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ABSTRACT

The degradation of the SCIAMACHY (SCanning Imag-
ing Absorption spectroMeter for Atmospheric CHartog-
raphY) spectrometer on-board ENVISAT has been mon-
itored based on measurements involving the internal
White Light Source (WLS) and observations of the un-
obscured Sun above the atmosphere. In this paper, new
results from the analysis of now fully calibrated moni-
toring data are shown. A new concept has been devel-
oped by which these results can be used for a degradation
correction of operational data products. The new results
agree with previous findings based on only partly cali-
brated Level 0 data and confirm that SCIAMACHY is
well prepared for an extended ENVISAT mission up to at
least 2010.

1. INTRODUCTION

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. From these measurements the amount and distribu-
tion of various atmospheric constituents are derived (see
e.g. [1, 2] for details).

To assure the quality of these data products at any time
during the whole mission a detailed knowledge of the in-
strument status and behaviour is mandatory. To achieve
this a comprehensive monitoring concept has been devel-
oped and implemented, involving various dedicated cal-
ibration and monitoring measurements; see e.g. [3, 4, 5]
for details and previous results. Actual monitoring results
are available via http://atmos.caf.dlr.de/projects/scops/
and are also contained in the ESA bi-monthly SCIA-
MACHY reports.

The monitoring – and potential correction – of instrumen-
tal performance degradation becomes especially impor-
tant in view of an extended mission duration until at least
2010.

In this paper we present recent results of the SCIA-
MACHY performance monitoring. In contrast to pre-
vious publications [4, 5], which mainly reported results
from light path monitoring based on partially calibrated

Level 0 data, the present paper shows for the first time re-
sults from the analysis of fully calibrated Level 1b data. It
is foreseen to use these results as input for a degradation
correction of operational data products in the near future.

2. DEGRADATION MONITORING RESULTS

Monitoring of the optical degradation of SCIAMACHY
is performed by the analysis of various calibration mea-
surements.

These measurements either involve the internal lamps
(especially the White Light Source (WLS)) or they are
performed when looking at the Sun above the atmo-
sphere. The latter is possible either in limb/occultation
geometry (involving the azimuth and the elevation mirror
or diffuser) or via the so-called subsolar port. The subso-
lar port is an opening at the side of the instrument through
which the Sun can be observed once per orbit using only
the elevation mirror.

The general idea for long-term performance monitoring
is to repeat measurements for a certain light path using a
known light source at different times. The ratio of a mea-
surement at one time to the same measurement at a refer-
ence time then gives the end-to-end performance change
for the specific light path over the time between the two
measurements.

For SCIAMACHY the following light paths are currently
monitored:

• Nadir light path:
Monitoring is possible via WLS and subsolar mea-
surements.

• Limb light path:
Monitoring uses measurements of the unobscured
Sun above the atmosphere in limb/occultation ge-
ometry.

• Calibration light path:
Monitoring of solar reference spectra obtained from
measurements involving the azimuth mirror and the
elevation diffuser.

The plots displayed in Figs. 1 to 3 show monitoring re-
sults which are based on the analysis of fully calibrated
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Figure 1. Degradation monitoring results for the nadir light path (based on combination of subsolar and WLS data).



Figure 2. Degradation monitoring results for the limb light path.



Figure 3. Degradation monitoring results for the calibration light path.



Level 1 spectra. The calibration of the monitoring spec-
tra has been performed using a specially developed soft-
ware tool based on the NADC library provided by SRON
[6] in combination with auxilliary data files for dark sig-
nal correction and wavelength calibration from the oper-
ational data processing. The straylight correction is taken
from operational Level 1b V5 and V6 data products. Note
that for the data presented here the etalon correction has
been switched off and no detector temperature/quantum
efficiency correction has been performed. The results of
this new tool have been compared with operational data,
showing a very good agreement beyond the 10−3 level.
As reference date for the monitoring 2 August 2002 has
been selected. Measurements performed during times of
reduced instrument performance (e.g. switch-offs or de-
contamination periods) have been omitted (grey bars in
Figs. 1 to 3). For the nadir light path the available WLS
and subsolar data have been combined by using WLS
data until 27 February 2003, then subsolar data obtained
in fast-sweep scan mode. Since 6 October 2006 subsolar
data measured while pointing at the Sun have been taken.
From data like these degradation correction factors for the
operational processing (the so-called ‘m-factors’) will be
derived.

The originally foreseen concept for the calculation and
provision of m-factors turned out to be practically not
feasible, especially because it required a two-times re-
processing of Level 1b data. Therefore a new concept
for the operational degradation correction has been de-
veloped recently (see Fig. 4). This concept follows a
two-step approach:

In the short term solution a reduced set of m-factors,
namely excluding a degradation correction for the Polari-
sation Measurement Devices (PMDs), will be provided to
the users via an external data base which can be read by
the application software. This approach allows for a flex-
ible application of m-factors also to older Level 1 data,
but is not fully consistent with the operational data pro-
cessing.

The long term solution will result in a fully consistent
degradation correction already included in the opera-
tional Level 1 products. This approach is less flexible (as
the m-factors can not be switched off by the users) and
will only be available for future data product versions.

Previous Level 1 based investigations (see e.g. [4,
5]) already showed that the SCIAMACHY instrument
throughput remained quite stable over time. One excep-
tion was an icing problem in the IR which was handled
by several decontamination procedures. The observed
degradation in the UV was less than expected from the
predecessor instrument GOME (Global Ozone Monitor-
ing Experiment, see [7]), but especially in channel 2 there
is a strong wavelength dependency.

The new Level 1 based monitoring results presented in
Figs. 1 to 3 are in good agreement with these Level 0
monitoring results. Deviations are only seen at spectral
regions where the differences in the calibration play a
larger role, i.e. in the IR channels and close to the channel
edges. The new results are considered to be an improve-
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Figure 4. The new m-factor concept

ment here, because they are more consistent with opera-
tional processing. This is indicated by the fact, that some
remaining seasonal variations (especially for the calibra-
tion light path) which where present in the Level 0 results
are less pronounced in the new data. The degradation
of the instrument is usually a quite smooth function of
time. However, the monitoring data for the calibration
light path show a jump in channels 1 and 4 for a short
time at the end of 2005 (see Fig. 3). The origin of these
features is under investigation.

Currently, work on the short-term solution for m-factors
is ongoing. Several open issues regarding the details of
the m-factor calculations need to be resolved before the
m-factors can become operational, especially:

• Agreement on a reference date for m-factors.

• Check influence of etalon correction.

• Investigate necessity of quantum efficiency correc-
tion.

• Handling of solar variability, especially the Fraun-



hofer lines.

• Investigate necessity of temporal and spectral
smoothing.

Beside this, several issues regarding the operational im-
plementation need to be discussed. Most important, be-
fore m-factors will become operational an extensive ver-
ification has to be performed and the impact of the m-
factors on higher level data products (both operational
and scientific) needs to be assessed.

3. CONCLUSIONS

The long-term monitoring results show that even after
reaching its nominal life time of five years the SCIA-
MACHY instrument is still is good shape.

In the UV, an increasing degradation is visible which
depends on wavelength, especially close to the channel
edges and in channel 2. Channels 3 to 6 remain very
stable, although there is an onset of degradation at the
lower wavelength edge of channel 3. Channels 7 and
8, which are generally affected by icing of the detectors,
have reached a rather stable transmission since Summer
2005.

Since the throughput loss in the UV has now almost
reached 50% at the lowest wavelengths for the limb and
nadir light paths, a degradation correction is required to
assure the quality of the SCIAMACHY data products also
over the extended mission. An application of degradation
correction factors (‘m-factors’) is already foreseen in the
operational concept. After development of a new con-
cept a degradation correction of operational Level 1 data
products is close at hand. On short term, this correction
will also be possible for existing data products. Currently,
several open issues - like spectral and temporal interpola-
tion and smoothing - need to be clarified. Especially, the
impact of the m-factors on Level 2 data has to be checked.
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