropopause for a
decade following the Pinatubo eruption in 1991. Time
series of extinction from both experiments show that
cirrus extinction increased in the 1990s as background
aerosol extinction decreased. This result is contrary to
microphysical model results.

Multiple wavelength extinction data are used to dis-
tinguish cirrus particles from background aerosol (e.g.
volcanic particles) near the tropopause. These spectral
techniques are discussed, in addition to the effects of
particle shape upon extinction spectra, in relation to
the cirrus and background extinction time series.

A42A MC: Hall D Thursday 1330h

New Insights Into Stratospheric
Chemistry, Dynamics, and Transport
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A trajectory analysis is done for investigating the
path of the air with low water vapor mixing ratio into
the tropical stratosphere in boreal winter. The parcels
are advected for 1 month by the three-dimensional
wind field in the SST forced AGCM simulation (Hat-
sushika and Yamazaki, 2001, GRL and also Yamazaki
and Hatsushika, 2001 AGU Fall meeting). Initially
many parcels were placed in the upper tropical tropo-
sphere. The entrance point to the stratosphere is de-
fined as a location of the smallest saturation mixing
ratio along the trajectory of the parcel which reached
above 90 hPa after 1 month.

The entrance points are widely spread over the
equatorial convective regions. The entrance of the
stratosphere from the troposphere is neither completely
uniform nor confined to the region of the ’stratospheric
fountain’, i.e. over Indonesia and western Pacific.

The trajectory calculation indicates many parcels
enter into the stratosphere over Indonesia, although the
time-mean vertical motion there is downward. This dis-
crepancy is resolved by taking into account the tran-
sient eddies and long horizontal excursion within the
tropopause region.
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For two periods in November 1994 und August 1997
the earth observation telescope CRISTA (CRyogenic
Infrared Spectrometers and Telescopes for the Atmo-
sphere) was brought to the earth orbit by a space shut-
tle.

During the second mission CRISTA was able to mea-
sure several trace constituents in the tropopause region.
Among them are ozone and water vapour as particu-
larly interesting species. A project about transport,
chemistry and trace gas distribution in the tropoause
region (TRACHT) has been created to carry out a com-
prehensive analysis of the observations. A global and a
mesoscale model are employed (NUCAR-ROSE, global,
and EURAD regional, vertical extension up to 10hPa).
The studies aim at a better understanding of dynam-
ical and chemical processes controlling the trace gas
distributions on the one hand and improvement of the
models on the other hand.

First results obtained for two different dynamical
situations will be reported. First case: During most
the CRISTA2 Episode an omega like pressure structure
was located over the eastern Atlantic Ocean and parts
of Europe. This blocking situation is seen by CRISTA
as a humid region at the 200hPa level. Yet, to the west
over the Atlantic and the east over the Black Sea very
dry air reaches far to the south. The transport pattern
for this mesoscale feature are analysed with both mod-
els. Aircraft data coinciding with the CRISTA data are
also used. Second case: A region with high humidity
over the Indonesian Archipelago offers the chance to
study the process of deep convection in the tropics and
its impacts on the uppermost troposphere. An intrigu-
ing question to be answered is the performance of the
models in the tropical belt and the agreement of our
results with global weather analysis (ECMWF, NNRP,
UKMO).

The cases will be used to analyse the interaction of
the lowermost stratosphere and the uppermost tropo-
sphere with respect to air mass and trace gas exchange.
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The new Raman lidar of the Radio Science Center
for Space and Atmosphere (RASC) at Kyoto Univer-
sity is a five channel system optimized for the study
of atmospheric dynamics in the upper troposphere and
the stratosphere. The lidar transmitter is frequency-
doubled Nd:YAG laser with 30 W output power at 532
nm. For the detection of the backscattered signal a
Cassegrain telescope with a diameter of 0.82 m is used.
Detection channels are for the elastic backscatter signal
from lower and higher altitudes, two rotational Raman
signals with opposite temperature dependency, and a
water vapor Raman signal.

In the upper troposphere and stratosphere, the sys-
tem measures the atmospheric temperature profile with
rotational Raman technique. Rotational Raman lidar
gives the temperature without external assumptions
and is the only lidar technique which is unperturbed
by the presence of cloud or aerosol particles. With the
RASC lidar, rotational Raman signals with, to our best
knowledge, at present highest intensity can be taken.
This allows nighttime temperature measurements with
a resolution of, e.g., 300 m with a few minutes in 10
km height, and made even the first daytime rotational
Raman measurements possible. In heights above 30
km, another technique, Rayleigh integration lidar, is
deployed. This method leads to higher resolution data
than rotational Raman lidar but is perturbed in heights
where background aerosols are present. As the upper
limit for deriving rotational Raman data is near the
stratopause, there is an altitude range where we can
compare temperature data of both techniques.

In addition to temperature, our system measures
the water vapor mixing ratio (H2O Raman lidar tech-
nique) and, independently, the particle extinction co-
efficient αpar and the particle backscatter coefficient
βpar (rotational Raman technique). Raman lidar uses
the vibrational-rotational Raman backscatter signal as
a reference signal to derive αpar and βpar . In contrast
to this, our system makes use of the approximately 10-
times stronger pure-rotational Raman signals for deriv-
ing both atmospheric temperature and a temperature
independent Raman reference signal.

The system was set up at (34.8 ◦N, 136.1 ◦E) near
Shigaraki, Japan, where also the MU (middle and up-
per atmosphere) radar, one of the world largest atmo-
spheric radars, is located and allows simultaneous radar

lidar measurements. We will discuss the benefits of the
new RASC Raman lidar for the study of atmospheric
waves and dynamics and present first measurements.
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Using the recently constructed Merged Ozone Data
(MOD) set, we carried out an empirical orthogonal
function (EOF) study of the temporal and two di-
mensional spatial patterns of the interannual vari-
ability of total column ozone in the tropics. Grid-
ded MOD, combining the monthly mean column abun-
dances collected by the Total Ozone Mapping Spec-
trometer (TOMS) and the Solar Backscatter Ultravio-
let (SBUV and SBUV/2) instruments, provides a nearly
continuous record from late 1978 to 2000 on a 5◦×10◦
latitude-longitude grid. The precision of these mea-
surements and their calibration allow very small sig-
nals, ∼1% of total column ozone, to be clearly seen.
The leading two EOF’s of our study, which respectively
account for 48% and 22% of the variance of the desea-
sonalized data, display structures attributable to the
quasi-biennial oscillation (QBO), with influence from a
decadal oscillation. The third EOF, accounting for 11%
of the variance, represents an interaction between the
QBO and the annual cycle. The fourth EOF, account-
ing for 4% of the variance, is related to the El Niño -
Southern Oscillation. This EOF decomposition is ro-
bust; nearly identical patterns occur in the decomposi-
tion of just the deseasonalized TOMS dataset, a shorter
record with a more finely resolved spatial grid. Simi-
lar decompositions occur for fields from the reanalysis
product from the National Center for Environmental
Prediction and National Center for Atmospheric Re-
search. Using these analyses, we provide a plausible
explanation of the deduced patterns in terms of the dy-
namical forcing of the stratosphere by the troposphere.
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SAGE II (Stratospheric Aerosol and Gas Experi-
ment II) and UARS/HALOE (Halogen Occultation Ex-
periment) have provided multi-year data sets of strato-
spheric water vapor profiles with similar spatial sam-
pling frequency and similar verical resolution.

The purpose of this paper is to examine the charac-
teristics of water vapor in the stratosphere revealed by
SAGE II(version 6) and HALOE(version 19) using ob-
servations covering the overlapping period 1994-1999.
An interim empirical correction for the systematic bias
has been applied to the SAGE II data set before com-
parison. The proposed correction scheme is based on
the relative differences between SAGE II version 6 and
version 5.9 data sets for the period 1986-1990. Correc-
tion factors are assumed to vary with altitudes, lati-
tudes and seasons but without temporal variations.

Results will be presented to illustrate the consis-
tent water vapor climatology in terms of seasonal zonal
mean profiles, seasonal variations of the hygropause
and the latitudinal variations at various pressure lev-
els. Anticipated changes for the upcoming version 6.1
SAGE II water vapor data set will also be discussed.
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Both mass dependent and mass independent iso-
topic fractionations in atmospheric N2O have recently
been reported. We investigate the mass dependent iso-
topic fractionation mechanism, based on photolytic de-
struction, to explain the 15N/14N and 18O/16O frac-
tionation of stratospheric N2O and reconcile labora-
tory experiments with atmospheric observations. Two-
dimensional (2-D) modeling results indicate that there
is no compelling reason to invoke a significant chemical
source of N2O in the middle atmosphere. We compare
model results with observations of isotopomer enrich-
ment using three different methods of calculating pho-
tolytic cross-sections for each of the major isotopomers
of N2O. We find that the although the Yung and Miller
approach, which postulates that changes in the zero
point energies between the isotopomers causes shifts in
their respective absorption profiles, can model the pat-
tern of enrichment factors for each isotopomer relative
to each other, this approach underestimates the magni-
tude of the enrichment factors. The ab initio approach
by Johnson et al. provides better fit to the magnitudes
of the enrichment factors, with the notable exception of
the enrichment factor for the 15N14N16O isotopomer.
A simpler, semi-empirical approach by Blake et al. is
able to model the magnitude of all the enrichment fac-
tors, including the one for the 15N14N16O isotopomer.
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Vertical profiles of O3 density derived from
Odin/OSIRIS measurements of limb-scattered radiance
spectrum profiles are presented. The optical part of
OSIRIS consists of a grating spectrograph covering the
spectral range from 280 to 800 nm with about 1 nm
resolution. Ozone profiles are inferred using a method
(Flittner et al., GRL 27, 2601, 2000) based on the analysis
of normalized and paired limb-radiance profiles at a set
of wavelengths covering the O3 Huggins- and Chappuis-
bands together with the pseudo-spherical multiple scat-
tering radiative transfer model LIMBTRAN. Absorp-
tion in the Chappuis-bands is used to sense O3 in the
lower stratosphere, whereas absorption in the Huggins-
system is used to infer O3 between about 30 and 50 km.
Together, the methods allow to recover O3 densities
throughout the stratosphere with a vertical resolution
of about 2 km. A thorough sensitivity study investigat-
ing the dependence of O3 retrievals on ground albedo,
stratospheric aerosols, background atmosphere, and in-
ternal scattering is presented as well. Comparisons
with O3 profiles measured with balloon sondes show
agreement within 10 %. Odin is a Swedish-led satel-
lite project funded jointly by Sweden (SNSB), Canada
(CSA), Finland (Tekes) and France (CNES).

URL: http://www.osiris.yorku.ca
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Carbon dioxide (CO2) is well known as the primary
forcing agent of global warming. Although the climate
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forcing due to CO2 is well known, the sources and sinks
of CO2 are not well understood. Currently the lack of
global atmospheric CO2 observations limits our abil-
ity to diagnose the global carbon budget (e.g., finding
the so-called ”missing sink”) and thus limits our ability
to understand past climate change and predict future
climate response.

Space-based techniques are being developed to make
high-resolution and high-precision global column CO2
measurements. One of the proposed techniques uti-
lizes the passive remote sensing of Earth’s reflected
solar radiation at the weaker vibration-rotation band
of CO2 in the near infrared (∼1.57 µm). We use a
line-by-line radiative transfer model to explore the po-
tential of this method. Results of sensitivity studies
for CO2 concentration variation and geophysical condi-
tions (i.e., atmospheric temperature, surface reflectiv-
ity, solar zenith angle, aerosol, and cirrus cloud) will be
presented. We will also present sensitivity results for
an O2 A-band (∼0.76 µm) sensor that will be needed
along with CO2 to make surface pressure and cloud
height measurements.
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Global Gravity and Geomagnetic
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We performed a comparative analysis of the pattern
of the ozonosphere and of the Earth’s gravity field on
a global scale. The main parameters are assumed to be
the total ozone (TO) and the ellipticity and anomalies
of the geoid respectively. The ozone was mapped using
the satellite data collected in 1978-1993. The 0 con-
tour of the TO anomalies divides the Earth’s surface
into two wide regions, one positive, the other negative,
comparable in size. This general pattern is disturbed
with an isolated low over the western North America.
The pattern of anomalous TO anti-correlates with el-
evations of the geoid. The TO high is centered over
the zero magnetic meridian, and the TO low occupies
first and third sectors assuming that the globe is di-
vided into four sectors by the zero magnetic meridian
and the meridian perpendicular to it.

These results agree with our earlier study based on
the ground ozone observations in that there is a strong
correlation between the ozonosphere, on one hand, and
the gravity and magnetic fields, on the other hand. The
notable exception is polar pegions where the modern
ozone satellite data are very different as compared with
older ground data.

References. Steblova, R.S., The ozonosphere and
the gravity field of the Earth, Eos, Trans. AGU, 76,
S101, 1995.
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We developed a technique that we named ”Chemical
Species Mapping on Trajectories (CSMT)” and applied
it to ILAS (Improved Limb Atmospheric Spectrometer)
data, to investigate chemical ozone destruction mech-
anisms in the late winter and early spring of 1997.
CSMT is based on ”Trajectory Mapping”, proposed by
Morris et al. [1995; 2000], to create synoptic maps us-
ing trajectories and satellite data. CSMT constructs
a synoptic map of any chemical species by a combi-
nation of trajectory analysis and a photochemical box
model. In our box model, we included a sufficient num-
ber of gas-phase and heterogeneous reactions, and PSC
growth assuming both supercooled ternary solution
(STS) and nitric acid trihydrate (NAT). All trajectories
used were calculated by the EORC-TAM (Earth Ob-
servation Research Center Trajectory Analysis Model)
with ECMWF (European Center for Medium-Range
Weather Forecasts) meteorological data. The ozone
and nitric acid maps derived by CSMT on 475 K were
consistent with Microwave Limb Sounder (MLS) ob-
servations, suggesting the validity and reliability of
CSMT. The maximum rate of ozone loss was calculated
as about 32 ppbv/day in late February, and the total
ozone loss integrated from January 13 to March 31 on

475 K was estimated as 0.8 ppmv when STS forma-
tion was assumed. The results are fairly consistent with
other studies from that winter.

References
Morris et al., J. Geophys. Res., 100 (8), 16491-16505,

1995.
Morris et al., J. Geophys. Res., 105 (14), 17875-17894,

2000.
Acknowledgments
The chemical solver in our model was generated

from the pre-processor provided by ACD (Atmospheric
Chemistry Division)/NCAR (National Center of Atmo-
spheric Research) by courtesy of J-F. Lamarque and
Stacy Walters. ILAS data were provided by ILAS/DHF
at NIES. We thank Sachiko Kawase for her help with
this study

A42A-0089 1330h POSTER

Downward Motions in the Antarctic
Polar Vortex as Seen in the ILAS
N2O Data

Hiroo Hayashi1 (hayashi.hiroo@nies.go.jp)

Hideaki Nakajima1 (hide@nies.go.jp)

Hiroshi Kanzawa1 (kanzawa@nies.go.jp)

Takafumi Sugita1 (tsugita@nies.go.jp)

Yasuhiro Sasano1 (sasano@nies.go.jp)

1National Institute for Environmental Studies, 16-2
Onogawa, Tsukuba 305-8506, Japan

N2O mixing ratio data derived from the Improved
Limb Atmospheric Spectrometer (ILAS) on board the
Advanced Earth Observing Satellite (ADEOS) are used
to investigate downward motions in the Antarctic polar
vortex in the 1997 early winter. ILAS was an instru-
ment employing solar occultation technique, and ob-
served the polar stratosphere of the both hemispheres
continuously during its observation period (November
1996 - June 1997). Using ILAS profiles for 10 successive
days, we estimated the averaged distribution of N2O
mixing ratio in a equivalent latitude - height section.
The same analysis was repeated for the data during the
entire period, which produced a series of N2O distribu-
tion maps every 10 days. From them downward motions
in the Antarctic polar vortex were inferred. The results
revealed that the descent speed is faster near the vortex
center than in the vortex edge in fall and early winter.
The latitudinal difference of downward motions seems
to appear around late summer.
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During the 1999-2000 Arctic winter, the SAGE III
Ozone Loss and Validation Experiment (SOLVE) pro-
vided evidence of widespread solid-phase polar strato-
spheric clouds (PSCs) accompanied by severe denitrifi-
cation. Previous simulations have shown that a freezing
process occurring at temperatures above the ice frost
point is necessary to explain these observations. In
this work, the nitric acid freezing rates derived from
laboratory measurements are used in the Integrated
MicroPhysics and Aerosol Chemistry on Trajectories
(IMPACT) model to calculate both PSC microphysi-
cal properties and their net effect on the denitrification
process.

A range of cases have been explored, including
whether the solid-phase PSC particles are composed
of nitric acid dihydrate or trihydrate, whether the ho-
mogeneous freezing process occurs in the bulk or on
the surface of stratospheric particles, and uncertain-
ties in the derived freezing rates. Finally, the possi-
bility that meteoritic debris enhances the freezing rate
has also been examined. The results of these winter-
long simulations have been compared with key PSC and
denitrification measurements made during the SOLVE
campaign. The cases that best reproduce the measure-
ments will be highlighted, with a discussion of the im-
plications for our understanding of solid PSC formation
mechanisms.
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The Improved Limb Atmospheric Spectrometer
(ILAS) captured many polar stratospheric cloud (PSC)
events in the Northern Hemisphere during the winter
and early spring of 1997. We identified about 250
events in 65 profiles as PSCs in the Arctic. Prelimi-
nary analysis made it clear that the ILAS also observed
many PSC events during the early winter of 1997 in the
Southern Hemisphere. The ILAS aerosol extinction co-
efficient and nitric acid data were compared with the
theoretically predicted values for supercooled ternary
solution (STS), nitric acid dihydrate (NAD), and ni-
tric acid trihydrate (NAT) particles at thermodynamic
equilibrium to infer the chemical composition of the ob-
served PSC particles. In mid-January of 1997, both
the extinction coefficient and nitric acid values of some
of the observed PSC events showed better agreement
with the theoretical values for STS than with those
of NAT or NAD. Although a few PSCs were observed
in March, most of the PSCs observed late in the PSC
season had features of nitric-acid-containing hydrates.
An intensive analysis of the temperature histories sug-
gested that most of the STS particles observed in Jan-
uary had experienced the thermal conditions necessary
for the formation of liquid particles. The nitric-acid-
containing solid PSC events observed in early March
experienced temperatures below TNAT for more than
several days, and sometimes fell below Tice during the
20-day period. They had not passed over typical moun-
tainous area before their measurements, so the forma-
tion mechanisms of these solid particles should be ex-
plained from their synoptic scale temperature histories,
without considering lee waves. They maintained rela-
tively high nitric acid hydrate saturation ratios along
their trajectory, which suggests their homogeneous nu-
cleation.
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Ozone results from the Polar Ozone and Aerosol
Measurement III (POAM III) are compared to those
from ozonesondes, the Halogen Occultation Experiment
(HALOE) and the Stratosphere Aerosol and Gas Exper-
iment II (SAGE II).

POAM and ozonesonde data agree within 5% in the
12 to 30 km region in both the Southern and Northern
Hemispheres. The agreement is also excellent in the
ozone hole where the ozone profiles are highly struc-
tured. At altitudes below 10 km POAM and sonde
ozone show larger disagreement.

The comparisons between POAM III and the satel-
lite instruments show that above 13 km ozone densi-
ties agree within about 5%, independent of time of year
or hemisphere. Below 13 km, although the differences
in ozone density are small, the percentage differences
are larger, with POAM III ozone densities larger than
SAGE II by 10 to 20% for most time periods, but reach-
ing 40% in certain time periods. POAM III ozone den-
sities are also larger than HALOE results at low alti-
tudes. The agreement is improved if the coincidences
occurring in the southern ozone hole are removed. The
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absolute differences between POAM and the other in-
struments are less than 0.01 ppmv at all altitudes. The
small residual differences between POAM III and SAGE
II above 13 km are due to differences in the measured
optical depths.

At altitudes below about 13 km where the ozone
differences are larger, the derivation of ozone is com-
plicated by several factors. Among these are the sep-
aration of ozone absorption from Rayleigh and aerosol
scattering, the determination of the wavelength depen-
dence of aerosol scattering, and the difficulty in prop-
erly registering the measured optical depths in altitude.

We conclude that the agreement between POAM
and the three instruments is excellent above 13 km,
that this agreement is not fortuitous, and the POAM
III ozone data are fully adequate for scientific inves-
tigation. Below 13 km further research is needed to
understand the differences.
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We describe statistical comparisons between Po-
lar Ozone and Aerosol Measurement (POAM) III and
Stratosphere Aerosol and Gas Experiment (SAGE) II
measurements of aerosol extinction in 1998 and 1999.
SAGE II and POAM III are in qualitative agreement,
and show that since the launch of POAM III in March
of 1998, stratospheric aerosol extinctions at visible and
near-IR wavelengths have remained at background lev-
els. We present quantitative differences between the
SAGE II and POAM III extinctions at 1020 nm and
450 nm for temporally and spatially coincident mea-
surements. At 1020 nm the instruments agree to within
about 30% from 10 to 22 km, where most of the aerosol
extinction lies. Differences at 450 nm are similar to
1020 nm in the southern hemisphere, but much larger
in the northern hemisphere. We have also compared
the POAM and SAGE slant optical depths (the funda-
mental measurement quantity for both instruments) at
both 1020 nm and 450 nm. The differences at 1020 nm
are very similar to the extinction differences, suggest-
ing that the retrieved extinction differences are primar-
ily the result of fundamental measurement differences.
However, at 450 nm there are statistically significant
differences between the extinction and optical depth
comparisons (extinction differences are much larger),
suggesting that at least part of the extinction differ-
ences are the result of retrieval differences (aerosol sep-
aration, Rayleigh scattering specification, modeling of
refraction, etc.) rather than fundamental measurement
differences. Finally, we have compared derived sur-
face areas and volume densities from POAM III, SAGE
II, and the Halogen Occultation Experiment (HALOE).
We find good qualitative agreement between all three
instruments. Statistical differences can be explained by
the aerosol extinction differences in the SAGE II com-
parisons, and by the lack of sensitivity on the part of
POAM III and SAGE II to very small aerosols in the
HALOE comparisons.
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The Polar Ozone and Aerosol Measurement (POAM
III) has been successfully measuring stratospheric wa-
ter vapor since March 1998. High resolution vertical

profile measurements are made on a daily basis in the
Arctic and Antarctic regions. In this paper, the water
vapor retrievals are validated by comparison with mea-
surements from the Halogen Occultation Experiment
(HALOE), and with Measurements of Ozone and Water
Vapor by Airbus In-Service Aircraft (MOZAIC).

In the northern hemisphere, there are five periods of
coincident measurements with HALOE, spanning 1998
to 2000. Quantitative comparisons show agreement
to within 5% from 45 km down to 25 km. Below 25
km, POAM measurements are about 10% larger than
HALOE. In the southern hemisphere, POAM water va-
por is about 10% larger than HALOE from 15 km to 45
km.

The airborne, in situ MOZAIC instruments provide
a large number of measurements which can be used to
validate POAM measurements in the highly spatially
variable regions of the upper troposphere and lower-
most stratosphere, where water vapor mixing ratios are
much larger than those found throughout most of the
stratosphere. The comparisons shows that there is no
statistically significant difference in the response of the
two instruments to changes in water vapor, and that,
in the high water vapor mixing ratio regime where the
MOZAIC measurements are most accurate, the POAM
water vapor mixing ratios are systematically larger
than MOZAIC by about 10%.
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We provide a validation of Polar Ozone and Mea-
surement (POAM) III ozone observations in the up-
permost troposphere and lowermost stratosphere by
comparison to ozone data from the Measurement of
Ozone and Water Vapor by Airbus In-Service Air-
craft (MOZAIC) program. The results suggest that
POAM Ver.3 ozone mixing ratios in the 9-12 km region
are systematically high by about 14%, consistent with
POAM/ECC sonde comparisons. However, the relative
variations in the POAM and MOZAIC data sets are
in excellent agreement, indicating that POAM ozone
measurements provide a data set suitable for studying
ozone and air transport properties in the UT/LS region.
Based on POAM UT/LS measurements, we are able
to differentiate between tropospheric and stratospheric
air parcels, and we observe a distinct seasonal cycle in
ozone mixing ratios in the lowermost stratosphere dur-
ing all POAM years. In the northern hemisphere high
latitudes, POAM ozone mixing ratios and correlations
with POAM water vapor and PV derived equivalent lat-
itude strongly suggest that beginning in early summer
air is transported from the upper troposphere at lower
latitudes into the lowermost stratosphere, and that this
air moves gradually poleward. In the tropopause re-
gion, POAM captures seasonal and inter-annual ozone
variations, including the transition from mixing ratios
typical of the upper-most troposphere, to air of strato-
spheric influence.
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Microwave Sounding Unit (MSU) and Advanced
MSU (AMSU) radiometers flown on the NOAA opera-
tional satellite series are potentially valuable as global
temperature monitoring devices. Spencer and Christy

(1990) pioneered the analysis of mid-tropospheric tem-
perature, given by MSU Channel 2 (Ch 2) at 53.74
GHz,, to derive the global temperature trend. Also, in
addition to monitoring global temperature, these mi-
crowave radiometers have the potential to reveal inter-
annual climate signals in tropics (Yulaeva and Wallace,
1994).

We have analyzed the data of MSU Ch 2 and AMSU
Ch 5 (53.6 GHz) from the NOAA operational satel-
lites for the period 1980 to 2000, utilizing the NOAA
calibration procedure. The data are corrected for the
satellite orbital drift based on the temporal changes
of the on-board warm blackbody temperature. From
our analysis, we find that the global temperature in-
creased at a rate of 0.13 (+ - ) 0.05 Kdecade-1 during
1980 to 2000. From an Empirical Orthogonal Func-
tion (EOF) analysis of the MSU global data, we find
that the mid-tropospheric temperature in middle and
high latitudes responds to the ENSO forcing during
the Northern Hemisphere Winter in a distinct manner.
This mid-latitude response is opposite in phase to that
in the tropics. This result is in accord with simula-
tions performed with an ECMWF global spectral model
by May and Bengtsson, (1998). This study shows a
potential use of the satellite observations for climatic
change.
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Space-based atmospheric remote sounding measure-
ments of minor species in the stratosphere using UV-
visible radiances have traditionally been of two types:
occultation measurements (POAM, SAGE) and nadir
measurements (TOMS, GOME). These types of mea-
surements are limited by either restricted spatial cover-
age (occultation) or poor vertical resolution (nadir). A
new type of measurement, with the potential of provid-
ing both good spatial coverage and good vertical reso-
lution, is limb scattered sunlight. This type of mea-
surement has been used to recover O3 in the meso-
sphere and NO2 in the stratosphere from SME mea-
surements and recently has been used to retrieve strato-
spheric ozone density profiles from SOLSE/LORE mea-
surements. A number of new instruments are employing
this method, including OSIRIS, onboard the recently
launched Odin satellite, and SCIAMACHY, which will
be launched on ENVISAT in late 2001. Though the
measurements themselves are relatively straightforward
to make, the process of retrieving minor species densi-
ties and other information from the radiances is com-
plicated due to the viewing geometry.

A method that has proved successful for analysing
UV-visible measurements made with ground-based in-
struments and with satellite nadir-viewing instruments
has been that of Differential Optical Absorption Spec-
troscopy (DOAS). With the DOAS method absorption
features are used to recover slant column densities
which are then converted to vertical column densities
through calculated air mass factors. Here we present
the application of the DOAS method to limb scattered
sunlight. In this application, apparent column densities
are calculated through an analysis of measured limb
radiances in a similar fashion as the calculation of the
slant column densities in other applications. The com-
plication here is that there is no straightforward re-
lationship between these apparent column densities and
the vertical column density. We describe how these ap-
parent column densities, measured over a range of tan-
gent heights, may be inverted using the Optimal Esti-
mation (OE) approach to determine local density pro-
files, and apply the technique to the retrieval of strato-
spheric O3 and NO2 from 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 Polar Ozone and Aerosol Measurement
(POAM) III instrument is a nine-channel (354 to
1018 nm) solar occultation instrument designed to
measure stratospheric profiles of ozone, nitrogen diox-
ide and water vapor densities, aerosol extinction at
five wavelengths, and temperature. It was launched
onboard the Satellite Pour l’Observation de la Terre
(SPOT) 4 in March of 1998 into a sun synchronous
orbit, and is currently operational. In this paper we
describe POAM III NO2 measurements and their as-
sociated errors, and show comparisons to correlative
data. POAM III NO2 is derived through differential
measurements at 439.6 nm (NO2-on channel) and
442.2 nm (NO2-off channel), between the altitudes of
20 and 40 km. The random error of the NO2 retrievals
is less than 5% between about 21 and 38 km, and
increases to about 6% at 40 km and 8% at 20 km.
The vertical resolution of the retrieved NO2 is about
1.5 km or better between altitudes of 25 and 35 km,
increasing to nearly 3 km at altitudes of 20 and 40
km. We show comparisons between POAM NO2 and
NO2 derived from the satellite-based Halogen Occul-
tation Experiment (HALOE), as well as other airborne
and ground-based instruments. These comparisons
demonstrate that POAM measurements of NO2 are
reasonable in terms of their magnitude, profile struc-
ture, and temporal variations. A statistical analysis of
the POAM-HALOE differences shows that, on average,
these differences are less than 0.2 ppbv below 34 km,
increasing to about 0.7 ppbv by 40 km (POAM higher
than HALOE). This corresponds to a relative differ-
ence at 40 km of about 15%, which is within the range
quoted for previous comparisons between HALOE and
other correlative data. We conclude that the POAM
III NO2 data are valid for scientific use.
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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 O3, ClO, HNO3, N2O, H2O and its isotopes

H18
2
O, HDO and H17

2
O. The aim of this poster is to

present the capabilities of the SMR radiometer for the
study of O3 and ClO in the stratosphere. Some first
results will be presented for the period July to Octo-
ber.

Odin is a Swedish-led satellite project funded jointly
by Sweden (SNSB), Canada (CSA), Finland (Tekes)
and France (CNES).
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In situ measurements of a suite of trace gases with
stratospheric lifetimes from 5 to 120 years at 19-22
km in the Arctic vortex in 2000 suggest that canoni-
cal tracer relationships in the vortex are significantly
different from those in middle latitudes. We demon-
strate that these relationships, which are established as
early as October-November and are diagnostic of the
transport of the air and fate of ozone-depleting com-
pounds, can form without significant entrainment of
midlatitude air into the vortex. Because the timescales
of mixing in the vortex are short compared to life-
times of even the shortest lived trace gases, the pho-
tolysis is not important in forming canonical vortex re-
lationships. What is important is the altitude that air
parcels descend from to form a given parcel in the vor-
tex by mixing with other parcels from other altitudes.
To obtain a distribution of the original altitudes in air
parcels in the vortex we analyze a simple integral model
of the evolution of the midlatitude canonical tracer re-
lationship to the vortex ones. This model shows that
in the mature arctic vortex the air at the 20 km al-
titude consists of about 70% of the air originated at
higher altitudes and 10% from the lower altitudes. This
air mixes quasi-horizontally inside the vortex to form a
canonical vortex relationship. These results also con-
form to existing transport models that indicate that the
entire mesosphere may be flushed and descended into a
winter polar vortex.
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Peroxy Radicals and Ozone
Photochemistry during the Northern
Hemisphere Winter-to-Spring
Transition

Christopher A. Cantrell1 (303-497-1479;

cantrell@ucar.edu)

TOPSE Science Team
1National Center for Atmoshpheric Research, 1850
Table Mesa Drive, Boulder, CO 80303

Peroxy radicals and many other species were mea-
sured during the winter-to-spring seasonal transition of
2000. Species were measured aboard the NCAR/NSF
C130 as flights were performed from February through
May from 40 to 85 degrees north latitude. Numerical
models were used to evaluate the role of various pro-
cesses in the production and loss of peroxy radicals and
the effect on the ozone tendency. The measurements
and the results of this analysis will be presented.
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from the POLARIS, STRAT, and
SOLVE Campaigns
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Irvine, CA 92697-2025, United States

2University of California, Irvine, Dept. of Earth Sys-
tem Science, Irvine, CA 92697-3100, United States

3University of California, Berkeley, Dept. of Chem-
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4University of California, Berkeley, Dept. of Earth
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We report δD and δ13C measurements of strato-
spheric CH4 from 78 air samples collected aboard the
NASA ER-2 aircraft during the SOLVE (2000), PO-
LARIS (1997), and STRAT (1996) campaigns. These
measurements are the first to be reported using contin-
uous flow gas chromatography isotope mass spectrom-
etry, which provides for high precision of measurement
on 63 ml of air. The δD-CH4 data comprise the only
high precision data set of this kind to date. Precision
of measurement is ±1.5o/oo for δD (vs. V-SMOW)

and ±0.07o/oo for δ13C (vs. V-PDB) on samples with
as little as 700 ppb CH4. The samples cover latitudes
ranging from 1◦S to 89◦N and altitudes ranging from
11 to 21 km. Values of δD range from -89.8o/oo for
CH4 near the tropical tropopause to +26.4o/oo for

CH4 in the polar vortex. Similarly, values of δ13C
range from -47.3o/oo to -34.0o/oo. The isotopic en-
richment in CH4 with decreasing mixing ratio is a re-
sult of kinetic isotope effects in CH4 loss processes,

i.e. chemical reaction with OH, Cl, and O(1D), as
the air mass ages. Our measurement data have been
compared to calculated values using the LLNL 2-D
chemical-radiative-transport model of the atmosphere.

We discuss the observed trends in δD and δ13C of CH4
and their implications for stratospheric chemistry.

A42A-0103 1330h POSTER

Modeling δ13C and δD of Stratospheric
Methane: Implications for Kinetic
Isotope Effects and the Isotopic
Composition of Tropospheric Methane
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1Department of Chemistry, University of California,
Berkeley, CA 94720-1460

2Department of Earth and Planetary Science, Univer-
sity of California, Berkeley, CA 94720-4767

3Department of Chemistry, University of California,
Irvine, CA 92697-2025

4Department of Earth System Science, University of
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5Atmospheric Science Division, Lawrence Livermore
National Laboratory, Livermore, CA 94550
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New measurements of δD and δ13C in stratospheric
CH4 from 78 whole air samples collected aboard the
NASA ER-2 aircraft during the STRAT, POLARIS,
and SOLVE field campaigns are compared with model
results from the Lawrence Livermore National Labo-
ratory 2-D model. Although uncertainties in strato-
spheric transport are not small, the effect of these un-
certainties on the isotopic compositions is likely small
compared to the current range of experimental values

for the kinetic isotope effects (KIEs) for the 13C and
D isotopomers of CH4 and their associated experimen-

tal uncertainties. Thus, by comparing the new δ13C
and δD observations from the stratosphere with vari-
ous model scenarios that vary the KIEs for OH, Cl, and

O(1D), the uncertainty in the laboratory KIEs may be
reduced. Furthermore, latitudinal and seasonal trends
in the observations are compared with modeled vari-
ability. In addition, model results predict the influence

of the KIEs of stratospheric sinks on the δ13C and δD
of CH4 in the free troposphere, which is of importance
in inverse models that use isotopic compositions to de-
rive the magnitude and distribution of methane sources
to the atmosphere.
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POAM III retrieval algorithm and error
analysis
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The Polar Ozone and Aerosol Measurement
(POAM) III instrument measures atmospheric opti-
cal depth in nine spectral bands (from 354 to 1018
nm) using the solar occultation technique. From these
fundamental measurements it is possible to retrieve
altitude profiles of O3, NO2, H2O, and O2 (or total)
density, as well as aerosol extinction, in the strato-
sphere and upper troposphere. POAM III was launched
on the SPOT 4 satellite in March of 1998 and is still
in routine operation, making measurements at high
latitudes in both hemispheres. In this paper we sum-
marize the algorithms used to produce the POAM
III version 3 dataset. The first step of the retrieval
process involves the derivation of absolute pointing
information and normalization of the measured radi-
ances to produce atmospheric transmission profiles.
Conversion of the resulting transmission data to geo-
physical profiles is achieved via a two-step process,
beginning with a spectral inversion to partition the
various gas and aerosol components of the measured
slant optical depth, followed by a spatial inversion to
produce altitude profiles of gas density and aerosol
extinction from the path integrated quantities. Both
steps of the retrieval process utilize the technique of
optimal estimation for the numerical inversion. A
formal error analysis of the version 3 retrievals is also
presented, including estimates of the total random
error budget for the retrieved profiles. Results of this
analysis compare well with independent estimates of
retrieval precision obtained by calculating the retrieval
variances in geophysically quiescent time periods.

URL: http://www.cpi.com
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The Odin Atmospheric Mission
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3Finnish Meteorological Institute, Geophysical Re-
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The Odin satellite was launched on 20 Feb 2001 and
has begun its joint Astrophysics and Aeronomy mis-
sion. Odin is a joint project between Sweden, Finland,
France and Canada with various parts of the satellite
and its instruments being built in the various coun-
tries. The aeronomy mission is aimed at understanding
the physical and chemical processed that control the
distribution and temporal behaviour of various trace
gases in the stratosphere and mesosphere, in particu-
lar ozone and water vapour as well as gases control-
ling the destruction of ozone. To this end Odin car-
ries two instruments: a sub-mm radiometer SMR and
an Optical Spectrograph and Infra Red Imaging system
both particularly suited to the measurement of differ-
ent gases. The sub-mm region is perhaps the best re-
gion to measure ClO that is closely related to catalytic
ozone destruction during the polar winters while the
optical spectrograph will allow us to retrieve NO2 as
well a BrO with good precision. Both of these gases
are also intimately related to the control of ozone con-
centrations in the stratosphere. Further because of
the close cooperation with the astronomical community
the SMR measure the strongest sub-mm line of water
vapour making Odin especially suited for measurements
in the upper mesosphere where it will be able to make
single profile measurements to altitudes above 80 km.

Odin is a Swedish-led satellite project funded jointly
by Sweden (SNSB), Canada (CSA), Finland (Tekes)
and France (CNES).
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As part of the Southern African Regional Science
Initiative, SAFARI 2000, an overview of the meteorol-
ogy of southern Africa during the dry season inten-
sive field campaign is presented. Atmospheric condi-
tions during the SAFARI 2000 dry season campaign of
August-September 2000 are examined, classified, and
stratified according to general synoptic types and hor-
izontal and vertical transport characteristics. In addi-
tion to the chronological examination of the evolution
of the synoptic conditions responsible for the observe,
severe southern African aerosol events, similar days are
grouped together and mean characteristics of the ver-
tical structure, horizontal and vertical transports, syn-
optic circulations and the frequency of occurrence are
presented. Of particular interest is the evolution of the
chemically and optically impacted southern African at-
mosphere during the last week of August and the first
10 days of September, 2000. Ground-based, in-situ and
remotely sensed data sets are utilized to characterize
this period. The synoptic conditions during the inten-
sive field campaign are placed into a larger regional
and global climatological context so as to allow for the
extrapolation of the findings of SAFARI 2000 inten-
sive campaigns to time periods outside of the inten-
sive episodes of direct observation. The results of di-
rect comparisons of the synoptic conditions experienced
during SAFARI 2000 to those conditions experienced
during the Southern African Fire-Atmosphere Research
Initiative, SAFARI-92, will also be presented.
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Though the emphasis of the Southern Africa Re-
gional Science Initiative 2000 (SAFARI-2000) dry sea-
son campaign was largely on emission sources and

transport, the assemblage of aircraft (including the
high altitude NASA ER-2 remote sensing platform and
the University of Washington CV-580, UK MRF C-130,
and South African Weather Bureau JRA in situ air-
crafts) provided a unique opportunity for cloud studies.
Therefore, as part of the SAFARI initiative, investiga-
tions were undertaken to assess regional aerosol-cloud
interactions and cloud remote sensing algorithms. In
particular, the latter part of the experiment concen-
trated on marine boundary layer stratocumulus clouds
off the southwest coast of Africa. Associated with
cold water upwelling along the Benguela current, the
Namibian stratocumulus regime has received limited
attention but appears to be unique for several rea-
sons. During the dry season, outflow of continental
fires and industrial pollution over this area can be ex-
treme. From below, upwelling provides a rich nutrient
source for phytoplankton (a source of atmospheric sul-
fur through DMS production as well as from decay pro-
cesses). The impact of these natural and anthropogenic
sources on the microphysical and optical properties of
the stratocumulus is unknown. Continental and Indian
Ocean cloud systems of opportunity were also studied
during the campaign.

Aircraft flights were coordinated with NASA Terra
Satellite overpasses for synergy with the Moderate Res-
olution Imaging Spectroradiometer (MODIS) and other
Terra instruments. An operational MODIS algorithm
for the retrieval of cloud optical and physical proper-
ties (including optical thickness, effective particle ra-
dius, and water path) has been developed. Pixel-level
MODIS retrievals (1 km spatial resolution at nadir) and
gridded statistics of clouds in the SAFARI region will
be presented. In addition, the MODIS Airborne Sim-
ulator flown on the ER-2 provided high spatial resolu-
tion retrievals (50 m at nadir). These retrievals will be
discussed and compared with in situ observations.
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Physical and Chemical Characterization
of Southern African Aerosols and
Trace Gases
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spheric Sciences, Box 351640, Seattle, WA 98195-
1640, United States

In support of the Southern African Fire-Atmosphere
Research Initiative (SAFARI-2000), the University of
Washington carried out thirty-one research flights over
five countries in Southern Africa. These flights pro-
vided in situ measurements of the physical and chem-
ical properties of the aerosol and clouds in the re-
gion, as well as remote sensing measurements of optical
depths, up and down irradiances, and surface reflectiv-
ities. Vertical profiles of various gases and aerosols in
the region will be shown. During the period of the mea-
surements (August-September 2000), biomass burning
was an important source of atmospheric aerosols and
gases. Emission ratios, emission factors, and the char-
acteristics of trace species produced by biomass burn-
ing will be shown. This paper will also serve as an
introduction to several other papers in this session.

URL: http://cargsun2.atmos.washington.edu/sys/
research/safari/
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The atmosphere over southern Africa during the
austral spring (August to October) is characterised by
episodes of intense haze, lasting several days at a time.
Results from the SAFARI 92 field campaign developed


