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Preface  

This report describes the highlights of scientific activities and public services 

at the Royal Observatory of Belgium in 2011. 

A list of publications and the list of personnel is included at the end. 

Due to lack of means and personnel the report is only in English. A description 

of the most striking highlights is available in Dutch and French. 

If you need more or other information on the Royal Observatory of  Belgium 

and/or its activities please contact rob_info@oma.be or visit our website 

http://www.astro.oma.be. 

 

Kind regards  

Ronald Van der Linden  

Director General  

 

mailto:rob_info@oma.be
http://www.astro.oma.be/
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Reference Systems 
and Planetology  
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EPN tracking network (status Dec. 2011). 

Red: stations tracking only GPS signals (32%;) 

Blue: stations tracking GPS+GLONASS signals 

(52%); Green: stations tracking 

GPS+GLONASS signals and capable to track 

Galileo signals. 

Using Global Navigation Satellite Systems (GNSS) for science and 

services 
 

The GNSS team uses GPS data and more generally Global Navigation Satellite System (GNSS) data in 

order to determine precise positions (at the mm level) and deformation/velocities (at the sub-mm/year 

level). This allows them to characterize regional and global ground deformations and to integrate Belgium 

in international terrestrial coordinate reference systems. This is performed through the integration of 

several continuously observing GNSS reference stations and associated services in international GNSS 

observation networks. The ‘GNSS’ ROB team contributes actively to the European and global 

developments of GNSS observation networks, their products and applications since more than ten years. 

This has resulted in a number of responsibilities within the International GNSS Service (IGS) and the 

EUREF (European Reference Frame) Permanent GNSS Network (EPN). The EPN is a network of almost 

250 permanently observing GNSS stations distributed all over Europe which is managed by the ROB 

GNSS team (http://www.epncb.oma.be; it received about 2.5 million hits in 2011). The EPN is the 

foundation of the European Terrestrial Reference System (ETRS89) recommended by the EU for all geo-

referencing in Europe.  

At the moment, a part of the services and 

research described above and below are based 

on multiple GNSS, more specifically on GPS 

and GLONASS (Russian equivalent of GPS) 

observations (see figure to the right,  showing 

the present state of the EPN). With the 

upcoming GALILEO positioning system, the 

scientists involved in this project will also work 

on the incorporation, processing, and 

enhancement of GALILEO precise positioning 

in the research and the services they maintain.  

 

More info on the GNSS activities: www.gnss.be 

 

In addition, based on their expertise in 

GNSS data processing and position determi- 

nation, the team is assigned to coordinate an 

international working group aiming at using 

GNSS to determine the ground deformations at 

GNSS stations all over the world in a 

homogeneous and consistent manner so that 

geophysicists can use them to learn more about 

the Earth. Several continents have submitted 

results to the working group for intercomparison 

(see figure on top of the opposite page). 

 

 

 

 

 
 
 

http://www.epncb.oma.be/
http://www.gnss.be/
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Ground deformation as measured with GNSS. In blue: velocity fields under evaluation; in red: standard 

velocity field available today. 

 
 

 

The GNSS team is also involved in the Solar Terrestrial Center of Excellence (STCE) where 

GNSS observations are used to monitor the Earth’s ionosphere and troposphere. The monitoring products 

are used by scientific as well as civil users. In the frame of the ionosphere, a method to generate in near-

real time 0.5°x0.5° grid VTEC (Vertical Total Electron Content) maps and VTEC variance over Europe 

each 15 minutes from the GNSS data from the EPN has been developed (see figure below). The maps 

monitor the ionospheric activity and are available from the gnss.be website and have been integrated in 

the SIDC web portal. In addition, as it was the case in several European Agencies simultaneously 

involved in the EPN data analysis and performing tropospheric research, these activities found a natural 

synergy and led to the involvement in the EUMETNET E-GVAP (EUMETNET EIG GNSS water 

VApour Program) project of which the aim is to determine the water vapor content in the atmosphere 

from GNSS data. 

 

 

 

 Ionospheric VTEC maps of: a) the 17/09/2011 at 13:30 UTC and 

 b) Median of the ionospheric activity at 13h30 over the previous 15 days (2/09/2011-16/09/2011) 
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The service activities described above 

are based on a solid dose of research that 

guarantees that the services are of the highest 

level. The research concerns the modeling, 

mitigation and understanding of the GNSS error 

sources: 

 

The ionosphere: the team demonstrated for the 

first time a clear linear correlation between the 

10.7 cm radio flux F10.7P monitoring solar 

activity and the TEC (Total Electron Content) 

determined from GPS. The correlations vary, at 

first order, with the phase of the solar cycle and, 

at second order, with the Earth orientation with 

respect to the Sun and the TEC (see figure on 

the right). 

 

The troposphere: a new collaboration with the 

RMI and the BISA on the inter-comparison of 

different techniques observing the atmospheric 

water vapour was set up.  Atmospheric water 

vapour is the most dominant greenhouse gas and 

thus important to be reliably monitored. 

 

 

 

 

 
 

  

 

 

 

 

 

  

 
 

Estimated daily mean VTEC (=model in black) 

and observed (in red) for different geomagnetic 

latitudes. Bottom: geomagnetic equator. Middle: 

mid-latitude region. Top: polar region. 

 

Representation of the topographic coupling at the core-mantle boundary (left). Nutation of the Earth in space 

(right) 
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Earth Rotation 
 

The scientists working on Earth rotation have the objectives to better understand, to model the Earth 

rotation and orientation variations, and to study physical properties of the Earth’s interior and the 

interaction between the solid Earth and the geophysical fluids. The work is based on theoretical 

developments as well as on the analysis of data from Earth rotation monitoring and general circulation 

models of the atmosphere, ocean, and hydrosphere. The scientists involved in this project work on the 

improvement of Very Long Baseline Interferometry (VLBI) and GNSS observations and on the 

determination of geophysical parameters from these data, as well as on analytical and numerical Earth 

rotation models. They study the angular momentum budget of the complex system composed of the solid 

Earth, the core, the atmosphere, the ocean, the cryosphere, and the hydrosphere at all timescales. This 

allows them to better understand the dynamics of all the components of the Earth rotation, as Length-of-

day variation (LOD), polar motion (PM), and precession/nutation, as well as to improve their knowledge 

and understanding of the system, from the external fluid layers to the Earth deep interior (see figure on 

the left). 

In particular, topographic coupling mechanism at the core-mantle boundary inside the Earth (and 

in other terrestrial planet rotating rapidly) has been computed and shown to be enhanced for particular 

topography wavelengths, in relation with the inertial waves excited within the liquid core. Effects on the 

length-of-day and on the nutations have been examined. Enhancements have been shown for particular 

topography features.  

Electromagnetic torque at the core-mantle boundary and its effects on nutations are also studied at 

ROB. In particular, we have interpreted the observed frequencies and damping of free oscillations of the 

Earth, the so-called Free Core Nutation (FCN) and Free Inner Core Nutation (FICN) modes in terms of 

electromagnetic coupling at the core boundaries, of viscosity in the liquid core, and of viscous 

deformation of the inner core estimating the inner core viscosity, which provides new inside on the Earth 

interior properties (see figures below). 

 

   
Values of the viscosity of the core and of the 

amplitude of the electromagnetic field 

determined from the coupling constant at the 

core-mantle boundary deduced from nutation 

observation, for different conductivity 

considered in the lower mantle. 

Dipole and non-dipole electromagnetic field 

and viscosity satisfying the coupling constants 

at the inner core boundary deduced from 

nutation observation. 
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Pericenters of gravity passes with MarsExpress in the 

Tharsis province, superimposed on the topography 

Geodesy and Geophysics of  

Terrestrial Planets 

ROB scientists investigate the rotation and 

orientation variations and the tides of the 

terrestrial planets and large natural satellites in 

order to gain insight into their interior structure, 

composition, evolution, dynamics, and 

atmosphere. Geodesy data on the gravity field 

and rotation of a planet can be obtained from 

spacecraft flying by, orbiting around it, or 

landed on the planets. In this project, radio 

science data from spacecraft in orbit around 

Mars and Venus, such as MarsExpress (MEX), 

Mars Global Surveyor (MGS), Mars Odyssey, 

Mars Reconnaissance Orbiter (MRO), and 

VenusExpress (VEX) are the principal source of 

information. Radio science data from the 

upcoming BepiColombo mission to Mercury 

and the ExoMars mission to Mars will be 

processed in the future. In addition, we use data 

from missions to the outer solar system like 

Voyager 1 and 2, Galileo, and Cassini.  

The gravity field of planetary bodies is 

obtained by monitoring the trajectory of passing 

or orbiting spacecraft through performing 

Doppler and ranging measurements on radio 

links between the Earth and the spacecraft. For 

the analysis of these radio science data and for 

simulations of future experiments, a numerical 

code (GINS/DYNAMO) is used and further 

developed; this code is one of only a few codes 

in the world that can compute accurate orbits of 

spacecraft from radio science data. Because the 

gravity field of a planet is determined by the 

planet’s mass distribution, spatial and temporal 

variations in the gravity field can be used to 

determine physical properties of the interior and 

atmosphere of the planet. Since the beginning of 

the space age, the large-scale structure of the 

gravity field of planets and moons has been 

successfully used to determine the moment of 

inertia, which is a measure of the radial density 

distribution and an important constraint on the 

interior structure. More recent efforts use tides, 

which can also be observed through their time- 

 

variable effect on the gravity field, to obtain 

more accurate information on the deep interior, 

in particular on global fluid layers such as a 

liquid iron core in terrestrial planets and an 

internal subsurface ocean in icy satellites.  

Constraints on planetary interiors can 

also be obtained from rotation variations. Three 

broad classes of rotation variations are usually 

considered: rotation rate variations, orientation 

changes with respect to inertial space 

(precession and nutation), and orientation 

changes with respect to the rotation axis (polar 

motion and polar wander). They are due to both 

internal (angular momentum changes between 

solid and liquid layers) and external 

(gravitational torques) causes. By studying 

rotational variations of a terrestrial planet, more 

can be learnt about the excitation processes. 

Moreover, as the rotational response depends on 

the planet’s structure and composition, also 

insight into the planetary interior can be 

obtained. This is particularly so for the rotational 

variations due to well-known external 

gravitational causes, such as for example for the 

nutations of Mars and the librations of Mercury 

and natural satellites. 
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About the planet Mars: 

During several orbits, the radio science experiment MaRS aboard Mars Express acquired gravity 

data above the Tharsis volcanoes, which form the largest volcanic region in the solar system (see  figure 

above). The data analysis shows that the overall density of the volcanoes is higher than the expected 

density of the Martian crust, in agreement with the basaltic composition of many Martian meteorites 

probably originating in the Tharsis area, and that one volcano, Ascraeus Mons, differs from the others in 

being of lower density in its upper part, though its overall density remains high.  

If the Tharsis Montes were built in succession by a unique moving mantle plume, this suggests 

that Ascraeus Mons formed as the last of the Tharsis Montes. It was also shown that Olympus Mons, the 

highest mountain in the solar system, lacks a high density root, which indicates that it was built on a crust 

of high rigidity (or lithosphere), whereas the other volcanoes partly sunk within a less rigid lithosphere.  

From the latest available data on the moment of inertia and the tidal amplitude of Mars the most 

accurate estimates ever have been determined on the core size and composition of Mars. It has been 

shown that at the 1σ confidence level the core size is expected to be in the interval [1716, 1850] km (see 

above) and the weight fraction of sulfur in the core is in the interval [13,18] wt%. For the current ideas 

about the temperature in Mars, the high sulfur estimate implies that the core of Mars is entirely liquid and 

contains no solid inner part, in contrast to the Earth. 

 

Core size as function of k2 for the hot and cold mantle temperature for models that satisfy the moment of 

inertia. Contours delimit domains corresponding to 0.997, 0.954, and 0.682 probability of occurrence. The 

blue dotted lines delineate the 0.997 domains of the cold models. The grey shaded areas represent the k2 

values of Konopliv et al. (2011), for 1, 2, and 3 s. The insets correspond to the individual 0.997 contours of 

the models with an inner core and without an inner core for cold and hot mantle models. 
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Mars Express 

Mars 

Deimos 

Phobos 

 

 

About the moon of Mars, Phobos: 

The Martian moons Phobos and Deimos may be asteroids captured by Mars or they may be 

formed in situ from a circum-Mars debris disk. Their density is lower than any possible material analog, 

suggesting that they either have a high interior porosity (voids) or contain a large fraction of low-density 

material, most likely in the form of water ice. We have shown that precise measurements of the gravity 

field and the rotation variations (librations) of these bodies may help to estimate the content of water ice 

and hence to better understand their origin since a high (low) content in water ice would support the 

capture (in-situ) scenario. Phobos gravity field measurements are foreseen in the coming years by the 

Mars Express radio science experiment 

 

 

 

 

 

 

 

 

Orbit of MarsExpress, the ESA spacecraft around Mars, and of the two moons of Mars, Phobos and Deimos. 

Image from MarsExpress (copyright ESA-DLR) of 

Phobos, the closer to Mars of the two Martian 

moons.  

MarsExpress ESA spacecraft, presently around 

Mars 

. 
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About the planet Mercury 

Mercury is probably the only other terrestrial planet of the solar system that like the Earth has a 

solid inner core in the otherwise liquid iron core. A new method to prove the existence of an inner core 

and to determine its size has been proposed which relies on the potential observation of a free 

translational mode of the inner core of Mercury. We have shown that observation of the period of the 

mode could be used to constrain the size of the inner core. It has also been demonstrated that an impact by 

a meteoroid with a radius of at least 100 m could excite the mode to a level observable by the upcoming 

BepiColombo mission, but that the estimated damping time of the Slichter mode is well below the 

average time between impacts of at least that size, requiring a recent impact (less than 0.5 My ago). 

A method has been developed to study the effect of tides and an inner core on the libration of 

Mercury. The effect of tides is shown to be below the current and future expected observational precision, 

but the effect on the libration amplitude could be observed for cores larger than 1000km. An inner core 

also changes considerably the free libration period by up to 25% if the inner core is very large. Besides 

giving information on the moment of inertia of the silicate shell, observations of Mercury's libration can 

therefore also yield information on the inner core. In particular, libration at periods longer than the orbital 

period of Mercury could be the best way to obtain information on the inner core of Mercury from 

librations because of possible resonances with planetary forcing. 

 

About the planet Venus 

First ever measurements of the mass density of the upper thermosphere close to the north pole of 

Venus at minimum solar conditions have been performed when the Venus Express (VEX) spacecraft 

passed through that region on 14-25 October 2010 and on 23 May – 3 June 2011 at an altitude of about 

165 km. The density of the atmosphere of Venus over the North Pole has been derived from 

measurements of the drag through VEX radio tracking and has been shown to be about half that predicted 

by the current models.  

About the Moon 

 In collaboration with French planetary scientists, a new model has been proposed for magnetic field 

generation where dynamo action comes from impact induced changes in the Moon's rotation rate. The 

predicted surface magnetic field strength, on the order of several micro-Tesla, are consistent with 

paleomagnetic measurements of Moon rocks brought to Earth by Apollo astronauts. 

 

 
 BepiColombo mission to Mercury (credit ESA) Venus Express mission (credit ESA) 
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About the large natural Satellites: 

The ROB planetary scientists have developed a method to study the obliquity, or angle between 

the rotation axis and the normal to the orbital plane, of icy satellites that have a global subsurface ocean in 

order to explain the difference between the observed obliquity value of 0.3 degree for Titan, the only icy 

moon for which the obliquity has been measured, and the much smaller previously predicted value. It has 

been shown that, with a subsurface ocean, theoretical obliquity values can be obtained in agreement with 

the observed value by the Cassini radio science team, suggesting that also Titan has a subsurface ocean.  

By means of a simulation study to assess the sensitivity of Doppler measurements on radio links 

between an orbiter around Europa or Ganymede and the Earth to tides and rotation variations, we have 

shown that subsurface oceans on Europa or Ganymede can be detected through Doppler tracking of an 

orbiting spacecraft. The shell thickness of Europa could be estimated with an accuracy of the order of 20 

km. 

  

In general: 

The team has thus a strong theoretical research component, which is oriented towards the 

investigation of the dependence of rotation variations, gravity field, and tidal variations on interior and 

atmosphere properties and orbital motion characteristics. These studies include the development of 

advanced models of rotation, the construction of detailed models for the structure and dynamics of solid 

and fluid layers of the planets, the investigation of the dynamical response of these models to both 

internal and external forcing, the modeling of the orbital motion of large bodies of our solar system, and 

the inclusion of general relativistic effects into the data analysis.  

We are involved in several ESA solar system missions (Mars Express, Venus Express, 

BepiColombo) and Cassini at Co-Investigator level, actively participate with ESA in preparations for new 

and upcoming missions (e.g. the candidate L-class mission to the Jupiter system, JUICE), and lead the 

development of a coherent X-band transponder and antenna for use in a future Mars lander mission. We 

also develop theories and strategies for the future exploitation of space data 

 

 

  

NASA-ESA Cassini-Huygens spacecraft for the 

observation of the Saturnian system and Titan in 

particular 

Cassini (NASA-ESA) image of the surface of 

Europa. 
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UTC(ORB) compared to the true UTC during the year 

2011. 

 

Time – Time Transfer 
 

The ROB scientists establish the Belgian time scale (UTC(ORB)) and participate in international 

timescales by incorporating Belgium in these timescales. We maintain presently six high-quality clocks 

for participation in two international timescales: the International Atomic Time (TAI) and the 

International GNSS Service Timescale (IGST). The present requirement for the clock precision and 

stability is at the level of the nanosecond over one day, which can only be achieved with high-quality 

clocks, when located in temperature-controlled environment. Our six clocks are located in such an 

environment and their performances are continuously monitored by inter-comparison between themselves 

and also with atomic clocks of other laboratories participating to TAI or IGST. In order to perform these 

comparisons, as well as to transfer time at the centers where the computations for the international 

timescales are performed, we need methods which ensure a time-transfer precision matching the required 

precision of the timescales. These comparisons are usually performed using code measurements of GPS 

satellites in common view. The scientists involved in the project work on the improvement of the time 

transfer by using both code and phase measurements of geodetic receivers, in order to enhance its 

precision and accuracy. This requires the establishment of new analysis strategies, new error modeling, 

and new computer codes. It also requires the installation of new equipment and the adaptation of the 

procedures to these new equipment. The scientists of this project also take care of the legal issues related 

to the legal time. An additional important part of the work is related to the quality control and 

maintenance of the clocks, as our involvement in the definition of international timescale impose us a 

quasi-perfect reliability.  

 

 

During the year 2011, the ROB Precise 

Timing Facility (PTF or time laboratory) was 

completely renewed, with three new cesium 

beam atomic clocks and a new time delay 

generator providing a more robust generation 

of UTC(ORB). The PTF is also equipped 

with an active control and monitoring of all 

the active clocks, allowing a real time 

detection of anomalies. The top right figure 

provides the difference between the 

realization of UTC at ROB and UTC as a 

function of time for 2011.  

 

With the up-coming Galileo, ROB scientists 

have evaluated the performance of time 

transfer based on the new-defined signal 

(ionosphere-free combination of Galileo E5 

code-plus-carrier (CPC) combination) and 

have demonstrated that this provides a noise 

level 10 times lower than other ionosphere-

free combination while medium-and long-

term stability of time transfer is not improved. 

See bottom right figure. 

 

Differences between the simulated clock and the 

computed clock obtained with either E5 code directly 

or the E5-CPC combination. 
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Gravimetry & 
Seismology  
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Composite Seismogenic Source Model in the Valley Rift System 
 

In the frame of the EC project SHARE (“Seismic Hazard Harmonization in Europe”), ROB coordinates 

the collection of regional data for Central and Western Europe on active faults. In this framework, we 

conducted a more detailed study of the most active tectonic structure in our regions, the Roer Valley Rift 

System (RVRS). This source model provides a solid and fully documented basis for more detailed, fault-

based seismic hazard assessment, and diverse modeling exercises, e.g. concerning seismic activity, crustal 

deformation, stress transfer and fault interaction. It also serves as a guide for further paleoseismic studies, 

showing where more studies are needed to better determine seismogenic parameters. 

 

 

 

 

 

 
Model of seismic sources in the Roer Valley Rift System. The surface traces are colored according to their slip 

rate. 
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 Crustal Structure at the Princess Elisabeth Base in Antarctica 
 

More than 300 teleseismic (epicentral distance > 30°) earthquakes (red crosses) were recorded at our 

seismic station ELIB, installed since 2010 at the Princess Elisabeth Base in Antarctica. Among these 

events dataset, 38 were selected (blue crosses) for computation of receiver functions allowing a first 

estimate of the crustal thickness in this part of Antarctica.  

 

 

By enhancing P-wave to S-wave conversions, this technique allows to determine depth and 

characteristics of the major discontinuities inside the Earth such as the Moho, the limit between the crust 

and the mantle. The stack of individual RF (bottom right figure) shows clear P-to-S signal from the Moho 

discontinuities at 5.7 sec, inferring a Moho depth at 44 – 50 km.  

This Moho depth value suggests the presence of an orogenic crustal root beneath the region and 

may be related to the amalgamation of Antarctica and Africa into the Gondwana supercontinent about 

600-500 million years ago.  

 

Map of the earthquakes’ epicenters 

Left: discontinuities; Right: stack of individual RF with a clear signal from the Moho 
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Kawah Ijen seismic network (Blue and Green: USGS and CVGHM seismic stations / Red and 

pink: ROB seismic stations, respectively short period and broadband sensors) 

The volcanic hydrothermal system of Kawah Ijen in Indonesia 
 

 

Since June 2010, we equipped the Kawah Ijen volcano with broadband and short-period seismometers, 

but also with temperature and level instruments which have been immerged into the largest acidic lake in 

the world. About 2000 seismic events have been recorded and analyzed. The study of the noise 

wave field and its cross-correlation improved the understanding of the volcanic crisis that 

occurred in May 2011 and December 2011. Our monitoring techniques have been implemented 

to the daily monitoring of the volcano. 
 

 

Left: Evolution of the amplitude of the seismic noise between June 2010 and May 2011 in the 2-4 Hz 

frequency band (black curve: mean amplitude / green curve: standard deviation of the amplitude) / Right: 

Cross Correlation function shifted during the first days of unrest, in July 2010. It suggests a change of 

velocity in the upper part of the crust which correlates with high amplitude in the 2-4 Hz frequency band.  
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The Seismic Alert System 
 

Since March 2010, we host the common web-based macroseismic questionnaire for the ROB and the 

Seismology Section of the University of Cologne. In 2011, two earthquakes were strongly felt in 

Germany, the Netherlands and Belgium and the macroseismic data flowing in real time allowed both 

institutes to inform their authorities efficiently. The alert system linked to the inquiry also worked as 

expected for all felt events in and around Belgium. We also improved the availability of the information 

for the seismologists by refactoring the “alert” website and the emails sent when events are detected by 

SeisComp3, the automated earthquake detection and location package. The emails and website now 

provide maps and seismograms to ease the understanding of the messages. The website has also been 

structured to be readable and accessible from a smartphone. The current system allows warning the 

authorities of a felt earthquake within 10 minutes after its occurrence, already providing important 

information about its impact on the population.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example of an alert sent by email for a detected quarry blast near Rochefort (BE) & Example of a 

macroseismic intensity map produced for the ML=2.5 Veldegem Earthquake (2 August 2011). 
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Absolute Gravity measurements to measure deformation of the 

Lithosphere in Northwest Europe 
 

In northwest Europe, ground surface movements are close to or below the accuracy of current geodetic 

techniques. Our goals are to investigate the relative contributions of the tectonic forces, climatic loading 

(e.g. glacial isostatic adjustment (GIA) and slow climate changes) and anthropogenic effects. 

An absolute gravimeter is valuable to quantify slow vertical movements, as this instrument does not 

depend on any terrestrial reference frame. Repeated absolute gravity (AG) measurements have been 

performed in Oostende (Belgian coastline) and at 8 stations along a southwest-northeast profile across the 

Belgian Ardennes and the Roer Valley Graben (Germany).  

 

After 9-16 years (depending on the station), all stations but Jülich show that the rates of change of 

gravity fall in the [-2.4, 7.3] nm/s²/yr interval. At all stations but Jülich, the results agree, within the error 

bars, with the subsidence predicted by the GIA (figure below). At 5 stations in the profile (Bensberg, 

Monschau, Membach, Sprimont and Manhay) and in Oostende, the gravity rates of change do not 

significantly differ from zero. Significant increases lying in the 0.2-7.3 nm/s²/yr interval are found in the 

two southernmost stations Werpin and Sohier. For Jülich, where anthropogenic subsidence takes place, 

combining this residual gravity rate of change with the vertical velocity (13.6 mm/yr) provided by 

repeated leveling, indicates an increase in density caused by compaction processes. 

After correcting for the GIA effect, the inferred vertical land movements reduce to zero within the 

uncertainty level at all stations except Jülich and Sohier. The velocities as a function of longitude and 

latitude may indicate a possible shoulder uplift in response to rifting in the Roer Graben, but the 

measurements are still not precise enough to support this hypothesis. On the other hand, about 10
9
 tons of 

water and coal have been withdrawn from the Rhur and Rur areas yearly since 1960, which is equivalent 

to a rate of 10
6
 t/km²/yr, to be compared with the rates of 10

5
 t/km²/yr due to present ice losses in 

Greenland or the 10
9
 t/km² ice loss which occurred at the end of the last Ice Age. Due to these mass 

removals, the mining area might be uplifting, which may bias the results in Monschau, Membach and 

Bensberg, masking the GIA effect, but this cannot be resolved at this time. This illustrates the challenge 

to resolve very slow tectonic motions in industrialized areas. 

 

 

 

Observed velocities after applying the ratio of -2.0 nm/s²/mm on the 

observed gravity rates of change. The GIA predicted subsidence rate of -0.5 

mm/yr is in green, with the errors bars given by the green zone. All the 

error bars are at the 2σ level. 
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Stellar Astrophysics: Asteroseismology 
 

The objective of asteroseismology is to probe 

the internal structure of (pulsating) stars. To this 

aim the light and spectral variations of pulsating 

stars are observed over a time-scale of several 

seasons and/or years. At the ROB we also aim at 

investigating the interactions that may arise 

between stellar pulsations and various other 

phenomena such as multiplicity, chemical 

composition and magnetic fields. As data from 

space missions (CoRoT, Kepler) are being 

distributed at a high rate, the team is becoming 

strongly involved in their exploitation while also 

participating in projects of ground-based follow-

up. 

 

 

The CoRoT mission has provided photometric data of unprecedented quality and time-coverage 

also for a number of O-type stars. The analysis of the CoRoT observations of these O stars, with the star 

HD 46150 as main object, was finalised in 2011. The six O-type stars observed by CoRoT show diverse 

origins of variability: β Cep type pulsations, solar-like oscillations, the effect of rotation, the binary period 

and tidally induced non-radial pulsations, as well as red noise. 

 

The KEPLER satellite continuously monitors over 100 000 stars. The mission is designed to 

search for extra-solar planetary systems using the transit technique, but the stellar data obtained are also 

excellent for variable star detection and asteroseismic studies. The contribution of the ROB is here in the 

characterisation and classification of preselected sets of variable stars in order to obtain information on 

the classes of variable stars as a whole and to identify interesting objects for further study. A study of the 

A-F type stars led to a sample of 750 candidate variables and will be used to investigate the relation 

between γ Doradus (γ Dor), δ Scuti (δ Sct), and hybrid stars. The analysis of the B-type stars was also 

finalised in 2011 and published. 

 

Spectroscopic observations were 

used in the analysis of two Kepler 

targets for which papers appeared 

in 2011 in the prestigious journals 

Nature and Science: 

 

 KIC7548479: a δ Scuti star 

showing clear evidence for the 

simultaneous presence of p-mode 

oscillations excited by the opacity 

mechanism and stochastically 

driven solar-like oscillations. 

  

An artist’s impression of the COROT satellite. 

Credits: CNES 2006 - D. Ducros) 

 

Credit: NASA/Kepler mission/Wendy Stenzel 
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Kepler-band light curve of HD 181068 and simulation. The minimum of the 45.5-day eclipse and the minima 

of the 0.9-day eclipses are visible. (© Daniel Huber, University of Sydney) 
 

 HD181068: a red giant in a triply-eclipsing compact hierarchical triple system for which evidence of 

tidally-induced oscillations driven by the orbital motion of the close pair is found. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Special attention is given to the study of pulsating components of binary or multiple stars in 

order to improve our knowledge of pulsation physics through constraints on the physical parameters of 

the pulsating component derived from the binary or multiple nature of the system, and to study the 

interaction between pulsation and binarity.  

 

An intensive study was done on the bright star θ
2
 Tauri. This is an interferometric-spectroscopic 

binary system and the brightest member of the Hyades cluster whose components also show a complex 

pattern of pulsations of type δ Scuti. Due to the fast rotation of the components, mainly of the secondary, 

the lines in the observed composite spectra are heavily blended. The analysis of Echelle spectra using the 

spectra disentangling algorithm led to a new spectroscopic orbit for this difficult system. The orbital 

parallax and the component masses were obtained with unprecedented accuracy, combining both 

spectroscopy and long-baseline optical interferometry. Echelle spectra obtained with the new HERMES 

spectrograph mounted at the Mercator telescope were also used in this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Orbital solution for the spectroscopic 

binary star θ
2
 Tauri plotted with 

component radial velocities. The data are 

from the Oak Ridge Echelle 

Spectrograph (Harvard-Smithsonian 

Center for Astrophysics,CfA,  the Elodie 

spectrograph (Observatoire de Haute-

Provence, OHP) and the Hermes 

spectrograph (Mercator telescope, Roque 

de Los Muchachos Observatory, LPA). 
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Gaia Deployable Sunshield Assembly (DSA) in 2011 

fully deployed at Astrium Toulouse (copyright Astrium) 

 

 

Gaia:  The Billion Star Surveyor 

 
Gaia is an ambitious ESA mission to chart a 

three-dimensional map of our Galaxy. Gaia will 

provide unprecedented positional and radial 

velocity measurements with the accuracies 

needed to produce a stereoscopic and kinematic 

census of about one billion stars in our Galaxy 

and throughout the Local Group. This amounts to 

about 1 per cent of the Galactic stellar 

population. Combined with astrophysical 

information for each star, provided by on-board 

multi-colour photometry, these data will have the 

precision necessary to quantify the early 

formation, and subsequent dynamical, chemical 

and star formation evolution of the Galaxy. 

Additional scientific products include detection 

and orbital classification of extra-solar planetary 

systems, a comprehensive survey of objects 

ranging from huge numbers of minor bodies in our Solar System, large numbers of variable objects, 

through galaxies in the nearby Universe and distant quasars. It will also provide a number of stringent 

new tests of general relativity and cosmology. 

 

The Gaia focal plane will be the largest ever developed, with 106 CCDs, a total of almost 1  Gigapixels and 

physical dimensions of 0.5m × 1m (Image credit: ESA - A. Short) 
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The complete set of 106 CCDs that make up Gaia's focal plane was assembled in 2011 (Copyright: 

ESA/Astrium) 

 

The ROB astronomers and co-workers contribute in different disciplines to the software 

development of the Gaia data reduction.  This data reduction has been assigned to DPAC (Data 

Processing and Analysis Consortium).  Inside DPAC several Coordination Units (CUs) were created. In 

CU4 (Object Processing) the ROB is involved in the Astrometric Reduction of Solar System Objects. For 

CU6 (Spectroscopic Processing) ROB has the responsibility to develop different techniques that will 

allow measuring the radial velocities of the stars. The characterization of variable objects, with emphasis 

on period search of variable stars is the main contribution of ROB to CU7 (Variability Processing). 

Within CU8 (Astrophysical Parameters) ROB develops algorithms and codes for the calculation of 

astrophysical parameters for extreme stars (“Cool stars”, “Ultra Cool stars”, “Anomalous Abundance 

Stars”, “Emission Line stars” and “Hot Stars”).   

In 2011 all ROB collaborators send new and improved versions of their Gaia codes to the data processing 

centers of the CUs. They contributed substantially to the documents and reports on the mission and 

assisted at the semestrial international meetings of the CUs. 

ROB is also involved in the Gaia-ESO Public Survey. This survey has been awarded 300 nights 

(over 5 years) on the VLT-FLAMES instrument at the Paranal site of ESO. The observations started at the 

end of 2011. 
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Credits Herschel/ ESA / AOES Medialab ; 

background: HST, NASA/ ESA/ STSc 

Late evolution phases and mass loss 
 

Essentially all stars with an initial mass between 1 (as our Sun) and 8 solar masses will pass through the 

Asymptotic Giant Branch (AGB) phase at the end of their life before becoming planetary nebulae (PN) 

and white dwarfs. Mass loss is one of the main characteristics of AGB stars and a main research topic of 

the astrophysicists of the ROB. Because of the nucleosynthesis that takes place in the interior and the 

dredge-up of the processed material to the surface, AGB stars, together with possibly supernovae, 

dominate the return of gas from stars to the interstellar medium (ISM) from which new generations of 

stars are born. The central stars are cool (Teff < 3000 K) and since dust usually forms close to the star, 

AGB stars are also very important contributors to the dust content in the ISM. 

The study of AGB stars is manifold, but concentrates on the understanding of the mass-loss mechanism, 

the derivation of mass-loss rates and its relation to fundamental stellar parameters, and the global 

evolution of stars on the AGB as a function of time, metallicity, mass, etc. The studies encompass 

sometimes individual stars or samples of stars, both in our Galaxy and in the Local Group, and sometimes 

more theoretical population studies to put the AGB phase in the broader context of stellar evolution. 

MESS: Mass-loss of Evolved StarS 

 
The Herschel Space Observatory was successfully 

launched on May 14, 2009 and is the largest infrared 

space observatory launched to date. Equipped with a 3.5 

metre diameter reflecting telescope and instruments 

cooled to close to absolute zero, Herschel observes at 

wavelengths in the infrared that have never previously 

been explored. 

The ROB is leading the Herschel Guaranteed Time Key 

Project “MESS” (Mass loss of Evolved StarS, GTKP 

MESS) which brings together an international 

consortium of astrophysicists. In this project a wide 

variety of evolved stellar objects is observed in 

spectroscopic and photometric mode in the far-IR using 

both the PACS (Photodetector Array Camera and 

Spectrometer) and SPIRE (Spectral and Photometric 

Imaging Receiver) instruments on board the Herschel 

satellite. The main aims of this project are three-fold:  

(1) To study the time-dependence of the mass loss 

process, via a search for shells around a wide range of 

evolved objects, in order to quantify the total amount of 

mass lost at the various evolutionary stages of low to 

high-mass stars,  

(2) To study the dust and gas chemistry as a function of progenitor mass, 

(3) To study the properties and asymmetries of a representative sample of 

low- and intermediate- (i.e. AGB, post-AGB, PN) as well as high-mass post 

main sequence objects, and supernovae. 

 

 

 

Image of planetary nebula M76 (www.princeton.edu/~rvdb/images/NJP/m76.html) 

taken by Robert J. Vanderbei. (CC-BY-2.5; Released under the GNU Free 

Documentation License). 
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In 2011 the first analysis of the Herschel observations of the planetary nebula NGC 650 (also known as 

Messier 76 or Little Dumbbell nebula) was done. Temperature maps were constructed and analysed 

 

 
 

We also contributed to the analysis the PACS images of the pulsating red giant star Mira. Mira’s IR 

environment appears to be shaped by the complex interaction of Mira’s wind with its companion, the 

bipolar jet, and the ISM.  

 

 
 

 

Also in other stars (X Her and TX Psc) the interaction of the stellar wind with the ISM was observed. 

There was also a contribution to the discovery of multiple-shells around the C-star CW Leonis. It was 

argued that the origin of the shells is related to non-isotropic mass-loss events and clumpy dust formation. 

 

 

 

 

  

 

 

  

 

 

 

 

 
NGC 650, from left to right: PACS 70 and 160 μm,  SPIRE~250 μm and the temperature map created 

from the  PACS 70/160 μm ratio image. The black contours are of the  PACS 70 μm inner region and the 

white contours of the fainter outer regions of the PACS 160 μm image. The blue cross marks the central 

star. The bar at the bottom shows the temperature scale. 

Herschel image of CW Leonis 

This colour-composite image of CW Leonis, also known as 

IRC +10216, was obtained with the SPIRE and PACS 

instruments on the Herschel Space Observatory. It combines 

observations at wavelengths of 160 µm (blue; PACS), 250 

µm (green; SPIRE) and 350 µm (red; SPIRE). A bow shock, 

created by the interaction of the stellar wind emitted by the 

star and the interstellar medium, can be seen to the left of 

the star. 

Copyright: ESA/PACS/SPIRE/MESS Consortia 

Herschel’s view into Mira’s head 

(Mayer et al., 2011, A&A) 

Panel a) deconvolved PACS image at 70 μm. The arrow 

indicates the space motion and the position in 500 yrs;  

Panel b) is the same for the 160 μm band and  

Panel c) is the 70 μm deconvolved PACS image  

Panel d) results from the “toy model” based on the 

hydrodynamical simulations of Mohamed & Podsiadlowski 

(2007, 2011). 
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Solar Physics and 
Space Weather 
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3D Stereo Work & Linking in-situ with Remote Sensing 
 

The majority of images and data of our Sun 

and the interposing interplanetary space are 

taken from the Earth and satellites near Earth. 

However, in October 2006 NASA launched the 

STEREO (Solar TErrestrial RElations 

Observatory) satellites to observe the Sun from 

different perspectives. STEREO consists of 

two satellites, with one positioned ahead of 

Earth in its orbit and the other trailing behind. 

The position of the satellites provides two new 

viewpoints of the Sun and its related activity, 

allowing solar scientists to see the structure 

and evolution of the Sun in greater detail and 

create 3D reconstructions of its features. 

Each STEREO satellite houses several 

imaging instruments which include EUV 

imagers for observing the solar disk in the 

extreme ultraviolet wavelengths, coronagraph 

imagers which essentially block the Sun to 

allow observations of the faint interplanetary 

space surrounding the sun and Heliospheric 

imagers which observe the space between the 

Sun and the Earth. 

  

In recent years an important area of research in the field solar and space physics has been the 

study of space weather, which looks at how hot material (plasma) produced by the Sun moves out through 

the solar system (interplanetary space). There is a continual flow of material from the Sun known as the 

solar wind, which is punctuated by fast and slow streams and occasionally more energetic phenomena. 

There has been particular interest in how space weather affects the Earth, the Earth’s weather and our 

satellites orbiting the Earth. 

One of the most energetic 

forms of space weather is 

known as Coronal Mass 

Ejections or CMEs, which is 

the sudden eruption of 

material from the solar 

surface into interplanetary 

space. CMEs can manifest 

themselves as geomagnetic 

storms when they interact 

with the Earth, which in turn 

can affect electrical systems 

and create auroras seen near 

the Polar Regions. Therefore, 

it is important to determine if 

and when a CME might hit 

the Earth or orbiting 

satellites. 

Artists view of the STEREO (Solar TErrestrial 

RElations Observatory) satellites observing the Sun 

(Credits NASA). 

Two false colour images of the Sun, taken at the same time from the 

different STEREO spacecraft perspectives. The source region of a CME is 

highlighted by a white box; this region can be seen towards the centre of the 

Solar disc from one perspective and on the limb (edge) from the other. The 

images are taken with a EUV filter allowing images of the sun to be taken at 

~1.5 Million Degrees. 
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In-situ observations of space weather are made from satellites, which measure ambient conditions 

at the position of the satellite. Such observations are made with various instruments including 

magnetometers, which measure the local magnetic field; and particle detectors which measure the solar 

wind speed, density and temperature of the ambient interplanetary conditions. CME signatures can be 

identified by abrupt changes in the magnetic field and particle velocities. 

 

Researchers at ROB have linked STEREO observations to in-situ data to show that observations 

of CMEs made in coronagraph images close to the Sun can be used to make accurate  and reliable 

predictions of CME transit times 

and directions, and more 

importantly if these solar storms 

will be Earth-directed. This work 

has and will be used to improve 

space weather forecasts produced 

at ROB. 

 

In order too predict the 

propagation of an individual 

CME, a model is fitted to 

observations of the eruption close 

to the Sun. The model provides 

us with information pertaining to 

the CME such as the direction of 

propagation and the CME’s 3D 

geometrical configuration. This 

information can then be used to 

calculate the angular width, direction and speed of the CME, from which can be determined if the CME 

will be Earth-directed. In-situ observations made from satellites orbiting the Earth and by both STEREO 

spacecraft are then used to verify if the predicted arrival time and direction of a CME were correct.  

The model was applied to estimate the propagation of 26 CMEs, and predicted 88% of the CMEs 

successfully, while a further 9% were found to lie within predicted error margins, and only one event 

(3%) can be considered as not successfully described by the model. Therefore, the model used to predict 

the arrival of CMEs can be used with a high degree of certainty when making space weather forecasts. 

(Further information can be obtained from Rodriguez et al. 2011). 

Three Images of the same Coronal Mass Ejection (CME) taken from different perspectives. Each image is 

taken with a coronagraph, where the bright Sun is blocked to reveal the faint surrounding interplanetary 

space. The images on the left and right are taken by the STEREO spacecrafts which are positioned ahead and 

behind the Earth in its orbit.  The central image is from the Solar and Heliospheric Observatory near the 

Earth. The images highlight the complex structure of a CME.  

Two images of the model fitting technique used to numerically model a 

Coronal Mass Ejection (CME). The background black and white 

images show a CME viewed in coronagraph images from the STEREO 

satellites. The green lines outline the model fitted to the observations. 
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A small-sunspot deficit in solar cycle 23 
 

Since the last maximum of solar activity in 

2000, a systematic discrepancy has appeared 

between the international sunspot index Ri 

produced at the ROB by the World Data 

Center "Sunspot" and several other solar 

indices and fluxes (see right top figure). This 

anomaly could be due to a flaw in the Ri index 

but it also corresponds to other unusual 

properties of the past solar cycle: internal 

rotation, surface flow speeds and longest 

minimum of activity since one century (see 

right bottom figure). 

 

In order to diagnose the source of this 

discrepancy, we exploited the much more 

detailed information contained in several 

sunspot catalogs. For this purpose, in the 

context of the SoTerIA project (ended in 

November 2012), we worked with the two 

richest catalogs currently available: the 

Debrecen Photographic Data (DPD) and the 

NSO/USAF catalog available from NOAA. As 

those catalogs contain different but 

complementary information, we merged them 

into what must be the richest sunspot catalog 

currently available. In order to guarantee the 

completeness and accuracy of the output, this 

merging involved the identification of defects, 

inconsistencies and mismatches in either 

catalogs. As a complement, this validation 

process made partly use of the Uccle sunspot 

catalog based the 70-year-long ROB collection 

of sunspot drawings (Fig. 40), which is still in 

construction (completion foreseen in 2012) 

 

Our investigations first showed that there was no intrinsic flaw in the sunspot index itself, which 

hinted at a true physical change in the Sun.  We thus conducted extensive statistics of the populations of 

sunspots according to their sizes and lifetimes, considering both entire sunspot groups and also the 

individual sunspots forming each group. Our results show that, while the count of large groups was not 

different in cycle 23 compared to earlier cycles, small groups showed a strong deficit by a factor  of 2 to 3 

in cycle 23 (see opposite page bottom figure). This deficit also appears in the groups themselves where 

the relative number of small spots with the shortest lifetimes (< 2 days) has dropped in all active regions, 

even the large ones, in cycle 23. This transition takes place around 2000, i.e. at the time when the relation 

between the sunspot index Ri and other solar indices start to deviate. 

 

 
Comparison (top) and ratio (bottom) of the sunspot index Ri and the 

F10.7cm radio flux, showing the deviation after about year 2000. 

 

 
Total number of spotless days during the last 25 minima of the solar 

cycle. It shows the strong anti-correlation with the cycle amplitude 

(green, reversed scale). The last minimum exceeds all minima since the 

early 20
th

 century. 
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Based on this detailed and independent evidence, the index deviation can then be naturally 

interpreted by the higher contribution of small spots in the sunspot index value compared to most other 

solar indices, which are heavily weighted in favor of the largest spots and magnetic fields. This strongly 

scale-dependent change in the distribution of sunspot magnetic fields calls for an interpretation. It 

matches rather well another independent observation: the steady decline of the average magnetic field 

strength in the core of sunspots reported by Penn & Livingston (2009, 2011). Both effects are not 

reproduced by the current flux transport dynamo models of the solar cycle. They may involve a 

distributed dynamo effect, not only confined deep inside the Sun, but with an additional component closer 

to the surface and acting on small-scale magnetic fields. 

 

Further investigations of such long-term changes in the regime of solar activity will rely entirely 

on past and present synoptic observations, such as the white-light and Hα photographic and CCD images 

routinely produced at the ROB, by the Uccle Solar Equatorial Table (USET) (see top right figure). 

 

 

 

 

 Count of small sunspot groups (A,B, in blue) and large sunspot groups (C,D,E,F, in red) during cycles 22 and 

23 (left plot). Count of small spots inside groups on the same period (right plot). Both show a strong deficit 

affecting only the small spots. 

 

Sunspot drawing for November 9, 2011 (USET, 

ROB) showing the Sun at its most recent peak of 

activity. Screenshot with overlays from the DigiSun 

on-screen measuring software developed at the 

ROB. 

 

Synoptic image of the chromosphere at a fairly 

high level of activity on Dec.6, 2011 (Hα, USET, 

ROB) 
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Detection and Tracking of Active Regions and Coronal Holes 
 

Accurate determination of Active Regions and Coronal Holes properties on coronal images is important 

for a wide range of applications. Active regions appear as bright regions on X-rays and EUV images. As 

regions of locally increased magnetic flux, they are the main source of solar eruptions. A catalog 

describing their key parameters such as location, shape, area, mean, and integrated intensity allows for 

example to relate those parameters to the occurrence of solar eruptions.  Coronal holes on the other hand 

appear as relatively dark regions in X-rays and EUV images and therefore are typically defined as regions 

of low emission in the solar corona. There is a  strong association between coronal holes and high-speed 

solar wind streams which has been known since the 1970s. Coronal holes are usually identified as the 

sources of the fast wind from where the wind flows out in the corona and is accelerated in open 

expanding magnetic funnels. Solar eruptions and fast solar wind can cause several problems for 

technologies on Earth and in space, and can endanger astronauts. In this way, the Sun causes what we call 

“space weather”. Almost all space weather originates either from an Active Region or a Coronal Hole. 

SPOCA module for Active Regions and Coronal Holes is running live at SDO-HEK! 

 
 

 
In the 1960s, NASA launched the Pioneer 6, 

7, 8, and 9 spacecraft that were tasked with 

observing the solar wind and interplanetary 

magnetic fields, forming the first space-

based space-weather network and recording 

512 bits per second. By comparison, the 

recently launched Solar Dynamics 

Observatory (SDO) is relaying solar data 

back to Earth at a rate of 150 000 000 bits 

per second. With SDO returning the 

equivalent of an image with 4096 by 4096 

pixels every second, human analysis of 

every image would require a large team of 

people working 24 hours a day. 

Technological advances such as 

improving communication bandwidths and 

onboard processing power allows us to 

record data with a much greater cadence and 

spatial resolution than ever before. 

 

However, the storage, transfer, and analysis of such a large flow of data is problematic. SDO generates 

around 1 TB of data per day, which is unprecedented in solar physics. Getting this volume of data to 

researchers around the world, as well as storing it in convenient places for analysis, is essential to make 

good use of it. An effective solution to the problem is to use automated feature-detection methods, which 

allow users to selectively acquire interesting portions of the full data set. In 2008, NASA selected a large 

international consortium, the Feature Finding Team to produce a comprehensive automated feature-

recognition system for SDO. One of the goals of the consortium is to analyze images from SDO and to 

produce software modules that can keep up with the SDO data stream and detect, trace, and analyze 

numerous solar phenomena. The Royal Observatory of Belgium was part of the FFT consortium and was 

responsible for SPOCA, the module for Active Region and Coronal Hole detection. 

Artist's concept image of the SDO satellite orbiting 

Earth. Credit: NASA 
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In January 2011, the Active Region module of SPOCA was ready to run in near real time on SDO 

images at LMSAL (Lockhead Martin Solar and Astrophysical Laboratories). One year later, the Coronal 

Hole detection module was also made operational. Both modules now produce entries to the Heliophysics 

Event Knowledgebase (HEK), a database of solar features and events maintained by LMSAL.  This 

database can be accessed through the widespread solarsoft library and hence permits users to locate data 

about individual events as well as carry out statistical studies on large numbers of events.  

Since the data are analyzed in near real time as soon as they arrive at the SDO Joint Science 

Operations Center and have undergone basic processing, the system is able to produce timely space 

weather alerts and to guide the selection and production of quicklook images and movies. For example, 

the ESA JHelioviewer visualization tool includes the products coming from the HEK database. 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

Radio Observations in Humain 
 

Left: overlay of Active Regions as detected by the SPOCA module on an AIA 171Å image from 22 June 2011. 

Right: extraction of Coronal Holes on an AIA 193Å image from 17 May 2010 

 

 

 

Screenshot from the ESA JHelioviewer 

tool. The picture on the right displays the 

AIA 171Å image taken on 12 February 

2012 at 9:02:12 together with Active 

Region and Coronal Hole location and 

chain-code information that are recorded 

in the HEK. An ‘Event Information’ 

window pops up when clicking on an event 

or feature (here the large Coronal Hole 

located in the South hemisphere) 
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Flare event of Aug. 9, 2011. On the top right figure, sunward and anti-sunward directions are shown in red 

to guide the eye 

 

The Humain station near Marche-en Famenne is a radio astronomy facility that is run by ROB since the 

mid-1950s. Since 2008, some of the radio telescopes on site are refurbished to host a new set of receivers 

dedicated to space weather monitoring and science studies linked to solar eruptive events (flares and 

CMEs). 

A Callisto spectrograph observes the Sun since June 2008 and is following the rise of the solar 

activity cycle by recording an increasing number of solar radio bursts. If most of them are type III bursts 

linked to small reconnection events, Callisto has witnessed a series of remarkable events in the course of 

2011, especially during the summer and the fall of that year. 

A remarkable event: a “stationary” shock 

 

Apart from type III already mentioned, solar radio astronomers are very keen of type II bursts, which are 

signatures of coronal shock waves triggered by solar flares and coronal mass ejections. The drift in 

frequency is an indication of the velocity of the driver of the shock, which might not be easily determined 

by other means.  

On August 9, 2011, an X7 class flare occurred around 08:00 UT in NOAA AR 101263, close to 

the West solar limb. The flare was accompanied by a fast halo CME and a type II burst indicating that a 

coronal shock wave propagated in the wake of the CME or of a blast wave produced by the flare. We 

clearly see the type II burst around 08:03 UT (see figure on opposite page). 

However, a minute and half later, higher up in the corona, an unusual shock signature can be observed 

(top right panel of the opposite figure) We suppose it’s a shock signature since we do see fine structures 

often detected in classical type IIs, which are called “herringbones”. They are “type III-like” signatures of 

electron beams accelerated at the shock both in sunward and anti-sunward directions, which results in 

opposite drifting individual bursts. These are clearly seen in this event (two red lines are drawn to guide 

the eyes).  
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Very few events of this kind have been observed so far, and the exact nature of the associated 

shock is still not understood, especially so high in the corona. At higher frequencies, the concept of a 

“termination shock” occurring in a specific reconnection geometry has been invoked, but it’s not clear yet 

if this can be transposed to the frequency range of this event.  

 

Data from the Callisto instrument in Humain are available on the website http://sidc.be/humain 

within 15 minutes. Quicklook files, combined with GOES light curves are automatically produced. 

 

Other highlights and prospects 

 

A new spectrograph, called Phoenix 2, will be put in operation in 2012 in Humain, expanding the 

frequency coverage towards the microwave range (lower down in the solar atmosphere). The telescope 

that will be “plugged” to this receiver had to be adapted to host a new focal plane unit. In parallel, an 

automatic control system prototype has been designed to track the Sun every day, without human 

interaction. This is needed for microwave observations, as the beam size of the telescope is decreasing 

with frequency. 

Long-term observations will be possible if the site remains as free of interferences as possible. In 2011, a 

wind turbine project, within walking distance of the station has been presented to the local authorities and 

to the public. Needless to say, this is a worrisome prospect, and the STCE people involved in radio 

observations at the station (from ROB and BISA) are carefully following this issue. 

 

 

 

  

Flare event of Aug. 9, 2011. On the top right figure, sunward and anti-sunward directions are shown in red to guide the eye 
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The Planetarium 
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Image extracted from  « Violent Universe » 
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An exceptional Influx 
In 2011 46.680 people visited the Planetarium, a record for the past few years: a 62% increase was 

recorded (+ 18.006 visitors) compared to 2010 and an increase of +132% (+26.554 visitors) compared to 

the year 2000 which marks the beginning of the new admission accounting process. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Ice Worlds”, the Planetarium’s new movie 
 

In collaboration with the Belgian Institute for Space Aeronomy (BIRA-IASB), a new show was added to 

the Planetarium portfolio at the end of 2011. “Ice Worlds” covers several themes linked to the presence of 

solid water in our solar system such as moons and small icy planets, but also covers earth’s poles 

exploration and the global warming issue. 

For the 50
th
 anniversary of Yuri Gagarine’s flight, the movie “Dawn of the space age” was exceptionally 

projected during the spring holidays. 

Increase of the number of  visitors 

 

This progression is due to a large 

increase of the non-scholar public which can be 

explained by several factors: First, the 

installation in 2009 of a new numerical 

projection system for the dome which enables 

the Brussels Planetarium to present stunning 

360° shows on the whole dome to its public. 

Then in 2010 the Planetarium acquired a 

multilingual audio system and is now able to 

welcome French, Dutch and English speaking 

visitors altogether. The opening hours were also 

increased and the public is now welcomed during 

the week, weekend and bank holidays from 10am 

to 6pm which represents 361 opening days per 

year. What’s more, different shows are proposed 

nearly each hour during weekends and holidays 

and the show “Violent Universe” has become 

one of the public’s favorite movie since its 

launching in December 2010. Finally a combined 

ticket for groups and individuals was created to 

visit the Atomium and Mini-Europe along with 

the Planetarium. 

The public’s global satisfaction towards the 

different improvements also contributed to the 

influx increase by word of mouth advertising. 



 

 

Page 44 

 

An  ESERO educative workshop 

 

Poster of the show “Ice Worlds” 

 

In addition to the astronomy lessons given daily in 

primary and secondary schools by teachers, the 

Planetarium works actively to the valorization of 

science in the educational environment through the 

ESERO program. The European Space Agency 

(ESA) signed a contract with the Royal Observatory 

of Belgium in 2006 for the establishment of the 

Belgian branch of the “European Space Education 

Resource Office” (ESERO) in the premises of the 

Planetarium. The goal of this project is to favour the 

promotion of science subjects via strong contacts in 

the educational environment. The missions of the 

ESERO office consist of the follow-up of class 

projects, publication of scientific brochures, the 

organization of formation for teachers and future 

teachers, the organization of educative events on 

spatial subjects and the establishment of partnerships 

between educative authorities and the ESA 

The ESERO project has reached maturity in 2011 

since more than 400 teachers, 60 heads of school, 30 

inspectors and 700 pupil-teachers have been trained 

by the Planetarium and its partners during ten 

training sessions which have taken place in different 

places across the country. 

 

 

     ESERO Project: an efficient support for schools 
  

 

 

 

 

 

 

 

The researchers’ night: between art and science 
 

The researchers’ night took place on the 23 September, and as every year, the Planetarium took part by 

organizing a special event on its premises and the theme “art and science” was presented through several 

aspects: projection of a musical film on fractals, projection of astronomical simulations on the 

hemispheric screen of 840 m², presentation of the night sky, broadcast of a special show at the 

Planetarium. Nearly 700 visitors were welcomed in a few hours during this evening. 
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Left: Public welcomed during the researcher’s night; Right: Extract of the movie “Enigma” 

 

Other events in 2011 

 “Yuri’s Night” on 21 April with Frank De Winne; 

 Gezinsdag Knack on May 22; 

 presentation of the book Minnezang by the poet Kurt de Boodts on May 28; 

 European Lighting Award ceremony on October 14, 

 organization of the “Darkness Night” (Nui de l’Obscurité) at Rouge-Cloître on October 15; 

 Night of the museums on November 3 and on December 1. 

 

 

 

 

 

 

 
From left to right, top: Presentation of the book Minnezang; European Lighting Award; Yuri’s Night Event; 

 bottom: Gezinsdag Knack; Darkness night at the Rouge-Cloître; Planetarium hall 
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Information  
services 
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Paul Stroobant, director of the Observatory 

from 1925 to 1936 

Information and outreach 

 

In 2011 the scientific information service of the ROB answered more than 750 questions from 

the public sent to the ROB by email, telephone or by letter or fax. As usual most were about 

sunset and sunrise, about astronomical phenomena (including all kind of sky objects) or calendar 

and time related matters. A new version of the programme to generate the standard forms of sun 

rise and sun set was created to output the information as a general PDF file. 

Information to the media (TV, radio and written press) was given on numerous occasions, but the 

‘supermoon’ of March, the Soyuz rocket re-entry in November, close encounters of asteroids and 

meteors throughout the whole year were 

amongst the highlights of the service. 

There was also some extra attention for the 

relation between Hergé and the Observatory, 

because of the release of the Tintin movie. A 

few journalists and photographers visited our 

site in this context. The Moulinsart Foundation 

visited the Observatory to gather extra 

information on astronomy (mostly spectroscopy) 

and the observatory to illustrate a special edition 

of  “The Shooting Star”. 

 

The service, sometimes with the help of other people from ROB, 

assisted in exhibitions and activities outside the Observatory: e.g 

the exhibition on Sylvain Arend in the “Musée Gaumais” in 

Virton (May-June 2011) or the  European Institutions Open Day 

in Brussels on 07/05/2011. 

 

 

 

 

 

 

 
An exhibition on Paul-Henri Stroobant 

(1868-1936), director of the Observatory 

from 1925 to 1936, was held in the Town 

Hall of Elsene from 31/08 to 14/09/2011. 

Photographs and documents on Stroobant 

and his epoch were shown. An academic 

session with lectures was organised on 

07/09/2011. 

 

 

Arend and Roland show their comet 

on the discovery plate 

Commenting on the Perseids in August 
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