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Cover illustration:   Artist impression of the two PROBA-3 satellites aligned above Earth. Credits: ESA - P. 

Carril. The ORB-KSB hosts the Principal Investigator of ASPIICS onboard PROBA-3 who leads the 

ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎŎƛŜƴŎŜ ǘŜŀƳ ŀƴŘ ǇǊŜǇŀǊŜǎ Řŀǘŀ ŜȄǇƭƻƛǘŀǘƛƻƴ όǎŜŜ IƛƎƘƭƛƎƘǘ ΨLaunch of the PROBA-3 missionΩύΦ
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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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Launch of the PROBA-3 mission 

PROBA-3 is the most recent mission of the European Space Agency (ESA) in the PROBA (PRoject for 

OnBoard Autonomy) line of small technology demonstration satellites. PROBA-3 is a mission dedicated to 

the in-flight demonstration of precise formation flying techniques and technologies. The concept of 

PROBA-3 is to place two small satellites in a highly elliptical orbit around the Earth. The bigger spacecraft 

(coronagraph spacecraft) hosts the optical telescope, and the smaller spacecraft (occulter spacecraft) 

carries the circular occulting disk. The two satellites fly in a precise formation, producing a very long 

baseline solar coronagraph called ASPIICS (Association of Spacecraft for Polarimetric and Imaging 

Investigation of the Corona of the Sun). During extended periods of time (up to 6 hours), the occulter 

spacecraft covers the bright solar disk, thus allowing the dimmer corona to be seen by the coronagraph 

spacecraft, similarly to observations of a total solar eclipse. Such artificial eclipses could be produced 

regularly (twice per week on average).  

 

Figure 1: The two PROBA-3 spacecrafts are seen mounted on top of the upper stage of the PSLV-XL launcher, in one of the last 

photos taken before the rocket fairing has been closed, Satish Dhawan Space Centre, Sriharikota, India, 29 November 2024. 

Credit: ISRO. 

In order to observe the corona, the two spacecrafts must keep the precise position and orientation (i.e. 

ΨŦƭȅ ƛƴ ŦƻǊƳŀǘƛƻƴΩύ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ǘƻ ǘƘŜ {ǳƴΦ 5ǳǊƛƴƎ ŎƻǊƻƴŀƭ ƻōǎŜǊǾŀǘƛƻƴǎΣ ǘƘŜ ŘƛǎǘŀƴŎŜ 

between the two spacecraft is around 144 metres, and the precision of their alignment is around one 

millimetre. This allows blocking the bright light of the solar disk to observe the corona in eclipse-like 

conditions, i.e. close to the solar limb and with very low straylight.  
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PROBA-3 is also a Mission of Opportunity in the ESA Science Programme. The ASPIICS observations provide 

data that are crucial to solving several outstanding problems in solar physics, namely the origin of solar 

wind and mechanism of coronal mass ejections. The ORB-KSB hosts the Principal Investigator of ASPIICS 

who leads the international science team and prepares data exploitation. The ESA Science Programme 

funds the ASPIICS Science Operations Centre (SOC) located at the ORB-KSB. The SOC is responsible for daily 

operations of ASPIICS, i.e. preparing observational commands, processing the downlinked data in the 

science pipeline, and making the data accessible to the science community. 

 

Figure 2: The PSLV-XL rocket launched the PROBA-3 mission on 5 December 2024 from the Satish Dhawan Space Centre, 

Sriharikota, India. Credit: ISRO 

PROBA-3 was successfully launched on 5 December 2024 from the Satish Dhawan Space Centre in 

Sriharikota, India, aboard the Polar Satellite Launch Vehicle (PSLV-XL) of the Indian Space Research 

Organization. The launch was attended by the members of the PROBA-3 Science Working Team, who also 

held their 10th meeting at the SRM Institute of Science and Technology in Chennai, India, on December 5-

6, 2024.  
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Launch of the Hera mission 

To protect Earth from asteroids, the Royal Observatory of Belgium participates in the European Space 

!ƎŜƴŎȅΩǎ Hera mission, which was launched on Monday, 7 October 2024 at 16:52 Belgian time. Targeting 

ǘƘŜ ōƛƴŀǊȅ ŀǎǘŜǊƻƛŘ ǎȅǎǘŜƳ 5ƛŘȅƳƻǎΣ ǘƘŜ IŜǊŀ Ƴƛǎǎƛƻƴ ƛǎ 9ǳǊƻǇŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ŀƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 

experiment in planetary defence to protect Earth against asteroid impacts. It is also a scientific mission 

ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ƻǊƛƎƛƴ ŀƴŘ ŜǾƻƭǳǘƛƻƴ ƻŦ ƻǳǊ {ƻƭŀǊ {ȅǎǘŜƳΦ Lǘ Ŧƻƭƭƻǿǎ ƻƴ ŦǊƻƳ b!{!Ωǎ 5!w¢ Ƴƛǎǎƛƻƴ ƛƴ нлннΣ 

which successfully tested an asteroid deflection by impact technique on Dimorphos, the small moon of 

the Didymos binary system. 

 

Figure 3Υ !ǊǘƛǎǘΩǎ ǾƛŜǿ ƻŦ ǘƘŜ IŜǊŀ ǎŀǘŜƭƭƛǘŜ όƭŜŦǘύ ŀƴŘ ƛǘǎ ǘǿƻ /ǳōŜ{ŀǘǎ aƛƭŀƴƛ όǘƻǇύ ŀƴŘ WǳǾŜƴǘŀǎ όōƻǘǘƻƳ ǊƛƎƘǘύΦ /ǊŜŘƛǘΥ 9{! ς 

ScienceOffice.org. 

The Hera mission is the first European planetary defence 

mission and the first mission to rendezvous with a binary 

asteroid. Dimorphos is the smallest asteroid and Didymos 

the fastest-spinning asteroid ever visited by a space 

mission. Hera will use advanced imaging tools and deploy 

two CubeSats, Milani and Juventas, to analyse the 

ŀǎǘŜǊƻƛŘǎΩ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŎƻƳǇƻǎƛǘƛƻƴΦ 

The Royal Observatory significantly contributes to Hera, 

notably by developing one of its onboard instruments, 

GRASS (GRAvimeter for Small Solar system objects), with 

the Spanish company EMXYS. GRASS will be the first 

instrument to directly measure the surface gravity of an 

asteroid, which is a million times weaker than the Earth 

surface gravity. Onboard the CubeSat Juventas, GRASS will 

land on Dimorphos in 2027 and provide detailed 

Figure 4: The GRASS instrument, a miniaturised space 

gravimeter. Credit: ORB-KSB. 

https://www.heramission.space/
https://www.emxys.com/
https://www.astro.oma.be/wp-content/uploads/2024/09/HeraMissionScenario.png
https://www.astro.oma.be/wp-content/uploads/2024/09/GRASSInstrument.jpg
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information about the interior structure and dynamics of the binary asteroid system. This information will 

be used to improve our knowledge of near-Earth objects and to develop future diversion strategies for 

asteroids that could threaten to collide with the Earth. 

The Royal Observatory also contributes to the study and simulations of the landing of Juventas on the 

ŀǎǘŜǊƻƛŘΦ ¢ƻǳŎƘƛƴƎ ǘƘŜ ŀǎǘŜǊƻƛŘΩǎ ǎǳǊŦŀŎŜ ǿƛǘƘ ǘƘŜ ǎƳŀƭƭ ǎǇŀŎŜŎǊŀŦǘ ƛǎ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ǾŜǊȅ ƛƴǘŜǊŜǎǘƛƴƎΣ ǿƘƛƭŜ 

the landing itself is extremely challenging because of the particularly low gravitational force. In addition, 

the Observatory, together with VITO Remote Sensing, has contributed to the development and analysis of 

data from the TIRI thermal imager on board the main Hera spacecraft. TIRI will take images of Didymos 

and Dimorphos in the mid-infrared spectral range to resolve their surface temperatures and help us 

understand the thermophysical properties of their surfaces and sub-surfaces. 

ESAõs GENESIS Mission Development in 2024, with Key 

Contributions from the ORB-KSB 

Lƴ нлнпΣ ǘƘŜ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΩǎ D9b9{L{ Ƴƛǎǎƛƻƴ ƳŀǊƪŜŘ ƳŀƧƻǊ ƳƛƭŜǎǘƻƴŜǎ ǿƛǘƘ ǘƘŜ ƛƴŀǳƎǳǊŀƭ 

GENESIS Science Workshop, the establishment of its official working structure and the successful 

completion of the System Requirements Review. GENESIS is part oŦ 9{!Ωǎ ƻǇǘƛƻƴŀƭ FutureNAV programme 

and is planned for launch in 2028. A year into preparation, the Royal Observatory of Belgium, in 

collaboration with the Belgian industry Antwerp Space and academic institutions UCLouvain and 

Université de Liège contributed significantly to these early mission phases. 

 

Figure 5: Credit picture on the left: ESA-P.Carril 

Over the past year, scientists from the ORB-Y{.ς ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƻǾŜǊŀƭƭ ǎŎƛŜƴŎŜ ŎƻƻǊŘƛƴŀǘƛƻƴ ŀƴŘ 

ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǾŀǊƛƻǳǎ ǿƻǊƪƛƴƎ ƎǊƻǳǇǎς ƘŀǾŜ ǇƭŀȅŜŘ ŀ ƪŜȅ ǊƻƭŜ ƛƴ ŎƻƴǎƻƭƛŘŀǘƛƴƎ ǘƘŜ ƳƛǎǎƛƻƴΩǎ ǎŎƛŜƴǘƛŦƛŎ 

objectives and requirements. They also provided critical input during the successful System Requirements 

Review that took place in the fourth quarter of 2024.  

GENESIS is designed to be the first mission to co-locate and synchronise the four main space geodetic 

ǘŜŎƘƴƛǉǳŜǎς Db{{Σ {[wΣ 5hwL{Σ ŀƴŘ ±[.Lς ƻƴ ŀ ǎƛƴƎƭŜ ǎŀǘŜƭƭƛǘŜ ǇƭŀǘŦƻǊƳΦ ¢Ƙƛǎ ƛƴǘŜƎǊŀǘŜŘ Ψ{ǇŀŎŜ ¢ƛŜΩ 

approach aims to enhance the accuracy and stability of the International Terrestrial Reference Frame 

(ITRF), which is fundamental for both scientific and operational geospatial applications. A notable feature 

of GENESIS is the inclusion of a Very Long Baseline Interferometry (VLBI) transmitter on the satellite. This 

https://vito.be/en/about-vito
https://remotesensing.vito.be/services/tiri-thermal-infrared-imager-onboard-hera
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instrument, developed in Belgium by Antwerp Space with antenna design by UCLouvain, will allow Earth-

based VLBI telescopes to observe the satellite directly. The joint use of all four geodetic techniques is 

expected to reduce systematic discrepancies and strengthen the global reference frame. 

The ORB-Y{.Ωǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƛƴŎƭǳŘŜ ǊŜŦƛƴƛƴƎ ƛƴǎǘǊǳƳŜƴǘ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŜƴǎǳǊƛƴƎ ŎƻƳǇŀǘƛōƛƭƛǘȅ ǿƛǘƘ ±[.L 

ground stations, developing operational concepts, and performing simulations to support the derivation 

of a high-precision global reference frame. 

The GENESIS mission is expected to benefit a broad range of applications, from precise navigation and 

autonomous systems to improved modelling in climate science and environmental monitoring. It also 

supports the United Nations General Assembly resolution calling for a global geodetic reference frame to 

advance sustainable development. 

For more information, visit www.esa.int/Genesis 

 

Figure 6: Credit: ESA - F. Zonno 

https://www.esa.int/Genesis
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Figure 7: Credit: ESA - F. Zonno  
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Publication of the 150th Anniversary of Queteletõs Death 

150 years ago, on February 17, 1874, Adolphe Quetelet, founder and first 

director of the Royal Observatory of Belgium, passed away. A keen statistician, 

he is best known as the inventor of the Quetelet index, better known today as 

the BMI (Body Mass Index). He founded the ORB-KSB in 1826 and was 

permanent secretary to the Royal Academy for almost 50 years. 

In the occasion of the anniversary of his death, a publication was made on 

social media and the website of the Royal Observatory of Belgium. It was also 

an occasion to announce the upcoming festivities and special events that will 

take place in 2026 (see HƛƎƘƭƛƎƘǘ ΨA logo for the 200th anniversary of the ORB-

KSBΩ). 

The ORB-Y{. ƴŜǿǎ ǇǳōƭƛŎŀǘƛƻƴ ƻƴ vǳŜǘŜƭŜǘΩǎ мрлth death anniversary: 

https://www.astro.oma.be/en/150th-anniversary-of-quetelets-death/ 

Interview of Fabienne Collin and Sabrina Bechet for the 

Women and Girls Day in Science 

February 11 is the International Day of Women and Girls in Science, a day recognised by UNESCO. 

According to the UNESCO Institute for Statistics, 33.3% of scientists are women. This percentage is of the 

same order of magnitude as that of female researchers at the Royal Observatory of Belgium, which is 

between 30 and 38% among its scientific staff (see Staff Statistics: Analysis by Gender).  

 

Figure 9: Left: photo of Fabienne Collin; Right: photo of Sabrina Bechet. Credits: F. Collin (first picture), S. Bechet (second picture). 

To mark the occasion, the ORB-KSB gave the floor to Fabienne Collin, seismologist, and Sabrina Bechet, 

solar physicist, who share their experiences of their work at the Observatory.  

The interview can be read on the ORB-KSB website: https://www.astro.oma.be/en/international-day-of-

women-in-science-interview-with-fabienne-and-sabrina/.  

Figure 8: Posthumous portrait 

of Quetelet. Credit: ORB-KSB. 

https://www.astro.oma.be/en/150th-anniversary-of-quetelets-death/
https://www.un.org/en/observances/women-and-girls-in-science-day
https://www.unesco.org/reports/science/2021/en/dataviz/share-women-researchers-radial
https://www.astro.oma.be/en/international-day-of-women-in-science-interview-with-fabienne-and-sabrina/
https://www.astro.oma.be/en/international-day-of-women-in-science-interview-with-fabienne-and-sabrina/
https://www.astro.oma.be/wp-content/uploads/2024/02/portret_quetelet3.jpg
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Strong solar eruptions and auroras in Belgium 

  

Figure 10: Mobile phone aurora pictures taken by ORB-KSB colleagues during the night between May 10 and 11, 2024. Credit: 

picture on the left: Koen Van Noten and Charles De Ryck (taken in Neundorf (Sankt Vith); picture on the right: Brenda Dorsch 

(taken near Boondael (Brussels)). Note that auroras viewed in photographs are more clearly visible than seen with naked eyes. 

2024 was a year of intense solar activity, with a maximum of the solar cycle reached in October 2024 (see 

Highlight Solar Cycle 25 has reached its maximum). This translates to a higher number of extreme solar 

flares, some of which causing auroras that were seen in Belgium.  

This happens following the extreme X-class solar flares occurring in early May 9, 2024, and October 9, 

2024. There are 5 categories of solar flares: A, B, C, M and X. An X-flare is 10 000 (!) times stronger than 

an A-flare. Each of those solar flares generated a solar cloud, which is a plasma cloud consisting of 

extremely hot and electrically charged hot gas, that came straight to the Earth.  

A solar cloud generated on May 9 came straight to the Earth, causing an extreme geomagnetic storm on 

May 10ς11, causing auroras to be observed as far south as Spain and Italy in Europe. Some people had the 

chance to observe them in the Belgian territory and some pictures were taken by colleagues of the ORB-

KSB. The ORB-KSB published some of them in their social media (see for example in Facebook). More 

information and aurora pictures can also be found in the STCE news item: 

https://www.stce.be/news/701/welcome.html.   

On October 9, 2024, the Solar Terrestrial Centre for Excellence issue a press release announcing that the 

extreme solar flare of this day will impact Earth in less than a day with high probability of seeing auroras 

in Belgium and warning about the disturbance in the (tele-) communication systems. Due to the cloudy 

sky, auroras were not seen in most parts of Belgium, but some lucky observers were able to spot them in 

clearer-sky area of the country.  

  

https://www.facebook.com/ORBKSB/posts/pfbid0iEYi4soLZ64HX6nKrRpQc4NdkWCvGQGnvAzcoJ7fdGtsf2CT6Krrg16VEqsBbNDol
https://www.stce.be/news/701/welcome.html
https://www.stce.be/Strong_solar_eruption_chances_for_aurora_in_Belgium
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Publication of historical sunspot drawings made on the 

day of the liberation of Brussels  

On 3 September 1944, the Allies liberated Brussels, and this event was marked by the solar observers of 

the Royal Observatory of Belgium. At the Observatory, scientific activity did not cease during the war. In 

particular, the daily drawing of sunspots continued since 1940. {ǳƴǎǇƻǘǎ ŀǊŜ ŘŀǊƪ ǎǘǊǳŎǘǳǊŜǎ ƻƴ ǘƘŜ {ǳƴΩǎ 

surface indicating the emergence of magnetic fields. These can be the source of geomagnetic storms, 

giving rise to northern lights or auroras.  

Exceptionally, the observer adds a note that is not related to solar activity but to historical events, such as 

ǘƘŜ ƭƛōŜǊŀǘƛƻƴ ƻŦ .ǊǳǎǎŜƭǎ ƻƴ {ŜǇǘŜƳōŜǊ оΣ мфппΣ ǿƛǘƘ ǘƘŜ ŎƻƳƳŜƴǘ ΨŜƴǘǊŞŜ ŘŜǎ !ƭƭƛŞǎ Ŝƴ .ŜƭƎƛǉǳŜ ό¢ƻǳǊƴŀƛύ 

Ŝǘ Ł .ǊǳȄŜƭƭŜǎ ƭŜ ǎƻƛǊΩ όΨ!ƭƭƛŜŘ ŜƴǘǊȅ ƛƴǘƻ .ŜƭƎƛǳƳ ό¢ƻǳǊƴŀƛύ ŀƴŘ .ǊǳǎǎŜƭǎ ƛƴ ǘƘŜ ŜǾŜƴƛƴƎΩύΣ ƻǊ ǘƘŜ !ƭƭƛŜŘ ǾƛŎǘƻǊȅ 

ƻƴ aŀȅ уΣ мфпрΣ ǿƛǘƘ ǘƘŜ ƴƻǘŜ ΨŎŀǇƛǘǳƭŀǘƛƻƴ ŘŜ ƭΩ!ƭƭŜƳŀƎƴŜΣ ± ǇƻǳǊ ±ƛŎǘƻǊȅ 5ŀȅΩ όΨDŜǊƳŀƴ ŎŀǇƛǘǳƭŀǘƛƻƴΣ ± 

ŦƻǊ ±ƛŎǘƻǊȅ 5ŀȅΩύΦ 

On this occasion, the Royal Observatory of Belgium published sunspots drawing of those two dates in its 

website and social media. This is a vivid reminder of a tumultuous time when science was trying to survive. 

The publication of the ORB-KSB: https://www.astro.oma.be/en/the-liberation-of-brussels-marked-by-the-

suns-observers/  

 

Figure 11Υ ǘƘŜ о {ŜǇǘŜƳōŜǊ мфпп ŘǊŀǿƛƴƎ ƻƴ ǿƘƛŎƘ ƛǘ ƛǎ ǿǊƛǘǘŜƴ ΨŜƴǘǊŞŜ ŘŜǎ !ƭƭƛŞǎ Ŝƴ .ŜƭƎƛǉǳŜ ό¢ƻǳǊƴŀƛύ Ŝǘ Ł .ǊǳȄŜƭƭŜǎ ƭŜ ǎƻƛǊΩ 

όΨ!ƭƭƛŜǎΩ ŜƴǘǊȅ ƛƴǘƻ .ŜƭƎƛǳƳ ό¢ƻǳǊƴŀƛύ ŀƴŘ .ǊǳǎǎŜƭǎ ƛƴ ǘƘŜ ŜǾŜƴƛƴƎΩύΦ /ǊŜŘƛǘΥ hw.-KSB 

https://www.astro.oma.be/en/the-liberation-of-brussels-marked-by-the-suns-observers/
https://www.astro.oma.be/en/the-liberation-of-brussels-marked-by-the-suns-observers/
https://www.astro.oma.be/wp-content/uploads/2024/09/figure2_final.png
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PECASUS celebrates its fifth anniversary! 

In November 2019, the Solar-Terrestrial Centre of Excellence (STCE) 

launched an unprecedented service that alerts pilots and air traffic 

controllers when navigation and communication systems may 

experience problems, or when the health of passengers and crew is 

at risk due to space weather. This was the very first time such 

messages have been sent out. 

PECASUS is a global civil aviation service drawing on the expertise of 

the STCE, the Belgian Space Weather Centre. STCE staff have worked 

hard over the past 5 years to collect the necessary data and models, 

to put these data into a form that allows experts and scientists to 

assess the state of space weather and its impacts, to ensure proper 

coordination with countries that are part of PECASUS and with the 

other 3 world centres, to enable a 24/7 service. 

The STCE is the Belgian Space Weather Centre that closely monitors 

solar storms. As expected, the number and strength of solar storms 

ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎΦ !ǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜΣ {¢/9Ωǎ t9/!{¦{ 

ƻǇŜǊŀǘƻǊǎ ƘŀǾŜ ǘƘŜƛǊ ƘŀƴŘǎ Ŧǳƭƭ ŜǎǘƛƳŀǘƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǇƛƭƻǘΩǎ 

navigation systems and radio communications and sending out 

warnings. 

It was a huge task and the future promises to be challenging. Therefore, STCE does not wish to just let the 

5th anniversary of PECASUS go by; instead we celebrated it together with colleagues and partners. 

PECASUS ǎǘŀƴŘǎ ŦƻǊ Ψtŀƴ-9ǳǊƻǇŜŀƴ /ƻƴǎƻǊǘƛǳƳ ŦƻǊ !Ǿƛŀǘƛƻƴ {ǇŀŎŜ ǿŜŀǘƘŜǊ ¦ǎŜǊ {ŜǊǾƛŎŜǎΩ ŀƴŘ ōǊƛƴƎǎ 

together several European institutes possessing leading expertise in the space weather impact domain. 

PECASUS is led by the FMI, the Finnish Meteorological Institute under the regulations of ICAO 

(International Civil Aviation Organisation). 

The STCE (Belgium) provides expertise in the domain of solar physics and particle radiation expertise, and 

is responsible for collecting, formatting and analysing the data and to write the bulletins.  

The alerts are available on the website of FMI, the Finnish Meteorological Institute. 

  

Figure 12: Image courtesy: 'Europe': 

EUMETSAT; 'Sun': ESA/Proba2 

https://pecasus.eu/
https://www.ilmailusaa.fi/warnings.html#_blank
https://www.astro.oma.be/wp-content/uploads/2024/11/SWX-efekti-kuva-e1667888861766_1.jpg
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First evidence of water frost on the tallest volcanoes of 

Mars 

A study published in Nature Geoscience on 10 June 2024, and to which researchers of the Royal 

Observatory of Belgium contributed, reveals for the first time the presence of water frost on the peak of 

Martian volcanoes near the equator.  

The presence of frost was observed independently by the Colour and Stereo Surface Imaging System 

(CaSSIS) and the Nadir and Occultation for Mars Discovery (NOMAD) instruments onboard the European 

{ǇŀŎŜ !ƎŜƴŎȅΩǎ ό9{!ύ 9ȄƻaŀǊǎ ¢ǊŀŎŜ Dŀǎ hǊōƛǘŜǊ ό¢Dhύ ǎǇŀŎŜŎǊaft, as well as by the High Resolution Stereo 

/ŀƳŜǊŀ όIw{/ύ ŦǊƻƳ 9{!Ωǎ aŀǊǎ 9ȄǇǊŜǎǎ ƳƛǎǎƛƻƴΦ {ŎƛŜƴǘƛǎǘǎ ŦǊƻƳ hw.-KSB analysed data from the TGO-

NOMAD instrument, which is led by Royal Belgian Institute for Space Aeronomy (BIRA-IASB). Specifically, 

the Limb Nadir and Occultation (LNO) spectrometer of NOMAD, originally designed to measure 

absorptions by the Mars atmosphere of infrared sunlight reflected from the surface, detected an 

absorption by ice deposits at the summit of Olympus Mons, located at an altitude of 20 km above the 

surrounding area. 

The weather conditions at these high altitudes were simulated by the researchers at the ORB-KSB in order 

to assess spacecraft observations within a consistent theoretical framework and to better identify the frost 

composition. Modelling of Martian air circulation at the summit of the caldera, the large depression at the 

peak of ancient volcanoes, revealed that moist air can indeed condense into water frost at the bottom of 

the caldera floor during the night and early morning, similar to what can be observed on the Earth. 

This discovery provides new insights into Martian climate dynamics, highlighting the importance of 

ongoing research to understand the Martian water cycle and prepare for future Mars missions and 

possible human exploration. 

 

Figure 13: This early morning wide-angle image of Olympus Mons (LST = 7:20 a.m., Ls = 346.7°, lat = 18.2°N, lon = -133.2°E) 

taken by the Mars Express High Resolution Stereo Camera (MEX-HRSC) reveals for the first time the presence of frost on the 

summit of the volcano, the tallest one on Mars and in the entire Solar System. © ESA/DLR/FU Berlin. 

https://doi.org/10.1038/s41561-024-01457-7
https://doi.org/10.1038/s41561-024-01457-7
https://doi.org/10.1038/s41561-024-01457-7
https://www.astro.oma.be/wp-content/uploads/2024/06/HRSC_new_stretch.png
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A new research project with the ORB-KSB for dark matter 

detection with satellites and gravimeters 

Scientists from the Royal Observatory of Belgium and the Université libre de Bruxelles (ULB) are involved 

ƛƴ ǘƘŜ ƴŜǿ ǇǊƻƧŜŎǘ ƴŀƳŜŘ haa9D!bD όΨhōǎŜǊǾƛƴƎ ŘŀǊƪ aŀǘǘŜǊ ŀƴŘ a9ǘŜƻǊƻƛŘǎ ǿƛǘƘ DǊŀǾƛƳŜǘŜǊǎ !bŘ 

Db{{ΩύΦ ¢Ƙƛǎ ǇǊƻƧŜŎǘ ŀƛƳŜŘ ŀǘ ŘŜǘŜŎǘƛƴƎ Ƴƛƴƛ ōƭŀŎƪ ƘƻƭŜǎ passing close to the Earth using data from GNSS 

positioning satellites (including the GPS and GALILEO systems) and superconducting gravimeters.  

A recent hypothesis stipulated that dark matter, the existence of which could explain the anomalies in the 

movements of the galaxies, could be made up of primordial mini black holes. Although very massive in 

absolute terms, these mini black holes are virtually undetectable, which therefore presents a challenge. 

Scientists, including Pascale Defraigne, Bruno Bertrand (ORB-KSB), Michel Van Camp (formerly ORB-KSB, 

now at the Royal Belgian Institute of Natural Sciences) and Sébastien Clesse (Université libre de Bruxelles) 

took part in a study to estimate the limits and possibilities of detecting these objects. The first author of 

the article, Michal Cuadrat-Grzybowski, a student at the time at ULB and ORB-KSB and currently a 

researcher at TUDelft, is an expert in orbit calculation. 

In this study, published in Physical Review D, the scientists estimate that, in the vicinity of the Earth, 

passages of these mini black holes below the Earth-Moon distance, estimated at at least one per decade 

for the mass of 1014 kg mentioned above, could disrupt the orbits of GNSS (Global Navigation Satellite 

{ȅǎǘŜƳύ ǇƻǎƛǘƛƻƴƛƴƎ ǎŀǘŜƭƭƛǘŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ Dt{ ŀƴŘ DŀƭƛƭŜƻ ǎŀǘŜƭƭƛǘŜǎΣ ŀƴŘ ŎǊŜŀǘŜ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ 

gravity field, detectable by superconducting gravimeters.  

 

Figure 14Υ !ǊǘƛǎǘΩǎ ǾƛŜǿ ƻŦ ŀ ƳŀǎǎƛǾŜ ōƭŀŎƪ ƘƻƭŜ ƳŜǊƎƛƴƎ ƛƴǘƻ ŀ ŎƭǳǎǘŜǊΣ ǇǊƻōŀōƭȅ ƭƛƪŜ D²мфлрнмΣ ŀƴ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ƎǊŀǾƛǘŀǘƛƻƴŀƭ 

waves by LIGO/Virgo. Credit: Ingrid Bourgault (distributed under a CC BY-SA 4.0 International licence). (Source: 

https://commons.wikimedia.org/wiki/File:Illu_LIGO-Virgo_20200902_2.jpg)  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.063029
https://commons.wikimedia.org/wiki/File:Illu_LIGO-Virgo_20200902_2.jpg
https://www.astro.oma.be/wp-content/uploads/2024/10/Illu_LIGO-Virgo_20200902_2.jpg
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With its long-standing expertise in processing GNSS data and gravimetry, the ORB-KSB will bring its 

contribution to the OMMEGANG project, without the need to build a costly new experiment since the data 

are already available, while the ULB will provide its expertise in cosmology and fundamental physics. This 

interdisciplinary project is hence a novel way of doing science, of which the involved scientists expect many 

fruitful results.  

Prizes, Awards and ORB-KSB scientists in the limelight 

Cem Berk Senel is a laureate of EOS Pipet 2024 

On 23 May 2024, the Flemish popular science magazine EOS Wetenschap presented five young scientists 

in its contest EOS Pipet 2024. Each was chosen for their significant contribution to scientific research. 

Among them is Cem Berk Senel, postdoctoral researcher at the Royal Observatory of Belgium, who 

recently published a paper in Nature Geosciences that attracted a great deal of media attention.  

!ŦǘŜǊ ŀ ƳŀǎǘŜǊΩǎ ŘŜƎǊŜŜ ŀǘ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ LǎǘŀƴōǳƭΣ /ŜƳ 

Berk Senel developed his expertise in atmospherical sciences during 

his post-ƳŀǎǘŜǊΩǎ ŘŜƎǊŜŜ ŀǘ ǘƘŜ Ǿƻƴ YŀǊƳŀƴ LƴǎǘƛǘǳǘŜΣ ŦƻƭƭƻǿŜŘ ōȅ ŀ 

PhD degree at the ORB-KSB and the Université libre de Bruxelles, 

which he completed in 2023. During his doctoral thesis, together 

with Orkun Temel and Özgür Karatekin (ORB-KSB), he developed a 

ƳƻŘŜƭ ǘƘŀǘ ǎƛƳǳƭŀǘŜǎ ǘƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ Ƨǳǎǘ ŀŦǘŜǊ ǘƘŜ /ƘƛŎȄǳƭǳō 

impact 66 million years ago. Paleoclimate simulations show that the 

fine dust generated by the meteorite impact caused a global cooling 

of the planet and disrupted photosynthesis of the vegetation 

present at that time. 

The results of this research, also carried out in collaboration with 

researchers from the Vrije Universiteit Brussel (VUB) (Philippe 

Claeys, Pim Kaskes, Steven Goderis), the KU Leuven and the Royal 

Belgian Institute of Natural Sciences (Johan Vellekoop), were 

published in Nature Geosciences on October 30, 2023. The 

publication attracted considerable attention from the Belgian and 

international media, demonstrating the high level of public and 

media interest in this significant contribution to research. Featured 

in a curated collection by Nature (Dinosaur 200th Anniversary 

Collection), this research was selected for The Top 10 Dinosaur Discoveries of 2023, by Smithsonian 

Magazine. 

By becoming one of the five laureates of EOS Pipet 2024, a contest organised in collaboration with the 

Jonge Academie, he has received further recognition for his scientific achievements from the jury, made 

up of Flemish science journalists and communicators.  

/ŜƳ .ŜǊƪ {ŜƴŜƭΩǎ ƛƴǘŜǊǾƛŜǿ ōȅ 9h{ ²ŜǘŜƴǎŎƘŀǇ όƛƴ 5ǳǘŎƘύ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ ǘƘƛǎ ǿŜōǇŀƎŜΥ 

https://www.eoswetenschap.eu/natuur-milieu/cem-berk-senel-ontrafelde-hoe-fijnstof-66-miljoen-jaar-

geleden-het-leven-decimeerde 

Figure 15: Photo of Cem Berk Senel in front 

of a dinosaur statue. Credit: Cem Berk 

Senel. 

https://gnss.be/
https://seismologie.be/en/gravimetry
https://www.eoswetenschap.eu/eospipet2024
https://www.astro.oma.be/en/dust-played-a-major-role-in-dinosaur-demise/
https://www.astro.oma.be/en/dust-played-a-major-role-in-dinosaur-demise/
https://www.nature.com/collections/dddjgaehij
https://www.nature.com/collections/dddjgaehij
https://www.smithsonianmag.com/science-nature/the-top-ten-dinosaur-discoveries-of-2023-180983403/
https://www.eoswetenschap.eu/natuur-milieu/cem-berk-senel-ontrafelde-hoe-fijnstof-66-miljoen-jaar-geleden-het-leven-decimeerde
https://www.eoswetenschap.eu/natuur-milieu/cem-berk-senel-ontrafelde-hoe-fijnstof-66-miljoen-jaar-geleden-het-leven-decimeerde
https://www.astro.oma.be/wp-content/uploads/2024/05/cem3.jpg
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The Royal Academy awarded two of its prizes to researchers from the 
Observatory 

On Saturday 14 December 2024, Jérémy Rekier of the Royal Observatory of Belgium was awarded the 

Mailly Prize by the Royal Academy of Sciences, Letters and Fine Arts of Belgium. His colleague Sébastien 

Le Maistre, from the same institute, won the prize in the 2024 annual competition of the Class of Sciences. 

The Mailly Prize to Jérémy Rekier 

The Édouard Mailly Prize is awarded every four years by the Royal Academy to anyone who, through his 

or her writings or lectures, has helped to spread a taste for and knowledge of astronomy. 

Jérémy Rekier works in the Reference Systems and Planetology Operational Directorate at the 

Observatory. He is a specialist in the dynamics of rotating fluids. He has applied this field to the study of 

ǘƘŜ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ ŀƴŘ ƛǘǎ ƭƛǉǳƛŘ ŎƻǊŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘo the flow of the oceans of the ice moons of Saturn and 

Jupiter. In addition to his activities in disseminating and popularising science, for which he was awarded 

the prize, Jérémy teaches astronomy at UCLouvain. 

 

Figure 16: Jérémy Rekier (left) and Sébastien Le Maistre (right) holding their prizes from the Royal Academy of Belgium in front of 

ǘƘŜ hōǎŜǊǾŀǘƻǊȅΩǎ ǎƻƭŀǊ ŘƻƳŜΦ /ǊŜŘƛǘΥ hw.-KSB. 

Sébastien Le Maistre, winner of the 2024 Class of Science competition 

Sébastien Le Maistre works in the same Operational Directorate as Jérémy Rekier. He specialises in the 

analysis of radio communications between the Earth and probes placed on the surface of planets, a field 

known as radioscience. He has used his expertise to prepare and analyse data from space missions, one of 

the most recent being the InSight mission on the surface of Mars. 

This year, the Class of Science was looking for new research in the field of astronomy and physics. The class 

ŀǎƪŜŘ ŦƻǊ Ψŀƴ ƻǊƛƎƛƴŀƭ ŎƻƴǘǊƛōǳǘƛƻƴΣ ŜƛǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ ǘƘŜƻǊŜǘƛŎŀƭΣ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇŀǊǘǎ ƻŦ 

the planet Mars, whether in terms of its interior, polar caps, atmosphere or potential biosphere, past or 

ǇǊŜǎŜƴǘΩΦ 

As part of this competition, Sébastien Le Maistre submitted his contribution, entitled The Heart of a 

Dancer, in which he reports a series of new results on the rotation and deep interior of Mars. He shows, 

for example, that the existence of a solid core at the very centre of the Red Planet is unlikely, which has 

https://www.astro.oma.be/en/insight-landing-mars-on-the-verge-of-revealing-its-secrets/
https://www.astro.oma.be/wp-content/uploads/2024/12/IMG_5610_web.jpeg
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serious consequences for energy dissipation and magnetic field models on Mars. This paper attracted the 

interest of the jury, who selected the author as the winner of the competition. 

Congratulations to Jérémy and Sébastien for their prizes! 

The winners and 2024 prizes of the Royal Academy of Belgium: https://academieroyale.be/fr/actualites-

detail/messages/classe-sciences-laureats-prix-decernes-2024/

https://academieroyale.be/fr/actualites-detail/messages/classe-sciences-laureats-prix-decernes-2024/
https://academieroyale.be/fr/actualites-detail/messages/classe-sciences-laureats-prix-decernes-2024/
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Seismology and Gravimetry 
Seismic Activity in and around Belgium in 2024 

In 2024, 141 earthquakes were located by the Royal Observatory of Belgium to be in or near Belgium. On 

Belgian territory, no earthquake was large enough to have been felt. 

The 141 located earthquakes occurred in a zone between 1° and 8° E longitude and 49° and 52° N latitude 

(Figure 17). On Belgian territory, 42 natural earthquakes occurred. The largest earthquake occurred on 12 

April 2024 in Maaseik and had a local magnitude of 1.8. It was not felt by the local population. The 2024 

catalogue of the ORB-KSB is complete for natural earthquakes with a magnitude ML larger than 1.0. Events 

with magnitudes lower than 1.0 were also routinely detected where the Belgian seismic network is denser.  

During the same period, the ORB-KSB also measured one induced event in Germany, 304 quarry blasts and 

10 explosions offshore linked to controlled explosions of WW1 and WW2 bombs by the Belgian, Dutch or 

French Armies. In Belgium, none of the induced (man-made) earthquakes were large enough to be 

measured by the Belgian Seismic Network maintained by the ORB-KSB.  

In comparison, last year in 2023, 120 earthquakes occurred in and around Belgium. 

 

Figure 17: Events recorded in 2024 by the Belgian Seismic Network of the Royal Observatory of Belgium. Credit: ORB-KSB. 
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A climate-change-triggered landslide caused Earth to 

vibrate for 9 daysðBelgian researchers are involved in a 

study led by an international multidisciplinary team 

In September 2023, a mysterious, globally observed and unprecedented 9-day-long seismic signal was 

caused by a massive landslide in Greenland. 25 million m³ of rock and ice fell into the Dickson Fjord and, 

in turn, caused a 200-metre-high mega-tsunami that ŎƻƴǘƛƴǳŜŘ ǎƭƻǎƘƛƴƎ ōŀŎƪ ŀƴŘ ŦƻǊǘƘς ŀ ǇƘŜƴƻƳŜƴƻƴ 

ŎŀƭƭŜŘ ŀ ǎŜƛŎƘŜς ƛƴ ǘƘŜ ƴŀǊǊƻǿ ŦƧƻǊŘ ŦƻǊ ф ŘŀȅǎΦ ¢Ƙŀǘ ƛǎ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ ƻŦ ǊŜǎŜŀǊŎƘ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ ƧƻǳǊƴŀƭ 

Science. The seismic waves generated by this large mass of moving water were observed around the world. 

Never before have scientists, including researchers of the Royal Observatory of Belgium, the Flanders 

Marine Institute (VLIZ) and the Université libre de Bruxelles, observed such an unusual mechanism causing 

a global seismic signal. 

A puzzle solved within a multidisciplinary collaboration 

The mysterious 9-day-long seismic signal, which started on 16 September 2023 and was recorded on highly 

sensitive sensors all over the globe, puzzled seismologists from ORB-KSB and ULB. The signal looked 

completely different to frequency-rich earthquake reŎƻǊŘƛƴƎǎς ƛǘ ŎƻƴǘŀƛƴŜŘ ƻƴƭȅ ŀ ǎƛƴƎƭŜ ǾƛōǊŀǘƛƻƴ 

frequency, like a monotonous-sounding hum. At the same time, news of a large tsunami in a remote 

Northeast Greenland fjord reached authorities and researchers from VLIZ working in the area. 

Both teams joined forces with a multidisciplinary international group of 68 scientists from 40 institutions 

in 15 countries, combining seismometer and infrasound data, unique field measurements, on-the-ground 

and satellite imagery, and simulations of tsunami waves. 

The team also used imagery captured by the Danish military who sailed into the fjord just days after the 

event to capture the collapsed mountain-face and glacier front along with the dramatic scars left by the 

tsunami. This unique harmony of local field data and remote, global-scale observations allowed the team 

to solve the puzzle and reconstruct the extraordinary cascading sequence of events in September 2023. 

The results are now published in Science (Svennevig et al., 2024). 

A huge landslide collapsing into a narrow fjord as the origin of the 
seismic waves 

Traditionally, seismology focuses on measuring seismic vibrations arising from earthquakes in the ground. 

IƻǿŜǾŜǊΣ ǎŜƛǎƳƛŎ ǊŜŎƻǊŘǎ Ŏŀƴ ŀƭǎƻ Ŏƻƴǘŀƛƴ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ƳƻǾŜƳŜƴǘǎ ƻŦ ƭŀǊƎŜ ƳŀǎǎŜǎ ƻƴ 9ŀǊǘƘΩǎ 

surface, such as landslides and water waves.  

The local signal was picked up by a real time monitoring network set up in the Kong Oscar Fjord System by 

VLIZ and Aarhus University, including cameras and oceanographic moorings, to study climate gradients 

and freshwater dynamics. Oceanographic sensors in Dickson Fjord and near Ella Ø measured anomalous 

water levels and peak turbidity. The global seismic signal was picked up by a global network of 

ǎŜƛǎƳƻƳŜǘŜǊǎΤ ǎŜƴǎƛǘƛǾŜ ǎŎƛŜƴǘƛŦƛŎ ƛƴǎǘǊǳƳŜƴǘǎ ǘƘŀǘ ǊŜŎƻǊŘ ǾƛōǊŀǘƛƻƴǎ ǘǊŀǾŜƭƭƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ƎǊƻǳƴŘς ŎŀƭƭŜŘ 

seismic waves. 
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Figure 18: Before (August 2023; above) and after (September 2023; bottom) photos of the mountain peak and glacier, taken 

from the Dickson Fjord. Source image credits: Søren Rysgaard, Danish Army. GIF animation: Carsten E. Thuesen. 

The study found that the landslide was from the collapse of a mountaintop that previously towered 1.2 

ƪƳ ŀōƻǾŜ ǘƘŜ 5ƛŎƪǎƻƴ CƧƻǊŘΦ ¢ƘŜ ǾƻƭǳƳŜ ƻŦ ƳŀǘŜǊƛŀƭ ǘƘŀǘ ŎƻƭƭŀǇǎŜŘ ǿŀǎ ƳŀǎǎƛǾŜς ƳƻǊŜ ǘƘŀƴ нр million 

ŎǳōƛŎ ƳŜǘǊŜǎς ƻǊ нт ǘƛƳŜǎ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ŀƭƭ нл Ŧǘ ŎƻƴǘŀƛƴŜǊǎ ƻƴ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŎƻƴǘŀƛƴŜǊ ǾŜǎǎŜƭǎ όŎƛǊŎŀ 
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24 000 per vessel or 650 000 containers). This collapse was caused by glacial thinning at the base of the 

mountain over recent decades, ultimately caused by climate change.  

The combined signals were so puzzling that one of the scientific team members tried to recreate the long-

lived sloshing effect in their bathtub at home. They failed to simulate the same effect, so it was left to 

detailed mathematical models to show that the landslide direction, together with the uniquely narrow and 

bendy fjord channel, was the last missing piece of the puzzle of how climate change rang the Earth for 9 

days.  

 

Figure 19: Record section showing the recorded seismic waves plotted against distance from the landslide (1 degree = 110 km; 

180 degrees = antipodal to Greenland). The wiggles are filled with red (positive amplitude) and blue (negative amplitude) 

colours. Credit: ORB-KSB 

The predictions showed that water sloshed back and forth every 90 seconds, the same oscillation period 

observed in the seismic waves. This perfect match shows how the force of the moving water body, 

generating a distinct oscillation due to the width and depth of the fjord, creates seismic energy in the crust. 

The highest tsunami observed in recent history 

Numerical simulations, data from a local oceanographic sensor network, satellite and on-the-ground 

imagery confirm that the resulting mega-tsunami is one of the highest seen in recent history. Further out 

of the fjord, 4 m high tsunami waves damaged a research base at Ella Ø (island) 70 km away and destroyed 

cultural and archaeological heritage sites across the fjord system. The fjord is on a route commonly used 

by tourist cruise ships visiting the Greenland fjords. 
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Figure 20: Pre- (30 minutes before) and post-landslide (7 minutes after) Planet Labs satellite image. Credit: Planet Labs 

Fortunately, no cruise ships were close to Dickson Fjord on the day of the landslide and tsunami, but if 

they had been, the consequences of a tsunami wave of that magnitude could have been devastating. With 

rapidly accelerating climate change, it will become more important than ever to characterise and monitor 

regions previously considered stable and provide early warning of massive landslide and tsunami events. 

Co-author Wieter Boone (Flanders Marine Institute, VLIZ): ΨCƻǊ ƻǳǊ ǊŜǎŜŀǊŎƘΣ ǿŜ ŜǎǘŀōƭƛǎƘŜŘ ŀ ƴŜǘǿƻǊƪ ƻŦ 

real time under ice oceanographic stations in Northeast Greenland. Last year, we sailed into Dickson Fjord 

to install instruments close to a glacier and almost right in front of the mountain just weeks before it 

collapsed. Our instruments survived and we were able to follow the events unravel in real time. The 

observed destruction of an old trapper hut, never affected by tsunamis for its century-old history, 

demonstrate the unexpected size of this event. During August 2024, we updated our sensor network, 

mapped the impact of the tsunami using drones and installed high frequency seismic and water-level 

ǎŜƴǎƻǊǎ ƛƴ 5ƛŎƪǎƻƴ CƧƻǊŘΦΩ VLIZ also installed three seismic instruments from the ORB-KSB in the area, to 

record future motions there. The sensors are still there and need to be recovered.  

Reference paper: Svennevig et al., A rockslide-generated tsunami in a Greenland fjord rang Earth for 9 

days, Science, published online on 12 September 2024. DOI: 10.1126/science.adm9247. 

http://www.science.org/doi/10.1126/science.adm9247
http://www.science.org/doi/10.1126/science.adm9247
https://www.astro.oma.be/wp-content/uploads/2024/09/PlanetLabsSatelliteBefore-After.png
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Ambient seismic noise campaign to measure site effects 

of Lixouri and the Paliki peninsula, Kefalonia, Greece 

The Royal Observatory of Belgium, the National and Kapodistrian University of Athens and the National 

Museum of Natural Sciences of Spain (MNCN-CSIC) joined forces in a field campaign to measure 

earthquakes and ambient seismic noise in the Paliki peninsula of the Ionian Island of Kefalonia in Greece 

to better understand the subsurface of this area. 

 

Figure 21: Installation of SmartSolo geophones on the Paliki Peninsula, Kefalonia, Greece. Credit: ORB-KSB. 

The Ionian Islands Kefalonia and Lefkada in Greece have been repeatedly hit by moderate to large 

earthquakes and took place in one of the most active seismotectonic zones of the Aegean. In Paliki, the 

western peninsula of the Island of Kefalonia, large earthquake amplification has been measured due to 

the presence of a subsurface soft sediment basin, but a geotechnical model explaining these amplifications 

is currently still lacking. 

To develop a new 3D subsurface model and a detailed velocity model, the National and Kapodistrian 

University of Athens, the ORB-KSB and the National Museum of Natural Sciences of Spain (MNCN-CSIC) 

joined forces in a field campaign to deploy geophones in cross-profiles through the Paliki Peninsula. 

The impetus of this fieldwork activity was initiated during the ΨуǘƘ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ IƛǎǘƻǊƛŎŀƭ 

Seismology, Paleoseismology ŀƴŘ 9ŀǊǘƘǉǳŀƪŜ 9ƴƎƛƴŜŜǊƛƴƎΩ held in Lixouri on 17ς19/9/2023. Between 

Friday, 27 September 2024 and Friday, 4 October 2024, we successfully completed an ambient noise field 

study throughout the Paliki Peninsula. 

Using 24 SmartSolo IGU-16HR 3C geophones, 3 SmartSolo IGU-BD3C-5LC broadband devices and two 

Tromino instruments, ambient noise measurements were carried out at 220 locations all over the Paliki 

Peninsula which resulted in ~ 3225 hours of ambient noise data. We installed one array and 9 profiles 

(total profile length of 50 km) crossing the island to detect the variation in bedrock depth and to measure 

site amplification when an earthquake would occur. Array and cross-correlation techniques, H/V Spectral 

Ratio analysis, and earthquake relocation techniques will be applied to better understand the impact of 

earthquakes on this area. 

https://www.astro.oma.be/wp-content/uploads/2024/10/Picture1.jpg
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Figure 22: Installed profiles (yellow stars) and seismicity around Kefalonia during the profile installation. Credit: ORB-KSB/MNCN. 

 

Figure 23: Raypaths between simultaneously installed geophones crossing the town of Lixouri and the Paliki Peninsula. Credit: 

ORB-KSB/MNCN. 

https://www.astro.oma.be/wp-content/uploads/2024/10/Picture2.png
https://www.astro.oma.be/wp-content/uploads/2024/10/Picture3.png
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To our knowledge, it is the first time that such large-scale fieldwork has been performed on the Ionian 

Islands and the recorded data will stimulate new research studies and contribute significantly to the 

seismic protection of the Lixouri municipality on Paliki. A first look at the data already looks very promising 

as tens of small earthquakes were recorded, which beautifully propagated through the different installed 

networks, without having been identified by the permanent seismic network. 

The field research team included the seismologists Dr Maria Jose Jimemez, Dr Mariano Garcia Fernandez 

(scientific advisors of the OXE cooperation programmes), and Dr Nikolaos Sakellariou, all at MNCN-CSIC 

(Spain), Dr Koen Van Noten and Dr Raphael De Plaen from the ORB-KSB and Nikolaos Galanos, our local 

guide in Lixouri. The project was coordinated by Ms Vasiliki Kouskouna, Em. Professor of Seismology at the 

University of Athens, and coordinator of the OXE cooperation projects between the University of Athens 

and the Municipality of Lixouri, under the supervision of the Mayor of Lixouri, Georgios Katsivelis, and, in 

close collaboration with CSIC, projects PIE 202330E132 and PIE 202330E137. The ORB-KSB provided in-

kind contributions to support these projects with their seismic instrumentation. 

 

Figure 24: Installation team. Collaboration between the National and Kapodistrian University of Athens, the Royal Observatory of 

Belgium and the National Museum of Natural Sciences of Spain (MNCN-CSIC). Credit: ORB-KSB/MNCN. 

In the future it will be important to continue this initiative with additional measurements to cover the 

entire peninsula of Paliki, which eventually will contribute to the understanding of the seismic risk of the 

area. Together with the study of the building vulnerability that already has been carried out in the 

framework of the OXE programme, our study will make the assessment of the seismic risk of a future 

strong earthquake more accurate. 

https://www.astro.oma.be/wp-content/uploads/2024/10/Picture4.jpg
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The research team expresses its sincere thanks to the residents of the Municipality of Lixouri, who 

welcomed us greatly and contributed to the smooth performance of the field campaign. 

 

Figure 25: View on four consecutive earthquakes that occurred on the main island of Kefalonia on 2 October 2024 while our 

overnight array network of 26 stations near Lixouri was running. Credit: ORB-KSB/MNCN. 

Evaluation of seismic models using data of earthquakes 

in the Belgian Hainaut province 

In a recently published article in Bulletin of Earthquake Engineering, researchers from the seismology 

department of the Royal Observatory of Belgium evaluate the applicability of existing models to calculate 

ground motions due to earthquakes in the coal basins of the Belgian Hainaut Province.  

During the 20th century, more than 25 earthquakes occurred here with magnitudes between 2.9 and 4.1, 

presumably triggered by the large-scale coal mining in the region. Due to their shallow depth (only a few 

kilometres), these earthquakes were strongly felt by the population and even caused damage to buildings. 

Unfortunately, because these earthquakes all occurred at a time when there was no modern seismic 

network, no digital records are available. However, it is possible to compare the models via an 

intermeŘƛŀǘŜ ǎǘŜǇ ǿƛǘƘ ƳŀŎǊƻǎŜƛǎƳƛŎ ƛƴǘŜƴǎƛǘȅ Řŀǘŀ όҐ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ǎƘŀƪƛƴƎ ŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 

during an earthquake based on the effects on people, objects and buildings) gathered from the numerous 

testimonies in a previous study. 

For more than 20 models, our researchers calculated the goodness of fit with the data according to various 

measures, including a self-developed measure to evaluate the distance trend separately. The compilation 

of intensity data had already shown that intensities in the Hainaut coal basins decrease much faster as a 

function of distance than elsewhere in north-western Europe. Our analysis shows that no international 

model really matches the data well, especially in terms of the distance trend, demonstrating the 

uniqueness of this region. Nevertheless, we were able to select three models that clearly outperform the 

others (Figure 26). The selection of suitable ground motion models is important to compute new seismic 

hazard maps and possibly also to generate ShakeMaps (Figure 27) in case of potential future earthquakes 

in the region. 

https://www.astro.oma.be/wp-content/uploads/2024/10/Picture5.png
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Figure 26: Comparison between observed intensities (black circles) and intensity models (solid lines) with their uncertainties 

(dashed lines) as a function of distance for the April 3, 1949, Havré earthquake (magnitude 4.1). Left: the three best-fitting 

models; Right: one of the worst-performing models. Reference paper: Vanneste et al. (2024). 

 

Figure 27: ShakeMap calculated for the March 28, 1967, Carnières earthquake (magnitude 4.1). Left: based on ground motion 

models developed for stable continental regions; Right: based on the models selected in this study. Reference paper: Vanneste et 

al. (2024). 

Reference paper: Vanneste, K., Neefs, B. & Camelbeeck, T. Testing the applicability of ground motion 
prediction equations for the Hainaut region (Belgium) using intensity data. Bull Earthquake Eng (2024). 
https://doi.org/10.1007/s10518-024-01958-1  
 

https://doi.org/10.1007/s10518-024-01958-1
https://doi.org/10.1007/s10518-024-01958-1
https://doi.org/10.1007/s10518-024-01958-1
https://doi.org/10.1007/s10518-024-01958-1
https://www.astro.oma.be/wp-content/uploads/2024/08/Fig1.png

































































































































