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ABSTRACT

The Scanning Imaging Absorption Spectrometer for Atmospheric Chartography (SCIAMACHY) is a contribution
to the ENVISAT satellite, which has been launched successfully in March 2002. SCIAMACHY determines the
amount and distributions of a large number of atmospheric constituents by measuring Earthshine radiance and solar
irradiance spectra simultaneously from the UV to the NIR in various viewing geometries. The scientific goals of the
SCIAMACHY mission can only be reached by an instrument having a high spectral and radiometric accuracy and
stability. For example, to determine global NO2 concentrations SCIAMACHY measurements need to be sensitive
to differential spectral structures down to the order of 10

� 4. These requirements can only be met by an appropriate
instrument design in combination with both on-ground and in-flight calibration and monitoring. This paper gives
an overview on the SCIAMACHY calibration and monitoring concept and activities which are essential to ensure the
high quality of SCIAMACHY data products throughout the instrument lifetime. Furthermore, first in-flight monitoring
results are presented.

INTRODUCTION

The SCIAMACHY (Scanning Imaging Absorption Spectrometer for Atmospheric Chartography) instrument is
a space-based spectrometer. Proposed in 1988 by the SCIAMACHY Science Team (Burrows et al., 1988), SCIA-
MACHY is part of the atmospheric chemistry payload of ESA’s environmental satellite ENVISAT, which was suc-
cessfully launched in March 2002. The SCIAMACHY project is funded by Germany, The Netherlands, and Belgium.
A smaller version of SCIAMACHY, the Global Ozone Monitoring Experiment (GOME), is already operating suc-
cessfully aboard the ERS-2 satellite since 1995 (see e.g. Burrows et al., 1999).

SCIAMACHY measures both the extraterrestrial irradiance and the earthshine radiance, i.e. sunlight which is
transmitted, reflected or scattered by the Earth’s atmosphere or surface. Measurements are performed in nadir, limb
and both solar and lunar observational geometry over a large spectral range between about 214 nm and 2380 nm.
By the inversion of the ratio between the upwelling radiance and the extraterrestrial irradiance the amounts and
distribution of numerous atmospheric constituents can be derived (O3, NO2, H2O, CO2, CH4, N2O, BrO, CO, O2,
O2(1∆g), NO, SO2, H2CO, OClO, and possibly ClO).

The general goals of the SCIAMACHY mission are to improve our global knowledge and understanding of
the chemistry and physics of the Earth’s atmosphere (troposphere, stratosphere and mesosphere) and to determine
potential changes resulting from either human activities or natural phenomena. This includes the investigation of the
behavior of the ‘ozone hole’ and mid-latitude ozone at a time when the halogen loading of the stratosphere is expected
to reach its maximum. As SCIAMACHY has the capability to determine the concentration of a large number of
tropospheric constituents on global scale, special focus is placed on tropospheric pollution from industrial activity or
biomass burning and the exchange between troposphere and stratosphere. Special events like volcanic eruptions, solar
proton events, and related regional and global phenomena will of course also be of main interest.

These scientific goals can only be reached by an instrument having a high spectral and radiometric accuracy
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and stability. This is especially important for all applications which try to distinguish between tropospheric and
stratospheric contributions in the signal. One example is the determination of global NO2 concentrations, which is
sensitive to differential spectral structures down to the order of 10

� 4.
The present paper focuses on the SCIAMACHY calibration and monitoring concept and activities which are

essential to ensure the high quality of SCIAMACHY data products throughout the instrument lifetime and presents
some first results of in-flight monitoring. More details on the characteristics of the SCIAMACHY instrument and the
data products can be found in e.g. Bovensmann et al. (1999) or Noël et al. (2001).

SCIAMACHY INSTRUMENT CALIBRATION AND MONITORING

There are several prerequisites for a high data product quality. First of all, the instrument needs to be fully
functional, which has to be verified by both on-ground and in-flight tests. Moreover, a complete on-ground character-
ization/calibration of the instrument under representative conditions (i.e. thermal vacuum) is required. This has been
performed for SCIAMACHY; however, due to size limitations of the vacuum chamber the scan angle dependence
has been determined by ambient calibration measurements of the scanner modules. In addition, scientific reference
measurements have been performed with the SCIAMACHY instrument on-ground in order to obtain appropriate
absorption cross sections for the retrieval algorithms.

All the measures described above are required to guarantee the function and performance of the instrument at
begin of life. However, as optical components usually degrade a high data product quality over the complete mission
can only be achieved by continuous in-flight monitoring of changes in the instrument performance using appropriate
in-flight calibration measurements. To benefit from these calibration and monitoring activities, the results need to be
taken into account by the operational data processing. Therefore, calibration and long-term monitoring are essential
to ensure not only the health and safety of the instrument but also to provide up-to-date information of the instrument
status in order to maintain a high data product quality.

Timescales for SCIAMACHY Monitoring Activities
There are several timescales for SCIAMACHY monitoring activities: Realtime, near-realtime, and long-term

monitoring.
Realtime monitoring is performed on-board by autonomous internal monitoring of pre-defined housekeeping

parameters. In case of non-nominal events the instrument triggers a corrective action (CA). The type of CA defines
whether SCIAMACHY is transferred to a safe mode or whether measurements continue and only an entry in the
history area is generated.

Near-realtime monitoring is a part of on-ground operation control. SCIAMACHY is monitored at the Flight
Operation Control Centre (FOCC). Instrumental non-nominal events initiate procedure driven activities aimed to
understand and to correct the anomaly in order to return to nominal operations as soon as possible.

Long-term monitoring is also a ground based activity. This type of monitoring is an offline task. It occurs at
FOCC for Life Limited Items (LLI) tracking, small aperture mechanism (APSM) health check and the monitoring
of the radiant cooler performance. Other longterm monitoring tasks are located at the SCIAMACHY Operations
Support Team (SOST), which performs trend analyses of housekeeping (HK) telemetry and measurement parameters,
monitoring of optical component degradation, and especially generates correction factors for operational processing,
the so-called ‘m-factors’. The m-factor concept is explained in more detail below.

The operational longterm monitoring is embedded in the ground segments as depicted in Figure 1.

The M-Factor Concept
The SCIAMACHY calibration and monitoring concept utilizes the Stokes formalism to describe the propagation

of polarized light through the instrument (see Frerick et al., 1997; Wuttke and Gottwald, 2002, for details). Each light
path through the instrument can be described as a product of Mueller matrices of the individual optical components
involved. The degradation of a component is then defined as a scalar factor, a so-called aging coefficient, on the
corresponding Mueller matrix. Note that this assumes a polarization independent degradation of the optical elements.
It is a task of the long-term monitoring to assess the validity of this assumption. An m-factor for a particular light path
can then be described as the product of the corresponding inverse aging coefficients.

In practice, the m-factors are determined from regular calibration measurements using a reference light source,
i.e. the unobscured sun or the moon. The sun is preferred, as for SCIAMACHY the moon is only visible for about
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Fig. 1. SCIAMACHY operational long-term monitoring interfaces (PDS = Payload Data Segment; FOS = Flight
Operations Segment; IECF = Instrument Engineering and Calibration Facility).

one week per month, and intensities vary with lunar phase. Furthermore, the sun is a bright and stable source, and
sunlight can be considered to be unpolarized.

For this purpose regular calibration measurements are performed on a daily, weekly and monthly grid. Sun and
moon are observed at tangent altitudes higher than 100 km where the influence of the atmosphere can be neglected.
The m-factors are then derived from the ratio between a measured solar (or lunar) spectrum at a time t to a reference
spectrum obtained in the same way at t � 0, i.e. at begin of life.

As noted before, m-factors are fed directly into the operational data processing to compensate for degradation.
Therefore it is of crucial importance, that the calculation of m-factors is in line with other corrections performed during
the radiometric calibration of the data products. To assure this compliancy the m-factor determination essentially uses
the same software routines as the operational data processing.

To account for degradation in all viewing geometries of SCIAMACHY seven m-factors are required, one for
each of the following light paths (see also Figure 2): The first m-factor is derived for the so-called calibration light
path, where (sun-)light is directed via the azimuth mirror and the elevation diffuser to the eight science detectors.
This is in fact the standard way to obtain a solar reference spectrum. There are three m-factors for the limb light
path (via azimuth and elevation mirror), namely to the science detectors, to the parallel polarization detectors PMD
(Polarization Measurement Device) 1–6, and to the 45

�

polarization detector PMD 7. Similarly, the three nadir m-
factors correspond to the nadir light path via the elevation mirror to the science detectors, to PMDs 1–6, and to PMD 7.
The m-factors for the 45

�

polarization detector can only be derived from lunar measurements; due to a design feature
the light path to PMD 7 is blocked by the small aperture during solar observations. Note that for the determination
of nadir m-factors the sun is observed in zenith via a dedicated port at the backside of the instrument (the so-called
subsolar port).

It shall be mentioned here that the described m-factor concept relies on some assumptions and thus also has
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Fig. 2. Schematic view of the SCIAMACHY optical configuration.

some limitations. One limitation is, that m-factors only provide the possibility to monitor relative changes. The
quality of the degradation correction thus relies on the quality of the reference spectra used. As (unobscured) solar
measurements may not be obtained from the ground, the reference spectra have to be taken in-flight. This implies the
assumption, that the instrument has not changed between the on-ground calibration and time of the in-flight reference
measurements. Moreover, since there is no calibrated polarized light source available in-flight it has to be assumed that
the polarization characteristics of the instrument as determined during on-ground calibration do not change; otherwise
polarization sensitive m-factors would be required. There is in fact no easy way to verify these assumptions; however
there is the possibility to perform some consistency checks (e.g. to analyze situations where the polarization of the
incoming light can be modeled, like for limb measurements at higher tangent altitudes where Rayleigh scattering
dominates).

A more general limitation arises from the fact that m-factors are computed offline and rely among others on the
availability of lunar measurements. This limits the timescale on which degradation can be monitored (and corrected)
by m-factors to about one month. Nevertheless, there is in principle the possibility to correct for faster degradation by
a re-processing of data at a later time, e.g. by using interpolated m-factors.

FIRST MONITORING RESULTS

M-factors may only be computed from fully calibrated spectra. At the present time (October 2002) these data are
not available as the verification of the SCIAMACHY data processor is not yet completed. This problem will hopefully
be solved by the end of 2002.

Therefore it is not possible to present actual m-factors in this section. Instead, some first results derived from
the analysis of measurements with the internal white light source (WLS) shall be given here. Although not designed
for this purpose, the WLS has proven to produce a radiometrically quite stable output so far through the mission.
Therefore WLS measurements provide an easy way to detect deviations in the instrument radiometric performance.
This shall be illustrated by three effects which have been detected from WLS data.
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Fig. 3. Ratio between WLS spectra measured on-ground and in-flight (solid line). The dashed line shows the ratio
between a calculated Planck curve with the on-ground WLS temperature and a Planck curve with a 90 K higher
temperature. The variation of the ratio at the channel edges is due to signals close to zero.

Enhanced WLS output
The first in-orbit WLS measurements showed an up to 80% higher signal than on ground. The other calibration

lamp, the spectral line source (SLS), did not show this behavior. Further analysis of the data revealed that the enhanced
WLS output can be explained by an about 90 K higher lamp temperature (see Figure 3). This higher temperature
is probably caused by lower convection inside the lamp under micro-gravity conditions. Fortunately it could be
confirmed that the higher output has no impact on the predicted lifetime of the lamp as this effect is known by the
manufacturer and has been considered in the LLI budget.

Degradation in the UV
Figure 4 shows a ratio between two WLS spectra measured about six weeks apart. Each science channel com-

prises 1024 pixel. The channel boundaries, where the signal is low and therefore the variation in the ratio is high, can
be clearly identified. Whereas the WLS ratio is close to one for channels 3 to 6, the UV channels 1 and 2 show a
substantial loss of signal up to 5%. The reason for this signal loss is currently under investigation. One suspect is that
the transmission loss is caused by degradation of the involved elevation mirror. Such a degradation has been observed

Fig. 4. Ratio between dark current corrected WLS spec-
tra measured in orbit 2401 (13 August 2002) and orbit
1684 (26 June 2002) for channels 1 to 6.

Fig. 5. Average transmission in the IR channel 7 as a
function of time.



Pr
ep

rin
t

6

in GOME (Aben et al., 2000). In any case this shows that SCIAMACHY is already changing its characteristics. This
has to be considered when defining the reference spectra for the m-factors.

Throughput Loss in the IR
After the cool down of the detectors (Orbit 690, 18 April 2002) to nominal temperatures (around 140 K) a strong

decrease in signal (about 50% per month) was observed for the IR channels 7 and 8 both from WLS and sun measure-
ments. Figure 5 illustrates this effect by showing the transmission of channel 7 as a function of time. The decrease in
transmission can be explained by a continously growing ice layer on the detectors. After a first decontamination of the
SCIAMACHY radiant cooler (around Orbit 1800, 4 July 2002), by which as a side effect the detectors were heated,
the ice could be removed from the detectors and the full throughput was restored. However, the decrease immediately
started again indicating that either the water vapor could not be removed during the decontamination or that there is
a continuous source of water, maybe in the insulating layers of SCIAMACHY or ENVISAT. After a second (special)
decontamination (around orbit 2200, 1 August 2002), the decrease in transmission appears to be slower, but further
monitoring is required to see if the transmission reaches a constant value or not. Depending on the outcome of these
activities the frequency of decontamination will be adapted. Most likely also data processing will be affected.

SUMMARY

The SCIAMACHY instrument is operating successfully since the ENVISAT launch in March 2002. SCIA-
MACHY long-term monitoring activities comprise the analysis of regular, dedicated calibration measurements. Es-
pecially, the m-factors concept provides the possibility to correct operational data products for degradation effects. It
has been shown by several examples that monitoring activities are essential to insure a high quality of data products
over the mission. Furthermore the internal white light source has already proven its ability to monitor degradation.
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