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ABSTRACT

The spectrometer SCIAMACHY (SCanning Imaging
Absorption spectroMeter for Atmospheric CHartogra-
phY) on-board ENVISAT is measuring solar irradiances
and Earthshine radiances from the UV to the NIR spectral
region in nadir, limb and lunar/solar occultation geome-

try.

Solar occultation measurement are performed during sun-
rise at northern latitudes (49N to 69N, depending on sea-
son). Using an optimal estimation approach with the ra-
diative transfer and retrieval code SCIATRAN 2.1, these
measurements are used to derive vertical profiles of ozone
and NO2. Precise tangent height information is derived
from the scanning over the solar disk. Here we present
an almost complete dataset from August 2002 to Decem-
ber 2006, including validation results with independent
measurements from other satellites.

1. INTRODUCTION

SCIAMACHY (SCanning Imaging Absorption spec-
troMeter for Atmospheric CHartographY) is a passive re-
mote sensing moderate-resolution imaging UV-Vis-NIR
spectrometer on board the European Space Agency’s
(ESA) Environmental Satellite (ENVISAT), launched in
March 2002 from Kourou, French Guiana. The instru-
ment observes the Earth atmosphere in Nadir, limb and
solar/lunar occultation geometries and provide column
and profile information of atmospheric trace gases of
relevance to ozone chemistry, air pollution, and climate
monitoring issues (Bovensmann et al., 1999).

Since 2002 SCTAMACHY has been making observations
of sunrise event in every orbit over the northern hemi-
sphere (49°N — 70° N depending on season, see Fig-
ure 1) using the well-established and proven solar occul-
tation technique, with a total of approximately 14 events
per day. The SCIAMACHY solar occultation measure-
ments are performed in sun scanning mode. Usually
the sun disk is scanned permanently, while spectral mea-
surements are performed every 62.5 msec. Only directly
transmitted light contributes significantly in occultation
geometry. Transmissions are calculated dividing atmo-
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spheric measurements by an appropriate measurement
from above the atmosphere. Due to the sun fixed orbit and
the position of SCTAMACHY on ENVISAT, the instru-
ment is not able to measure the sunset events in the south-
ern hemisphere. However, during local nighttime in the
southern latitudes (30° S-90° S) SCIAMACHY performs
lunar occultation measurements (Amekudzi et al., 2005,
2007). Detailed information on SCIAMACHY solar oc-
cultation measurements are provided in Meyer (2004);
Meyer et al. (2005).

2. TANGENT HEIGHT DETERMINATION

Uncertainties in the viewing direction are a prominent er-
ror source in the retrieval of trace gas profiles from SCIA-
MACHY limb and occultation measurements. In the case
of solar occultation, we use the sun as well known target
in space to derive a very precise knowledge of the view-
ing direction to avoid this source of error.

Figure 2 illustrate the scanning sequence of the usual so-
lar occultation measurements. In the first part, SCIA-
MACHY scans the estimated sunrise region above the
horizon. When the geometric centre of the sun reaches a
tangent height of 17.2 km, the FOV starts to move up with
a pre-calculated elevation rate up to an altitude of about
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Figure 1. Latitudinal distribution of SCIAMACHY solar
occultation events with season.















Figure 7. Geographical distribution of SCTAMACHY so-
lar occultation events. The occultation measurements in-
side the marked area are used for the following plots.

from Europe to Greenland without tangent points, state
47 is executed. Because of the Envisat repeat cycle of 35
days, the tangent points are replicated after a cycle and
do not fill up the occultation latitude band.

In Figure 7 a region over Siberia from 69°E to 90° E
is marked. Exactly one occultation measurement is per-
formed per day in this region. Figure 8 shows time series
of the ozone and NOs, profiles for that region.

The overall variation in the time series of the NO; pro-
files mainly represents the different latitudes at which the
occultation measurements are performed over the year.
From September to March, solar occultation is performed
in higher latitudes and lower NOs concentrations are ob-
served. From April to September, solar occultation mea-
surements are moved to mid latitudes with increased NOo
values.

The overall variation in the ozone time series of course
also reflects the change in latitude over the year. From
May to November, ozone concentrations as expected for
mid-latitudes in summer and autumn are observed. From
December to April, the measurements at higher latitudes
are influenced by the development of the arctic ozone
hole. In 2003 and 2005, higher ozone loss in the arctic
ozone hole season than in the years 2004 and 2006 took
place. This can be clearly seen in the ozone time series.

For winter 2003, Figure 9 gives a detailed insight of the
observed profiles. An ozone time series covering Febru-
ary to April 2004 is given. Two dates are marked: March,
11 and April, 1. For that days GOME WFM-DOAS
(Coldewey-Egbers et al., 2005) total ozone maps for the
northern hemisphere are shown, including marks of the
location of the given solar occultation measurement.

The total ozone map over March, 11 is representative for
the whole March 2003, a monthly mean looks very simi-
lar to the map given here. The arctic ozone hole is moved

toward Siberia and Europe. This is visible in the pro-
file time series with low ozone values until end of March.
Around April, 1 an episode with higher ozone values is
observed in the profiles. The total ozone map shows, that
the weakened ozone hole is then centred over the pole.
Total ozone maps and the observed profiles coincide quite
well.

6. CONCLUSIONS

By using the sun as well-known target in space, the
pointing problems of the SCIAMACHY and the EN-
VISAT platform can be circumvented, which otherwise
is a prominent source of error for SCTAMACHY occulta-
tion and limb retrievals.

SCIAMACHY solar occultation gives ozone profiles of
excellent and NO; profiles of reasonable quality in the
Northern hemisphere as shown by comparison with co-
located measurements of HALOE and SAGEII.

For the first time, an almost complete dataset from SCIA-
MACHY solar occultation has been evaluated. First geo-
physical application have been presented here.
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