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ABSTRACT

Scanning Imaging Absorption Spectrometer for Atmo-
spheric Chartography (SCIAMACHY) performs lunar
occultation measurements over the high southern latitude
(50o S–90o S). Using the global spectra fitting method by
the differential optical depth approach and the optimal
estimation method, vertical profiles of nighttime NOx

(NO2 and NO3) are retrieved. The quality of the re-
trieved NOx products are verified by comparing SCIA-
MACHY nighttime NO2 result with other satellite in-
struments (HALOE and SAGE II) and NO3 results with
a simple chemical model outputs. Very promising re-
sults are obtained. The relative mean differences (rmd)
of SCIAMACHY-HALOE comparisons are within -16 %
to +3 % and the standard deviations (rms) within 4–16 %
between 25–38 km. The rmd and rms for SCIAMACHY-
SAGE II comparisons are within -9 % to +7 % and 10–
17 % between 22–39 km. The retrieved NO3 are in very
good agreement with the model calculations between 16
to 38 km within accuracy of 25 %.
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1. INTRODUCTION

O3 , NO2 , and NO3 are key molecules involve in night-
time stratospheric chemistry. The major nighttime reac-
tions involving these molecules are:

NO2 + O3 −→ NO3 + O2 (1)

NO3 + NO2 + M −→ N2O5 + M (2)

N2O5 + M −→ NO3 + NO2 + M. (3)

Observations of stratospheric nighttime NOX (NO2 and
NO3 ) employing lunar occultation method began in the
late 1970s with ground based instruments (Noxon et al.,
1978). Similar measurements were performed in the
1980 and 1990s (Platt et al., 1980; Sander et al., 1987;

Solomon et al., 1993). The lunar occultation measure-
ment technique is used for the first time to measure
trace gases abundance by satellite instruments; the Scan-
ning Imaging Absorption SCIAMACHY on ENVISAT
(launched in March 2002) (Bovensmann et al., 1999)
and the Stratospheric Aerosol and Gas Experiment III
(SAGE III) on Meteor-3M (lunched in December 2001)
(McCormick et al., 2002).

SCIAMACHY instrument performs lunar occultation
measurements in the southern hemisphere between 30o–
90o during local nighttime in moon pointing mode, when
the phase of the moon is about 0.6 and end shortly af-
ter full moon. The measurements duration is about 6–8
days per month and 4–8 months in the year, yielding at
least 300 vertical profiles per year of nighttime strato-
spheric trace gases (O3 , NO2 and NO3 ). The integra-
tion time for the lunar occultation measurements is 1.0 s
and the vertical resolution is approximately 2.5 km. The
horizontal resolution is 30 km across track and extending
approximately 400 km along track. Detailed information
on SCIAMACHY lunar occultation measurements is pro-
vided in Amekudzi (2005); Amekudzi et al. (2005b).

The aim of this paper is to present the recent retrieval
results of SCIAMACHY lunar occultation NO2 and NO3

vertical profiles. We provide information on the improved
SCIAMACHY lunar occultation NO2 and NO3 data anal-
ysis scheme in Section 2. The NO2 retrieval and compar-
isons with HALOE and SAGE II results are presented in
Section 3. The retrieval and comparisons with model re-
sults of NO3 are presented in Section 4 and important
findings are summarized in Section 5.

2. DATA ANALYSIS PROCEDURE

The SCIAMACHY lunar occultation version 2.1 NOx

products reported in Amekudzi et al. (2005a,b) and
Amekudzi (2005) were retrieved from the level-0 (un-
calibrated) data using GOMETRAN occultation retrieval
code. The current NOx (i.e. version 2.2) products are re-
trieved from level-1b version 5.04 using the SCIATRAN
version 2.1 code (Rozanov et al., 2005). The major differ-
ences between the two codes are described in Amekudzi
et al. (2007).
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Figure 9. Example of NO3 vertical profiles inter-comparison results for March 12, 13, 14, and April 12, 2003 at SZA of
105◦, 109◦, 111◦, and 115◦ respectively. SCIAMACHY version 2.1 in green, version 2.2 in red and simple model results
in blue. The red and green error bars are the maximum retrieval errors of 25 % and 35 % of the versions 2.2 and 2.1
results respectively.

2.1 and 2.2 are likely due to different temperature infor-
mation used.

Further validation with other instruments and a com-
prehensive 1-D photochemistry model, will confirm the
quality of the SCIAMACHY version 2.2 nighttime NOx

products. A comparison with SAGE III lunar occultation
products is planned for the future. Complete processing
and extensive validation of SCIAMACHY lunar occul-
tation data set will provide a long term useful nighttime
NOx data base for scientific analysis and validation of
other instruments.
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