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ABSTRACT
In this technical note, we compare the spatio-temporal
distributions and variations of the ozone field in the
UTLS obtained from the limb instruments participating
in the ESA Climate Change Initiative for Ozone
(Ozone_cci): MIPAS, SCIAMACHY and GOMOS on
Envisat, OSIRIS on Odin, and ACE-FTS on SCISAT.
We study seasonal variations and the influence of Asian
Summer Monsoon on UTLS ozone.
The observational distributions by Ozone_cci
instruments are generally in good agreement. This
consistency of the observed patterns allows creating
Level 3 datasets and parameters, which can be useful for
validation of chemistry climate models.
1.

INTRODUCTION

Dynamical, chemical and radiative coupling between
the stratosphere and troposphere are among the
important processes that must be understood for
prediction of global trends, including climate change
[1]. Due to processes that result in variations of the
tropopause height and temperature, and due to intensive
stratosphere-troposphere exchange, ozone in the upper
stratosphere and lower stratosphere (UTLS) is highly
variable. Ozone abundances are dramatically different
in the troposphere and in the stratosphere; therefore
distribution of ozone can be indicative of different
dynamical processes. From another point of view, ozone
itself can affect the thermodynamic structure of the
UTLS, as discussed e.g., in [2±4].
The UTLS region is difficult to explore from space. For
limb-viewing satellite measurements, retrievals in the
UTLS are challenging due to presence of clouds, lower
signal-to-noise ratio and a strong gradient of species
across the tropopause.
In this paper, we discuss the ozone distribution in the
UTLS as observed by the limb profile instruments
participating in the European Space Agency (ESA)
Climate Change Initiative for ozone (Ozone_cci). These
are three instruments on board Envisat, GOMOS

(Global Ozone Monitoring by Occultation of Stars),
MIPAS (Michelson Interferometer for Passive
Atmospheric Sounding) and SCIAMACHY (SCanning
Imaging Spectrometer for Atmospheric Chartography),
as well as OSIRIS (Optical Spectrograph and InfraRed
Imaging System) on Odin and ACE-FTS (Atmospheric
Chemistry Experiment Fourier Transform Spectrometer)
on SCISAT. The analyses are based on the ozone profile
dataset included in the HARMonized dataset of OZone
profiles (HARMOZ) [5]. All datasets have a sufficiently
good resolution of 2±3 km in the UTLS. The
information about processing versions of the datasets is
collected in Table 1; for more information, see [5] and
references therein.
Table 1. Processing versions of the ozone datasets used
in the analyses
GOMOS
MIPAS
SCIAMACHY
OSIRIS
ACE-FTS

2.

IPF V6 and FMI research processor
IMK research processor V5R_O3_220/221
SCIAMACHY-IUP V2.9
SaskMART v5.0x
V3.0

GENERAL CHARACTERIZATION OF
OZONE PROFILES IN THE UTLS

The upper troposphere and the lower stratosphere are
usually rather well covered by Ozone_cci instruments.
This is illustrated in Fig.1, which shows the mean and
the standard deviation of the lowermost altitude of the
ozone profiles for each instrument in 2007-2008. The
lowest altitude usually depends on presence of clouds.
For GOMOS, the lowest altitude depends also on star
magnitude [6]. For bright stars, measurements go below
the tropopause.
Fig. 2 illustrates the overall data consistency and typical
uncertainty estimates. As observed in Fig. 2, the data
from MIPAS, SCIAMACHY, OSIRIS and ACE-FTS
are close to each other in the UTLS. GOMOS V6 data
have a strong positive bias in the UTLS (black line),
which was also reported in [7]. The development of the
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advanced GOMOS processor optimized for the UTLS is
ongoing [7]. The preliminary results show the new
GOMOS ozone profiles are nearly unbiased with
respect to other Ozone_cci instruments in the tropical
UTLS (black dashed line).
The uncertainties of ozone profiles in the UTLS are
estimated to be a few tens of percent, as shown in Fig. 2
(right). Note that the SCIAMACHY uncertainty
estimates are larger than those of other instruments,
because they include also the smoothing error.
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Figure 2. Left: mean ozone profiles from the Ozone_cci
instruments at latitudes 20qS±20qN in 2007±2008.
Right: mean ozone uncertainty estimates for each
instrument.
3.

Figure 1. The mean (solid lines) and the standard
deviation (dashed lines) of the lowermost altitudes for
the five satellite instruments in 2007-2008. Brown
dashed line represents the mean tropopause height.

VALIDATION AGAINST GROUND-BASED
MEASUREMENTS

In the Ozone_cci project, an extensive validation of the
ozone profiles from the limb instruments using
collocated ozonesonde and lidar measurements has been
performed. The details of the validation activity can be
found in the Ozone_cci Product Validation and
Intercomparison Report (PVIR, www.esa-ozonecci.org/?q=webfm_send/148) and in [8]. For the
analyses, satellite and ozonesonde data separated less
than 500 km in space and less than 12 h in time have
been selected. Ozonesonde data have been smoothed
down to the vertical resolution of the satellite data.

Figure 3. Median relative difference of satellite minus ground-based ozone profiles as a function of latitude. Solid black
lines indicates the mean lapse-rate-tropopause pressure (thick lines) and its 1 V-variations (thin lines), which are
computed using sonde temperature profile.

The results of the comparison of the HARMOZ dataset
with ozonesondes from NDACC, WOUDC and
SHADOZ networks are summarized in Fig. 3. Usually,
biases of the Ozone_cci instruments with respect to
ozonesondes are within ±20%, with some instrumentspecific features.
Large positive bias of GOMOS V6 profiles is clearly
observed in Fig. 3. As discussed above, such a bias is
not present in the advanced GOMOS retrievals [7].
Due to the low spatial sampling of the solar occultation
instrument ACE-FTS, not all latitudes are covered with
collocated ozonesonde data.
4.

GEOPHYSICAL PHENOMENA AS SEEN BY
OZONE_CCI INSTRUMENTS

In this section, we show how geophysical phenomena in
the UTLS are represented by the Ozone_cci data.
4.1. Influence of Asian Summer Monsoon
The Asian Summer Monsoon (ASM) contains a strong
anti-cyclonic vortex in the UTLS, spanning from Asia
to the Middle East. The ASM has been recognized as a
significant transport pathway for water vapor and
pollutants to the stratosphere (e.g., [9,10]).
Still open questions related to the ASM influence
include the structure of chemical composition and
aerosols in the UTLS, water vapor budget and aerosol

cirrus cloud interaction, troposphere-stratosphere
exchange, representation of the transport pathway in the
chemistry-climate models, and long-term trends.
Fig.4 shows ozone distributions at 100 hPa in JuneAugust from OSIRIS, ACE-FTS, MIPAS, and
SCIAMACHY measurements. To obtain these maps, all
available data have been used. The low ozone values in
Asia associated with the strong upward motion of
tropospheric air are clearly seen in these distributions,
and peculiar features of ozone associated with the ASM
are very similar in all datasets displayed.
Climate chemistry models capture the associated impact
on ozone to some degree [10]. It should be noted that
the UTLS region is challenging not only for satellite
observations, but also for chemistry-transport models.
Nowadays, there is a general tendency to extend the
upper altitude limit in the models. Fig. 5 compares the
ozone distributions at 100 hPa from MIPAS
measurement with those simulated using the SILAM v.
5.5 chemistry-transport model [11]. SILAM is known as
an air quality model, but now this model includes also
the stratospheric chemistry and its upper altitudes
extend up to the stratopause. As seen in Fig. 5, SILAM
reproduces rather well the MIPAS distributions. As
observed in both MIPAS and SILAM data, ozone in the
ASM region is highly variable, even within one season.
Intra-seasonal and inter-annual variations will be subject
of future analyses.

Figure 4. Mean ozone mixing ratio (ppb) at 100 hPa in the summer season (June-August), as inferred from all available
measurements of the Ozone_cci limb instruments. Ellipses indicate low ozone values associated with the Asian Summer
Monsoon.
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Figure 5. Ozone mixing ratio (ppb) in June (1st column), July (2nd column) and August 2010 (3rd column) from MIPAS
measurements (top) and SILAM v.5.5 simulations (bottom).
planetary wave forcing at high latitudes in winter-spring
[13]. However, recent analyses indicate the important
4.2. Seasonal cycle in the tropical UTLS
role of extra-tropical waves dissipating in subtropics
A pronounced annual cycle is observed in the tropics
and planetary waves generated within the tropics [4,14].
with approximately factor-of-two variations in the
The tropical upwelling influences the vertical transport
strength of upwelling and temperature variations of up
of trace constituents; this is especially important for
to 8 K, with faster upwelling and colder temperatures
ozone having a strong gradient across the tropical
during boreal winter (Fig. 6, top). The annual cycle is
tropopause layer. The ozone annual cycle in the tropical
observed exclusively above ~15 km, which is roughly
UTLS is illustrated in Fig. 6 (bottom), which shows the
the bottom of the tropical tropopause layer [4,12].
zonally averaged ozone profiles from OSIRIS. A clear
annual cycle is observed, with peculiar features, which
ECMWF temperature (K)
20S-20N
are perfectly correlated with those of temperature. The
ozone variations can be very useful for studying
dynamical processes in the UTLS in connection with
climate change [15].
The representation of the annual ozone cycle at 100 hPa
is a standard test in climate model intercomparison [16].
Reproducing the tropical ozone annual cycle requires
OSIRIS ozone partial pressure (nbar)
20S-20N
realistic model representation of dynamics and
chemistry in both the troposphere and the stratosphere.
As shown in [16] (the results of the comparison are
reproduced in Fig.7, top), there is a large spread in the
climate model simulations.
Fig. 7 (center) shows the tropical ozone seasonal cycle
in the UTLS from the measurements by Ozone_cci
Figure 6. Time series of ECMWF temperature profiles
instruments. The seasonal cycle has been derived using
(top) at 20°S±20°N and ozone partial pressure from
all available data for OSIRIS, ACE-FTS, MIPAS and
OSIRIS (bottom). Gray line in the top panel indicates
SCIAMACHY. For GOMOS, only the new retrieval
the mean tropopause pressure.
data from year 2008 are shown.
Originally, the tropical cycle was explained as a
response to the annual cycle of the stratospheric

4.3. Seasonal cycle in the extra-tropical UTLS
Gettelman et al., 2010

The seasonal cycle of ozone at 100 hPa in the extratropics is mainly driven by the Brewer-Dobson
circulation, with maxima observed in spring (e.g., [19]).
Fig. 8 shows the seasonal cycle at 40qN±60qN simulated
by various climate-chemistry models (top) and observed
by Ozone_cci instruments (bottom). Climate models
usually reproduce the extra-tropical annual cycle
reasonably well, with some variations among the
models. The observations of extra-tropical seasonal
cycle by Ozone_cci instruments at 100 hPa agree
perfectly with each other and with the ML climatology
(Fig. 8, bottom).
For the seasonal cycle in the Southern Hemisphere, a
similar behavior is observed (Fig. 9).

Figure 7. Top: from [16]: Annual cycle of tropical
(20°S±20°N) 100 hPa ozone mixing ratio from various
models and ozonesonde observations (NIWA dataset)
for the period 1980±2005. Gray shaded region indicates
3V-variability from NIWA observations (dashed brown
line). For details of the models, see [16]. The
multimodel mean (MMM) is the thick black line. Center:
ozone mixing ratio at 100 hPa from Ozone_cci
instruments and ML ozone climatology [17] (dashed
purple line). Bottom: amplitude of annual cycle at 100
hPa for Ozone_cci instruments and ML climatology.
There are some biases between the Ozone_cci
instruments (Fig.7, center), but they are much smaller
than the spread of the climate models (Fig. 7, top). In
Fig. 7 (center), the annual cycle from the
McPeters&Labow ozone climatology (ML, [17]) is also
shown. In this altitude region, the ML climatology is
based on ozonesonde data. The annual cycle curves by
ACE-FTS and GOMOS data have more fluctuations, as
they are based on smaller samples. The amplitude of the
annual cycle (i.e., monthly mean data divided by the
annual mean) looks similar in most of the Ozone_cci
datasets. The amplitude of the annual cycle is smaller in
SCIAMACHY data than in other observations. This is
probably due to contamination with a priori information,
which will be reduced in the next processing version
[18]. Small differences in the phase of the annual cycle
are, most probably, due to sampling patterns of different
instruments.

Hegglin et al., 2010

Figure 8. Top: from [19]: Annual cycle of 100 hPa
ozone mixing ratio at 40qN±60qN from various for the
period 1980±2005 (color lines). The multimodel mean is
the thick black line. For details of the models, see [19].
Brown solid line is MIPAS measurements in 2005±2008
and the gray shaded region is the 1V-variability of
MIPAS observations. Bottom: ozone mixing ratio at 100
hPa from Ozone_cci instruments and ML ozone
climatology (dashed purple line).

Hegglin et al., 2010

using Ozone_cci limb profiles and creating climate data
records.
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Figure 9. As Fig.8, but for latitudes 40qS±60qS.
5.
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SUMMARY AND DISCUSSION

Extensive validation and intercomparison of ozone limb
profiles by the Ozone_cci instruments has shown that
the data in the UTLS are, in general, of good quality.
Further data improvements are foreseen in upcoming
processing versions.
The patterns of geophysical phenomena and variations
observed by different instruments are in very good
agreement thus providing useful information for testing
chemistry-transport models.
The ozone profile data by Ozone_cci instruments have
been already used in UTLS related research. In
particular, the ozone data have been used to study the
influence of Indian Summer Monsoon [10], composition
during the southern hemispheric biomass burning
season in 2003 [20], jet characterization in the UTLS
[21], low ozone events in the tropical upper troposphere
[22] and the influence of Madden-Julian oscillation on
ozone minimum over Tibetan plateau [23]. The ozone
profiles from Ozone_cci limb sensors have participated
in the intercomparison of UTLS climatologies in the
framework of the SPARC Data Initiative [24]. Recently,
important analyses on ozone variability and trends in the
tropical lower stratosphere have been performed
[15,25].
In the framework of Ozone_cci project, dedicated UTLS
datasets will be created (both Level 2 and Level 3). The
special focus will be on continuations of trend analyses
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