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Cover illustration: Illustration of the new digital Planetarium inaugurated in April 2021. Credit: Hans 

Coeckelberghs.  



 

 

Foreword 

Dear readers, 

I am happy to present you with the annual summary report of the Royal Observatory of Belgium (ORB-

KSB). As in the previous years, we have decided to only present the highlights of our scientific activities 

and public services, rather than providing a full, detailed and lengthy overview of all of our work during 

the year. We hope to provide you, in doing so, with a report that is more interesting to read and gives a 

taste of life at the ORB-KSB. If you need more or other information on ORB-KSB and/or its activities, contact 

rob_info@oma.be or visit our website http://www.observatory.be. 

A list of publications and staff statistics are included at the end. To also suit our international readers & 

collaborators and to give it an as wide visibility as possible, the report is written in English.  

Ronald Van der Linden 

Director General 

 

http://www.observatory.be/
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COVID-19 

On March 11, 2020, the World Health Organization declared the COVID-19 crisis as a pandemic. To control 

it, the Belgian government issued since March 12, 2020, global restrictions impacting Belgian cultural and 

economic activity and its citizens’ daily life. ORB-KSB and its Planetarium were also impacted by those 

restrictions. In 2021, there is an ease of COVID-19 regulations, but some restrictions still remain.  

From this date onwards, with periods during which restrictions were eased or reinforced, the majority of 

ORB-KSB’s personal were advised or mandated to work remotely partially or full time if the nature of their 

function allows it. The IT infrastructure and administrative procedures were quickly adapted so that all of 

the staff could perform their work, research and administrative tasks remotely.  

Moreover, lockdown periods have prevented scientists from travelling to missions or conferences abroad, 

most of the latter being converted into an online and remote version.  

Despite those disturbances, the staff quickly adapted to the new ways of working and doing scientific 

research. All the service activities of ORB-KSB regarding time keeping, seismic and GNSS1 network 

monitoring, continuous gravimetric measurements, solar observations, space weather forecasts and 

PECASUS and astronomical information were maintained and functioned as usual.  

Nanok Expedition – Two Belgian adventurers work with 

scientists of the ORB-KSB for climate research 

The Belgians Gilles Denis and Nathan Goffart collaborate with scientists from the Royal Observatory of 

Belgium (ORB-KSB), the Université libre de Bruxelles (ULB), the Université de Liège (ULiège) and the 

Geological Survey of Greenland and Denmark (GEUS) for climate research during their sport challenge in 

Greenland in April 2022. 

Their challenge, called Nanok Expedition, consists in an untypical triathlon, combining successively a 

600 km crossing of the inlandsis with skis and pulka along the Arctic Circle, a 1000 km sea kayaking journey 

down the east coast and a 1 km vertical rock-climbing ascent for the opening of a new route. Nanok is the 

spirit of the polar bear in Inuit culture, hence the name. 

Thanks to a GNSS receiver placed on the adventurer’s pulkas during their traverse of the inlandsis, 

Dr Nicolas Bergeot and his colleagues from Time-Ionosphere section of the ORB-KSB will be able to gather 

valuable satellite data. GNSS, an acronym for Global Navigation Satellite Systems, is a satellite system with 

which precise positions could be determined. Those data will notably be used to calibrate ice sheet 

elevation models in Greenland. 

For the ULB, Denis and Nathan will collect snow and cryoconite, a type of crushed stone consisting of dust, 

soot and microbes that lies on ice and snow. Those samples would help researchers understand the dust 

contribution to algae growth as well as the extension on the Greenland Ice Sheet and its accelerated 

melting. Furthermore, ULB scientists will assess the impact of microplastics on remote seawater along the 

Greenlandic east coast. 

 

1 GNSS stands for Global Navigation Satellite Systems, such as GPS and Galileo. 

https://www.nanokexpedition.be/
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For ULiège and the GEUS, they will perform snow pit measurements of winter snowfall accumulation. 

Those measurements will help to validate the researcher’s current modelled surface mass balance on the 

Greenland Ice Sheet. 

 

Figure 1: Gilles and Nathan crossed Greenland following the straight line on the map. The height profile of the crossing can be 
seen below. 

On March 12, 2021, the two friends head back to the North to prepare for this expedition and to test the 

experimental setups. 

The 10 June 2021 Solar Eclipse 

An annular solar eclipse took place on Thursday 10 June 2021 and was partially 

visible in Belgium. In Uccle, the eclipse was visible between 11:17 (first contact) 

and 13:25 (last contact), and its maximum took place at 12:19 in Belgian time 

(UTC + 2 h). At that moment, in Brussels, about 26% of the Sun’s diameter was 

covered by the Moon. 

Solar instruments operated by the ORB-KSB observed this solar eclipse. This is 

the case with the SWAP camera and the LYRA radiometer on board of the 

PROBA2 satellite and the USET solar telescopes at Uccle. 

On that day, an eclipse question challenge was also organised by the team of the 

PROBA2 Data Center of the ORB-KSB.  

Figure 2: The 10 June 2021 
solar eclipse observed by 
SWAP onboard PROBA2. 

Credit: ESA/ORB-KSB. 
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Prizes, Awards and Grants 

Two scientists of the ORB-KSB in the top 2% most-cited researchers in 

the world 

Stanford University recently released a list that represents the top 2% of the most-cited scientists in the 

world in various disciplines. It was created to provide updated analyses and a publicly available database 

of top scientists. Updated databases and code are freely available in Mendeley 

(https://dx.doi.org/10.17632/btchxktzyw). 

This list of the top 2% most-cited scientists is composed of 159,684 researchers, of which 1,413 scientists 

are affiliated to Belgian institutes, with 9 of them listed in the top 10% in their research field. Two of the 

researchers who made it onto the list come from the Royal Observatory of Belgium (ORB-KSB): Martin 

Groenewegen and Véronique Dehant. 

According to the Stanford ranking, Martin Groenewegen and Véronique Dehant are, in the field Astronomy 

and Astrophysics, the 400th and 1516th out of 42,624 in the world respectively. Moreover, Martin 

Groenewegen comes as the most cited of the six astronomers affiliated to a Belgian institute in this list. 

Thierry Camelbeeck: 2021 Laureate of the Van den Broeck Medal 

Thierry Camelbeeck was awarded the Van den Broeck medal in 

Tervuren during the 7th International Geologica Belgica Meeting 

at the Royal Museum for Central Africa in Tervuren on Friday 17 

September 2021. The Van den Broeck medal was created in 1987 

in honour of the first General Secretary of the Société belge de 

géologie. Geologica Belgica, i.e. Belgium’s current society for 

geologists, awards this medal to a scientist to honour his/her 

career work and his/her dedication to the Geology of Belgium. 

Thierry Camelbeeck, Belgium’s seismologist at the Royal 

Observatory of Belgium, is the 2021 Laureate and is honoured 

because of his great work in seismology and active intraplate 

tectonics. At the onset of his career, Thierry Camelbeeck installed 

the first Belgian modern seismometer network. This achievement 

allowed to study earthquakes in and around Belgium that occurred 

during the last decades. His career work valuably contributed to our understanding of the causes of 

intraplate earthquakes. 

Véronique Dehant Received her Prix Quinquennal of the FNRS at Bozar 

Véronique Dehant, researcher at the Royal Observatory of Belgium, has just been officially awarded the 

Dr De Leeuw-Damry-Bourlart Prize in Fundamental Exact Sciences, one of the five Prix Quinquennaux of 

the FNRS (Fonds de la Recherche Scientifique). 

 

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000918
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000918
https://dx.doi.org/10.17632/btchxktzyw
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The award ceremony took place on Monday 4 October 2021 at 

10:00 at the Palais des Beaux-Arts (Bozar), in the presence of 

King Philippe. It was the occasion to reward the five new 

laureates of the Prix Quinquennaux of the FNRS as well as the 

five laureates of the Excellentieprijzen of the FWO (Fonds 

Wetenschappelijk Onderzoek). The Prix Quinquennaux were 

awarded on 14 September 2020. Due to the sanitary restrictions 

caused by the COVID-19 pandemic, the official ceremony has 

been postponed to 2021. 

The FNRS wishes, by means of these prizes, to honour every five 

years the exceptional work and careers of researchers from the 

Wallonia-Brussels Federation from various disciplines (exact 

sciences, biomedical sciences, humanities and social sciences). 

The Prix Quinquennal of the FNRS awarded to Véronique Dehant underlines the importance of her work 

on the rotation and interior of the Earth, planets and moons, as well as her key role in the development of 

space missions and instruments such as RISE on board NASA’s InSight mission and LaRa on ESA’s second 

ExoMars mission, scheduled for launch in 2022. 

Two 2021 Prizes of the Académie royale de Belgique Awarded to 

Scientists of the ORB-KSB 

Laurent Mahy and Jérémy Rekier, researchers at the Royal Observatory of Belgium, received respectively 

the 2021 Paul & Marie Stroobant Prize and the 2021 prize of the annual competition of the science division 

of the Académie royale des sciences, des lettres et des beaux-arts de Belgique. These prizes highlight the 

quality of their research in the field of astronomy and the rotation and interior of the Earth respectively. 

Laurent Mahy, Winner of the Paul & Marie Stroobant Prize 

The Paul & Marie Stroobant Prize is awarded every two years to the author 

of a work in observational or theoretical astronomy. This prize was created 

in 1950 in honour of Paul Stroobant, director of the Royal Observatory of 

Belgium from 1925 to 1936 and member of the Academy. This year it was 

awarded to Laurent Mahy, senior researcher at the Observatory, for his 

significant contribution to the study of the fundamental properties of 

massive stars and their evolution. 

Laurent Mahy is particularly interested in massive stars in multiple systems 

and the stellar winds produced by these stars. Using different observational 

techniques to study massive binary stars, he has been able to show that what 

was thought to be stellar black holes in binary star systems are in fact stars 

that rotate very fast. 

The researcher also took advantage of the 42 orbits of the Hubble Space Telescope to study the stellar 

winds produced by massive stars in the Large and Small Magellanic Clouds. The data are being processed 

as a pilot study for the ongoing ULLYSES project (Hubble UV Legacy Library of Young Stars as Essential 

Standards), which is producing a library of ultraviolet spectra of young stars in our universe from Hubble 

data. 

https://www.academieroyale.be/fr/actualites-detail/messages/classe-sciences-laureats-prix-2021/
https://www.academieroyale.be/fr/actualites-detail/messages/classe-sciences-laureats-prix-2021/
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Jérémy Rekier, Winner of the 2021 Contest of the Académie royale 

Jérémy Rekier is a postdoctoral researcher in the physics of the Earth’s 

rotation and interior, which he studies by developing numerical 

models. He received the award in response to a question from the 

Academy, which is looking for new research in the field of astronomy 

and physics this year. 

The question of this year concerned ‘an original contribution, 

experimental or theoretical, to the physics of the Earth’s core or that 

of the telluric planets’. The Academy focused its attention on Dr 

Rekier’s manuscript, entitled ‘The role of inertial waves in the internal 

dynamics of terrestrial planets’. 

Jérémy Rekier’s master’s thesis presents recent theoretical developments based on numerical and 

analytical modelling by him and his team at the Royal Observatory of Belgium on the dynamics of liquid 

cores of rotating planets. The jury praised the effort made to highlight the link between these 

developments and the founding work of great scientists such as W. Thomson (Lord Kelvin), G. H. Bryan, S. 

Hough, E. Cartan, or H. Poincaré, whose contribution was so central that the fundamental equation of the 

discipline bears his name. The jury also judged that the results presented were ‘original, significant and of 

high quality’. 
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DART Launch – The ORB-KSB Participates in a NASA 

Planetary Defence Mission 

On November 24, 2021, NASA’s DART 

spacecraft took off from the Vandenberg 

Space Force base in California (USA) as part of 

a planetary defence mission against 

asteroids. The ORB-KSB is involved in this 

mission.  

The DART mission, which stands for Double 

Asteroid Redirection Test, aims to see 

whether sending a spacecraft to crash on the 

surface of an asteroid can deflect it 

sufficiently so that it no longer poses a threat 

to the Earth. Between September 26 and 

October 1, 2022, DART will approach a binary asteroid system consisting of Didymos, a 780 m diameter 

asteroid, and Dimorphos, which is 160 m long. 

DART will collide with the Dimorphos asteroid at a speed of 24,000 km/h (6.6 km/s). This collision will 

change the orbital period of Dimorphos around Didymos, which will be measured from Earth. Thanks to 

this measurement, scientists will be able to obtain information on the best way to deflect an asteroid from 

its trajectory. 

Özgür Karatekin and his team of the ORB-KSB are involved in the DART mission as part of the international 

Asteroid Impact and Deflection Assessment (AIDA) collaboration of which NASA and ESA, with its Hera 

mission scheduled for launch in 2024, take part. 

Scientists of the ORB-KSB will participate in the processing of DART data. Analysing the data from this 

mission will allow them to better understand the internal structure of asteroids, in the framework of the 

European projects PIONEERS (Planetary Instruments based on Optical technologies for an iNnovative 

European Exploration using Rotational Seismology) and NEO-MAPP (Near-Earth Object Modelling and 

Payloads for Protection) to which the ORB-KSB contributes. The experience with DART will also help to 

better prepare the next mission, Hera, which will carry the GRASS gravimeter, developed by the 

Observatory with its Spanish industrial partner EMXYS. 

The research of the ORB-KSB related to this mission is funded by the Belgian Federal Science Policy 

(BELSPO) with support from the ESA PRODEX programme. The PIONEERS and NEO-MAPP programmes 

have received funding from the European Union’s Horizon 2020 research and innovation programme. 

Solar Orbiter Last Flyby to the Earth 

On 27 November 2021, the Solar Orbiter spacecraft returned from its voyage in deep space, and passed at 

only a few hundred kilometres above the Earth’s surface. This manoeuvre was needed to get Solar Orbiter 

in a new orbit to go yet closer to the Sun. During this flyby, Solar Orbiter had to cross the clouds of space 

junk that surround Earth, making it a risky visit to our planet. 

Figure 3: Artist view of the DART mission 
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Figure 4: Solar Orbiter’s Earth flyby takes place on 27 November. At 04:30 UTC (05:30 CET) on that day, the spacecraft will be at 
its closest approach, just 460 km above North Africa and the Canary Islands. 

The flyby marked a major milestone for Solar Orbiter. After this last goodbye to Earth, the spacecraft was 

put in orbit and started its scientific mission. Following the launch in February 2020, the spacecraft and all 

instruments onboard have been thoroughly tested. Despite Solar Orbiter not yet being in full science 

mode, the instruments were already taking data as often as possible and a lot of science has been 

produced, far exceeding the expectations. An upgrade to the ESA Ground Station Network allowed Solar 

Orbiter to send more data down to Earth, and the mission’s scientists have fully taken advantage of this. 

One of Solar Orbiter highlights is the enigmatic ‘campfires’ that the spacecraft saw at the first perihelion. 

The campfires could hold clues about how the Sun’s outer atmosphere has a temperature of millions of 

degrees, while the surface has a temperature of thousands – which seemingly defies physics because heat 

should not be able to flow from a colder to a hotter object. Cis Verbeeck, Consortium Project Manager of 

the EUI instrument onboard that images the Sun at very high resolution, excitedly explains that these early 

observations have shown that campfires are everywhere in the solar atmosphere and appear to be small 

versions of solar flares at much lower heights than regular flares. 

After the flyby, when Solar Orbiter re-emerges from the Earth’s shadow, it will be on its course for a close 

rendezvous with the Sun. Unique observations have already been scheduled, and exciting times for our 

understanding of our mother star are expected! 
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2021 Seismic Activity of Belgium 

In 2021, 256 natural earthquakes occurred in a zone between 1° and 8°E longitude and 49° and 52°N latitude. 

During the same period, the Royal Observatory of Belgium (ORB-KSB) also measured 6 induced events, 367 

quarry blasts and at least 9 explosions at sea linked to controlled explosions of WW1 and WW2 bombs by the 

Belgian, Dutch or French Armies. The 2021 ORB-KSB catalogue is complete for natural earthquakes with a local 

magnitude above 1.5 and contains a selection of quarry blasts and earthquakes induced by human activities, 

e.g. linked to (rock) mass removal in mines or geothermal exploitation. 

Of the 256 measured tectonic earthquakes 31 took place in Belgium, 2 occurred in France, 17 in The 

Netherlands and 207 in Germany. 

The largest earthquakes recorded on Belgian territory in 2021 occurred on 20 June 2021 in Dampremy near 

Charleroi and 28 August 2021 in Baelen near Eupen. Both events had a local magnitude of 1.7 and were not 

felt by the local population. Five of the measured induced events are related to the deep geothermal Balmatt 

energy project in Dessel. The seismic monitoring network of the ORB-KSB has remained fully operational 

during 2021 and currently includes 30 seismometers and 18 accelerometer stations. 

In comparison, last year in 2020, 52 earthquakes occurred in and around Belgium. The largest earthquake was 

the 5 May 2020 Modave earthquake with a local magnitude of ML 1.7. 

 

Figure 5: Events recorded in 2021 by the Belgian Seismic Network of the ORB-KSB in a zone of 49°-52°N and 1°-8°E. 

 

Compared to the last 20 years, more events were measured in 2021, which is mainly related to the occurrence 

of small tectonic events in three seismic swarms in Rott (Eifel, Germany), Eschweiler (Lower Rhine Embayment, 

Germany) and Voerendaal (The Netherlands). The largest seismic activity measured by the ORB-KSB in 2021 
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occurred in a radius of 1.5 km around the town of Rott in the Eifel mountains just across the German border. 

During this seismic sequence, 126 earthquakes were located at an average depth of 9.7 km below the surface. 

Seven events of this sequence were felt by the local population who spontaneously answered the collaborative 

ORB-KSB-Bensberg “Did You Feel It?” questionnaire on the ORB-KSB website. The two largest events, which 

happened on 2 and 14 January 2021, both had a local magnitude of 2.6 and were felt from Rott up to the cities 

of Aachen (DE) and Eupen (BE). 

 

Figure 6: Overview of swarm activity in the Lower Rhine Graben. White dots show the full ORB-KSB earthquake catalogue. Coloured 
dots show the three seismic swarms active in 2021. The inlet shows the Belgian, Netherlands and German seismic networks used to 

monitor these earthquake swarms. 
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Figure 7: (Left) Swarm evolution in the Lower Rhine Graben. The Rott seismic sequence was mainly active in the first four months of 
2021. Grey dots in the background show the full 2021 ORB-KSB earthquake catalogue. (Right) Depth evaluation of the Rott events 

and their potential relationship with the Laurensberg border fault. 

Citation: Van Noten, K., Lecocq, T., Vanneste, K., Lefevre, M., Camelbeeck, T., Knapmeyer-Endrun, B., Carrasco, S., Kadmiel, S., "Recent 

seismic swarm activity in the Lower Rhine Graben (Germany, The Netherlands)" (2021). Talk presented at 37th General Assembly of 

the European Seismological Commission, Corfu, Greece on 2021-09-22.
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Seismology and Gravimetry 
Improving Global GNSS Vertical Land Motion Assessment 

Monitoring vertical land motions (VLMs) at the level of 0.1 mm/yr remains one of the most challenging 

scientific applications of Global Navigation Satellite Systems (GNSS2). Such small rates of change can result 

from climatic and tectonic phenomena, and their detection is important to the prediction of coastal sea-level 

change – if the land goes down while the sea moves up, this enhances the problem! – and the understanding 

of deformation processes acting within tectonic plates.  

 

Figure 8: (Top) Global variability of the minimum velocity uncertainty for 8-year-long GNSS time series before removing non-tidal 
atmospheric and oceanic loading (NTAOL) deformations and (Bottom) after removing NTAOL deformations. Note the dramatic 

decrease (down to 70%!) in uncertainties for latitudes higher than 45° (Gobron et al., JGR, 2021).   

 

2 GNSS stands for Global Navigation Satellite Systems, such as GPS and Galileo. 
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We investigated to what extent accounting for the deformation of the Earth's crust due to changes in the 

distribution of the atmospheric and oceanic pressure helps to detect small vertical ground deformation. By 

analysing the data from over 10,000 globally distributed GNSS stations, we showed that accounting for such 

atmospheric and oceanic deformation can reduce by 70% the uncertainty of the vertical velocity of GNSS 

stations at high latitudes, which will, for instance, improve sea-level change monitoring and small amplitude 

deformation analysis in these areas. 

This work was achieved by K. Gobron, between 2018 and 2020 during his thesis under joint supervision with 

the service Seismology-Gravimetry of the Royal Observatory of Belgium, U. Liège and U. La Rochelle, and in 

2021 during his postdoc at the service Seismology-Gravimetry, as part of the BRAIN-LASUGEO (monitoring 

LAnd SUbsidence caused by. Groundwater exploitation through gEOdetic measurements) project. 

Citation of the paper : Gobron, K., Rebischung, P., Van Camp, M., Demoulin, A., & de Viron, O. (2021). Influence of aperiodic non-

tidal atmospheric and oceanic loading deformations on the stochastic properties of global GNSS vertical land motion time series. 

Journal of Geophysical Research: Solid Earth, 126, e2021JB022370. https://dx.doi.org/10.1029/2021JB022370   

https://dx.doi.org/10.1029/2021JB022370
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Global Navigation Satellite 
Systems  
European Plate Observing System – EPOS 

The ambition and the organisation 

Understanding how the Earth works as a system is critically important to 

modern society. Volcanic eruptions, earthquakes, floods, landslides, 

tsunamis, weather, and global climate change are all Earth phenomena 

affecting society.  

The Royal Observatory of Belgium’s (ORB-KSB) expertise touches several of 

these phenomena, and corroborates that progress in solid Earth science 

relies on the integration of harmonised multidisciplinary, freely accessible, 

data and products, which are – and here is the difficulty – originally generated 

by different communities with different data formats and processing 

procedures.  

It is exactly the ambition of the European Plate Observing System (EPOS) to offer a collaborative framework 

to provide, through a unique portal, open access to these multidisciplinary data as well as visualisation and 

modelling tools. Together, they offer the key to understanding the complex Earth’s dynamic system. 

EPOS is organised in Thematic 

Core Services (TCS) in which 

selected Service Providers (SP) 

provide services relative to a 

specific scientific discipline (see 

Figure 9). These services 

primarily aim at providing 

harmonised access to the data 

from the underlying National 

Research Infrastructures (NRI). 

The TCS "GNSS data and 

products" (also called “EPOS-

GNSS”) is built on the EUREF 

Permanent GNSS Network, managed by the ORB-KSB, as well as on GNSS networks operated by NRI all over 

Europe. EPOS-GNSS will provide access to GNSS data, metadata and data products from more than 3000 GNSS 

stations. The provided data products measure precise ground deformations caused by volcanos, earthquakes, 

or anthropogenic subsidence due to water and natural gas withdrawal.  

The TCS "Seismology" provides services for accessing earthquake data. Among others, it integrates data from 

ORFEUS (Observatories & Research Facilities for European Seismology) which coordinates digital seismology 

in Europe. 

EPOS presently delivers pre-operational services, but it is expected to become operational by the end of 2022. 

Figure 9: Functional diagram of EPOS. 

https://www.epncb.oma.be/
https://www.epncb.oma.be/
https://www.orfeus-eu.org/
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EPOS-BE  

EPOS-BE stands for the Belgian contribution to the European Plate Observing System.  

As one of EPOS founding members, Belgium, and especially ORB-KSB, is strongly involved in EPOS. In the initial 
phase, the Belgian Federal Science Policy Office (BELSPO) supported ORB-KSB through the EPOS-BE project 
(12/2018 - 06/2023) aiming at upgrading ORB-KSB’s infrastructure to prepare it for the provision of data and 
services to EPOS. 

Since December 2021, BELSPO additionally supports ORB-KSB (SERVE project in the ESFRI-FED programme) to 
strengthen the sustainability of the pan-European GNSS services it will provide to EPOS. 

GNSS 

ORB-KSB’s contribution to EPOS-GNSS is threefold. It is involved in its governance and coordination, delivers 
GNSS data, and provides several, presently still pre-operational, pan-European GNSS services.  

Governance and coordination: As a member of the EPOS-GNSS Consortium and chair of its Executive Board, 
ORB-KSB coordinates the day-to-day EPOS-GNSS activities, the implementation of mechanisms for quality 
checks of service provision, the compliance check with the EPOS data policy, the interface with EUREF, and it 
attracts new GNSS data suppliers to join EPOS. This last activity is also aiming at consolidating the sustainability 
of the overall EPOS infrastructure, which is the main goal of the EU project EPOS-SP (Sustainability Phase) to 
which ORB-KSB participates. In addition, since 2021, ORB-KSB is financially supported by EPOS-ERIC (European 
Research Infrastructure Consortium) for its EPOS-GNSS governance and coordination activities. 

GNSS data provision: ORB-KSB renewed in 2021 part of the hardware in its GNSS stations and is delivering 
their data to EPOS. In addition, ORB-KSB also convinced the Vlaamse overheid and the Service public de 
Wallonie to share the data from their permanently tracking GNSS stations with EPOS. In 2022, ORB-KSB will 
be setting up a dedicated national EPOS data node providing access to all these Belgian GNSS data. 

Pan-European GNSS Services: ORB-KSB’s EPOS services have been built on ORB-KSB’s EUREF services in 
operation for many years to maintain the European Terrestrial Reference System ETRS89. With the support of 
the EPOS-BE and SERVE projects, these EUREF services are upgraded to respond to EPOS needs, resulting in  

• the pan-European data node making the EUREF data discoverable to EPOS;  

• the GNSS station metadata management service M3G, guiding EPOS-GNSS towards application of FAIR 

data principles; 

• the analysis centre computing the velocity field (Figure 10 and Figure 11) and the associated station 

position time series of the EPN stations. They provide information on ground deformations especially 

valuable for geophysical research. 

In 2021, these upgraded services passed EPOS pre-operational testing and from 2022 on, EPOS ERIC will 
financially support their operation. 

https://cordis.europa.eu/project/id/871121
https://www.epos-eu.org/epos-eric
https://gnss-metadata.eu/
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Figure 10: Horizontal velocities of the EPN stations expressed 
in the ETRS89. 

 

Figure 11: Vertical velocities of the EPN stations expressed in 
the ETRS89. 

Seismology 

The seismological part of the EPOS-BE project consists of two main tasks. In the first work package, the 
instrumentation of six stations of the Belgian permanent Seismic Network has been upgraded to increase the 
high-quality seismic data of the Belgian Network to ORFEUS. The previous short-period sensors (some even 
with only one component) are replaced by broadband sensors. If possible, we installed borehole instruments, 
which enhances the data quality by many orders as unwanted noise sources from mainly human influence 
(anthropogenic ambient noise) are suppressed. This upgrade strengthens the monitoring task of the Royal 
Observatory of Belgium with state-of-the-art data quality and guarantees that the Seismology-Gravimetry 
section of the ORB-KSB will be able to fulfil its Belgian federal missions adequately in future decades. Alongside 
the technical upgrade of the instruments, those stations will receive improved communication to stream 
waveform data in real time to ORFEUS. That allows direct and public access to the high-quality data by the 
international seismological community. 

In the second stage of EPOS-BE, site-characterisation studies are performed for the newly equipped seismic 
stations and the other seismic stations within the Belgian seismic network, using primarily non-invasive 
geophysical methods. Site characterisation describes the analysis of the shallow subsurface underneath a 
seismic sensor or location of interest. This is not only important for seismologists to understand what a seismic 
sensor is recording and if the geology of the shallow subsurface is damping or amplifying seismic waves, but 
also for civil engineers, who need these observations to estimate the actual shaking of buildings or of fragile 
infrastructure that they are planning. The identified subsurface parameters are finally collected in the ORFEUS 
Station book of each seismic station. Through this platform, these newly generated data products are then 
shared alongside the waveform data to the mentioned communities. 

 

https://orfeus-eu.org/stationbook/
https://orfeus-eu.org/stationbook/
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Figure 12: Site-characterisation fieldwork in Seneffe (SNF), using seismic 
waves excited through hammer shots to analyse the subsurface structure in 
the vicinity of the seismic station placed in a shallow borehole next to the 
little building in the photo. 

 

Figure 13: One of the main site-characterisation 
products, showing a shear-wave velocity (vS) 
model with depth for the seismic station in Uccle at 
the ORB-KSB. 
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Time 
Testing the existence of Dark Matter objects close to the 

Earth using atomic clocks in Galileo satellites 

The outstanding accuracy and stability of atomic clocks pave the way to new tests of fundamental physics. The 

availability of such atomic clocks at the Royal Observatory of Belgium (ORB-KSB) and onboard satellites from 

the Global Navigation Satellite Systems (GPS, Galileo, GLONASS, BeiDou), together with the high precision 

clock comparison techniques developed at the ORB-KSB provide excellent tools for such studies.  

In particular, one possible explanation for the discrepancy 

existing between the luminous ordinary matter and the large-

scale cosmological observations (Galactic motions, Cosmic 

Microwave background, gravitational lens...) is the existence of 

Dark Matter. Namely, an unknown type of matter of which the 

interaction with ordinary matter is so tiny that it has not yet 

been observed, except through its gravitational effect at large 

scale. A lot of theories are compatible with the existence of 

spatially extended structures of dark matter (DM) that could 

possibly regularly cross the Earth, and affect the fundamental 

constants, hence the properties of the electronic transitions 

and hence the atomic clocks. In what follows, these are called 

transient DM structures. 

In this context, we collaborated with the ESA and the 

Observatoire de Paris to analyse the large network of atomic 

clocks onboard the Galileo satellites, providing a gigantic 

detector of 60000 km of aperture, in order to search for the 

signature of transient dark matter (DM) objects (Figure 14). 

This project, called GASTON (GAlileo Survey of Transient 

Objects Network), was funded by the ESA under the H2020-038 program (GNSS Evolutions Experimental 

Payloads and Science Activities. The goal was to carry out a systematic analysis of Galileo satellite atomic 

clocks, which are Hydrogen masers, the most stable clocks currently in orbit around the Earth. For a given 

model of dark matter structure, the signature on satellite clocks can be modelled. An example of satellite clock 

frequency variations over a 7-day period is shown in Figure 15; it corresponds to the effect of the passage of 

a transient object of size d = 1011 m, with the profile illustrated in Figure 14. From clock data analysis, 

observing these variations in the atomic clock frequency in a consistent way with the DM model would allow 

detecting indirectly the passage of DM structures. On the other hand, the non-observation of such variations 

is also very useful as it allows excluding some models. 

Figure 14: Encounter of the Earth with a transient dark 
matter (DM) object (illustrated here as a blue ball). 

The spatial variation of the fundamental constants, so 
the effect on the atomic clocks, is illustrated by the 
purple profile. The atomic clocks onboard Galileo 

satellites in orbit around the Earth will then be 
affected successively according to their trajectory and 

the trajectory of the DM object. 



 

  

 26 

 

 

Figure 15: Modeling of the relative frequency differences for 21 Galileo satellite clocks (one colour per satellite) in case of an 
encounter with a transient object of size d = 1011 m. The modulated periodic behaviour originates from the combination of two 

effects: the periodic orbital motion of the satellites, and the fact that the effect on the clock follows the purple profile of Figure 14. 

We developed a quick method, based on a “maximum reach analysis”, consisting of using the maximum clock 

variations observed over a 3-month period of Galileo clock data, allowing ruling out configurations of DM 

objects. The transient DM is characterised by several parameters, among which the size d of the DM objects 

and their weak interaction strength Λ with ordinary matter. Our study is the first ever that explores such 

transient variations of fundamental constants over the scale ranges 105-109 km by data mining. The results 

showed that transient objects with a radial profile close to 

a hyperbolic tangent (the one shown in Figure 14) and with 

a quadratic scalar coupling to ordinary matter (Λ) inferior 

to 108 TeV do not exist experimentally if their size d ranges 

between 108 and 1012 m (for a mean period of encounter 

of the order of one month). 

The second part of the project consisted of a full statistical 

analysis to directly detect transient dark matter (DM) from 

signatures like the example proposed in Figure 15. This 

analysis considers therefore correlations between the 

various clocks, their trajectories along the orbits and the 

trajectory of the transient DM. It requires huge machine 

computation times, and the interpretation of the results is 

less straightforward. While evidence of several significant 

events with high signal-to-noise ratio (SNR) were found, 

further analysis is currently carried out to ensure that these 

events cannot result from some systematic effects in the 

clock data able to produce a similar signature. 

  

Figure 16: Exclusion area (in orange) for parameters of 
transient DM objects of size d (for a mean period of 

encounter of 1 month) resulting from the maximum reach 
analysis using 3-month of Galileo clock data. This graph 

was obtained using DM parameters of the Galactic halo, a 
hyperbolic tangent profile and a small scalar quadratic 
coupling to ordinary matter of strength Λ. The hatched 
region represents the constraints previously obtained 

with GPS clocks. 
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Planetary Science 
Advances in understanding Mercury’s composition and 

thermal evolution 

The high density of Mercury indicates that metallic iron accounts for about 70 % of the planet’s mass. This sets 

Mercury far apart from other solid objects in the Solar system of substantial size, which have iron contents 

below 35wt%. How this iron-rich planet formed in the Solar System, with all other major rocky objects 

dominated by rock instead of Fe-metal, has been an open-standing question for decades. One way of gaining 

understanding on this issue is by improving knowledge on the rest of Mercury’s bulk composition. Mercury’s 

Fe-rich core is a dominant part of Mercury’s interior, but its precise composition cannot be assessed by hands-

on or visual inspection. 

Mercury’s active magnetic field makes it the only rocky 

planet aside from Earth that currently hosts dynamo action 

in its liquid metallic core. This adds strongly to the interest in 

Mercury’s core. Core dynamo action requires convective 

flow in the liquid core, which relies on a continuous supply 

of energy above the amount that can be transported 

through the core by diffusion (without convection). This sets 

the study of the magnetic field generation in Mercury in 

strong relation to the understanding of the planet’s long-

term thermal evolution.  

Mercury was only observed by two space missions (NASA’s 

Mariner 10 mission in 1974-1975 and MESSENGER in 2008-

2015). However, scientists have a remarkably strong grip on 

its interior structure. The unique rotational state of Mercury 

– the planet completes exactly three rotations every two 

orbits – is key in this understanding. Due to this rotational 

state, the Sun exerts a strong torque on Mercury that 

oscillates in East-West direction with an orbital period. Much 

like quickly back and forth rotating a beach ball filled with air 

or liquid influences the fluid’s angular momentum, the torque periodically changes the rotation of the solid 

outer shell above the core. These changes have been observed and inform on the moment of inertia of the 

solid shell. The moment of inertia of the entire planet can be derived from the tilt of Mercury’s spin axis with 

respect to its orbital plane. Observations of the tilt of the spin axis and of East-West movements of Mercury’s 

surface yield a good understanding of the sizes and densities of Mercury’s rocky outer shell and metal core. 

To relate Mercury’s core density to its composition, we need information on how the density of iron alloys 

depends on the amount of light elements most likely present in Mercury’s core: silicon, sulfur, and carbon. 

Experts of planet Mercury at the Royal Observatory of Belgium (ORB-KSB) (J. S. Knibbe, A. Rivoldini, T. Van 

Hoolst) have led an experimental campaign of measuring the density and sound velocity of liquid metal 

mixtures of iron, silicon and carbon at the high pressures relevant for Mercury’s core. They collaborated with 

geologists of the Université de Liège (B. Charlier) and the KU Leuven (O. Namur), an expert in high-pressure 

Figure 17: Core structure models of Mercury. Y-axis: 
Radius of inner core scaled by 1000 km. X-axis: Core-

concentration of silicon. Color:  Core-mantle boundary 
temperature (K). These models additionally contain 

1.5wt% C in the liquid core. Square, circle, and pyramid 
symbols indicate models with moment of inertia 

I=0.3591 MR2, 0.3458 MR2, and 0.3323 MR2, which 
correspond to the upper limit, central value and lower 

uncertainty limit of Mercury’s spin-axis’s tilt. 
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research of the Vrije Universiteit Amsterdam (W. van Westrenen), and experimental scientists in Grenoble, 

France (M. Mezouar) and in Argonne, Illinois, USA (Y. Kono). They placed samples in a hydraulic press in a high-

intensity X-ray beam produced by particle accelerators in Grenoble, France (the European Synchrotron 

Radiation Facility) for the density measurements and in Argonne Illinois, USA (the Advanced Photon Source 

Facility) for the sound velocity measurements. The measured sound velocity of liquids relates to the 

compressibility of the liquid metal and plays an important role in constraining the variation of density with 

pressure in Mercury’s core. The obtained relations between density and the composition of the liquid metals 

are incorporated in interior structure models for Mercury that meet the planet’s observed rotational 

behaviour. 

The interior structure models show how the rotation observations can be used to estimate the core 

composition and the size of the inner core (Figure 17). If the tilt of the spin axis is near the lower limit of 

observations, the moment of inertia (I) is small, and the core is dense with only a few wt% of light elements 

silicon and carbon. If the tilt of Mercury’s spin axis is near the upper limit of observational uncertainties, I is 

large and the core hosts between 10-20 wt% of silicon, depending on the size of the inner core and the core 

temperature. This indicates that the range of possible core compositions of Mercury can be narrowed down 

by improving the accuracy on the position of Mercury’s spin axis. In the near future, ESA’s BepiColombo 

mission, launched in 2018, will measure the position of Mercury’s spin axis with high precision from Mercury’s 

orbit (beginning in 2025). These data will result in much improved information on Mercury’s composition and 

inner core size.  

Better insight into the core will help to better 

understand Mercury’s formation and evolution. 

Thermal evolution models of terrestrial planets are 

often developed to describe an Earth-like planet 

with a thick convective mantle and a relatively small 

convective core. Mercury is, however, different in 

various ways: Mercury’s thin mantle may not be 

convective anymore, and interpretations of 

Mercury’s magnetic field suggest that the upper 

part of the large liquid core of Mercury is stable 

against convection. 

Scientists at the ORB-KSB (Y. Zhao, A. Rivoldini, J. S. 

Knibbe, T. Van Hoolst) develop thermal evolution 

models in which the state of the mantle varies from 

convective to conductive and which incorporates a 

conductive region in the liquid core. Knibbe and 

Van Hoolst (2021) describe a new numerical 

method for the evolution of such a conductive 

layer. The conductive layer increases the heat flux 

from the core into the mantle by a factor of almost 

two with respect to models that neglect the 

conductive region (Figure 18a) and also increases 

the likelihood of mantle convection, as indicated by the larger Rayleigh number in Figure 18b. The conductive 

region also leads to faster cooling of the central regions of the core and therefore to an earlier start of the 

inner core, which may help to explain observational evidence of an early dynamo in Mercury. 

Figure 18: Characteristics of thermal evolution runs of Mercury. (a) 
The heat flux from the core into mantle (Fc, dashed lines) and from 
the mantle into lithosphere (Fs, solid lines), for thermal evolution 

runs with N = 1 (black), N = 4 (blue), and N = 8 (red), where N is the 
number of intervals, and for the thermal evolution run where the 
core's temperature profile is an adiabat and conductive region is 

neglected (magenta). (b) Rayleigh number of the mantle scaled by a 
factor 105. Blue lines are almost completely overplotted by red 

lines. 



 

  

 29 

 

More information:  

Knibbe et al., J. Geophys Res. Planets (2021), 126(1), e2020JE006651.                                         

Knibbe and Van Hoolst, Phys. Earth Planet. Inter. (2021), 321, 106805. 

 

Isostatic Support of Topography on Planets and Satellites 

At large scale, most of the continents and oceanic floor topography of the Earth is in isostatic equilibrium, 

which balances surface loads by buoyant support at depth. For example, the Himalayas are supported by 

iceberg-like crustal roots plunging in the denser mantle (Airy isostasy). In a similar way, the average depth of 

the oceans can be related to the thickness contrast between oceanic and continental crust, while the 

subsidence of the ocean floor away from mid-ocean ridges is connected to the density increase of the cooling 

tectonic plate. Besides providing a mechanism for topographic support, isostasy explains why gravity 

anomalies measured near mountain ranges are generally smaller than expected. On terrestrial-type planetary 

bodies, isostatic equilibrium occurs locally but has not yet been found to operate globally: geologic provinces 

with highly compensated gravity have been identified on Venus, Mars, and the Moon. More recently, isostasy 

found a new domain of applications in icy satellites with subsurface oceans, where the surface topography 

could be due to thickness variations of the icy shell. Gravity data suggest that isostasy operates on the 

Saturnian moons Enceladus, Dione, and Titan, as well as on the dwarf planet Ceres. 

For more than a century, the isostatic concept has been applied very simply, by partitioning the crust into 

vertical columns assumed to be floating independently in a fluid and in mechanical equilibrium. Classical 

isostasy, however, is not self-consistent, neglects internal stresses and geoid contributions to topographical 

support, and yields ambiguous predictions of geoid anomalies. In particular, applying classical isostasy to 

Enceladus leads to the prediction of a thick icy shell above a vanishingly thin subsurface ocean, which 

contradicts with the large amplitude of the measured libration that requires a thin shell above a thick ocean. 

For this purpose, scientists of the ORB-KSB proposed five years ago a new isostatic model based on the crustal 

stress minimisation, which predicted the same icy shell thickness as the one obtained from libration data 

(Beuthe, Rivoldini and Trinh, Geophys. Res. Lett. 43, 10088-10096, 2016). 

 

Figure 19: Isostatic compensation factor of Enceladus for different isostatic models as a function of harmonic degree. The higher the 
degree, the shorter the horizontal scale or wavelength considered. The right panel is a zoom of the left panel on the long-wavelength 

part. The crustal thickness is equal to 23 km. The compensation factor is the normalised ratio of the gravitational signal to the 
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surface topography: it vanishes if isostatic compensation is total and it tends to one if there is no compensation at all. Models in 
black are not consistent with the universal thin shell limit of elastic isostasy. 

While this new isostatic model is based on the sound physical principle of minimum stress or energy, the 

difficulty of implementing it led other scientists to propose alternative isostatic models based either on 

arbitrary rules (equal pressure at depth) or resorting to viscous flow. The multiplicity of isostatic models has 

created a lot of confusion because various gravity-topography analyses can be based on different isostatic 

models, thus making comparisons rather difficult (Figure 19). For this reason, the ORB-KSB scientist M. Beuthe 

established a clear algorithm to compute minimum stress isostasy in terms of elastic or viscoelastic Love 

numbers, which describe the effects of deformations due to loads (M. Beuthe, ‘Isostasy with Love: I elastic 

equilibrium’, Geophys. J. Int. 225, 2157-2193, 2021). The Love number approach separates the physics of 

isostasy from the technicalities of viscoelastic-gravitational spherical deformations, and provides flexibility in 

the choice of the interior structure. An in-depth analysis shows that all consistent isostatic models belong to 

a one-parameter family depending on the choice of boundary conditions at the surface and bottom of the 

crust. At long wavelengths, the thin shell limit is a good approximation, in which case the influence of boundary 

conditions disappears as all isostatic family members yield the same predictions. At short wavelengths, 

topography is supported by shallow stresses so that Airy isostasy becomes similar to loading either at the top 

or at the bottom of the crust (Figure 20). Software implementing the minimum stress isostasy for a 3-layer 

model is publicly available (‘IsostasyWithLove: Mathematica and Fortran codes for analytical isostasy in 3-layer 

bodies’, Zenodo, doi:10.5281/zenodo.4297495). 

 

Figure 20: Stress within Enceladus’s shell, as a function of radial coordinate and colatitude. Left-hand (resp. right-hand) panels show 
minimum stress isostasy for a fixed surface (resp. bottom) shape described by a given harmonic degree (from top to bottom: n = 2, 

10, 30, 50). The stress invariant is normalised by its mean. The shell thickness is 10 per cent of the surface radius Rs. With increasing 
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degree, the stress tends to a maximum value at a distance Rs/n from the fixed surface: the load is more and more supported from 
inside the crust, instead of being supported by a load at the other crustal boundary as it is the case for the lowest degrees.  

As an alternative to the static elastic model, isostasy can be viewed as a dynamic process resulting from the 

viscous or viscoelastic relaxation of the non-hydrostatic crustal shape. Dynamic isostasy depends on the 

loading history, two examples of which are the constant load applied on the surface in the far past and the 

constant shape maintained by addition or removal of material at the basis of the crust. The former model 

results in a shape decreasing exponentially with time and has no elastic analogue, whereas the latter 

(stationary) model is equivalent to a form of elastic isostasy. Isostatic models thus belong to two independent 

groups: the elastic/stationary approaches and the time-dependent approaches. If the shell is homogeneous, 

physically consistent models predict a similar compensation of large-scale gravity perturbations. If the shell 

rheology depends on depth, stationary models predict more compensation at long wavelengths, whereas 

time-dependent models result in negligible compensation (M. Beuthe, ‘Isostasy with Love: II Airy 

compensation arising from viscoelastic relaxation’, Geophys. J. Int. 227, 693-716, 2021). 
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Solar Physics 
The discovery of Campfires on the Sun 

The “Extreme Ultraviolet Imager” (EUI) is a 

combination of 3 telescopes onboard Solar Orbiter. In 

particular, the HRIEUV telescope (“High Resolution 

Imager in the EUV”) has an outstanding performance 

taking images of the solar corona at extreme 

resolution. Depending on the distance to the Sun, a 

footprint of a HRIEUV pixel can be as small as 100 km 

on the solar surface, and the imaging cadence can be 

as fast as 2s. Such a performance in the solar corona 

has only been reached by one earlier instrument that 

operated only for a few minutes, as it was mounted on 

a sounding rocket. HRIEUV is therefore one of the 

success stories on Solar Orbiter, which started its 

nominal mission phase on November 27, 2021, for an 

expected duration of about 10 years. 

Before the start of the nominal mission phase, 

however, HRIEUV already took many series of test 

images. In one of the early sequences (May 30, 2020, 

see Figure 21) short-lived brightening were discovered 

(Berghmans et al. 2021), which were jokingly called campfires to illustrate their very small size. In reality these 

small brigthenings are still between 400 and 4000 km large, but as compared to the big solar flares, they are 

tiny.  Tiny flares have been observed before and are of particular 

interest as they might collectively contribute more to the heating 

of the solar corona than their bigger cousins that can even 

influence the space weather around the Earth. 

Nevertheless, campfires turned out to be special. Never were 

flare-like brightenings observed so sharply at such small scales.  

The next best telescope (SDO/AIA) could confirm most of the 

campfires but only sees fuzzy patches, where HRIEUV can clearly 

see tiny loop-like structures interacting. Moreover, triangulation 

between HRIEUV and AIA revealed that campfires live at the lower 

boundary of the corona, barely sticking out of the cooler 

chromosphere as shown in Figure 22 (Zhukov et al. 2021).   

Figure 21: Snapshot from an ESA press release covering the 

campfires seen as tiny bright specs in the EUI images. 

Figure 22: The height of campfires above the solar 

surface (reproduced from Zhukov et al, 2021). 

http://dx.doi.org/10.1051/0004-6361/202140380
http://dx.doi.org/10.1051/0004-6361/202141010
http://dx.doi.org/10.1051/0004-6361/202141010
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Figure 23: Distribution of campfires (yellow boxes) as seen in PHI magnetograms (left) and EUI/HRIEUV images (right). Blue and red 

contours on the left correspond to negative and positive magnetic flux. The scale indicator (40Mm) corresponds to Earth 

circumference (reproduced from Kahil et al. 2022). 

Follow-up observations were made with another high-

resolution instrument onboard Solar Orbiter, the 

“Polarimetric and Helioseismic Imager” (PHI). PHI can 

make magnetic maps of the solar surface (see Figure 23) 

and these showed that most of the campfires coincide 

with magnetic cancellation events in which magnetic flux 

disappears from the solar surface (Kahil et al. 2022).  With 

the help of 3D simulations of the solar corona, it was 

shown (see Figure 24) that magnetic energy can indeed be 

converted and released, resulting in brightening in the EUV 

emission that we see as campfires (Chen et al. 2021). 

Several other publications studied the dynamics in 

campfires, sometimes seen as tiny jets. 

Finally, the relevance of campfires for the coronal heating 

mystery is being addressed by studying statistically if a 

large number of campfires can collectively make a 

significant contribution to the heating of the million 

degrees solar corona. 

  

Figure 24: A simulated campfire, showing at the bottom its 

magnetic field configuration (reproduced from Chen et al 

2021). 

https://doi.org/10.1051/0004-6361/202142873
https://doi.org/10.1051/0004-6361/202142873
https://doi.org/10.1051/0004-6361/202140638
https://doi.org/10.1051/0004-6361/202140638
https://doi.org/10.1051/0004-6361/202140638
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World Data Centre for Sunspot Index 

The Sunspot Number (SN) is the longest scientific experiment still ongoing and a crucial benchmark to study 

solar activity, space weather and climate change. The Royal Observatory of Belgium (ORB-KSB) plays a central 

role in the continuation of this experiment, as it hosts the Sunspot Index and Long-term Solar Observations 

World Data Centre (WDC-SILSO-WDC). This World Data Centre aims at collecting solar data, as well as 

producing and distributing the International Sunspot Number, which is used in about two hundred scientific 

publications on an annual basis. 

The BRAIN.be project ValUSun (2017-2021) aimed at valorising the long-term solar observations from the ORB-

KSB. In collaboration with UCLouvain and PhD student Sophie Mathieu, we conducted a comprehensive 

statistical analysis of WDC-SILSO sunspot numbers collection, and laid the ground for a future monitoring of 

all active stations in near-real time. We summarise here the main results of Sophie Mathieu’s PhD thesis. 

Uncertainty Quantification in Sunspot Numbers 

To be able to alert observers when they start deviating from the network, one needs to first study the errors 

in the SN, in other words, to develop an uncertainty model.  We consider the period 1947-2013, and a dataset 

of 21 stations with records of the number of spot Ns, the number of groups Ng, and the composite Nc= Ns+ 

10Ng based on the original formula by Pr. Rudolf Wolf in 1849. Our uncertainty model is valid for Ns, Ng, and 

Nc and contains three types of errors [Mathieu et al. 2019]. 

1. A short-term, rapidly-evolving, error, denoted ε1(i,t), that describes counting error and variable seeing 

conditions at station i and time t 

2. A station-specific long-term error, ε2(i,t), that accounts for systematic biases. We are interested in 

estimating its mean and see if it experiences sudden jumps or drifts on longer time scale. 

3. An error term, ε3(i,t), which captures what happens during minima of solar activity when there are 

few or no sunspots during extended periods.   

An observer typically makes larger errors when the Sun is more active and produces more sunspots, which 

means that ε1(i,t) and ε2(i,t) should be multiplicative errors. With Yi(t) denoting in a generic manner Ns, Ng, 

or Nc observed at time t by a station i, and with s(t) being a latent (unobserved) variable representing the 

‘true’ solar signal, our model writes: 

𝑌𝑖(𝑡) = {
(𝜀1(𝑖, 𝑡) + 𝜀2(𝑖, 𝑡))𝑠(𝑡)𝑖𝑓𝑠(𝑡) > 0,

𝜀3(𝑖, 𝑡)𝑖𝑓𝑠(𝑡) = 0
 

Having devised a procedure for estimating s(t),  we get access to observed values of errors. Those exhibit an 

excess of zeros, i.e. an unusual local peak in the density at zero due to solar minimum periods, as well as 

several modes. In order to account for these characteristics, we use zero-altered mixture of Probability Density 

Functions (PDF) to fit those values. The Interquartile range (IQR) is an appropriate measure of the dispersion 

in these PDF. Figure 25 represents a scatter plot of the long-term (mean ε2(i,t))  versus short term (ε1(i,t)) 

empirical IQR of the number of spot Ns for several stations. Basically, it provides us with a view on the stability 

of stations outside periods of solar minima. Typically, we see that teams of observers (in red) experience more 

short-term variability than individual observers (in black), but show a better long-term stability. 

http://sidc.be/silso/
http://sidc.be/silso/
https://www.sidc.be/valusun/
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Figure 25: Scatter plot of long- vs short-term error IQR  for the number of spot Ns.  Red stations are teams of observers, black ones 
are individual. Teams usually have larger short-term error. MO (Mochizuki, Japan), FU(Fujimori, Japan), and KOm (Koyama, Japan) 
correspond to long-time observers with stable observation practices, and have low variability both on short- and long-term.  UC 
(Uccle, Belgium) shows a great variability in the short-term, due to many observers, but has an interesting long-term variability. 

Monitoring the Sunspot Number Observations by Stations 

Now that we have determined an uncertainty model, we need to monitor the stations. The so-called 

‘Cumulative sum’ (CUSUM) Control chart is a sequential analysis technique used for monitoring change 

detection.  It was first designed for normally distributed errors, and in the presence of In-Control (non-

deviating) observations.  We saw that for the time series of the SN composite Nc exhibits strong noise, a 

complex autocorrelation structure, non-normality, and missing values.   Hence in [Mathieu et al., 2022], we 

devised a monitoring strategy tailored to Nc. We first select a group of In-Control stations and use them to 

standardise all the stations. Second, the standardised data are monitored by the CUSUM chart adapted to 

time series.  This control scheme was applied on past observations to study the deviations of the sunspot 

numbers, as seen in Figure 26.   

The VAL-U-SUN project, thanks to Sophie Mathieu’s work, has given the WDC-SILSO the means to use the most 

advanced statistical methods to monitor its network and to compute the International Sunspot Number in 

near real time.  
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Figure 26: (Left) Control scheme for Nc (smoothed over 365 days) of the FU station, which is composed of a single dedicated 
observer in Japan, who observed without interruption since 1968 until today. Although the series was remarkably stable for 

decades, it suffers from recent deviation, see e.g. the  downward trend beginning in 2011 which might be associated with the 
health condition of the observer. (Right) Control scheme for Nc (smoothed over 27 days) for the UC  (Uccle, Belgium). ROB’s station 
is stable over time but suffers from a large jump in 1999, due to the intense participation of a particular observer that did not count 

with the same precision as the other members of the team. He was recruited at a time where there was a lack of observers but 
finally stopped observing. 
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The F10.7cm Radio Flux Revisited 

The flux at 10.7cm (Hz) is a long-term reference index of solar activity that represents the background radio 

flux when there are no flares. Its source is mostly thermal radio emission from the lower corona. It is a good 

standard long-term proxy of the UV solar irradiance back to 1947. It is closely related to the Sunspot Number 

SN available since 1700. The F10.7/SN proxy relation allows backward reconstructions of UV irradiance over 

multiple centuries. 

 

Figure 27: Different relations between SN and F10.7 

However, over the years, a confusing picture arose as to the exact relation between F10.7 and SN. Namely, 

we count 12 publications and 18 different formulae that mostly disagree (Figure 27), and no determination of 

error bars. Since the Sunspot Number was re-evaluated in 2015 (Clette & Lefèvre, 2016), it was time to re-

evaluate the F10.7/SN relation.  

Thus, in 2021, Frédéric Clette (Clette, 2021), researcher at ORB-KSB, established a new polynomial regression 

with errors, of which the equation is shown below. 

𝐹10.7 = 67.73(±1.13) + 0.337(0.056)𝑆𝑁 + 3.69(±0.77. ). 10−3𝑆𝑁
2 − 1.52(±0.38). 10−5𝑆𝑁

3

+ 1.33(±0.62). 10−8𝑆𝑁
4  

However, F. Clette also discovered a very interesting fact, unbeknownst to everyone until now: this 

relationship is not stable over time and there is an abrupt change of more than 10% in 1980 (Figure 28), with 

the relation being stable before and after this jump (Figure 29).  
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Figure 28: Ratio of SN and F10.7 series (1947-present). 

 

Figure 29: Relation before (red) and after 1980 (blue). 

Although the timing is suspiciously close to the time when the sunspot number SN was transferred from Zurich 

to Brussels in 1981, there is no evidence that this jump occurs in SN, so it points towards an undocumented 

change in the flux at 10.7cm. The exact reason is still being investigated.  

Our conclusions are that the base F10.7/SN relation is fully linear except for the 0 point, and the non-linearity 

is entirely due to the temporal smoothing. The mean quiet-Sun F10.7 flux varies with the number of spotless 

days with an invariable base flux of 67 sfu. The optimal proxy is a 4th-order polynomial based on monthly 

means. And there is a 10.5% upward jump occurring in 1980-1981. 
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10.1007/s11207-016-1014-y 

Clette, F. (2021), Is the F10.7cm – Sunspot Number relation linear and stable?, J. Space Weather and Space Climate, Vol. 11, id.2, 25 
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Improving Data Access to Solar Physics Data 

At the Royal Observatory of Belgium (ORB-KSB) we collect, store and distribute data from the Sun obtained 

with space-based instruments (e.g. SWAP and LYRA on board the PROBA2 mission or EUI on the Solar Orbiter 

mission) as well as with ground-based instruments (e.g. solar telescope from USET or radio antenna from 

Humain Radioastronomy Station). In order to allow for an extensive usage of these different datasets and for 

a maximum return in terms of new discoveries, we are dedicated to making them as easily available to the 

global solar physics community as possible by developing user-friendly tools to find and access the data.  

In recent years, there has also been an international drive from academia, industry and funding agencies to 

make scholarly data more reusable; this has resulted in the creation of guidelines summarised in the ‘FAIR’ 

Data  Principles, where ‘FAIR’ stands for ‘Findable’, ‘Accessible’, ‘Interoperable’ and ‘Reusable’. The FAIR 

guidelines put emphasis on enhancing the ability of machines to automatically ‘find’ and get ‘access’ to the 

data, as well as the possibility of a smooth transfer from one software to another, e.g. for plotting the data 

(interoperability) and, of course, the ability to ‘reuse’ the data thanks to the adoption of standard data format. 

In 2021, our team has been more and more accustomed to the FAIR principles and we have used them to 

improve our data management at the ORB-KSB. All these efforts also improved international collaboration and 

scientific output.  

In 2021, one of our major achievements regarding improving data access was to turn the Solar Virtual 

Observatory (SVO) (URL: https://solarnet.oma.be/) into an operational system. A Virtual Observatory is a 

collection of interoperating data archives and software tools connected through the internet and our SVO 

does this specifically for solar data.  

 

Figure 30: The SVO web interface datasets search tab. 

  

Development on the SVO started in the EU FP7 SOLARNET project with a prototype version. Further 

development continued in the EU H2020 SOLARNET project, where the SVO was turned into an operational 

system. Additionally, new features are being developed in the framework of the EU H2020 ESCAPE project. 

We are also continuously expanding the number of datasets that are made available through the SVO. 

 

https://solarnet.oma.be/
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Via the SVO, users can search and access solar physics data from ROB and other research institutes through a 

web interface (see Figure 30), software libraries (Python and IDL) and through an Application Programming 

Interface (RESTful API). Users can search across multiple datasets, which let them quickly see which solar 

telescopes were taking measurements at a certain time. This is quite useful as obviously ground based solar 

telescopes can only take data during sunny days, and not in a continuous manner as for space-based 

telescopes. Whenever available you can also see a quick-look version and meta data description of the data.  

 

Figure 31: The SVO web interface event search tab showing a quick-look image of a coronal hole.  

It is also possible to search on events from the Heliophysics Events Knowledgebase (HEK) database, which 

allows for quick look visualisation, see Figure 31. One of the new features that we are developing is to let users 

search for data with the ROB Solar Event Database as well.  

Once a user has made a selection of data, they can easily share this data with collaborators as the SVO provides 

an ftp address.  

We are working on expanding the number of datasets available through the SVO as well as the ways in which 

our database can be queried by setting up a Table Access Protocol (TAP) service (which follows an international 

standard for Virtual Observatory) and by interfacing the SVO with it.   

A final area of development is to interface the SVO with tools like jHelioviewer, which lets users visualise and 

combine different solar datasets like ours. 
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Astronomy and Astrophysics 
TMBM - Tarantula Massive Binary Monitoring 

The Tarantula Nebula (NGC 2070, or 30 Doradus) in the Large Magellanic Cloud (LMC) is a highly complex 

nebula and the brightest H II region in the Local Group. It is a prototype starburst similar to those found in 

high redshift galaxies. This region is illuminated by the massive central star cluster R136 that contains some of 

the most massive stars known to date (200–300 M⊙). At a distance of 50 kpc, the Tarantula nebula is a unique 

star-forming region that allows us to study massive-star evolution, star formation and cluster evolution in 

great detail. It is a template for distant, unresolved starbursts and can be used to explore their role in galaxies 

and the overall cosmos. Stars in the LMC are also particularly interesting to study, because the global 

metallicity content of this dwarf galaxy is expected to be half that of the Milky Way. By probing lower-

metallicity environments, scientists want to understand the effects of the metallicity on the formation and 

evolution of (massive) stars within conditions closer to those at the earliest stages of the Universe, when the 

first stars were born.  

The VLT-FLAMES Tarantula Survey (VFTS) provided a homogeneous, multi-epoch spectroscopic data set aimed 

to establish the stellar and binary properties of the massive-star content in this region. About 800 targets were 

observed through the VLT-FLAMES Tarantula Survey with the FLAMES/GIRAFFE spectrograph mounted on the 

Figure 32: The Tarantula Nebula in the Large Magellanic Cloud observed by Hubble in the frame of the Hubble Tarantula Treasury 
(https://apod.nasa.gov/apod/ap160226.html). 

https://apod.nasa.gov/apod/ap160226.html
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VLT/UT2 at ESO Paranal. Among the 800 objects, 360 were classified as O-type or early, evolved B-type stars. 

Of these 360 objects, 32% were identified as spectroscopic binaries. The analysis of these data led to the 

publications of 32 papers in scientific reviews, between 2011 and today where multiplicity, rotation, surface 

composition, stellar parameters were studied, among others. 

The VFTS relies on an observing strategy based on six observations per object, covering different wavelength 

ranges of their electromagnetic spectrum. While it was possible to derive physical properties of presumably 

single stars, the strategy based on six observing epochs prevents us from characterising the orbital parameters 

of binary or multiple systems, but only to detect them as such. To develop this topic further, the Tarantula 

Massive Binary Monitoring (TMBM) project was set up. This follow-up project relies on the existing 

collaboration between scientists from more than 20 different institutes, most of them in Europe and in 

America, and was awarded 45 hours of observing time. TMBM aimed to acquire 32 additional epochs with the 

Multi-Object Spectrograph FLAMES/GIRAFFE. These additional epochs have been secured for the 32% of stars 

classified as binary or multiple systems in order to measure their orbital properties as well as the physical 

parameters of their individual components. A first paper published in 2017 led to the characterisation of 

orbital parameters for 31 double-lined spectroscopic binaries and 51 single-lined. Knowing the orbital 

parameters of massive stars is important for a wide range of topics from stellar feedback to binary evolution 

channels and from the distribution of supernova types to gravitational wave progenitors. This study showed 

that the orbital parameter distributions (orbital periods, eccentricities, mass ratios) appear to be universal 

across massive OB stars (from 8 M⊙ and higher), and no matter the metallicity environment. 

In-depth analyses of several interesting 

objects were published in 2017, 2019, 

and 2021, and a more general analysis of 

all the double-lined spectroscopic 

binaries in the Tarantula region was 

published in 2020. For that purpose, we 

applied a technique called “Spectral 

disentangling” that allows us to separate 

the individual spectral contributions of 

each component from a time series of 

composite spectra of the systems. 

For each system, two spectra are thus 

produced, one for the primary star and 

one for the secondary, and each object 

can be studied as if the star was single. We then applied atmosphere codes to produce synthetic spectra that 

fit the most of our observations to derive the fundamental parameters of each component (e.g. surface 

temperatures, gravities, projected rotational velocities, masses, radii), as well as their helium, carbon and 

nitrogen surface abundances. Among the 31 systems that we studied, we identified between 48 and 77% of 

them as detached, likely pre-interacting systems, 16% as semi-detached systems (i.e. systems where one 

component is transferring its mass and angular momentum to its companion), and between 5 and 35% as 

systems in or close to contact phase (i.e. both stars overflow their Roche lobes simultaneously, as shown in 

Figure 33). The individual properties of the components allowed us to classify them, notably through a 

Hertzsprung-Russell diagram (Figure 34). From their surface abundances, we showed that the effects of tides 

on chemical mixing are more limited than mass and angular momentum exchanges. 

These studies allowed us to highlight very interesting and unique systems:  

Figure 33: Artist impression of the over-contact binary VFTS 352 in the Tarantula 
region. 
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1. VFTS 527 which the most massive binary system known to contain two O supergiants (~ 90 M⊙ + 90 

M⊙),  

2. VFTS 061, VFTS 176, VFTS 450, VFTS 538 and VFTS 652, five high-mass analogues of classical Algol 

systems, i.e. systems where one component is transferring its mass and angular momentum to its 

companion,  

3. VFTS 352, one of the most massive over-contact binaries (29 M⊙ + 29 M⊙ Figure 33),   

4. VFTS 399, a potential X-ray binary,  

5. R145, which is the most evolved object in the sample composed of two nitrogen-rich Wolf-Rayet stars, 

and, 

6. R144, a wind-eclipsing binary composed of two hydrogen-rich Wolf-Rayet stars with a total mass 

higher than ±140 M⊙. 

We also provided LMC-based empirical mass-luminosity and mass-radius relations, and we compared them to 

other relations given for the Milky Way, the LMC, and the Small Magellanic Cloud. These relations differ for 

different mass ranges, but do not seem to depend on the metallicity regimes. 

 

Figure 34: Hertzsprung-Russell diagram for all the individual components that are members of double-lined spectroscopic binaries in 
the Tarantula region. Filled (open) circles (diamonds) refer to the primary (secondary) of each binary system. The names of the 

systems are colour-coded in the legend of the figure. 

All these parameters derived through these different studies are useful because they give us strong 

observational constraints to test the single and binary evolution theories. In two subsequent papers published 

in 2021 and 2022, a large grid of detailed evolutionary models of short-period massive binaries and follow-up 

population synthesis calculations was used to derive probability distributions of the observable properties of 

massive Algols and massive contact binaries. For Algols, the comparisons between these models and the 

observational derived parameters pointed out that the mass transfer in massive binaries can be rather 

conservative in some systems, while very inefficient in others.  
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For contact systems, while our theoretical distributions work particularly well for contact binaries with periods 

< 2 days and total masses < 45 M⊙, we expect stellar winds, non-conservative mass transfer and envelope 

inflation to have played a role in the formation of the more massive and longer-period contact binaries.  

At the moment, the analysis of the TMBM data and their comparison with theory is far from finished. The 51 

single-lined spectroscopic binaries are currently under investigation. That will be useful to constrain the low-

mass end of the companion mass function, and search for possible neutron stars or stellar-mass black holes 

as companions as predicted by the binary evolution theory. 

References: 
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Shenar et al. 2021, A&A, 650A, 147: “The Tarantula Massive Binary Monitoring. V. R 144: a wind-eclipsing binary with a total mass 

≳140 M⊙”;  

Menon et al. 2021, MNRAS, 507, 5013: “Detailed evolutionary models of massive contact binaries - I. Model grids and synthetic 

populations for the Magellanic Clouds”; 

Sen et al. 2022, A&A, 659A, 98: “Detailed models of interacting short-period massive binary stars” 

The Parallax Zero-Point Offset From Gaia EDR3 Data 

Ever since the first Gaia data release (DR), it is known that sources at, essentially, infinity, like quasi-stellar 

objects (QSOs), do not have, on average, a parallax of zero. In DR2 data, the sky-averaged parallax of QSOs 

was -29 μas (Lindegren et al. 2018). It also became clear that this, so called, parallax zero-point offset (PZPO) 

depended on sky position but also on magnitude and colour as several studies showed. This offset and its 

uncertainty hamper the accurate calibration of local distance scale indicators, including that of Classical 

Cepheids (CCs), considered to be the primary local distance indicators (Riess et al. 2018, Groenewegen 2018) 

It was therefore not surprising that the Gaia team had a close look at this issue for the early-DR3 (EDR3; Gaia 

Collaboration 2021). As part of the Gaia EDR3, Lindegren et al. (2021; hereafter L21) provided a Python script 

that returned the PZPO (without error bars) as a function of ecliptic latitude (ß), magnitude and colour. 

At the ROB, the dependence of the PZPO on several parameters was investigated independently, and the 

results are described in the article "The parallax zero-point offset from Gaia EDR3 data" (Groenewegen 2021, 

hereafter G21). 

The main difference with the work of L21 is that the dependence of the PZPO on sky position is chosen not to 

be a function of ecliptic latitude but on the actual sky position as parameterised through the HEALPix scheme 

(Gorkí et al. 2005). The latter is a scheme to divide the sky into pixels, and the number of pixels depends on 

the 'level' one chooses, from 12, 48, 192, 768 and 3072 pixels, for levels 0, 1, 2, 3 and 4, respectively, that are 

considered in G21. 

The samples of objects used to determine the PZPO are similar to those used in L21, but, again, constructed 

independently. At the faint end, an initial sample of 855 000 high-confidence QSOs is selected from The Million 

Quasars (Milliquas) catalogue (Flesch 2019) that have a match within 0.15” of a GEDR3 source and have a 

parallax, and a G (broad pass band), Bp (blue photometer) and Rp (red photometer) magnitude. A further 

selection is made to purify the sample. The parallax and proper motions need to be consistent with zero within 

5 sigma, and a quality parameter of the astrometric solution called the goodness-of-fit (GOF)  is selected to be 

in the range -4 to +5. The final sample contains 824 000 QSOs for which the median parallax is -20 μas. Figure 
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35 shows the sky-averaged PZPO for QSOs as a function of magnitude (left panel) and ecliptic latitude (right 

panel). 

  

Figure 35: PZPO for the QSO sample as a function of G-mag and ecliptic latitude (open circles). Only bins with ≥5 objects are plotted. 
Bins with 100 objects or less are plotted in blue, with 30 objects or less in red. The blue points in the right-hand panel indicate the 
PZPO for the 48 HEALPix level 1 pixels. The horizontal bar gives the range in sin ß (where ß is the ecliptic latitude) for each HEALPix 

pixel. From G21. 

At the faint end, the dependence on magnitude can be approximated by piecewise linear functions (as was 

done in L21). The right-hand panel shows the large scatter when the PZPO is plotted as a function of HEALPix 

pixels rather than sin(ß), indicating that the behaviour of the PZPO is not a simple function of ecliptic latitude, 

as was also found by Huang et al. (2021). When considering the HEALPix scheme, the median parallax of the 

QSOs in each pixel is determined (with 1.4826 MAD [the median absolute deviation] as the error estimate). 

The number of known QSOs is not uniform over the sky and so the number of QSOs that is contributing to the 

average depends on the HEALPix pixel and level, and can vary from 0 to a few 1000. 

The second sample that is used to constrain the PZPO are 784 000 wide physical binaries (based on El Bady et 

al. 2021). The advantage of using physical binaries is that they are, for all practical purpose, at the same 

distance and at the same location on the sky. In other words, any difference in parallax between the 

components in the binary must be due to other parameters, like magnitude and colour. The left-hand panel 

in Figure 36 shows the difference in parallax between the primary (=the brighter one by construction) and 

secondary component as a function of the magnitude of the primary. One observes clear patters that can be 

ascribed to different read-out schemes of the Gaia CCDs as a function of magnitude (see L21 and references 

therein). Assuming again a linear dependence of the PZPO as a function of magnitude (as in L21) one can derive 

this piecewise function, and the result is shown in the right-hand panel, where a comparison to the results in 

L21 is also shown. The overall agreement is good although they differ in detail. 

The results of the paper are files that give the PZPO at a fiducial magnitude of G = 20 for all pixels at HEALPix 

levels 0 to 4 (the spatial correction), and a piecewise linear function in G between 5.3 and 21 mag to provide 

the magnitude correction. In practice, a user needs to make a decision which HEALPix level they want to use, 

and this depends on the application. Does it apply to a sample of sources or a single source? One has to balance 

the accuracy of the correction (better with fewer sky pixels and more QSOs) and the variation over the sky 

that is better sampled with more sky pixels. 
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Figure 36: Left panel: parallax difference between the primary and secondary components in wide binaries as a function of primary G 
magnitude. Bins with more than 1000 objects are plotted in blue. Right panel: The applied correction (see Eq. 7 in G21) is shown as 

the black line, leading to a residual as shown by the open circles. The small black, red, and green circles represent the L21 correction 
for ß = 0, -60, and +60°, respectively. There is an offset as the L21 corrections are absolute, while the corrections applied to the wide 

binary sample are relative to the correction at G = 20 mag. From G21. 

In June 2022, Gaia DR3 will be released. One big improvement is that the astrometric solution will also allow 

for non-single stars. This means that the parallax (and other parameters) will be improved for the many objects 

that are in binary systems (in particular unresolved binaries). It will also improve sample selections as the 

number of objects that were now excluded because of a poor astrometric solution (a poor GOF) should 

diminish.   
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Outreach Initiatives with Accents to Gender Equality in 

Science  

Soapbox Science Brussels 2021  

Soapbox Science is a science outreach initiative that aims to promote the visibility of women and non-binary 

scientists and their research by bringing them on the streets to reach the public. Soapbox Science events 

transform public areas in discussion forums based on Hyde Park’s Speaker’s Corner where women and non-

binary scientists, on their soapboxes, talk about their research to the people passing by. Soapbox Science was 

founded in 2011 in London, by Dr Seirian Sumner, from the University of Bristol, and Dr Nathalie Pettorelli, 

from the Zoological Society of London. The concept went on with great international success, with 42 events 

in 13 countries in 2019. 

Soapbox Science aims at tackling stereotypes, and shows 

to the public that science is not an ‘old white man’s’ 

business and that anyone has the opportunity to enjoy 

science in an interactive way. 

In 2019, a team of six researchers and science 

communication officers of the Royal Observatory of 

Belgium (ORB-KSB) and the Royal Belgian Institute of 

Space Aeronomy (IASB-BIRA), decide to organise Soapbox 

Science events in Brussels. The administrative costs are 

managed by the ORB-KSB and the IASB-BIRA. Funding of 

Soapbox Science Brussels goes through sponsoring from 

different entities. In 2021, Soapbox Science Brussels 

Sponsors are Belspo, ULiège, UHasselt and Europlanet 

Benelux.  

Online Event in 2020 

The first Soapbox Science Brussels event was organised on October 10, 2020. Due to COVID-19, the event was 

held online and was broadcast live on YouTube and Facebook. This online event was also the first Soapbox 

Science Brussels event organised in Belgium.  

The First In-person Event of Soapbox Science in Brussels 

The very first Soapbox Science event held in-person in Brussels took place on June 26, 2021. This is also the 

first in-person Soapbox Science event in Belgium. On this day, four soapboxes were installed on the Place de 

la Bourse/Beursplein of Brussels, and 12 speakers took turns talking about their research and interact with the 

public passing by for one hour each. Talks were in French, Dutch and English, three languages widely used in 

Brussels. 

There was a good reception from the visitors, from the communication from the institutes of the speakers, 

and from the press with which some interview where done. On this occasion, videos of the event were made 

by Marc Vandenbrande. Those videos are displayed in the Soapbox Science Brussels YouTube channel.  

Soapbox Science Brussels’ social media in 2021: 

• Facebook: https://www.facebook.com/SoapboxScienceBrussels   

• Twitter: https://twitter.com/SoapboxscienceB  

Figure 37: Soapbox Science Brussels 2021 event at the Place 
de la Bourse in Brussels 

http://soapboxscience.org/
http://soapboxscience.org/brussels-local-organising-team/
https://www.youtube.com/channel/UC0Tyk9W5m-_duhQl3HwMwNA
https://www.facebook.com/SoapboxScienceBrussels
https://twitter.com/SoapboxscienceB
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Belgian Women in Science – BeWiSe and the WiseNight Festival  

History & Objectives 

BeWiSe is a non-profit association that is 

dedicated to promote the participation of 

women in sciences. 

The association was officially created in 

December 2003, a few months after eight female scientists decided to form an association that would help to 

enhance the position of women in scientific careers in Belgium during its first General Assembly. BeWiSe's 

main objectives are to support the position of women in science, both in academia and private sectors, and to 

improve the communication among women in the Belgian and European scientific communities. The General 

Assembly is held once a year, with a private session for members only, and a public session for all members, 

mentors and mentees, and supporters.  

Examples of BeWiSe Realisations, Events and Activities 

• Science needs You! In 2010, BeWiSe produced a video presenting the portraits of six scientists (four 

women, two men) in their (natural) environment and showing why they chose a career-path in 

science. It describes their main interests and hobbies and disseminates their messages to stimulate 

teenagers and youngsters to choose scientific studies. This video was produced in collaboration with 

the sociologist Monique Chalude (MC2Chalude Consultancy) and is still broadcast today to raise the 

interest of girls for scientific careers, e.g. at the Green Light For Girls event at the ULB.  

• The BeWiSe Mentoring Programme. BeWiSe offers a unique mentoring programme where the 

candidate mentees (at PhD level) are matched with an experienced mentor (with over 10 years of 

experience) across different disciplines and across the linguistic and community borders of Belgium.  

Both women and men, with a priority given to (young) women, can participate to this programme.  

• The Lunch & Learn lectures. In these recurrent events occurring at lunchtime, discussed topics include 

how to build self-confidence, how to improve the work-life balance, career paths outside of academia 

as well as practical workshops such as writing a strong CV, obtaining funding, etc.  

• WiseNight, a science event funded by the European Commission that took place on 24-25 September 

2021 (see the Paragraph, “The WiseNight Festival”).  

• Advocacy for Women in Science. BeWiSe advocates for women in science in Belgium during national 

and international events such as those organised by the European Parliament, the EU Gender Summit, 

the European Platform of Women in Science (EPWS) and the Women and Society Platform of Fedactio 

(Federation of Active Associations in Belgium). 

The WiseNight Festival: a Collaboration between BeWiSe and the Planetarium of the ORB-KSB 

 

In 2021, BeWiSe organised and coordinated an inclusive two-day science festival on September 24 & 25, 2021 

the Planetarium of Brussels and the Museum of Natural Sciences. WiseNight was an initiative of seven 

https://www.bewise.be/
https://actus.ulb.be/fr/agenda/enseignement-secondaire/g4g-day-ulb?RH=1597413810269&LANGUE=0
https://epws.org/
https://www.wisenight.eu/
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organisations involved in research, science outreach and gender equality in scientific careers in Belgium: 

BeWiSe, the Planetarium of the Royal Observatory of Belgium and the Royal Belgian Institute of Natural 

Sciences, Jeunesses scientifiques de Belgique, BOS+, Ekoli, GoodPlanet. The specific research themes were 

Land & Forest, Oceans & Water and Space.  

The science festival was held in the context of the European Researcher’s Night with the purpose to bring the 

(young and old) public in contact with science and scientists, with a focus on women scientists and science in 

Europe, in an interactive and fun way. This project received funding from the European Union’s Horizon 2020 

research and innovation programme under the Marie Skłodowska-Curie actions (grant agreement No 

101036009). 

  

Figure 38: Pictures of the WiseNight Event at the Planetarium 

The activities on Friday were mainly targeted to schools; the activities of Saturday were for the public. The 

festival is free of charge, but registration is required for practical purpose.  

• The Planetarium of Brussels hosted a variety of activities: 

• The screening of the movie Proxima; 

• Two activities related to space weather: 

o ‘Panic in the Space Weather Room’: an interactive tour in the Space Weather office, where 

the space weather forecast is being prepared; 

o Northern Lights: enjoy a spectacular show of the Northern lights, while listening to a local 

legend; 

• An EU4U booth highlighting the European Union’s involvement in Research and Innovation, with live 

sessions where you can interact with researchers who received a Marie Skłodowska-Curie Actions 

(MSCA) grant; 

• A booth presenting the Soapbox Science Brussels initiative; 

• A photographic exhibition of scientists in Belgium (on display until 9 October 2021).  

https://www.jsb.be/home3.asp?ClubID=64&LG=FR
https://www.bosplus.be/
https://ekoli.be/
https://www.goodplanet.be/
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The 2022 Calendar of the Royal Observatory of Belgium 

Since 2020, the ORB-KSB publish its annual calendar, as a 

way to present the Observatory to the public. The 

pictures of the calendar represent the research 

performed at the Observatory. For each picture, a short 

text in French and Dutch describe the picture and the 

context behind it. Astronomical events visible to the 

naked eye and selected from the Yearbook of the ORB-

KSB are also mentioned in the calendar. A glossary at the 

end of the calendar explains the different phenomena 

mentioned. 

This year, the calendar format is a big format of 32 × 32 

cm. In addition to the information presented in the 2021 

calendar, each month of the 2022 calendar also mentions 

the periods of visibility of the five planets visible with the 

naked eye (Mercury, Venus, Mars, Jupiter and Saturn).  

The VR Filming Project 

In September 2020, the ORB-KSB and the Royal Belgian 

Institute of Space Aeronomy (BIRA-IASB) applied Belspo to get 

outreach funding for a virtual reality (VR) filming project of the 

three Space Pole institutes at the Uccle Site. The filming of the 

project took place in December 2020 and January 2021 and a 

review of the VR was performed in June 2021. The VR will be 

displayed in the Planetarium in the frame of its VR activity 

when the COVID-19 situation allows to do so. 

 

Information to the Public, Website, News and Press 

Releases 

In 2021, the Communication and Information service replied to questions from authorities, public and the 

media send by email (624, with 312 in French, 260 in Dutch and 52 in English), by telephone (110), by letter or 

fax (14), and in social media of  the ORB-KSB (Facebook and Twitter, 6), hence 740 replies in total. 38 questions 

come from authorities (courts, police…) or particulars such as lawyers, with 26 in Dutch and 12 in French. As 

usual, most questions were about sunset and sunrise, astronomical phenomena, calendars and time, satellite 

and space station flybys, night observations, and the history of ORB-KSB. Questions related to other fields of 

expertise such as seismology or space weather are forwarded to the respective services. Due to lockdown and 

COVID-19 safety measurements (put in place since March 12, 2020), visits are restricted and strongly 

discouraged.  



 

  

 52 

 

In 2021, the main website of the ORB-KSB got 422,382 visits on the main website (comprising the information 

service website) and a mean duration of 1 min 32 s per visit. 17 topics were published in the ‘News’ section of 

the ORB-KSB’s website (always in three languages: NL/FR/EN), including 2 press releases. The most important 

news of this year is related to the launch of the NASA DART mission to the asteroids Didymos and Dimorphos.   

Social Media 

On 31 December 2021, the ORB-KSB Facebook webpage has 1199 likes (with 155 new likes since end 2020), 

and the ORB-KSB Twitter account got 1022 followers (105 new followers since end 2020). The themes of the 

published posts and videos are related to all services of the institutes, comprising shared posts from the 

Planetarium Facebook page, from the Seismologie.be Facebook page and Twitter account, from the EUI 

Twitter account and also from the Royal Belgian Institute of Spatial Aeronomy and the Royal Meteorological 

Institute. 

The most successful Facebook post of the year is a post announcing the annular solar eclipse of June 10, 2021, 

which is partially visible in Belgium. On Twitter, the most successful Twitter post is a post in Dutch in April 3, 

2021, announcing that the Planetarium is open again after renovation.  

https://www.astro.oma.be/


 

 

 

 

 

The Planetarium 



 

  
 

Daily Activities 

The year 2021 at the Planetarium was again affected by the COVID-19 pandemic, which meant periods of 

closing (particularly during the end-of-year holidays), reduced capacity throughout the year and schools 

being denied field trips. The Planetarium was also closed in March to allow for the installation of the new 

digital projection system (see below). Nevertheless, 32,265 paying visitors were welcomed, thanks in 

particular to a very strong response from the family public during the spring holidays (when the 

Planetarium reopened) and during the summer (more visitors were received in July and August 2021 than 

in the same pre-COVID period in 2019). However, school audiences were hard to come by in order to reach 

the usual attendance figures. 

A total number of 828 sessions were given, divided between 83 school group courses, 6 workshops and 

739 film screenings (individual visits, families, tourists). These figures, compared to a normal year like 2019 

(1657 sessions including 222 school group courses, 40 workshops and 1395 film screenings), give a clear 

idea of the impact of the school closing and lockdown periods on the Planetarium's daily activities. 

The Facebook page continued its upward curve as the year 2020 ended with 2963 followers (+945 over 

the year) and 2846 likes (+899). 

The New Digital Planetarium 

The Planetarium has acquired eight state-of-the-art 

projectors based on phosphor laser technology. With 

a brightness of 7500 lumens each (instead of 2800 

lumens with the previous projectors) and an 

individual resolution of 3840 x 2400 pixels 

(previously 2048 x 1536), the 360° films are now 

projected in 8K UHD. The images benefit from a 

dynamic contrast of 50,000:1, which shows bright, 

point-like stars against a deep black sky, an auto-

calibration system that takes into account all light 

variations, geometric correction and striking colours. 

The installation work was carried out in March, during which time the Planetarium was completely closed 

to the public. This period was used to install a new counter for the ticket office and the shop, as well as a 

corner specifically dedicated to an upcoming virtual reality experience.  

The inauguration of the new digital projection system took place on April 1 and was immediately followed 

by a great public success thanks to excellent press coverage (e.g. VRT and VTM news items): all the spring 

holiday sessions were quickly sold out (due to the limited capacity and the influx of reservation requests). 

 



 

  
 

  

 

 

 



 

  
 

Special Activities 

As in 2020, the number of events promoting science and educational and cultural activities was very low 

given the health context. Nevertheless, we can list: 

• The filming of a LiveFacebook concert (30,000 views) by the young artist-singer Roman Roses on 

June 4. 

• Participation in the Nocturnes des Musées on June 10 with a concert by the group GOING. 

• Co-organisation of the Brussels Planetarium Poetry Festival on September 10 and 11. 

• The co-organisation with the ORB-KSB and the BeWise association of the WiseNight (Night of the 

Researchers) on September 24 and 25, with workshops, an exhibition of portraits, the Soapbox 

Science stand, the activities "Aurora Borealis" and "Panic in the space weather room" and the 

screening of the film Proxima. (See Highlight “The WiseNight Festival: a Collaboration between 

BeWiSe and the Planetarium of the ORB-KSB”.) 

• The presence (screening of our films) at the KNAL Festival (Leuven) on November 28. 

• Participation in the Rouge-Cloître Night of Darkness on 9 October 2020. 

• Rental of rooms (projection room or auditorium) on July 3 (VVS Astronomy Olympiad), on 

September 30 (La Financière de l'Echiquier), on October 14 (Warner Music, presentation of the 

Coldplay album), on October 28 (Belgian Nuclear Society). 

• Media interviews: La Libre Belgique (February 24), Radio Vivacité (April 8, September 15, and 

December 12), Radio Nostalgie (June 1), Le Vif-Express (June 7). 
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Zannoni, M. 
Gravity, geodesy and fundamental physics with BepiColombo’s MORE investigation 

Space Science Reviews, 217 issue 21 (2021). http://dx.doi.org/10.1007/s11214-021-00800-3  

 Inhester, Bernd ; Mierla, Marilena ; Shestov, Sergei ; Zhukov, Andrei N. 
Error Estimation of Linear Polarization Data from Coronagraphs - Application to STEREO-

A/SECCHI-COR1 Observations 

Solar Physics, 296 issue 4 (2021). http://dx.doi.org/%20%20%20%20%2010.1007/s11207-021-

01815-3  

 Janssens, Jan 
Prediction of the amplitude of solar cycle 25 using polar faculae observations 

Journal of Space Weather and Space Climate, 11 (2021). 

http://dx.doi.org/%20https://doi.org/10.1051/swsc/2020081  

 Janssens, S. ; Shenar, T. ; Mahy, L. ; Marchant, P. ; Sana, H. ; Bodensteiner, J. 
BAT99 126: A multiple Wolf-Rayet system in the Large Magellanic Cloud with a massive near-

contact binary 

Astronomy & Astrophysics, 646 issue A33, pp. 15 (2021). http://dx.doi.org/10.1051/0004-

6361/202039305  

 Jebaraj, I. C.; ; Kouloumvakos, A.; ; Magdalenic, J.; ; Rouillard, A. P.; ; Mann, G.; ; Krupar, V.; ; 
Poedts, S. 
Generation of interplanetary type II radio emission 

Astronomy and Astrophysics, 654 issue A64 (2021). http://dx.doi.org/10.1051/0004-

6361/202141695  

 Kahan D.S., Folkner W.M., Buccino D.R., Dehant V., Le Maistre S., Rivoldini A., Van Hoolst T., 
Yseboodt M., Marty J.C. 
Mars Precession Rate Determined from Radiometric Tracking of the InSight Lander 

Planet. Space Sci. , 2021, 199, 105208, https://doi.org/10.1016/j.pss.2021.105208  

 Kahraman Aliçavuş, F. ; Handler, G. ; Aliçavuş, F. ; De Cat, P. ; Bedding, T. R. ; Lampens, P. ; Ekinci, 
Ö. ; Gümüs, D. ; Leone, F. 
Mass transfer and tidally tilted pulsation in the Algol-type system TZ Dra 

Monthly Notices of the Royal Astronomical Society, 510, pp. 1413—1424. 

http://dx.doi.org/10.1093/mnras/stab3515  

 Kauristie, K. ; Andries, J. ; Beck, P. ; Berdermann, J. ; Berghmans, D. ; Cesaroni, C. ; De Donder, E. ; 
de Patoul, J. ; Dierckxsens, M. ; Doornbos, E. ; Gibbs, M. ; Hammond, K. ; Haralambous, H. ; Harri, 
A.-M. ; Henley, E. ; Kriegel, M. ; Laitinen, T. ; Latocha, M. ; Maneva, Y. ; Perrone, L. ; Pica, E. ; 
Rodriguez, L. ; Romano, V. ; Sabbagh, D. ; Spogli, L. ; Stanislawska, I. ; Tomasik, L. ; Tsisaphungo, M. 
; van Dam, K. ; van den Oord, B. ; Vanlommel, P. ; Verhulst, T. ; Wilken, V. ; Zalizovsk, A. ; 
Österberg, K. 
Space weather services for civil aviation – challenges and solutions 

Remote Sensing, 13(18), 3685 (2021). https://doi.org/10.3390/rs13183685  

 Kirichenko, Alexey ; Kuzin, Sergey ; Shestov, Sergey ; Ulyanov, Artem ; Pertsov, Andrey ; Bogachev, 
Sergey ; Reva, Anton ; Loboda, Ivan ; Vishnyakov, Eugene ; Dyatkov, Sergey ; Erkhova, Nataliya ; 
Stȩślicki, Marek ; Sylwester, Janusz ; Płocieniak, Stefan ; Podgórski, Piotr ; Kowaliński, Mirosław ; 
Bakała, Jarosław ; Szaforz, Żaneta ; Siarkowski, Marek ; Ścisłowski, Daniel ; Mrozek, Tomasz ; 
Sylwester, Barbara ; Malyshev, Ilya ; Pestov, Alexey ; Polkovnikov, Vladimir ; Toropov, Mikhail ; 
Salashchenko, Nikolay ; Tsybin, Nikolay ; Chkhalo, Nikolay 

http://dx.doi.org/10.1007/s11214-021-00800-3
http://dx.doi.org/%20%20%20%20%2010.1007/s11207-021-01815-3
http://dx.doi.org/%20%20%20%20%2010.1007/s11207-021-01815-3
http://dx.doi.org/%20https:/doi.org/10.1051/swsc/2020081
http://dx.doi.org/10.1051/0004-6361/202039305
http://dx.doi.org/10.1051/0004-6361/202039305
http://dx.doi.org/10.1051/0004-6361/202141695
http://dx.doi.org/10.1051/0004-6361/202141695
https://doi.org/10.1016/j.pss.2021.105208
http://dx.doi.org/10.1093/mnras/stab3515
https://doi.org/10.3390/rs13183685


 

  

 65 

 

KORTES Mission for Solar Activity Monitoring Onboard International Space Station 

Frontiers in Astronomy and Space Sciences, 8 issue April, pp. 1-11 (2021). 

http://dx.doi.org/10.3389/fspas.2021.646895  

 Knapmeyer-Endrun, Brigitte ; Panning, Mark P. ; Bissig, Felix ; Joshi, Rakshit ; Khan, Amir ; Kim, 
Doyeon ; Lekić, Vedran ; Tauzin, Benoit ; Tharimena, Saikiran ; Plasman, Matthieu ; Compaire, 
Nicolas ; Garcia, Raphael F. ; Margerin, Ludovic ; Schimmel, Martin ; Stutzmann, Éléonore ; 
Schmerr, Nicholas ; Bozdağ, Ebru ; Plesa, Ana-Catalina ; Wieczorek, Mark A. ; Broquet, Adrien ; 
Antonangeli, Daniele ; McLennan, Scott M. ; Samuel, Henri ; Michaut, Chloé ; Pan, Lu ; Smrekar, 
Suzanne E. ; Johnson, Catherine L. ; Brinkman, Nienke ; Mittelholz, Anna ; Rivoldini, Attilio ; Davis, 
Paul M. ; Lognonné, Philippe ; Pinot, Baptiste ; Scholz, John-Robert ; Stähler, Simon ; Knapmeyer, 
Martin ; van Driel, Martin ; Giardini, Domenico ; Banerdt, W. Bruce 
Thickness and structure of the martian crust from InSight seismic data 

Science, 373 issue 6553 (2021). http://dx.doi.org/10.1126/science.abf8966  

 Knibbe, Jurrien ; Van Hoolst, Tim 
Modelling of thermal stratification at the top of a planetary core: Application to the cores of Earth 

and Mercury and the thermal coupling with their mantles 

Physics of the Earth and Planetary Interiors , 321, pp. 106804 (2021). 

http://dx.doi.org/10.1016/j.pepi.2021.106804  

 Knibbe J.S., Rivoldini A., Luginbuhl S., Namur O., Charlier B., Sifre D., Mezouar M., Bernd-Gerdes J., 
Kono Y., van Westrenen W., Van Hoolst T. 
Models of Mercury’s interior structure, based on new experimental data on density and VP of liquid 

Fe-Si-C alloys 

JGR Planets, 2021, 126, e2020JE006651, https://doi.org/10.1029/2020JE006651  

 Knutsen E.W., Villanueva G.L., Liuzzi G., Crismani M.M.J., Mumma M.J., Smith M.D., Vandaele A.C., 
Aoki S., Thomas I.R., Daerden F., Viscardy S., Erwin J.T., Trompet L., Neary L., Ristic B., Lopez-
Valverde M.A., Lopez-Moreno J.J., Patel M.R., Karatekin Ö., Bellucci G. 
Comprehensive investigation of Mars methane and organics with ExoMars/NOMAD 

Icarus, 2021, 357, Article Id. 114266, https://doi.org/10.1016/j.icarus.2020.114266  

 Kouloumvakos, Athanasios; ; Rouillard, Alexis; ; Warmuth, Alexander; ; Magdalenic, Jasmina; ; 
Jebaraj, Immanuel. C.; ; Mann, Gottfried; ; Vainio, Rami; ; Monstein, Christian 
Coronal Conditions for the Occurrence of Type II Radio Bursts 

The Astrophysical Journal, 913 issue 2 (2021). http://dx.doi.org/10.3847/1538-4357/abf435  

 Lampens, P. 
Eclipsing Systems with Pulsating Components (Types β Cep, δ Sct, γ Dor or Red Giant) in the Era 

of High-Accuracy Space Data 

Galaxies, 9 issue 2, pp. 28 (2021). http://dx.doi.org/10.3390/galaxies9020028  

 Lampens, P. ; Vermeylen, L. ; Frémat, Y. ; Sódor, Á. ; Skarka, M. ; Samadi-Ghadim, A. ; Bognár, Zs. ; 
Lehmann, H. ; De Cat, P. ; Goswami, A. ; Dumortier, L. 
Orbital solutions derived from radial velocities and time delays for four Kepler systems with A/F-

type (candidate) hybrid pulsators 

Astronomy & Astrophysics, 647, pp. A139, 1-10. http://dx.doi.org/10.1051/0004-6361/202039389  

 Lemaire, Joseph ; Katsiyannis, Athanassios 
Radial Distributions of Coronal Electron Temperatures: Specificities of the DYN Model 

Solar Physics, 296 issue 4, pp. 64 (2021). http://dx.doi.org/10.1007/s11207-021-01814-4  

 Li, Dong ; Ge, Mingyu ; Dominique, Marie ; Zhao, Haisheng ; Li, Gang ; Li, Xiaobo ; Zhang, 
Shuangnan ; Lu, Fangjun ; Gan, Weiqun ; Ning, Zongjun 

http://dx.doi.org/10.3389/fspas.2021.646895
http://dx.doi.org/10.1126/science.abf8966
http://dx.doi.org/10.1016/j.pepi.2021.106804
https://doi.org/10.1029/2020JE006651
https://doi.org/10.1016/j.icarus.2020.114266
http://dx.doi.org/10.3847/1538-4357/abf435
http://dx.doi.org/10.3390/galaxies9020028
http://dx.doi.org/10.1051/0004-6361/202039389
http://dx.doi.org/10.1007/s11207-021-01814-4


 

  

 66 

 

Detection of Flare Multiperiodic Pulsations in Mid-ultraviolet Balmer Continuum, Lyα, Hard X-

Ray, and Radio Emissions Simultaneously 

The Astrophysical Journal, 921 issue 2 (2021). http://dx.doi.org/10.3847/1538-4357/ac1c05  

 Lilensten, Jean ; Dumbovic, Mateja ; Spogli, Luca ; Belehaki, Anna ; Van der Linden, Ronald ; Poedts, 
Stefaan ; Barata, Teresa ; Bisi, Mario ; Cessateur, Gael ; De Donder, Erwin ; Guerrero, Antonio ; 
Kilpua, Emilia ; Korsos, Marianna ; Pinto, Rui ; Temmer, Manuela ; Tsagouri, Ioanna ; Urbar, 
Jaroslav ; Zuccarello, Francesca 
Quo vadis, European Space Weather community? 

Journal of Space Weather and Space Climate, 11 issue 26 (2021). 

http://dx.doi.org/10.1051/swsc/2021009  

 Lilis  R.J., Mitchell D., Montabone L., Heavens N., HarrisonT., Stuurman C., et al. including Karatekin 
Ö. 
MOSAIC: A Satellite Constellation to Enable Groundbreaking Mars Climate System Science and 

Prepare for Human Exploration 

The Planetary Science Journal, 2021, 2(5), Id. 211, 59 pp., https://doi.org/10.3847/PSJ/ac0538  

 Linker, Jon A. ; Heinemann, Stephan. G ; Temmer, Manuela ; Owens, Mathew J. ; Caplan, Ronald. M 
; Arge, Charles N. ; Asvestari, Eleanna ; Delouille, Veronique ; Downs, Cooper ; Hofmeister, Stefan ; 
Jebaraj, Immanuel C. ; Madjarska, Maria S. ; Pinto, Rui F. ; Pomoell, Jens ; Samara, Evangelia ; 
Scolini, Camilla ; Vrsnak, Bojan 
Coronal Hole Detection and Open Magnetic Flux 

The Astrophysical Journal (ApJ) (2021). http://dx.doi.org/10.3847/1538-4357/ac090a  

 M Ryan, A ; T Gallagher, P ; P Carley, E ; A Brentjens, M ; C Murphy, P ; Vocks, C ; E Morosan, D ; 
Reid, H ; Magdalenic, J ; Breitling, F ; Zucca, P ; Fallows, R ; Mann, G ; Kerdraon, A ; Halfwerk, R 
LOFAR imaging of the solar corona during the 2015 March 20 solar eclipse 

Astronomy & Astrophysics, 648 issue A43 (2021). http://dx.doi.org/10.1051/0004-6361/202039024  

 Mahy, L. ; Lanthermann, C. ; Hutsemékers, D. ; Kluska, J. ; Lobel, A. ; Manick, R. ; Miszalski, B. ; 
Reggiani, M. ; Sana, H. ; Gosset, E. 
Multiplicity of Galactic Luminous Blue Variable stars 
Astronomy and Astrophysics, Volume 57, A4 (2021). https://doi.org/10.1051/0004-

6361/202040062  

 Mandal, Sudip ; Peter, Hardi ; Pradeep Chitta, Lakshmi ; Solanki, Sami K. ; Aznar Cuadrado, Regina ; 
Teriaca, Luca ; Schühle, Udo ; Berghmans, David ; Auchère, Frédéric 
Propagating brightenings in small loop-like structures in the quiet-Sun corona: Observations from 
Solar Orbiter/EUI 

Astronomy & Astrophysics, 656 issue id.L16 (2021). http://dx.doi.org/%2010.1051/0004-

6361/202142041  

 Marini, E. ; Dell’Agli, F. ; Groenewegen, M.A.T. ; Garcia-Hernandez, D.A. ; Mattsson, L. ; Kamath, D. 
; Ventura, P. ; D’Antona, F. ; Tailo, M. 
Understanding the evolution and dust formation of carbon stars in the LMC with a look at the JWST 

A&A, 647, pp. A69 (2021). https://doi.org/10.1051/0004-6361/202039613  

 Matsuyama, I. ; Keane, J.T. ; Trinh, A. ; Beuthe, M. ; Watters, T.R. 
Global tectonic patterns of the Moon 

Icarus, 358 issue 114202 (2021). http://dx.doi.org/10.1016/j.icarus.2020.114202  

 Mazzi, A. ; Girardi, L. ; Zaggia, S. ; Pastorelli, G. ; Rubele, S. ; Bressan, A. ; Cioni, M.-R.L. ; Clementini, 
G. ; Cusano, F. ; Rocha, J.P. ; Gullieuszik, M. ; Kerber, L. ; Marigo, P. ; Ripepi, V. ; Bekki, K. ; Bell, 
C.P.M. ; de Grijs, R. ; Groenewegen, M.A.T. ; Ivanov, V.D. ; Oliveira, J.M. ; Sun, N.-C. ; van Loon, 
J.Th.  

http://dx.doi.org/10.3847/1538-4357/ac1c05
http://dx.doi.org/10.1051/swsc/2021009
https://doi.org/10.3847/PSJ/ac0538
http://dx.doi.org/10.3847/1538-4357/ac090a
http://dx.doi.org/10.1051/0004-6361/202039024
https://doi.org/10.1051/0004-6361/202040062
https://doi.org/10.1051/0004-6361/202040062
http://dx.doi.org/%2010.1051/0004-6361/202142041
http://dx.doi.org/%2010.1051/0004-6361/202142041
https://doi.org/10.1051/0004-6361/202039613
http://dx.doi.org/10.1016/j.icarus.2020.114202
http://publi2-as.oma.be/search?f=author&p=%20Mazzi%2C%20A.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20%20Girardi%2C%20L.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Zaggia%2C%20S.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Pastorelli%2C%20G.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Rubele%2C%20S.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Bressan%2C%20A.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Cioni%2C%20M.-R.L.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Clementini%2C%20G.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Clementini%2C%20G.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Cusano%2C%20F.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Rocha%2C%20J.P.&ln=en
http://publi2-as.oma.be/search?f=author&p=Gullieuszik%2C%20M.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Kerber%2C%20L.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Marigo%2C%20P.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Ripepi%2C%20V.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Bekki%2C%20K.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Bell%2C%20C.P.M.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Bell%2C%20C.P.M.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20de%20Grijs%2C%20R.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Groenewegen%2C%20M.A.T.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Ivanov%2C%20V.D.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Oliveira%2C%20J.M.&ln=en
http://publi2-as.oma.be/search?f=author&p=Sun%2C%20N.-C.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20van%20Loon%2C%20J.Th.&ln=en
http://publi2-as.oma.be/search?f=author&p=%20van%20Loon%2C%20J.Th.&ln=en


 

  

 67 

 

The VMC survey -- XLIII. The spatially resolved star formation history across the Large Magellanic 

Cloud 

MNRAS, 508, pp. 245-266 (2021). 

 Mehner, A. ; Janssens, S. ; Agliozzo, C. ; de Wit, W. -J. ; Boffin, H. M. J. ; Baade, D. ; Bodensteiner, J. 
; Groh, J. H. ; Mahy, L. ; Vogt, F. P. A 
LBV phenomenon and binarity: The environment of HR Car 

Astronomy & Astrophysics, 655 issue A33, pp. 10 (2021). http://dx.doi.org/10.1051/0004-

6361/202141473  

 Menon, Athira ; Langer, Norbert ; de Mink, Selma E. ; Justham, Stephen ; Sen, Koushik ; Szécsi, 
Dorottya ; de Koter, Alex ; Abdul-Masih, Michael ; Sana, Hugues ; Mahy, Laurent ; Marchant, Pablo 
Detailed evolutionary models of massive contact binaries - I. Model grids and synthetic populations 

for the Magellanic Clouds 

Monthly Notices of the Royal Astronomical Society, 507 issue 4, pp. 5013-5033 (2021). 

http://dx.doi.org/10.1093/mnras/stab2276  

 Micera, Alfredo ; Zhukov, Andrei ; López, Rodrigo ; Boella, Elisabetta ; Tenerani, Anna ; Velli, Marco 
; Lapenta, Giovanni ; Innocenti, Maria Elena 
On the Role of Solar Wind Expansion as a Source of Whistler Waves: Scattering of Suprathermal 

Electrons and Heat Flux Regulation in the Inner Heliosphere 

The Astrophysical Journal, 919, 42 (2021). http://dx.doi.org/10.3847/1538-4357/ac1067  

 Morel, Laurent ; Moudnin, Ouafae ; Durand, Frédéric ; Nicolas, Joëlle ; Follin, Jean-Michel ; Durand, 
Stéphane ; Pottiaux, Eric ; Van Baelen, Joël ; de Oliveira, Paulo Sergio Jr 
On the relation between GPS tropospheric gradients and the local topography 

Advances in Space Research, 68 issue 4, pp. 1676-1689 (2021). 

http://dx.doi.org/10.1016/j.asr.2021.04.008  

 Nanni, A. ; Cristallo, S. ; van Loon, J.Th. ; Groenewegen, M.A.T. 
Dust Production around Carbon-Rich Stars: The Role of Metallicity 

Universe issue 7, pp. 233 (2021). https://doi.org/10.3390/universe7070233  

 Nitta, N. V. ; Mulligan, T. ; Kilpua, E. K. J. ; Lynch, B. J. ; Mierla, M. ; O’Kane, J. ; Pagano, P. ; 
Palmerio, E. ; Pomoell, J. ; Richardson, I. G. ; Rodriguez, L. ; Rouillard, A. P. ; Sinha, S. ; Srivastava, N. 
; Talpeanu, D. C. ; Yardley, S. ; Zhukov, A. N. 
Understanding the Origins of Problem Geomagnetic Storms Associated With “Stealth” Coronal 

Mass Ejections 

Space Science Reviews volume 217, Article number: 82 (2021). https://doi.org/10.1007/s11214-

021-00857-0  

 Nowé, S. ; Lecocq, T. ; Caudron, C. ; Jónsdóttir, K. ; Pattyn, F. 
Permanent, seasonal, and episodic seismic sources around Vatnajökull, Iceland from the analysis of 

correlograms 

Volcanica, 4 issue 2, pp. 135-147 (2021). http://dx.doi.org/10.30909/vol.04.02.135147  

 Palmerio, E. ; Kilpua, E. ; Witasse, O. ; Barnes, D. ; Sánchez-Cano, B. ; Weiss, A. ; Nieves-Chinchilla, 
T. ; Moestl, C. ; Jian, L. ; Mierla, M. ; Zhukov, A. ; Guo, J. ; Rodriguez, L. ; Lowrance, P. ; Isavnin, A. ; 
Turc, L. ; Futaana, Y. ; Holmström, M. 
CME Magnetic Structure and IMF Preconditioning Affecting SEP Transport 

Space Weather, 19, pp. e2020SW002654 (2021). http://dx.doi.org/10.1029/2020SW002654  

 Palmerio, Erika ; Nitta, Nariaki ; Mulligan, Tamitha ; Mierla, Marilena ; O'Kane, Jennifer ; 
Richardson, Ian ; Sinha, Suvadip ; Srivastava, Nandita ; Yardley, Stephanie ; Zhukov, Andrei 
Investigating Remote-Sensing Techniques to Reveal Stealth Coronal Mass Ejections 

Frontiers in Astronomy and Space Sciences (2021). http://dx.doi.org/10.3389/fspas.2021.695966  

http://dx.doi.org/10.1051/0004-6361/202141473
http://dx.doi.org/10.1051/0004-6361/202141473
http://dx.doi.org/10.1093/mnras/stab2276
http://dx.doi.org/10.3847/1538-4357/ac1067
http://dx.doi.org/10.1016/j.asr.2021.04.008
https://doi.org/10.3390/universe7070233
https://doi.org/10.1007/s11214-021-00857-0
https://doi.org/10.1007/s11214-021-00857-0
http://dx.doi.org/10.30909/vol.04.02.135147
http://dx.doi.org/10.1029/2020SW002654
http://dx.doi.org/10.3389/fspas.2021.695966


 

  

 68 

 

 Panesar, Navdeep K. ; Tiwari, Sanjiv K. ; Berghmans, David ; Cheung, Mark C. M. ; Müller, Daniel ; 
Auchere, Frederic ; Zhukov, Andrei 
The Magnetic Origin of Solar Campfires 

The Astrophysical Journal Letters, 921 issue 1, id.L20 (2021). http://dx.doi.org/%2010.3847/2041-

8213/ac3007  

 Patel, Ritesh ; Pant, Vaibhav ; Iyer, Priyanka ; Banerjee, Dipankar ; Mierla, Marilena ; West, 
Matthew J.  
Automated Detection of Accelerating Solar Eruptions Using Parabolic Hough Transform 

Solar Physics, 296 issue 2 (2021). https://doi.org/10.1007/s11207-021-01770-z  

 Peter, H. ; Ballester, E. Alsina ; Andretta, V. ; Auchère, F. ; Belluzzi, L. ; Bemporad, A. ; Berghmans, 
D. ; Buchlin, E. ; Calcines, A. ; Chitta, L. P. ; Dalmasse, K. ; Alemán, T. del Pino ; Feller, A. ; Froment, 
C. ; Harrison, R. ; Janvier, M. ; Matthews, S. ; Parenti, S. ; Przybylski, D. ; Solanki, S. K. 
Magnetic imaging of the outer solar atmosphere (MImOSA) 

Experimental Astronomy (2021). http://dx.doi.org/%2010.1007/s10686-021-09774-0  

 Pinat, Elisa ; Defraigne, Pascale ; Bergeot, Nicolas ; Chevalier, Jean-Marie ; Bertrand, Bruno 
Long-Term Snow Height Variations in Antarctica from GNSS Interferometric Reflectometry 

Remote Sensing, 13 issue 6, pp. 1164 (2021). http://dx.doi.org/10.3390/rs13061164  

 Plesa, A. -C. ; Bozdağ, E. ; Rivoldini, A. ; Knapmeyer, M. ; McLennan, S. M. ; Padovan, S. ; Tosi, N. ; 
Breuer, D. ; Peter, D. ; Stähler, S. ; Wieczorek, M. A. ; van Driel, M. ; Khan, A. ; Spohn, T. 
Seismic Velocity Variations in a 3D Martian Mantle: Implications for the InSight Measurements 

Journal of Geophysical Research: Planets, 126 issue 6 (2021). 

http://dx.doi.org/10.1029/2020JE006755  

 Podladchikova, O. ; Harra, L. ; Barczynski, K. ; Mandrini, C. ; Berghmans, D. ; Dolla, L. ; Parenti, S. ; 
Rodriguez, L. 
Stereoscopic Measurements of Coronal Doppler Velocities 

AA, Volume 655, November 2021 issue A57 (2021). http://dx.doi.org/10.1051/0004-

6361/202140457  

 Poggio, E. ; Drimmel, R. ; Cantat-Gaudin, T. ; Ramos, P. ; Ripepi, V. ; Zari, E. ; Andrae, R. ; Blomme, 
R. ; Chemin, L. ; Clementini, G. ; Figueras, F. ; Fouesneau, M. ; Frémat, Y. ; Lobel, A. ; Marshall, D. J. ; 
Muraveva, T. ; Romero-Gómez, M. 
Galactic spiral structure revealed by Gaia EDR3 

Astronomy & Astrophysics, 651, pp. A104 (2021). http://dx.doi.org/10.1051/0004-6361/202140687  

 Poniatowski, L. G. ; Sundqvist, J. O. ; Kee, N. D. ; Owocki, S. P. ; Marchant, P. ; Decin, L. ; de Koter, A. 
; Mahy, L. ; Sana, H. 
Dynamically inflated wind models of classical Wolf-Rayet stars 

Astronomy & Astrophysics, 647 issue A151, pp. 14 (2021). http://dx.doi.org/10.1051/0004-

6361/202039595  

 Porchetta S., Temel O., Warner J. C., Muñoz‐Esparza D., Monbaliu J., Beeck J., Lipzig N.  
Evaluation of a roughness length parametrization accounting for wind–wave alignment in a coupled 

atmosphere–wave model 

Quarterly Journal of the Royal Meteorological Society, 147(735), 825-846 (2021). 

http://dx.doi.org/10.1002/qj.3948 

 Pou, L. ; Nimmo, F. ; Lognonné, P. ; Mimoun, D. ; Garcia, R. F. ; Pinot, B. ; Rivoldini, A. ; Banfield, D. ; 
Banerdt, W. B. 
Forward Modeling of the Phobos Tides and Applications to the First Martian Year of the InSight 

Mission 

Earth and Space Science, 8 issue 7 (2021). http://dx.doi.org/10.1029/2021EA001669  

http://dx.doi.org/%2010.3847/2041-8213/ac3007
http://dx.doi.org/%2010.3847/2041-8213/ac3007
http://publi2-as.oma.be/search?f=author&p=%20Patel%2C%20Ritesh%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Pant%2C%20Vaibhav%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Iyer%2C%20Priyanka%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Banerjee%2C%20Dipankar%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Mierla%2C%20Marilena%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20West%2C%20Matthew%20J.%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20West%2C%20Matthew%20J.%20&ln=en
https://doi.org/10.1007/s11207-021-01770-z
http://dx.doi.org/%2010.1007/s10686-021-09774-0
http://dx.doi.org/10.3390/rs13061164
http://dx.doi.org/10.1029/2020JE006755
http://dx.doi.org/10.1051/0004-6361/202140457
http://dx.doi.org/10.1051/0004-6361/202140457
http://dx.doi.org/10.1051/0004-6361/202140687
http://dx.doi.org/10.1051/0004-6361/202039595
http://dx.doi.org/10.1051/0004-6361/202039595
http://dx.doi.org/10.1029/2021EA001669


 

  

 69 

 

 Rebekka, S. R. ; Legrand, J. ; Agren, J. ; Steffen, H. ; Lidberg, M. 
HV-LSC-ex2: Velocity field interpolation using extended least-squares collocation 

Journal of Geodesy 96, 15 (2021). https://doi.org/10.1007/s00190-022-01601-4  

 Reiss, Martin A. ; Muglach, Karin ; Moestl, Christian ; Arge, Charles N. ; Bailey, Rachel ; Delouille, 
Veronique ; Garton, Tadhg M. ; Hamada, Amr ; Hofmeister, Stefan ; Illarionov, Egor ; Jarolim, 
Robert ; Kirk, Michael S.F. ; Kosovichev, Alexander ; Krista, Larisza ; Lee, Sangwoo ; Lowder, Chris ; 
MacNeice, Peter J. ; Veronig, Astrid 
The Observational Uncertainty of Coronal Hole Boundaries in Automated Detection Schemes 

The Astrophysical Journal, Volume 913, Number 1 (2021). https://doi.org/10.3847/1538-

4357/abf2c8  

 Samara, E. ; Pinto, R. F. ; Magdalenic, J. ; Jercic, V. ; Scolini, C. ; Wijsen, N. ; Jebaraj, I. C. ; Rodriguez, 
L. ; Poedts, S. 
Implementing the MULTI-VP coronal model in EUHFORIA: test case results and comparisons with 

the WSA coronal model 

A&A, Volume 648, A35, 15 pp. (2021). https://doi.org/10.1051/0004-6361/202039325  

 Samuel, Henri ; Ballmer, Maxim D. ; Padovan, Sebastiano ; Tosi, Nicola ; Rivoldini, Attilio ; Plesa, 
Ana-Catalina 
The Thermo-Chemical Evolution of Mars With a Strongly Stratified Mantle 

Journal of Geophysical Research: Planets, 126 issue 4 (2021). 

http://dx.doi.org/10.1029/2020JE006613  

 Scolini, C. ; Dasso, S. ; Rodriguez, L. ; Zhukov, A. N. ; Poedts, S. 
Exploring the radial evolution of Interplanetary Coronal Mass Ejections using EUHFORIA 

Astronomy and Astrophysics, 649, pp. A69 (2021). http://dx.doi.org/10.1051/0004-6361/202040226  

 Seabroke, G. M. ; Fabricius, C. ; Teyssier, D. ; Sartoretti, P. ; Katz, D. ; Cropper, M. ; Antoja, T. ; 
Benson, K. ; Smith, M. ; Dolding, C. ; Gosset, E. ; Panuzzo, P. ; Thévenin, F. ; Allende Prieto, C. ; 
Blomme, R. ; Guerrier, A. ; Huckle, H. ; Jean-Antoine, A. ; Haigron, R. ; Marchal, O. ; Baker, S. ; 
Damerdji, Y. ; David, M. ; Frémat, Y. ; Janßen, K. ; Jasniewicz, G. ; Lobel, A. ; Samaras, N. ; Plum, G. ; 
Soubiran, C. ; Vanel, O. ; Zwitter, T. ; Ajaj, M. ; Caffau, E. ; Chemin, L. ; Royer, F. ; Brouillet, N. ; Crifo, 
F. ; Guy, L. P. ; Hambly, N. C. ; Leclerc, N. ; Mastrobuono-Battisti, A. ; Viala, Y. 
Gaia Early Data Release 3. Updated radial velocities from Gaia DR2 

Astronomy & Astrophysics, 653, pp. A160 (2021). http://dx.doi.org/10.1051/0004-6361/202141008  

 Senel C.B., Temel O., Lee C., Newman C., Mischna M.A., Muñoz‐Esparza D., Sert H., Karatekin Ö. 
Inter-annual, seasonal and regional variations in the Martian convective boundary layer derived 
from GCM simulations with a semi-interactive dust transport model 

Journal of Geophysical Research: Planets, 2021, 126(10), Id. e06965, 

https://doi.org/10.1029/2021JE006965  

 Sesia, Ilaria ; Signorile, Giovanna, ; Thai, Tung ; Defraigne, Pascale ; Tavella, Patrizia 
GNSS-to-GNSS Time Offsets: Study on the broadcast of a common reference time 

GPS Solutions, 25, pp. 61 (2021). http://dx.doi.org/10.1007/s10291-020-01082-y  

 Shenar, T. ; Sana, H. ; Marchant, P. ; Pablo, B. ; Richardson, N. ; Moffat, A. F. J. ; Van Reeth, T. ; 
Barbá, R. H. ; Bowman, D. M. ; Broos, P. ; Crowther, P. A. ; Clark, J. S. ; de Koter, A. ; de Mink, S. E. ; 
Dsilva, K. ; Gräfener, G. ; Howarth, I. D. ; Langer, N. ; Mahy, L. ; Maíz Apellániz, J. ; Pollock, A. M. T. ; 
Schneider, F. R. N. ; Townsley, L. ; Vink, J. S. 
The Tarantula Massive Binary Monitoring. V. R 144: a wind-eclipsing binary with a total mass 

≳140 M⊙ 
Astronomy & Astrophysics, 650 issue A147, pp. 21 (2021). http://dx.doi.org/10.1051/0004-

6361/202140693  

https://doi.org/10.1007/s00190-022-01601-4
https://doi.org/10.3847/1538-4357/abf2c8
https://doi.org/10.3847/1538-4357/abf2c8
https://doi.org/10.1051/0004-6361/202039325
http://dx.doi.org/10.1029/2020JE006613
http://dx.doi.org/10.1051/0004-6361/202040226
http://dx.doi.org/10.1051/0004-6361/202141008
https://doi.org/10.1029/2021JE006965
http://dx.doi.org/10.1007/s10291-020-01082-y
http://dx.doi.org/10.1051/0004-6361/202140693
http://dx.doi.org/10.1051/0004-6361/202140693


 

  

 70 

 

 Shestov, S V ; Zhukov, A N ; Inhester, B ; Dolla, L ; Mierla, M 
Expected performances of the PROBA-3/ASPIICS solar coronagraph: Simulated data 

Astronomy & Astrophysics, 652, pp. A4 (2021). http://dx.doi.org/10.1051/0004-6361/202140467  

 Soret, Lauriane ; Gérard, Jean-Claude ; Schneider, Nicholas ; Jain, Sonal ; Milby, Zachariah ; Ritter, 
Birgit ; Hubert, Benoît ; Weber, Tristan 
Discrete Aurora on Mars: Spectral Properties, Vertical Profiles, and Electron Energies 

JGR Space Physics, Volume 126, Issue 10, e2021JA029495 (2021). 

https://doi.org/10.1029/2021JA029428  

 Srivastava, Nandita ; Mierla, Marilena ; Zhang, Jie 
Editorial: Space Weather Prediction: Challenges and Future prospects 

Frontiers in Astronomy and Space Sciences, 8 (2021).  https://doi.org/10.3389/fspas.2021.818878  

 Stähler, Simon C. ; Khan, Amir ; Banerdt, W. Bruce ; Lognonné, Philippe ; Giardini, Domenico ; 
Ceylan, Savas ; Drilleau, Mélanie ; Duran, A. Cecilia ; Garcia, Raphaël F. ; Huang, Quancheng ; Kim, 
Doyeon ; Lekic, Vedran ; Samuel, Henri ; Schimmel, Martin ; Schmerr, Nicholas ; Sollberger, David ; 
Stutzmann, Éléonore ; Xu, Zongbo ; Antonangeli, Daniele ; Charalambous, Constantinos ; Davis, 
Paul M. ; Irving, Jessica C. E. ; Kawamura, Taichi ; Knapmeyer, Martin ; Maguire, Ross ; Marusiak, 
Angela G. ; Panning, Mark P. ; Perrin, Clément ; Plesa, Ana-Catalina ; Rivoldini, Attilio ; 
Schmelzbach, Cédric ; Zenhäusern, Géraldine ; Beucler, Éric ; Clinton, John ; Dahmen, Nikolaj ; van 
Driel, Martin ; Gudkova, Tamara ; Horleston, Anna ; Pike, W. Thomas ; Plasman, Matthieu ; 
Smrekar, Suzanne E. 
Seismic detection of the martian core 

Science, 373 issue 6553 (2021). http://dx.doi.org/10.1126/science.abi7730  

 Steinbrügge, G., Dumberry M., Rivoldini A., Schubert G., Cao H., Schroeder D.M., and Soderlund 
K.M. 
Challenges on Mercury's Interior Structure Posed by the New Measurements of its Obliquity and 
Tides 

Geophysical Research Letters, 2021, 48(3), Id. e89895, https://doi.org/10.1029/2020GL089895  

 Stephan K., Roatsch T., Tosi F., Matz K.-D., Kersten E., Wagner R., Palumbo P., Poulet F., Hussmann 
H., Barabash S., Bruzzone L., Dougherty M., Gladstone R., Gurvits L., Hartogh P., Iess L., Wahlund J.-
E., Wurz P., Witasse O., Grasset O., Altobelli N., Carter J., d'Aversa E., Della Corte V., Filacchione G., 
Galli A., Galuzzi V., Gwinner K., Hauber E., Jaumann R., Langevin Y., Lucchetti A., Migliorini A., 
Piccioni G., Solomonidou A., Stark A., Tobie G., Vallat C., Van Hoolst T. 
Regions of Interest on Ganymede’s and Callisto’s surface as potential targets for ESA’s JUICE 
mission 

Planetary and Space Science, 2021, 208, 105324, https://doi.org/10.1016/j.pss.2021.105324  

 Tarrio, Charles ; Berg, Robert ; Lucatorto, Thomas ; Eparvier, Frank ; Jones, Andrew ; Templeman, 
Brian ; Woodraska, Donald ; Dominique, Marie 
Evidence against carbonization of the thin-film filters of the Extreme Ultraviolet Variability 
Experiment on the Solar Dynamics Observatory 

Solar Physics volume 296, Article number: 55 (2021). https://doi.org/10.1007/s11207-021-01806-4 

 Tatton, B.L. ; van Loon, J.Th. ; Cioni, M.-R.L. ; Bekki, K. ; Bell, C.P.M. ; Choudhury, S. ; de Grijs, R. ; 
Groenewegen, M.A.T., ; Ivanov, V.D. ; Marconi, M. ; Oliveira, J.M. ; Ripepi, V. ; Rubele, S. ; 
Subramanian, S. ; Sun, N.-C. 
The VMC Survey -- XL. Three-dimensional structure of the Small Magellanic Cloud as derived from 

red clump stars 

MNRAS, 504, pp. 2983-2997 (2021). http://dx.doi.org/https://doi.org/10.1093/mnras/staa3857  

 Temel O., Karatekin Ö., Mischna M.A., Senel C. B., Martinez G., Gloesener E., Van Hoolst T. 

http://dx.doi.org/10.1051/0004-6361/202140467
https://doi.org/10.1029/2021JA029428
http://publi2-as.oma.be/search?f=author&p=%20Srivastava%2C%20Nandita%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Mierla%2C%20Marilena%20&ln=en
http://publi2-as.oma.be/search?f=author&p=%20Zhang%2C%20Jie&ln=en
https://doi.org/10.3389/fspas.2021.818878
http://dx.doi.org/10.1126/science.abi7730
https://doi.org/10.1029/2020GL089895
https://doi.org/10.1016/j.pss.2021.105324
https://doi.org/10.1007/s11207-021-01806-4
http://dx.doi.org/https:/doi.org/10.1093/mnras/staa3857


 

  

 71 

 

Strong seasonal and regional variations in the evaporation rate of liquid water on Mars 

Journal of Geophysical Research: Planets, 2021, 126(10), Id. e06867, 

https://doi.org/10.1029/2021JE006867  

 Temel, Orkun ; Senel, Cem ; Porchetta, Sara ; Muñoz- Esparza, Domingo ; Mischna, Michael A. ; Van 
Hoolst, Tim ; van Beeck, Tim ; Karatekin, Ozgur 
Large eddy simulations of the Martian convective boundary layer: Towards developing a new 

planetary boundary layer scheme 

Atmospheric Research, Volume 250 (2021). http://dx.doi.org/10.1016/j.atmosres.2020.105381  

 Thiemann, Edward ; Dominique, Marie 
PROBA2 LYRA Occultations: Thermospheric Temperature and Composition, Sensitivity to EUV 

Forcing and Comparisons with Mars 

Journal of Geophysical Research - Space Physics, Volume 126, Issue 7, e2021JA029262 (2021). 

https://doi.org/10.1029/2021JA029262  

 Triana, S.A. ; Trinh, A. ; Rekier, J. ; Zhu, P. ; Dehant, V. 
The viscous and Ohmic damping of the Earth’s Free Core Nutation 

J. Geophys. Res., 126, pp. e2020JB021042 (2021). http://dx.doi.org/10.1029/2020JB021042  

 Trust, O. ; Jurua, E. ; De Cat, P. ; Joshi, S. ; Lampens, P. 
HERMES spectroscopy of normal A and Am stars 

Monthly Notices of the Royal Astronomical Society, 504, pp. 5528-5542 (2021). 

http://dx.doi.org/10.1093/mnras/stab1149  

 Van Beeck J., Bowman D.M., Pedersen M.G., Van Reeth T., Van Hoolst T., Aerts C. 
Detection of nonlinear resonances among gravity modes of slowly pulsating B stars: results from 

five iterative prewhitening strategies 

Astronomy and Astrophysics, 2021, 655, A59, 53 p., https://doi.org/10.1051/0004-6361/202141572  

 van Wijk, Kasper ; Chamberlain, Callum J ; Lecocq, Thomas ; Van Noten, Koen 
Seismic monitoring of the Auckland Volcanic Field during New Zealand's COVID-19 lock-down 

Solid Earth, 12, pp. 363–373 (2021). http://dx.doi.org/10.5194/se-12-363-2021  

 Veronig, Astrid M. ; Jain, Shantanu ; Podladchikova, Tatiana ; Pötzi, Werner ; Clette, Frédéric 
Hemispheric sunspot numbers 1874-2020 
Astronomy & Astrophysics, 652, pp. id.A56, 12 pp. (2021). http://dx.doi.org/10.1051/0004-

6361/202141195  

 Wu Z., Richardson M.I., Zhang X., Cui J., Heavens N.G., Lee C., Li T., Lian Y., Newman C.E., Soto A., 
Temel O., Toigo A.D., and Witek M. 
Large Eddy Simulations of the Dusty Martian Convective Boundary Layer With MarsWRF 
Journal of Geophysical Research: Planets, 2021, 126(9), Id. e06752 , 

https://doi.org/10.1029/2020JE006752  

 Xu, F. ; Morard, G. ; Guignot, N. ; Rivoldini, A. ; Manthilake, G. ; Chantel, J. ; Xie, L. ; Yoneda, A. ; 
King, A. ; Boulard, E. ; Pandolfi, S. ; Ryerson, F. J. ; Antonangeli, D. 
Thermal expansion of liquid Fe-S alloy at high pressure 

Earth and Planetary Science Letters, 563 (2021). http://dx.doi.org/10.1016/j.epsl.2021.116884  

 Xu, F. ; Siersch, N. C. ; Gréaux, S. ; Rivoldini, A. ; Kuwahara, H. ; Kondo, N. ; Wehr, N. ; Menguy, N. ; 
Kono, Y. ; Higo, Y. ; Plesa, A. -C. ; Badro, J. ; Antonangeli, D. 
Low Velocity Zones in the Martian Upper Mantle Highlighted by Sound Velocity Measurements 

Geophysical Research Letters, 48 issue 19 (2021). http://dx.doi.org/10.1029/2021GL093977  

 Zhu, Ping ; Triana, Santiago Andres ; Rekier, Jeremy ; Trinh, Antony ; Dehant, Veronique 

https://doi.org/10.1029/2021JE006867
http://dx.doi.org/10.1016/j.atmosres.2020.105381
https://doi.org/10.1029/2021JA029262
http://dx.doi.org/10.1029/2020JB021042
http://dx.doi.org/10.1093/mnras/stab1149
https://doi.org/10.1051/0004-6361/202141572
http://dx.doi.org/10.5194/se-12-363-2021
http://dx.doi.org/10.1051/0004-6361/202141195
http://dx.doi.org/10.1051/0004-6361/202141195
https://doi.org/10.1029/2020JE006752
http://dx.doi.org/10.1016/j.epsl.2021.116884
http://dx.doi.org/10.1029/2021GL093977


 

  

 72 

 

Quantification of corrections for the main lunisolar nutation components and analysis of the free 

core nutation from VLBI-observed nutation residuals 
Journal of Geodesy volume 95, Article number: 57 (2021). https://doi.org/10.1007/s00190-021-

01513-9  

 Zhukov, A. N. ; Mierla, M. ; Auchère, F. ; Gissot, S. ; ; Rodriguez, L. ; Soubrié, E. ; Thompson, W. T. ; 
Inhester, B. ; Nicula, B. ; Antolin, P. ; Parenti, S. ; Buchlin, É. ; Barczynski, K. ; Verbeeck, C. ; 
Kraaikamp, E. ; Smith, P. J. ; Stegen, K. ; Dolla, L. ; Harra, L. ; Long, D. M. ; Schuhle, U. ; 
Podladchikova, O. ; Aznar Cuadrado, R. ; Teriaca, L. ; Haberreiter, M. ; Katsiyannis, A. C. ; Rochus, P. 
; Halain, J.P. ; Jacques, L. ; Berghmans, D. 
Stereoscopy of extreme UV quiet Sun brightenings observed by Solar Orbiter/EUI 

Astronomy & Astrophysics, 656 issue A35 (2021). http://dx.doi.org/10.1051/0004-6361/202141010  

 Zouganelis, I. ; 183-co-authors, ROB-only ; Berghmans, D. ; Dolla, L. ; Gissot, S. ; Rodriguez, L. ; 
Verbeeck, C. ; Zhukov, A. N. 
The Solar Orbiter Science Activity Plan - Translating solar and heliospheric physics questions into 

action 
Astronomy & Astrophysics, 642, id. A3. 19 pp. (2020). 

https://ui.adsabs.harvard.edu/link_gateway/2020A&A...642A...3Z/doi:10.1051/0004-

6361/202038445   

https://doi.org/10.1007/s00190-021-01513-9
https://doi.org/10.1007/s00190-021-01513-9
http://dx.doi.org/10.1051/0004-6361/202141010
https://ui.adsabs.harvard.edu/link_gateway/2020A&A...642A...3Z/doi:10.1051/0004-6361/202038445
https://ui.adsabs.harvard.edu/link_gateway/2020A&A...642A...3Z/doi:10.1051/0004-6361/202038445


 

  

 73 

 

Non-refereed publications 

 Asmar, S.W. ; Preston, R.A. ; Vergados, P. ; et al., including ; Dehant, V. 
Solar System Interiors, Atmospheres, and Surfaces Investigations via Radio Links: Goals for the 

Next Decade 
published in White Paper for the Planetary Science and Astrobiology Decadal Survey 2023-2032, 

pp. 109 (2021). http://dx.doi.org/10.3847/25c2cfeb.9d29ef85  

 Bousquet, P. ; Blanc, M. ; Ammannito, E. ; Capria, M.T. ; Dehant, V. ; Foing, B. ; Grande, M. ; Guo, L. 
; Hutzler, A. ; Lasue, J. ; Lewis, J. ; McNutt, R.L. ; Perino, M.A. ; Rauer, H. 
Synthesis of the planetary exploration – Horizon 2061 – Foresight exercise 
Proc. 72nd International Astronautical Congress (IAC), Publ. International Astronautical Federation 

(IAF), 2021 issue IAC-21-A3.1.2, x62144, pp. 1-11 (2021).  

 Caldiero, A. ; Le Maistre, S. ; Dehant, V. 
Estimation of the interior density of a small body given its gravity field 
Proc. European Planetary Science Congress 2021, EPSC2021, pp. EPSC2021-756 (2021). 

https://doi.org/10.5194/epsc2021-756  

 De Cat, Peter ; Pauwels, Thierry 
Minor Planet Observations [012 Uccle] 

Minor Planet Circulars (2021).  

 Escapa, A. ; Seitz, F. ; et al., including ; Dehant, V. 
Triennial Report 2018–2021 of Commission A2 Rotation of the Earth 

Transactions International Astronomical Union (IAU), XXXIA, Reports on Astronomy 2018-2021 

(2021).  

 Gelenbe, E. ; Brasseur, G. ; Chefneux, L. ; Dehant, V. ; Halloin, V. ; Haton, J.-P. ; Judkiewicz, M. ; 
Rentier, B. ; Weikmans, R. 
Du partage de la connaissance et de la promotion d’une « science ouverte » – Réflexions sur la 

diffusion des connaissances à travers les grands colloques internationaux, les revues scientifiques, 

et la communication libre et rapide entre chercheurs et innovateurs dans un contexte de réduction 
de l’empreinte climatique 

Rapports Opinio de l'Académie royale de Belgique, pp. 1-48 (2021). 

 Karatekin Ö. et al. 
Juventas Cubesat Juventas CubeSat For the HERA Mission 

7th IAA Planetary Defence Conference, 26-30 April 2021, extended abstract, 2 pages (2021) 

 Karatekin Ö., Krishnan A., Ebrahimkutty N., Henry G., El Fadhel A., Witasse O. 
Analysis of selected Solar events with Mars Express radio occultation data 

European Planetary Science Congress, pp. EPSC2021-562, extended abstract, 2 pages (2021) 

 Le Maistre, S. ; Rivoldini, A. ; Yseboodt, M. ; Dehant, V. ; Van Hoolst, T. ; Baland, R.M. ; Folkner, W. ; 
Kahan, D. ; Buccino, D. ; Marty, J.-C. ; Banerdt, W.B. 
Preliminary results of one Martian year of observations from the radio-science experiment of 

InSight, RISE 

Proc. 52nd Lunar and Planetary Science Conference LPSC 2021, LPSC2021, pp. 2011 (2021).  

 Monier, Richard ; Lampens, Patricia 
The Rapid Far-ultraviolet Variability of ET And and Its Rotational Period 

Research Notes of the American Astronomical Society, 5 issue 10, pp. 251 (2021). 

http://dx.doi.org/10.3847/2515-5172/ac3427  

http://dx.doi.org/10.3847/25c2cfeb.9d29ef85
https://doi.org/10.5194/epsc2021-756
http://dx.doi.org/10.3847/2515-5172/ac3427


 

  

 74 

 

 Montabone, L., Heavens, N., Alvarellos, J.L., Aye, M., Babuscia, A., Barba, N., Battalio, J.M., 
Bertrand, T., Cantor, B., Capderou, M., Chojnacki, M., Curry, S.M., Edwards, C.D., Elrod, M.K., 
Fenton, L.K., Fergason, R.L., Gebhardt, C., Guzewich, S.D., Kahre, M.A., Karatekin Ö., Kass, D.M., 
Lillis, R., Liuzzi, G., Mischna, M.A., Newman, C.E., Pajola, M., Pankine, A., Piqueux, S., Rahmati, A., 
Romero-Perez, M.P., Sanchez-Net, M., Smith, M.D., Soto, A., Spiga, A., Tamppari, L., Vander Hook, 
J., Wolkenberg, P., Wolff, M.D., Woolley, R.C., Young, R.M.B. 
Observing Mars from Areostationary Orbit: Benefits and Applications 
Bulletin of the American Astronomical Society, p. 281 (2021). 

http://dx.doi.org/10.3847/25c2cfeb.0cdca220  

 Newman, C., Bertrand, T., Battalio, J., Day, M., De La Torre Juárez, M., Elrod, M.K., Esposito, F., 
Fenton, L., Gebhardt, C., Greybush, S.J., Guzewich, S.D., Kahanpää, H., Kahre, M., Karatekin Ö., 
Jackson, B., Lapotre, M., Lee, C., Lewis, S.R., Lorenz, R.D., Martínez, G., Martin-Torres, J., Mischna, 
M.A., Montabone, L., Neakrase, L., Pankine, A., Pla-Garcia, J., Read, P.L., Smith, I.B., Smith, M.D., 
Soto, A., Spiga, A., Swann, C., Tamppari, L., Temel, O., Viudez-Moreiras, D., Wellington, D., 
Wolkenberg, P., Wurm, G., Zorzano, M.-P. 
Toward More Realistic Simulation and Prediction of Dust Storms on Mars 
Bulletin of the American Astronomical Society, p. 278 (2021). 

http://dx.doi.org/10.3847/25c2cfeb.726b0b65  

 Noeker, Matthias ; Karatekin, Özgür ; Ritter, Birgit 
Accessing the Lunar Underground: The LAva-TUbe iNvestigAtion (LA-TUNA) Mission Concept 

52nd Lunar and Planetary Science Conference 2021 (2021). 

 Noeker, Matthias ; Karatekin, Özgür ; Ritter, Birgit ; Tasev, Elisa 
Artificial terrain on Phobos: Assessing the influence on local gravity using the Wedge-Pentahedra 

Method 

EPSC Abstracts, Vol. 15 issue EPSC-2021-370 (2021). 

 Noeker, Matthias ; Van Ransbeeck, Emiel ; Karatekin, Özgür ; Ritter, Birgit 
Development of a compact Payload Mechanism enabling continuous motorized Sensor Head 

rotation and Signal Transfer 

ESMATS (2021). 

 Oliva F., D'Aversa O.F.E., Bellucci G., Carrozzo G.F., Karatekin Ö., Ruiz Lozano L., Altieri F., Daerden 
F., Thomas I.R., Ristic B., Mason J., Willame Y., Depiesse C., Patel M.R., Lopez-Moreno J.J., Vandaele 
A.C., Amoroso M. 
Mars dust microphysical properties retrieval through TGO/NOMAD UVIS and LNO channels 

combined nadir datasets analysis 

European Planetary Science Congress, pp. EPSC2021–501, extended abstract, 2 pages (2021). 

 Panning, M. ; Banerdt, B. ; Smrekar, S. ; Insight Science Team, including ; Dehant, V. 
Results From InSight's First Full Martian Year 

Proc. 52nd Lunar and Planetary Science Conference LPSC 2021, 2021, pp. 2548 (2021). 

 Perino, M.A. ; Blanc, M. ; Ammannito, E. ; Bousquet, P. ; Lasue, J. ; Capria, M.T. ; Dehant, V. ; Foing, 
B. ; Grande, M. ; Guo, L. ; Hutzler, A. ; Makaya, A. ; McNutt, R.L. ; Rauer, H. ; Westall, F. ; Lewis, J. 
Exploring planery systems, in the solar system and beyond. The enabling power of international 

collaboration 

Proc. 72nd International Astronautical Congress (IAC), Publ. International Astronautical Federation 

(IAF), 2021 issue IAC-21-D3.1x66283, pp. 1-9 (2021). 

 Pletser, V. ; de Crombrugghe, G. ; Chazot, O. ; Corbasson, C. ; De Winne, F. ; Dehant, V. ; Frimout, 
D. ; Lambert, D. ; Mayence, J.-F. ; Nazé, Y. ; Roland, S. ; Tilmans, D. 
L’humanité hors du berceau ou explorer, pourquoi ? Comment ? 

http://dx.doi.org/10.3847/25c2cfeb.0cdca220
http://dx.doi.org/10.3847/25c2cfeb.726b0b65


 

  

 75 

 

Innovaspace, pp. 978-1-8382283-0-9 (2021).  

 Ritter B., Karatkin Ö., Carrasco J.A., Noeker M., Ümit E., Van ransbeek E., Alaves H., Tasev E., Goli 
M., and Van Ruymbeke M. 
Surface Gravimetry on Dimorphos with GRASS on Juventas 
7th IAA Planetary Defense Conference – PDC, 26-30 April 2012, virtual meeting, extended abstract, 

IAA-PDC-21-0X-XX, 3 pages (2021). 

 Sartoretti, P. ; Blomme, R. ; David, M. ; Seabroke, G. 
Gaia EDR3 documentation Chapter 6: Spectroscopy 
Gaia EDR3 documentation (2021).  

https://gea.esac.esa.int/archive/documentation/GEDR3/index.html  

 Smerkar S., Andrews-Hanna J., Breuer D., Byrne P. (NCSU), Buczkowski D., Campbell B., Davaille A., 
Dyar D., Di Achille G., Fasset C., Gilmore M., Grimm R., Helbert J., Hensley S., Herrick R., Iess L., 
Jozwiak L., Katiaria T., Mastrogiuseppe M., Mazarico E., Mueller N., Nunes D., O'Rourke J., 
McGovern P., Raguso M., Stock J., Tsang C., Widemann T., Whitten J., Widemann T., Zebker H., et 
al. including Dehant V. 
Geodynamics, Habitability, and the Case for Venus 
White Paper for the Planetary Science and Astrobiology Decadal Survey 2023-2032, The National 

Academies of Sciences, Engineering, and Medicine (2021) 

https://doi.org/10.3847/25c2cfeb.93ec4fee  

 Smith I., Calvin W.M., Smith D.E., Hansen C., Diniega S., McEwen A., Thomas N., Banfield D., Titus 
T.N., Becerra P., Kahre M., Forget F., Hecht M., Byrne S., Hvidberg C.S., Hayne P.O., Head J.W.I., 
Mellon M., Horgan B., Mustard J., Holt J.W., Howard A., McCleese D., Stoker C., James P., Putzig 
N.E., Whitten J., Buhler P., Spiga A., Crismani M., Aye K.M., Portyankina A., Orosei R., Bramson A., 
Hanley J., Sori M., Aharonson O., Clifford S., Sizemore H., Morgan G., Hartmann B., Schorghofer N., 
Clark R., Berman D., Crown D., Chuang F., Siegler M., Dobrea E.N., Lynch K., Obbard R.W., Elmaary 
M.R., Fisher D., Kleinboehl A., Balme M., Schmitt B., Daly M., Ewing R.C., Herkenhoff K.E., Fenton 
L., Guzewich S.D., Koutnik M., Levy J., Massey R., Łosiak A., Eke V., Goldsby D., Cross A., Hager T., 
Piqueux S., Kereszturi A., Seelos K., Wood S., Hauber E., Amos C., Russell P., Jaumann R., Michael 
G., Conway S., Khayat A., Lewis S., Luizzi G., Martinez G., Mesick K., Montabone L., Johnsson A., 
Pankine A., Phillips-Lander C., Read P., Edgar L., Zacny K., McAdam A., Rutledge A., Bertrand T., 
Widmer J., Stillman D., Soto A., Yoldi Z., Young R., Svensson A., Sam L., Landis M., Bhardwaj A., 
Chojnacki M., Kite E., Thomas P., Plaut J., Bapst J., Milkovich S., Whiteway J., Moores J., Rezza C., 
Karimova R., Mishev I., Van Brenen A., Acharya P., Chesal J., Pascuzzo A., Vos E., Osinski G., Andres 
C., Neisch C., Hibbard S., Sinha P., Knightly J.P., Cartwright S., Kounaves S., Orgel C., Skidmore M., 
MacGregor J., Staehle R., Rabassa J., Gallagher C., Coronato A., Galofre A.G., Wilson J., McKeown 
L., Oliveira N., Fawdon P., Gayathri U., Stuurman C., Herny C., Butcher F., Bernardini F., Perry M., 
Hu R., Mukherjee S., Chevrier V., Banks M.E., Meng T., Johnson P.A., Tober B., Johnson J.C., 
Ulamsec S., Echaurren J.C., Khuller A., Dinwiddie C., Adeli S., Henderson B.L., Lozano L.R., Lalich D., 
Rivera-Valentín E., Nerozzi S., Petersen E., Foss F., Lorenz R., Eigenbrode J., Day M., Brown A., 
Pajola M., Karatekin Ö., Lucchetti A., Cesar C., Newman C., Cave T.G., Tamppari L., Mischna M., 
Patel M., Streeter P., Stern J.C., Dundas C.M. 
Solar-System-Wide Significance of Mars Polar Science 

Bulletin of the American Astronomical Society, p. 301 (2021). 

http://dx.doi.org/10.3847/25c2cfeb.4db95c67  

 Tortora P., et al. including Karatekin O. 
Hera radio science experiments through ground-based and satellite-to-satellite doppler tracking 

7th IAA Planetary Defense Conference – PDC, 26-30 April 2012, virtual meeting, extended abstract, 

IAA-PDC-21-0X-XX, extended abstract, 2 pages (2021). 

https://gea.esac.esa.int/archive/documentation/GEDR3/index.html
https://doi.org/10.3847/25c2cfeb.93ec4fee
http://dx.doi.org/10.3847/25c2cfeb.4db95c67


 

  

 76 

 

 van Leeuwen, F. ; de Bruijne, J. ; Babusiaux, C. ; Castañeda, J. ; Hobbs, D. ; Busso, G. ; Sartoretti, P. ; 
Utrilla, E. ; Luri, X. ; Marrese, P. M. ; Mora, A. ; Fabricius, C. ; González-Núñez, J. ; Hambly, N. ; 
Altavilla, G. ; Altmann, M. ; Antoja, T. ; Arenou, F. ; Bakker, J. ; Balbinot, E. ; Barache, C. ; Bastian, U. 
; Bauchet, N. ; Bellazzini, M. ; Biermann, M. ; Blomme, R. ; Bombrun, A. ; Brown, A. ; Busonero, D. ; 
Butkevich, A. ; Cacciari, C. ; Carrasco, J. M. ; Cheek, N. ; Clotet, M. ; Creevey, O. ; Crowley, C. ; 
Cánovas, H. ; David, M. ; Davidson, M. ; De Angeli, F. ; Diakité, S. ; Drimmel, R. ; Duran, J. ; Evans, D. 
W. ; Fabrizio, M. ; Fernández-Hernández, J. ; Figueras, F. ; Findeisen, K. ; Garcia-Gutierrez, A. ; 
Gracia-Abril, G. ; Guerra, R. ; Gutiérrez-Sánchez, R. ; Helmi, A. ; Henar Sarmiento, M. ; Hernandez, J. 
; Hutton, A. ; Jordi, C. ; Khanna, S. ; Klioner, S. ; Lammers, U. ; Leclerc, N. ; Lindegren, L. ; Löffler, W. 
; Marinoni, S. ; Martín-Fleitas, J. ; Masana, E. ; Masip Vela, A. ; Masip, A. ; Messineo, R. ; Michalik, 
D. ; Mignard, F. ; Montegriffo, P. ; Muraveva, T. ; Nienartowicz, K. ; Pancino, E. ; Panem, C. ; Portell, 
J. ; Racero, E. ; Rainer, M. ; Ramos, P. ; Reylé, C. ; Ríos Diaz, C. ; Riva, A. ; Robin, A. ; Robin, A. ; 
Roegiers, T. ; Romero-Gómez, M. ; Rowell, N. ; Rybizki, J. ; Salgado, J. ; Sanna, N. ; Seabroke, G. ; 
Segovia, J. C. ; Siddiqui, H. ; Smart, R. ; Stephenson, C. ; Teyssier, D. ; Torra, F. ; Turon, C. ; Valero, J. 
; Vallenari, A. ; van Leeuwen, M. ; Weiler, M 
Gaia EDR3 documentation 

Gaia EDR3 documentation (2021). 

https://gea.esac.esa.int/archive/documentation/GEDR3/index.html  

 Van Noten, Koen ; Burlet, Christian ; Delaby, Serge ; Lecocq, Thomas ; Soulier, Denise ; Verheyden, 
Sophie 
Étude du remplissage sédimentaire de la Salle de la Structure dans la grotte de Bruniquel (France) 

avec des méthodes géophysiques (électrique et sismique passive) 

Rapport 2021 d’opération archéologique programmée Triennale 2018-20 - 2021. SRA Occitanie., 

pp. 321-331 (2021).  

  

https://gea.esac.esa.int/archive/documentation/GEDR3/index.html


 

  

 77 

 

Other publications 

 Clette, F. ; Svalgaard, L. ; Vaquero, J.M. ; Cliver, E.W. 
Revisiting the Sunspot Number. A 400-Year Perspective on the Solar Cycle 

The Solar Activity Cycle (69 pages - Sc. Ed. Space Sciences Series of ISSI, Springer - pp. 35--103) 

 Jebaraj, Immanuel.C 
Tracking Heliospheric shock waves by radio triangulation and modelling 

PhD thesis supervised by Magdalenic, Jasmina;; Poedts, Stefaan (KU Leuven) (2021). 

 Micera, Alfredo 
Observations and Modeling of the Solar wind Kinetics 

PhD thesis supervised by Zhukov, Andrei; Lapenta, Giovanni (KU Leuven).  

 Pauwels, T., Bruyninx, C. and Roosbeek, F.  
Annuaire de l’Observatoire royal de Belgique – Jaarboek van de Koninklijke Sterrenwacht van 

België 2022 

EPO, ISSN-0373-4900 (2021). https://www.astro.oma.be/common/pdf/ybook/yearbook_2022.pdf 

https://www.astro.oma.be/common/pdf/ybook/yearbook_2022.pdf


 

  
 

 

 

 

 

Annex 2: Workforce 
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Staff statistics 

On 31 December 2021, 185 employees are working at the ORB-KSB (including people working at the 

Planetarium). The staff includes twelve more employees than last year (173 employees on 31 December 2020), 

which corresponds to an increase of 7% of the personnel.  

  

Most of the newly engaged collaborators are scientists, which constitute the main part of the personnel (112 

agents, or 61% of the staff). Compared to last year, there were 16 newly employed scientists (96 scientists on 

31 December 2020), which corresponds to an increase of 17% of the scientific staff. On the other hand, the 

number of non-scientist collaborators slightly declined (73 on 31 December 2021 compared to 77 on 31 

December 2020).  

  

 

The majority of the staff (68%) are contractual agents. This is particularly true for scientists, in whom 79% are 

contractual which is a higher percentage than in 2020 (on 31 December 2020, 75% of the scientists were 

contractual), since the totality of the 16 new scientific collaborators are contractual. The fact that more and 

more scientists are contractual is because scientific research is more and more funded by external projects 

while the federal dotation is shrinking.  

The proportion of contractual to statutory is even higher for employees of level D (93% of them are 

contractual). Only agents of level B are in the vast majority statutory (82% of level B agents).  
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38% of the agents are women (70 women and 115 men), which is a slight decrease compared to 2020 (39%) 

and a similar value to 2019.  

Among statutory agents, the proportion is lower as only 32% of them are women. Actually, 73% of the female 

employees are contractual, compared to 65% of the male employees. At the scientists’ level, the women 

proportion is slightly lower than the women proportion for the whole staff (with 35% of scientists being 

women).  
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