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Abstract— Since March 2002 the spectrometer SCIAMACHY
(SCanning Imaging Absorption spectroMeter for Atmospheric
CHartographY) is orbiting the Earth aboard the new European
environmental satellite ENVISAT. SCIAMACHY will measure
during the next years concentrations and distributions of atmo-
spheric trace gases (O3, BrO, OClO, ClO, SO2, H2CO, NO2, CO,
CO2, CH4, H2O, N2O), clouds, and aerosols. To assure the quality
of these data products at any time during the whole mission a
detailed knowledge of the instruments status and behavior is
mandatory. To achieve this a comprehensive monitoring concept
has been developed and implemented.

This paper presents selected results of performance monitoring
activities from the commissioning phase and from early nominal
operations of the instrument, showing that SCIAMACHY is in
good shape.

I. INTRODUCTION

The SCanning Imaging Absorption spectroMeter for Atmo-
spheric CHartographY (SCIAMACHY) is part of the atmo-
spheric chemistry payload of ESA’s Environmental Satellite
ENVISAT, which has been launched in March 2002. By the
end of the year 2002 SCIAMACHY has finished an extensive
testing phase and is now in its final flight configuration and
fully operational.

SCIAMACHY is a hyperspectral sensor performing mea-
surements of both the Earthshine radiance and solar irradiance
in nadir, limb, and occultation viewing geometries covering the
spectral region from the UV to the near infrared. Inversion of
these measurements provides the amount and global distribu-
tion of a large number of atmospheric constituents, such as O3,
BrO, OClO, ClO, SO2, H2CO, NO2, CO, CO2, CH4, H2O,
N2O, clouds, and aerosols (see e.g. [1]–[3] for details).

A special focus of the SCIAMACHY mission is the deriva-
tion of tropospheric products on a global scale. This is a
quite challenging scientific goal because, for example, the
determination of global tropospheric NO2 concentrations is
sensitive to differential spectral structures down to the order
of 10−4. This requires the SCIAMACHY instrument to be
extremely stable in both radiometric and spectral sense.

Although these requirements are generally met by the design
of SCIAMACHY, a stability over the whole instrument life-
time can only be achieved by appropriate long-term calibration
and monitoring activities.

This paper gives a short overview of these activities and
presents some initial monitoring results derived from the trend
analysis of regular calibration measurements.

II. SCIAMACHY CALIBRATION AND MONITORING

A. Monitoring Concept

Monitoring activities are essential to detect and possibly
correct for the degradation of instrument components. There-
fore long-term monitoring is a prerequisite for a high data
product quality throughout the lifetime of SCIAMACHY.
One part of the long-term monitoring activities is the trend
analysis of measurements with the internal White Light Source
(WLS) and of observations of the unobscured Sun above the
atmosphere. A more detailed description of the SCIAMACHY
monitoring concept including some results from early WLS
measurements can be found in [4] and [5].

SCIAMACHY comprises two scanner systems: The Az-
imuth Scanner Module (ASM) and the Elevation Scanner
Module (ESM). Both modules contain a mirror and a diffuser
which is mounted on the backside of the mirror; see [1],
[5], and the SCIAMACHY web site (www.sciamachy.de)
for details. In order to monitor the different SCIAMACHY
light paths solar measurements are taken in various viewing
geometries: In limb/occultation geometry (via ASM and ESM
mirrors), in nadir geometry (via the ESM mirror through the
subsolar port), and via the so-called calibration light path in-
volving the ASM mirror and the ESM diffuser. SCIAMACHY
long-term monitoring comprises a regular analysis of these
measurements.

B. First Monitoring Results

The plots displayed in Fig. 1 show first results of these
monitoring activities for SCIAMACHY channels 1 to 8 (see
Table I). All measured signals have been averaged over the
entire channel and then divided by the corresponding measure-
ment at a reference time (currently 2 August 2002, at about
orbit 2200), yielding an effective instrument throughput for
the different light paths. Note that measurements performed
during times of reduced instrument performance (e.g. switch-
offs or decontamination periods) have been omitted.

The results presented here are based on the analysis of
uncalibrated (Level 0) data, which have been corrected for
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Fig. 1. Average signal per channel as a function of time for the different SCIAMACHY light paths, relative to measurements at 2 August 2002.



TABLE I
CHARACTERISTICS OF SCIAMACHY CHANNELS AND DETECTORS

Channel Wavelength Spectral Detector Detector
No. Range Resolution Material Temperature

(nm) (nm) (K)

1 214–314 0.21 Si 208
2 309–404 0.22 Si 207
3 392–605 0.47 Si 225
4 598–790 0.42 Si 224
5 776–1056 0.55 Si 222
6 991–1750 1.56 InGaAs 203
7 1940–2040 0.21 InGaAs 151
8 2260–2384 0.24 InGaAs 147

dead/bad pixels, dark current, scan angle dependencies, quan-
tum efficiency changes, and the seasonally varying distance
to the Sun. Additional calibration steps, like for example a
straylight correction, have not been performed. Therefore, vari-
ations smaller than about 1% may not be due to instrumental
effects and require careful investigation.

Considering these limitations Fig. 1 shows that the
SCIAMACHY instrument is generally in good shape. How-
ever, several features visible in the plots shall be explained in
more detail here.

1) Subsolar Measurements: The timing of subsolar mea-
surements before 30 November 2002 (about orbit 3922) did
not consider the known yaw misalignment of SCIAMACHY
on ENVISAT. This is the reason for the deviations of the
average subsolar signal from the other light paths before this
time. The timing has been corrected in the final flight settings.
To take this change into account, all subsolar measurements
after 30 November 2002 have been referred to orbit 4519 (10
January 2003, just after a long decontamination phase).

2) Temperature Changes: Between 21 and 27 February
2003 the detector temperature settings have been slightly
changed. This explains small jumps in the average signals at
about orbit 5140 (especially visible in channel 1 for subsolar
measurements).

3) White Light Source Data: The WLS has proven to be
radiometrically very stable except for a degradation in the UV
which is correlated with the burn time.

4) Channel 2 Degradation: In channel 2 an additional
small degradation in the UV is visible for all light paths.
This requires further investigation, especially because such a
degradation is currently not observed in channel 1.

5) Throughput Changes in the IR: Most prominent are the
large throughput changes in the IR channels 7 and 8. The
decrease in throughput is caused by the successive freezing
of small amounts of water vapor residing in the instrument
and/or out-gassing from the surrounding MLI (multi-layer
insulation). The resulting ice layers on the detectors can be
removed during a decontamination procedure by which – as
a side effect – the detectors are heated. By this procedure the
full throughput can be restored, but as soon as the detectors

reach their operational temperatures the ice layers start to grow
again. After an extended decontamination phase in December
2002/January 2003 channels 7 and 8 reached an almost stable
transmission at about 70% by end of March 2003. So, there
are indications that the total amount of residual water vapor
in the instrument decreases after each decontamination.

III. CONCLUSIONS

The SCIAMACHY instrument is operating successfully
since the launch of ENVISAT in March 2002. Regular cali-
bration and monitoring activities are essential to ensure a high
data product quality over the instrument lifetime. Currently,
the operational long-term monitoring is mainly limited by the
non-availability of fully calibrated operational data products.
However, first monitoring results based on uncalibrated data
show that the SCIAMACHY instrument is generally in good
shape. There is some evidence for a slight degradation in the
UV of about 2% in 9 months. Even if this will be confirmed by
further analysis, the degradation is much smaller than expected
from experience with the precursor instrument GOME (see
[6], [7]). In the visible and near-infrared wavelength region
SCIAMACHY is stable on a sub-percent level. The largest
throughput variation occurs in the IR channels due to detector
icing. Throughput reductions of up to 80% are observed here,
but the sensitivity of the instrument can be fully recovered by
a decontamination procedure which is currently planned to be
executed every two months.
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