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1 Project description

Since the early nineties, the Royal Belgian Institute for Space
Aeronomy (BIRA-IASB) has been monitoring the atmospheric
composition at the International Scientific Station of the Jung-
fraujoch (ISSJ) using UV-visible remote-sensing instruments.
These observations are made as part of the Network for the
Detection of Atmospheric Composition Changes (NDACC)
in cooperation with the University of Liège (ULiège). They
complement the long-established Fourier transform infrared
(FTIR) measurement programme of ULiège. Measurements
started in 1991 using a SAOZ (Système d’Analyse par Obser-
vations Zénithales) developed by the French CNRS/LATMOS
which was operated without interruption until 2011 and pro-
vided long-series of stratospheric ozone (O3) and nitrogen
dioxide (NO2) columns (De Mazière et al. 1998; Van Roozen-
dael et al. 1994). In 2010, BIRA-IASB extended its monitoring
capacity by installing a Multi-AXis Differential Optical Ab-
sorption spectroscopy system (MAX-DOAS) on the Sphinx
platform, alongside the SAOZ instrument. With this system,
the long series of stratospheric NO2 and O3 column measure-
ments was extended until 2018. In addition, measurements of
the free-tropospheric background of HCHO and NO2 could be
performed and analysed in synergy with FTIR data (Franco
et al. 2015).

Over the years, measurements were used for several scientific
investigations looking at long-term trends in stratospheric
composition (Hendrick et al. 2012) or the impact of the Mount
Pinatubo volcanic eruption in the mid-nineties (De Mazière
et al. 1998). Data were also regularly exploited as ground-
based reference data for the validation of satellite missions
(Pinardi et al. 2020; Verhoelst et al. 2021).

In May 2016, the MAX-DOAS instrument started suffering
from instrumental issues. First this only affected the visi-
ble channel, but in June 2019 we had to fully interrupt the
measurements. Although it was our intention to refurbish
the instrument without too much delay, the occurrence of
the Covid-19 crisis followed by staff difficulties constrained us
to interrupt our monitoring programme for a longer period.
In March 2022, we finally managed to resume operations af-
ter installation of a mini-SAOZ instrument that allowed us
to pursue the stratospheric NO2 and O3 column monitoring.
The observations were however interrupted for several years

(2019–2022), creating a gap in our long-term data series that
cannot be recovered.

Owing to new resources made available at Belgian national
level in support of the Aerosol, Clouds and Trace gases Euro-
pean Research Infrastructure (ACTRIS), we also started in
2022 the assembly of an upgraded version of our MAX-DOAS
instrument. A first installation mission took place in August
2023, when we successfully restarted the operation of the
visible channel. However the complete refurbishing of the
system required additional efforts and two missions at the
station, that took place in 2024 as described in section 2.

Next to its observational programme and the related research
at the Jungfraujoch, BIRA-IASB is also engaged in several
international coordination activities that are directly linked
to the Belgian activities at ISSJ.

ACTRIS research infrastructure

BIRA-IASB is responsible for the Reactive Trace Gases Re-
mote Sensing (RTGRS) component in the ACTRIS Euro-
pean Research Infrastructure. ACTRIS has been estab-
lished officially as an ERIC (European Research Infrastruc-
ture Consortium) on the 25th of April 2023 and, within
ACTRIS, BIRA-IASB leads the Centre for Reactive Trace
Gas Remote Sensing (CREGARS) Central Facility. To-
gether with the ULiège and the University of Bremen, BIRA-
IASB manages the CREGARS-FTIR Unit. Likewise, it also
manages the CREGARS-UVVIS unit in collaboration with
CNRS/LATMOS, the University of Innsbruck and KNMI.

BIRA-IASB will collaborate with ULIège for labelling the new
FTIR instrument at the Jungfraujoch and establishing the
Jungfraujoch observatory as an ACTRIS RTGRS National
Facility supported by Belgium.

The CREGARS Central Data Processing Systems (CDPS)
and data quality control systems for the FTIR and UVVIS
data are developed and managed by BIRA-IASB to process
data from all the CREGARS NFs, among them the data
from the UVVIS and FTIR instruments operated at the Jung-
fraujoch. These data will then become available as ACTRIS
data through the ACTRIS data Portal. These CDPS are also
welcoming data from so-called ‘ACTRIS users’ who would
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like to have their data processed according to ACTRIS data
quality requirements.

ESA FRM4DOAS

BIRA-IASB has developed and runs the ESA Fiducial Refer-
ence Measurements for Ground-Based DOAS Air-Quality Ob-
servations (FRM4DOAS) service that provides a centralised
data processing facility for MAX-DOAS instruments operated
within the NDACC (Van Roozendael et al. 2024). Data from
about 20 stations worldwide, including ISSJ, are processed
daily and delivered to the Rapid-Delivery (RD) repository
of NDACC, which is mirrored at the ESA Validation Data
Center (EVDC) and used in the framework of various satellite
validation programmes. The FRM4DOAS system also shares
functions with the ACTRIS CREGARS-UVVIS CDPS.

Support to the Copernicus Atmospheric Composition
Monitoring Service (CAMS)

BIRA-IASB is in charge of the CAMS2-27 contract, which
aims at providing a rapid-delivery and quality-controlled
NDACC data stream to the Copernicus Atmosphere Mon-
itoring Service (CAMS). It uses these data (including the
UVVIS and FTIR data recorded at the Jungfraujoch) in the
CAMS2-82 project for the validation of products from CAMS,
led by ECMWF.

Sentinel-5 Precursor Validation Data Analysis Facility
(VDAF)

Similarly, BIRA-IASB is in charge of the Sentinel-5 Precursor
(S5P) operational validation service (VDAF) within the ESA
S5P Atmospheric Mission Performance Center (ATM-MPC).
In this context, BIRA-IASB coordinates the validation of the
S5P products using NDACC data, including those recorded
at the Jungfraujoch.

Copernicus Climate Change Service (C3S)

In the frame of the Copernicus Climate Change Service (C3S),
BIRA-IASB is responsible for the ingestion of long-term
NDACC ozone, CO, CH4, NO2 and HCHO time series in the
Climate Data Store (CDS). Long-term Jungfraujoch FTIR
and UV-VIS time series are being distributed through the
CDS portal.

2 Status of activities in 2024

2.1 UV-visible remote sensing observations

Our main objective in 2024 was to restart the BIRA-IASB
MAX-DOAS instrument in its full capacity, i.e. using both
UV and visible channels operated in direct-sun and scattered
light observation modes. In this configuration, a complete set
of data products (NO2, O3, HCHO, BrO, H2O, aerosol) can
be retrieved in the troposphere and/or the stratosphere.

Figure 1: The BIRA-IASB MAX-DOAS instrument in its final
configuration on the Sphinx platform.

In February, we successfully reinstalled the UV channel of
the instrument and, with the help of the Owel company, per-
formed the maintenance of the INTRA sun-tracking system.
We also installed a heating system in the optical head, leav-
ing a fully functional MAX-DOAS instrument on site. In
this configuration, two independent systems were running in
parallel, the MAX-DOAS and the mini-SAOZ instruments,
both providing redundant NO2 and ozone measurements, our
primary products for the NDACC. Unfortunately, the mini-
SAOZ instrument broke down shortly after we left the station,
and we could not restart it from Brussels. Also a few months
later in June, the sun tracker of our MAX-DOAS instrument
also stopped functioning, so that we had to plan another
intervention on-site.

This happened in August 2024, again with the support of
the Owel company. The refurbishment of the MAX-DOAS
was this time fully effective, and the instrument has been
running nominally since then. Figure 1 shows a picture of
the MAX-DOAS instrument in its final configuration, and
Figure 2 illustrates the NO2 and O3 time-series that were
recorded since the reinstallation of the instrument in 2022.

During the same visit, however, it appeared that the mini-
SAOZ instrument was severely damaged, and we therefore
decided to bring it back to BIRA for a complete revision.
Our next visit at the Jungfraujoch is planned in early Spring
2025. At this time, we hope to fully restart both systems
and start the ACTRIS labelling process, which requires full
demonstration of the measurement system during a minimum
of 2 years. As part of this labelling process, we also intend
to bring the newly developed ACTRIS traveling standard
instrument for certification of the MAX-DOAS instrumental
performances. This might happen in early 2026.

2.2 International coordination activities

In early 2024, BIRA-IASB was awarded the Belgian federal
project ACTRIS2BE that will run until late 2026 support-
ing (1) the implementation and operation of the CREGARS
Central Facility at the Belgian level and (2) the deployment
of the Belgian National Facilities, among them the trace gas
remote sensing NF at the Jungfraujoch. The labelling process
for the Jungfraujoch RTGRS NF started in 2024.
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Figure 2: Time-series of NO2 and O3 column measurements performed with the MAX-DOAS and mini-SAOZ instruments
operated at ISSJ since 2022.

BIRA-IASB has also led the process to establish a MoU be-
tween NDACC and ACTRIS, on the purpose of assuring data
consistency between NDACC and ACTRIS for the common
data products. This MoU has been signed on June 9, 2024.

Finally, BIRA-IASB was also responsible for including the
Jungfraujoch and other NDACC FTIR data in several interna-
tional initiatives: TOAR-II (Tropospheric Ozone Assessment
Report-II), ESA Climate Change Initiative / Climate-Space
projects ‘LOLIPOP’ and ‘Precursors for ozone and aerosol’.
Related publications are in preparation.
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Collaborating partners / networks

Laboratoire Atmosphères, Observations Spatiales (LATMOS).
Dr. Andrea Pazmino. Guyancourt, France. url: https:
//latmos.ipsl.fr/fr/.

Université de Liège. Dr. E. Mahieu. Liège, Belgium. url:
https://www.uliege.be.

Université Libre de Bruxelles (ULB). Prof. P. Coheur. Brussels,
Belgium. url: https://squares.ulb.be/.

University of Leeds. Dr. M. Chipperfield. Leeds, UK. url:
https://www.leeds.ac.uk/.

Address
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