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In Short

• Improvement of the retrieval algorithm to obtain
the vertical distributions of NO2 and BrO from mea-
surements of the scattered solar light performed
by the SCIAMACHY instrument.

• Retrieval of the stratospheric NO2 and BrO dis-
tributions with the main focus to obtain the best
possible quality of the respective time series

• Creation of the global data set of NO2 and BrO
over the entire operation time of the SCIAMACHY
instrument (August 2002 - April 2012).

• Investigation of the spatio-temporal behavior and
determination of trends in stratospheric NO2 and
BrO in conjunction with the results of chemical
transport modeling with a particular focus to under-
stand mechanisms of the ozone depletion and/or
production as well stratospheric dynamics.

• The ultimate goal is to improve the general knowl-
edge on tropical stratospheric ozone and under-
stand the relation of the observed ozone decline
to chemical and dynamic processes in the Earth’s
atmosphere.

The importance of stratospheric ozone layer has
been widely discussed by many authors. Playing a
key role in the radiative budget of the Earth’s atmo-
sphere the stratospheric ozone also protects the bio-
sphere from the harmful UV radiation and is closely
related to stratospheric circulation and meteorology.
After the anthropogenic emission of several strong
ozone depleting substances has been ruled out by
Montreal Protocol and its amendments the severe
ozone decline discovered in early eighties of the last
century (widely known as Antarctic ozone hole) be-
gan to slow down and even some indications of the
ozone recovery have been inferred from observa-
tions [8–11]. In the resent time the vertical distribu-
tion of stratospheric ozone trends has been moved
into the focus [3,4,6]. Analyzing the vertically re-
solved time series of ozone in tropics all authors
agree in their conclusions that a strong ozone re-
covery is seen in the middle to lower stratosphere
(below about 30 km) while a significant ozone de-
pletion is observed at altitudes about 35 km. Being
vertically integrated these opposite trends result in a

slightly positive contribution which explains the sig-
natures of a recovery seen in the observations of the
ozone total column.

This project utilizes measurements in limb view-
ing geometry from the Scanning Imaging Absorp-
tion spectroMeter for Atmospheric CHartographY
(SCIAMACHY) [1,2] instrument launched on board
the European Envisat satellite on March 1st, 2002
and operated until the sudden lost of the connec-
tion to Envisat on April 8th, 2012. Figure 1 shows
stratospheric ozone trend as a function of the alti-
tude and latitude as observed by the SCIAMACHY
instrument during the time period from 2004 to 2012.
One clearly sees a strong sharply localized peak at
altitudes 30 - 38 km in the tropical region. In rela-
tion to the expected impact of the Montreal Protocol
and its amendments these negative trends are quite
surprising and a discussion if this phenomenon has
purely dynamic or also chemical reasons is currently
ongoing in the scientific community.

Figure 1: Linear trends in monthly zonal mean stratospheric
ozone as retrieved from SCIAMACHY limb observations (V3.5)

In the framework of the precursor project the qual-
ity of ozone time series retrieved from the measure-
ments of the SCIAMACHY instrument has been sub-
stantially improved. While the complete processing
is not yet finished, results of a preliminary valida-
tion with respect to measurements form Aura MLS
instrument [5] and ozone sondes show that that is-
sues identified in the previous retrieval version have
been successfully fixed. A remaining drift between
SCIAMACHY and MLS results in the altitude range
in question is estimated at about 0.3% per decade
which is far below usual uncertainties for the trends
in the stratospheric ozone (1-2% per decade), see
e.g. [4]. Preliminary data analysis shows that the
trends obtained from both instruments for the com-
mon time period agree within error bars.

The obtained results ensure a high level of con-
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fidence in the derived strength of the stratospheric
ozone trends and pose the next scientific question
on the possible explanations for the observed behav-
ior. Investigations of measurements of O3 and N2O
from HALOE, MLS and ACE-FTS instruments have
recently been done by Nedoluha et al. [7] show-
ing an observed decrease in N2O associated with
an increase in NOy which can cause the observed
depletion of ozone.

In this study we focus at the investigation of ver-
tical distributions of NO2 and BrO retrieved from
SCIAMACHY limb measurements to assess if the
behavior of a further member of NOy family (NO2) is
consistent with the findings of Nedoluha et al. [7] and
if halogen species might have a significant contribu-
tion to the ozone depletion mechanisms in this lati-
tude/altitude region. The time series of both species
will be obtained by running respective retrieval al-
gorithms over the entire data set of SCIAMACHY
measurements and the respective trends will be cal-
culated. An investigation will include the modeling
studies using a Chemical Transport Model (CTM)
to evaluate if the observed behavior of the species
can be reproduced by the model and if the observed
trends in the tropical stratospheric ozone can be ex-
plained by the observed trends in both NO2 and BrO.
A consideration of BrO is believed to be important as
on the one hand it is an ozone depleting species and
on the other hand is reacts with nitrogen species to
form inactive reservoir species. Thus, this additional
knowledge enable us to constrain CTM in a better
way. An additional approach to analyze possible
mechanisms of the ozone destruction is analyzing
(anti-)correlations between the time series of differ-
ent species. Due to a complex interaction between
different chemically active species and dynamic pro-
cesses a supporting modeling study will be essential
for the interpretation of the obtained results.

WWW

http://www.iup.physik.uni-bremen.de

More Information

[1] Bovensmann, H. and Gottwald, M., Eds.,
SCIAMACHY - Exploring the Changing
Earth’s Atmosphere, Springer Netherlands,
doi:10.1007/978-90-481-9896-2, ISBN: 978-
90-481-9895-5 (Print) 978-90-481-9896-2
(Online), 2011.

[2] Burrows, J. P., Hölzle, E., Goede, A. P. H.,
Visser, H., and Fricke, W.: SCIAMACHY -
Scanning Imaging Absorption Spectrometer
for Atmospheric Chartography, Acta Astro-
naut., 35, 445-451, 1995.

[3] E. Eckert, T. von Clarmann, M. Kiefer,
G. P. Stiller, S. Lossow, N. Glatthor, D. A. De-
genstein, L. Froidevaux, S. Godin-Beekmann,
T. Leblanc, S. McDermid, M. Pastel, W.
Steinbrecht, D. P. J. Swart, K. A. Walker,
P. F. Bernath, Atmos. Chem. Phys., 14, 2571-
2589 (2014). doi:10.5194/acp-14-2571-2014

[4] C. Gebhardt, A. Rozanov, R. Hommel, M. We-
ber, H. Bovensmann, J. P. Burrows, D. De-
genstein, L. Froidevaux, A. M. Thompson,
Atmos. Chem. Phys., 14, 831-846 (2014). doi:
10.5194/acp-14-831-2014.

[5] R. F. Jarnot, V. S. Perun, M. J. Schwartz,
IEEE T. Geosci. Remote, 44, 1131-1143
(2006). doi:10.1109/TGRS.2005.863714

[6] E. Kyrölä, M. Laine, V. Sofieva, J. Tammi-
nen, S.-M. Päivärinta, S. Tukiainen, J. Za-
wodny, L. Thomason, Atmos. Chem. Phys.,
13, 10645-10658 (2013). doi:10.5194/acp-13-
10645-2013

[7] Nedoluha, G. E., D. E. Siskind, A. Lam-
bert, and C. Boone, The decrease in mid-
stratospheric tropical ozone since 1991, At-
mos. Chem. Phys., 15, 4215-4224, 2015,
doi:10.5194/acp-15-4215-2015

[8] M. J. Newchurch, E.-S. Yang, D. M. Cunnold,
G. C. Reinsel, J. M. Zawodny, J. M. Russell III,
J. Geophys. Res., 108, 4507 (2003). doi:
10.1029/2003JD003471

[9] E.-S. Yang, D. M. Cunnold, R. J. Salaw-
itch, M. P. McCormick, J. M. Russell III,
J. M. Zawodny, S. Oltmans, M. J. Newchurch,
J. Geophys. Res., 111, D17309 (2006). doi:
doi:10.1029/2005JD006371

[10] World Meteorological Organization, Geneva,
Global Ozone Research and Monitoring
Project Report 50, (2007). www.wmo.
int/pages/prog/arep/gaw/ozone2006/
ozoneasstreport.html

[11] World Meteorological Organization,
Geneva. Global Ozone Research and
Monitoring Project Report 52, (2010)
www.unep.ch/ozone/AssessmentPanels/
SAP/ScientificAssessment2010/
00-SAP-2010-Assement-report.pdf

Funding

European Space Agency, project SQWG; German
Aerospace Agency (DLR) project SADOS; University
and State of Bremen

hbk00057

http://www.iup.physik.uni-bremen.de
http://dx.doi.org/10.5194/acp-14-2571-2014
http://dx.doi.org/10.5194/acp-14-831-2014
http://dx.doi.org/10.1109/TGRS.2005.863714
http://dx.doi.org/10.5194/acp-13-10645-2013
http://dx.doi.org/10.5194/acp-13-10645-2013
http://dx.doi.org/10.1029/2003JD003471
http://dx.doi.org/doi:10.1029/2005JD006371
www.wmo.int/pages/prog/arep/gaw/ozone2006/ozoneasstreport.html
www.wmo.int/pages/prog/arep/gaw/ozone2006/ozoneasstreport.html
www.wmo.int/pages/prog/arep/gaw/ozone2006/ozoneasstreport.html
www.unep.ch/ozone/AssessmentPanels/SAP/ScientificAssessment2010/00-SAP-2010-Assement-report.pdf
www.unep.ch/ozone/AssessmentPanels/SAP/ScientificAssessment2010/00-SAP-2010-Assement-report.pdf
www.unep.ch/ozone/AssessmentPanels/SAP/ScientificAssessment2010/00-SAP-2010-Assement-report.pdf

