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Project description:

The main activity of the Liége group at the Jungfraujoch was the continuation of the
long-term monitoring of the Earth atmosphere. The two high-performance infrared
spectrometers allowed to routinely derive total abundances of more than 20
constituents: gases related to the erosion of the ozone layer in the stratosphere (HCI,
CIONO,, HNOs;, NO, NO,, HF, COF,, Os, ...), greenhouse gases monitored in the
frame of the Kyoto protocol (N,O, CHs, CO,, SFs, CCLF,, CHCIF,, ...) and gases
affecting the oxidization processes in the troposphere (CO, C,H,, C,Hg, OCS, HCN,
H,CO, ...)

During 2002, 294 days were spent at the Jungfraujoch by observers from Li¢ge and
from the Observatoire Royal de Belgique. Good weather conditions enabled
observations on 138 days.

The figure on next page reproduces an excerpt of the databases derived from the
analysis of observations carried out at the station; it shows, for the period 1990-2002,
daily averaged vertical column abundances of seven stratospheric species (HF, HCI,
CIONO;, HNOs3, NO, NO; and O3), as well as those of the long-lived source gas N,O
which is used as a tracer of atmospheric circulation and dynamics. These databases
allow to determine short-term variability, seasonal modulations (easily seen on the
graph for ozone, NO and NO,), as well as long-term changes affecting most of these
species. Short-term variability, which occurs mainly during the winter-spring-time
period, is also noticeable in the figure: for example, during the first part of 1999, we
have observed intrusions of Arctic polar air over the station, characterized by record-
high values for O3, HNO;, CIONO,, HCI and HF, anti-correlated with low N,O
columns.

We continued to evaluate the budget of chlorine- fluorine- and nitrogen-containing
species. The analysis confirms, for example, that the chlorine content of the atmosphere
has leveled off during the late 1990s and starts to decrease, as a result of the restrictions
imposed by the Montreal Protocol and its successive amendments on the production of
chlorine-bearing source gases.

For a number of the species listed above, a complete re-analysis of the archived
spectra is currently under way, with a new retrieval algorithm that provides some
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information on the distribution of the molecules versus altitude. This new tool will
provide partial abundances as well as more accurate column densities.

The software has also be modified to accept much wider spectral intervals (up to 50
cm™), in order to analyze heavy molecules like CFCs, HCFCs and other new
substitutes. Tests performed in the case of CFC-11 (CCI5F) are in progress. The
spectral region where CCly absorbs is strongly affected by the "line-mixing" effect in
an interfering CO, band. The implementation of this effect in the software will now
allow us to study CCly.

NDSC-RELATED MEASUREMENTS AT THE JUNGFRAUJOCH
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From July to December 2002, we participated to the calibration/validation campaign
of 3 instruments (MIPAS, SCIAMACHY and GOMOS) aboard the European satellite
Envisat. During this period, we provided to the calibration team, in quasi real time,
3426 total abundances measured at the Jungfraujoch, distributed over 69 days. For
this purpose, we had to automate some tasks, such as the transfer of the spectra from
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the station to Liége, the analysis of the data, while ensuring the reliability of the
results.

The solar spectrum reveals spectral features interfering with the atmospheric
absorption signatures of interest. It is thus desirable to take the solar spectral features
into account in the modeling of atmospheric transmission spectra. To this end, high-
resolution measurements pointing at the center and at the limb of the solar disk have
been recorded at the Jungfraujoch with the homemade FTS. These observations have
then been used to validate a model of the solar lines in the mid-infrared developed by
F. Hase (IMK Karlsruhe) and G. Toon (JPL Pasadena). The model estimates center-
to-limb variations of the area and width of each line.

A camera has been fixed on the sun tracker: the status of the sky around the sun can
now be checked from any computer on the Jungfraujoch network.

Key words:
Earth atmosphere, ozone layer, greenhouse gases, long-term monitoring, infrared
spectrometry

Internet data bases:
http://www.nilu.no/nadir/,|fitp://0zone.wwb.noaa.gov/pub/ndsc/jungfrau/ |

Collaborating partners/networks:

Main collaborations: IASB (Institut d’Aéronomie Spatiale de Belgique) / NDSC
(Network for the Detection of Stratospheric Change) / SOGE partners (e.g. EMPA)
[http://www.nilu.no/niluweb/services/soge] / NASA Langley Research Center /
NASA JPL / University of Oslo / IMK (Forschungszentrum Karlsruhe) / satellites:
MOPPIT, ENVISAT and ACE validation
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J. M. Velders, and R. Zander, Controlled substances and other source gases, Chapter
1 of WMO Scientific Assessment of Ozone Depletion: 2002. WMO-Geneva, in press,
2002.

Van Roozendael, M., G. Vaughan, A. Engel, S. Godin, H. Jager, E. Kyro, B.
Naujokat, C. Schiller, A. Weiss, and R. Zander, Long-term changes, in "European
Research in the Stratosphere 1996-2000", Ch.1, pp. 29-67, European Commission
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