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1 Project description

The Liege team has a long tradition in the monitoring of
the Earth’s atmosphere. Indeed, the first observations and
investigations were carried out by Prof. Marcel Migeotte
and collaborators in the late 1940s, using a grating infrared
spectrometer. This instrument was then installed at the
Jungfraujoch station and infrared spectra were systemati-
cally recorded in 1950-1951 such as to cover the 2.8 to 23.7
micrometer (pm) spectral range (Migeotte et al. [1956). It
is important to mention that all these spectra, available on
paper-rolls, have now been digitized and calibrated in terms
of wavenumber and signal strength (Makkor et al. 2025)).

The next two decades were dedicated to the study of the sun
and to the production of photometric solar atlases, using a 7
m grating spectrometer, in single then double pass mode. In
the mid-1970s, the team resumed its atmospheric monitoring
activities which are still ongoing nowadays. Since the mid-
1980s, Fourier Transform InfraRed (FTIR) instruments have
been used, allowing to record very high resolution and signal-
to-noise wide-band solar infrared spectra. This sustained
effort has led to an unrivalled collection of infrared spectra
which is unique worldwide in terms of length, measurement
density and quality.

The current main objectives of the team are essentially twofold:
(i) maintain the instrumentation at the state-of-the art, (ii)
analyse the spectra to produce high-level geophysical parame-
ters and valorise them.

In 2024, a major change occurred, with the replacement of our
120HR FTIR spectrometer by a 125HR, instrument, also from
Bruker Optics. This only briefly interrupted our monitoring
program. Indeed, solar observations have been collected re-
motely, but also on-site, during all months but August. 982
spectra were obtained on 34 days with the 120HR. And 1185

spectra were collected with the 125HR spectrometer on 31
days.

Table 1: List of atmospheric species currently retrieved from
the Jungfraujoch observational database.

Greenhouse gases; support
to the Paris Agreement

H,0, CO», CH,, N2O, CF,
SFs

Ozone-related; support to
the Montreal Protocol

CIONO,, HCI, HF, COFy,
CFC-11, CFC-12, HCFC-
22, HCFC-142b, CCly,
CH;Cl, HFC-134a, HFC-23

Air quality; support to the
EU-Copernicus programme

CO, CH30H, C2Hs, C2Ho,
CoHy, HCN, HCHO,

HCOOH, NHj, PAN

OCS, N, various isotopo-
logues®

Other

! An isotopologue is a molecular twin that differs from the
reference molecule in the isotopic composition.

The systematic analysis of our solar FTIR spectra allows us
to determine the abundance of an increasing number of key
constituents of the Earth atmosphere (currently more than
35, see , playing a role in ozone depletion, climate
change, or affecting air quality. Numerous target species are
therefore relevant to the Montreal Protocol on substances that
deplete stratospheric ozone (e.g., CFCs, HCFCs, HFCs, HCI)
and/or to the Paris Agreement (COP21) to mitigate climate
change (e.g., CO2, CHy, N2O). It is also worth noting that
long-lived tracers such as, e.g., HCl, HF, N20O, can also be
used to provide useful insights regarding global atmospheric
circulation (e.g., Minganti et al. [2022; Prignon et al. |2021)).
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Figure 1: Removal on July 22, 2024, of the 120HR instrument
via the balcony of the FTIR laboratory, using the hoist located
on the upper Sphinx terrace. Picture E. Mahieu

2 2024 highlights

This is after 35 years of uninterrupted service that the 120HR
instrument ceased operation, after the recording of the last
atmospheric spectrum on July 19, and of the last laboratory
spectrum on July 21. This instrument has then been carefully
disassembled in three segments to allow its transport to its
next destination, the UNESCO World Heritage Swiss Alps
Jungfrau-Aletsch Museum in Naters (visit wnf.ch/ftir), to
be used in a permanent exhibition designed to raise young
people’s awareness of the accumulation of greenhouse gases
in the Earth’s atmosphere and of climate change.
illustrates the evacuation of one of the three sections.

After its entire emptying, the FTIR laboratory underwent a
complete renovation in August, including the replacement of
the electrical installation. The deployment of the new FTIR
spectrometer took place the first week of September, including
its optical alignment and a suite of tests. First atmospheric
spectra were recorded on September 6, 2024. Routine opera-
tion of the 125HR instrument started in October, and it is
continuing nominally.
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Figure 2: The spectral ranges covered by the six optical filters
and MCT or InSb detectors used at the Jungfraujoch station
for the new Bruker 125HR spectrometer are shown in Box
A, after normalization of the vertical scale to 1. These band-
widths are also influenced by the absorption of the main green-
house gases, enabling “atmospheric windows” to be defined.
Frames B to F show a selection of spectral micro-windows,
including absorptions of a few target molecules, after magni-
fying the horizontal scale by 200 to 1700. Mind the vertical
scales for the different panels.

The 125HR instrument has a maximum optical path difference
of 258 cm, optimum for atmospheric monitoring. Its config-
uration was selected such as to avoid any extra chamber or
mirror. It has three detector positions, allowing to easily per-
form pairwise intercomparison of Mercury-Cadmium-Telluride
(HgCdTe or MCT) or Indium-Antimonide (InSb) detectors,
or to later add an Indium-Gallium-Arsenide (InGaAs) de-
tector such as to also cover the near infrared range of the
electromagnetic spectrum. The detectors in operation in the
120HR proved superior with respect to new or other devices
available to us, and they were selected for routine operation.
In addition, we also kept almost all optical filters that were
implemented in the 120HR, maximizing the instrumental con-
tinuity and consistency of our FTIR monitoring program. The
spectral range covered by the 125HR instrument is depicted
in

The motivations for renewing the FTIR spectrometer were
multiple, including reliability issues with the 120HR, aggra-
vated by the lack of spare parts (electronic boards, mechanical
items) allowing to fix major failures and the discontinued sup-
port from its manufacturer. Regarding the new instrument,
we can point out one of its major advantages: its operation
speed, with observations now recorded three times quicker,
with identical spectral performance, thanks to the new elec-
tronics and computer. This is a critical advantage when
tracking diurnal variations, or to cover all optical filters on a
short sunny day.

As it was not possible to operate the 120HR and 125HR si-
multaneously, their intercalibration will be performed through
other ways. This will be ensured using laboratory cell spectra
(HBr and N2O cells), atmospheric features for gases with
well-known abundances (N2 and CO2), and by exploiting par-
allel observations performed by a Vertex 80V mid-resolution
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spectrometer, thanks to a close collaboration with UBremen.
This instrument is operated on the second floor of the Sphinx
observatory since May 2024. It has recorded spectra in par-
allel with the 120HR, then the 125HR, further bridging the
gap between the 120 and 125HR. Analysis of these spectra is
ongoing for a suite of selected targets.

Another step consisted in the replacement of our in-house
liquid nitrogen (LN2) system needed to cool the detectors
with a commercial microdosing equipment from Norhof. This
equipment has proved highly satisfactory, enabling two de-
tectors to be cooled remotely with drastically reduced LN2
consumption.

The update of the solar tracker is planned for spring 2025.
At that time, all the FTIR instrumentation will have been
renewed, giving a new momentum and opening perspectives
for the continuation of our very long-term monitoring effort.
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