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MIOARA MANDEA 

NARATIVE GENERAL OVERVIEW 
Mioara Mandea is a distinguished scientist whose work spans observational geomagnetism, Earth physics, 
planetary science, and space physics. Her cross-disciplinary research has significantly advanced our 
understanding of geophysical phenomena. Remarkably, Mandea’s scientific journey began in 1994 after 
transitioning from Eastern to Western Europe, earning a second PhD to establish her academic career in France. 
Since 2022, she has served as Head of the "Scientific Coordination" Department at French Space Agency 
(CNES), balancing her managerial responsibilities with active research and regular publications in leading 
journals. 

First, some background and context. The geomagnetic field on the core-mantle boundary is our best window 
into how planetary dynamos work, and much information about the geodynamo is found in time derivatives of 
the field there. Its first time derivative, the geomagnetic secular variation, gives direct information on fluid 
motions in the liquid outer core because the core field is, to some approximation, a tracer of that flow. 
Surprisingly perhaps, there is also much information in the second time derivative of the core field, the secular 
acceleration. The best-known examples of this are the so-called geomagnetic jerks, abrupt changes in the 
secular acceleration that appear as V-shaped fluctuations in geomagnetic secular variation records. 
 
Discovered in the 1970s, jerks were initially seen as little more than geomagnetic curiosities. Now they are 
primary evidence for how rapidly the flow in the outer core changes, and they also have become useful tools 
for probing the core and lower mantle. This progress is thanks in large part to the efforts of Prof. Mandea. 
Here, four areas where her work has been particularly decisive are underlined. 
  
Jerk Identification. Practical difficulties in identifying and characterizing jerks in the geomagnetic record have 
long been major obstacles. Prof. Mandea spearheaded the effort to identify and characterize these events, 
applying several wavelet-based analysis methods that were new to geomagnetism at the time (Alexandrescu et 
al., 1996; see also Qamili et al., 2013; Balasis, 2016). These developments allowed jerks to be used as impulsive 
sources for inferring the electrical conductivity of the lower mantle (Alexandrescu et al., 1999). 
 
Local vs Global Origin. The review paper by Mandea et al. (2010) definitively established that most jerks are 
local, not global as previously thought. It also established they are connected to rapid 3D variations in the core 
flow, and do not simply arise from torsional oscillations of the outer core, which had been the prevailing view. 
 
 Rapid Core Flow Changes. Olsen and Mandea (2008) conclusively demonstrated the existence of flows in 
the outer core with time variability measured in months, using magnetic field measurements from multiple 
satellites over a decade of time that included two geomagnetic jerks. This study placed jerks squarely within 
the broader context of rapid changes in the magnetic field and the flow inside the core. Existence of such 
rapidly varying flows (after 4.5 byr of Earth evolution) implies the outer core is far more energetic and 
dynamically active than previously thought. It opened the floodgates for a wide range of new investigations 
into short term geomagnetic phenomena that have core origins, including localized magnetic intensity spikes, 
and links between these geomagnetic variations and other geophysical processes such as the Chandler wobble 
and sub-decade scale variations in the length of day. 
 
Geomagnetic-Geoid Links. Finally, the attention has to be drawn to her very provocative PNAS study 
(Mandea et al., 2012) delineating connections between geomagnetic secular acceleration from the CHAMP 
satellite and inter-annual variations of the geoid measured by the GRACE satellite, in an area extending from 
beneath the South Atlantic to beneath the Indian Ocean. It proposed a common origin of the magnetic and 
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gravity signals coming from the core in this region, an interaction that had been conjectured about but never 
documented. This is a good example of envelope-pushing research that has often served to 

With 195 peer-reviewed papers, over 11,000 citations, and leadership in major projects such as GRACEFUL 
(ERC) and "3D Earth" (ESA), Mandea’s scientific output is extraordinary. Her achievements have been 
recognized with prestigious awards, including the AGU International Prize, EGU Petrus Peregrinus Medal, 
and the Emil Wiechert Medal. She is an elected member of esteemed academies, including the Academy of 
Sciences of Romania, Academia Europaea, and the French Bureau des Longitudes, and was honored as Officer 
de l’Ordre de Mérite by the French President. 

Mioara Mandea’s contributions exemplify GEOSCIENCES mission and goals: First, her leadership in the 
collection and stewardship of data is extraordinary, through the collation of observatory records of 
geomagnetic field behavior, the collection and analysis of gravity, magnetic and imaging data from multiple 
satellite missions (Swarm, CHAMP, GRACE, GOCE), and the development of new technologies for future 
Earth observations (e.g., magnetic field measurements from nanosats). Second, her research contributions 
span discovery and solutions science, and in both areas is not limited to one field. Third, she has a deep 
commitment to training of young people and to international inclusivity in geophysics. Her students have 
gone on to a wide range of careers, inheriting her inclusive, partnership approach to science. Finally, her service 
contributions to the community are exemplary through her many management and leadership activities; most 
recently serving for over a decade in leadership roles at CNES, and for much of the past 3 decades in different 
roles, including Secretary General of the European Geosciences Union (EGU) and President of the 
International Association of Geomagnetism and Aeronomy. In 2023, she was elected President-Elect of the 
International Union of Geodesy and Geophysics, set to become only the second woman in history to hold this 
role in 2027.  

Finally, in a nutshell, the GRACEFUL project and her 5 major publications leading to this ERC Synergy Grant. 

 

     Mandea M., Dehant V., Cazenave A., GRACE Satellite Gravimetry for deep interior. Special 
issue on ̀ GRACE and Geosciences´, Eds. L. Seoane and G. Ramillien, Remote Sensing, 12(24), 
4198, DOI: 10.3390/rs12244186, 2020.  
The first publication by the GRACEFUL PIs, underling the potential of gravity data to enhance 
understanding of Earth's deep interior, with a focus on core dynamics, through satellite 
observations and modeling.(11 cit.) 
        Mandea, M. et al., Recent changes of the Earth’s core derived from satellite observations 
of magnetic and gravity fields, PNAS, DOI:10.1073/pnas.1207346109, 2012. 
The first paper showing that changes in the gravity field correlate with changes in the magnetic 
field, both driven by fluid flow in the core, on timescales of a few years to a decade. This study 
serves as a foundation for the GRACEFUL project. (46 cit.) 
         Olsen N., M. Mandea, Rapidly changing flows in the Earth's core, Nature Geosciences, 
DOI:10.1038/ngeo203, 2008. 
A pioneering study showing the existing of rapid flow at the top of the Earth’s core, revealed by 
rapid changes in the magnetic field, and that these localized core flow with large accelerations 
are also matching Length-of-Day variations. (190 cit.) 
     Hulot G. et al., M. Mandea, Small-scale structure dynamics of the geodynamo inferred from 
Ørsted and MAGSAT satellite data, Nature, 416, 620-623, 2002 
The first study addressing the small-scale dynamics in the geodynamo by analyzing magnetic 
field variations over 20 years, suggesting patterns linked to geodynamo behavior, possibly 
before geomagnetic reversals. (338 cit.) 
     Alexandrescu M. et al., Worldwide analysis of geomagnetic jerks, J. Geophys. Res., 101, 
21975-21994, 1996. 
The novelty of this study lies in its global approach to detecting and characterizing geomagnetic 
jerks using wavelet analysis, identifying and characterizing seven events across the globe in the 
20th century. 
N.B. At that time M. Mandea’s name was Alexandrescu. (193 cit.) 

GRACEFUL project, led by 
Dehant, Mandea, and 
Cazenave, combines 
magnetic, gravitational, and 
rotational data with advanced 
models to reveal how Earth's 
core dynamics influence not 
only its deep interior but also 
the entire Earth system, 
including climate, through 
interconnected fluid and solid 
layers. 
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1) ACADEMIC CV - 2025 

 
Professional 
Physicist CNAP (Conseil National des Astronomes et Physiciens) 
CNES - Centre National d'Etudes Spatiales 
2 Place Maurice Quentin, 75039 Paris Cedex 01, France 
Email: mioara.mandea@cnes.fr 
Web: www.cnes.fr 
Web: www.mioara-mandea.eu 
          - researcherID (ISI): E-4892-2012 
          - https://orcid.org/0000-0002-4300-981X 
          - h-index: 42 (WoS); 50 (ResearchGate); 53 (GoogleScholar) 
          - publications: 290+ publications & 470+ abstracts (end 2024) 
          - citations: 12000+ (end 2024) 

Personal 
 
Citizenship: 
French/Romanian 
 
Address: 
52, Rue Alleray 
75015 Paris, 
France 

 

 
HISTORY OF EMPLOYMENT 
Since 2022 – Head « Science Coordination » Department, Strategy Directorate, CNES, Paris 
2011 – 2022 Solid Earth Program Manager – Directorate for Innovation, Applications, Science, CNES, Paris  
2011 – 2011 Deputy-Director, European Center for the Arctic – Univ. Versailles St-Quentin-Yvelines, France 
2009 – 2011 Physicist, Université Paris Diderot – Institut de Physique du Globe, Paris, France 
2005 – 2009 Head of Section 2.3, Deutsche GeoForschungsZentrum Potsdam, Germany 
2005 – 2009 Professor, Technische Universität Braunschweig, Germany  
1994 – 2004 Physicist, Head of French National Magnetic Observatory, France 
1991 – 1993 Various fellowships at Institute de Physique du Globe, Paris, France 
1984 – 1994 Researcher, Geomagnetism Dep. Instit.of Geology and Geophysics, Bucharest, Romania 
1982 – 1984 Engineer, Gravimetry Sec., Geological and Geophysical Survey, Bucharest, Romania  
 
DEGREES 
2001 HDR, "Habilitation à Diriger les Recherches", Physics of the Earth (Univ. Paris VII) 
1996 PhD, Internal Geophysics (Institut de Physique du Globe de Paris) 
1993 PhD, Geophysics and Geophysical Prospecting (Bucharest University) 
1982 Engineering in Geology and Geophysics (Bucharest University) 
 
RESEARCH INTERESTS 

 Space observations: data exploitation of gravity and magnetic; involved in developing space geodesy 
techniques and French networks, Earth’s system, in connection with some 100 French research teams  

 Geo-potential fields observation, from modern observatory and satellites to historical archives 
 Description of temporal and spatial changes of the geomagnetic field 
 Adapting new mathematical tools to magnetic and gravity data analysis 
 Studies on the Earth's Deep Interior 
 Studies of the Martian, Moon, Mercury magnetic fields 
 Studies of the geophysical changes in the Arctic region 

 
RESEARCH TRACK RECORD 
Since 1994: 290+ publications (195 ISI publications; 23 books or chapters, 72 reports and proceedings) and 470+ 
communications (conferences) (end 2024); N.B. the publications are signed under three different names 
(Alexandrescu M., Mandea Alexandrescu M., Mandea M.), due to her personal history. See 
http://www.mioara-mandea.eu/publications.htlm 
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TEACHING, SUPERVISOR OF PHD STUDENTS AND POSTDOCS 
Students in three European countries attended the lectures, and 15 worldwide students (France, Germany, US, 
Romania, Croatia, Algeria, Indonesia, Portugal) obtained their PhD under her guidance. Mioara Mandea was 
CNES Manager for 25 Post-docs and 18 PhDs grants (2011-2022). See list in Section 4 below. 
 
AWARDS AND HONORS 
2024 Prix Dolomieu, Académie de Science, Paris 
2024 Honorary Fellow, The Geological society of India 
2024 Union Fellow, American Geophysical Union (AGU) 
2023 Officier de l’Ordre National du Mérite - Décret 23/11/2022 
2022 Emil Wiechert Medal, Deutsche Geophysikalische Gesellschaft, Germany 
2022 Fellow, the European Academy of Sciences 
2021 Corresponding Member, Bureau des Longitudes – Académie de Science, Paris 
2020 Honorary Citizen, Comanesti, Romania 
2019 ERC Synergy Grant “GRACEFUL” 
2019 Member of Russian Academy of Science 
2018 Member, Académie Royale de Belgique 
2018 Petrus Peregrinus Medal, European Geosciences Union (EGU) 
2017 Chevalier - Ordre National du Mérite - Décret 14/11/2016 
2015 Member, Academia Europea 
2014 International Award, American Geophysical Union (AGU) 
2008 Titular Member of the Academy of Romanian Scientists 
2000 Commemorative Medal, Slovak Academy of Sciences 
2000 Botezatu Prize, Romaniae Scientiarum Societas 
1998 Hepites Prize, Romanian Academy 
1997 Van Straelen Prize, French Geological Society 

COORDINATOR OF PROJECTS 

2020-present PI of the ERC Synergy Grant of the EU, project GRACEFUL (GRavimetrie, mAgnetisme 
and CorE Flow), end in August 2025 (>35 researchers) 
 
2005-2020 Main Achieved Projects 
 

 3D Earth (ESA): 3D Earth – A Dynamic Living Planet 
 EPOS (EU): European Plate Observing System (TCS "Satellite Data") 
 PlanetMag (D): Coordinator Planetary Magnetism, DFG-Schwerpunktprogramms 1488 
 Geotechnologien (D): Developing tools to improve CHAMP data processing and geomagnetic field 

descriptions 
 Swarm (ESA/EADS): End-to-end simulatior and participation in definition of this multi-satellite 

mission 
 Magflotom (EU): Ocean and core flows from the high-resolution magnetic data 
 WDMAM (IAGA/CGMW): World Digital Magnetic Anomaly Map 
 Inkaba (D/SA): Studies of the anomalous behavior of the magnetic field over Southern African 

Continent. 

EXPERTISE, NATIONAL AND INTERNATIONAL FUNCTIONS 

Since 2023 President-Elect, International Union of Geodesy and Geophysics (IUGG) 
Since 2021 French POC, Committee on Space Research (COSPAR) 
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Since 2018 Member, Scientific Advisory Council of the GFZ, Germany 
Since 2011 Member, National Administrative or Scientific Councils (OSUC, OPGC, IPEV, etc), France 
Since 2008 President, Geophysical Maps Commission (CGMW), France 
2018 – 2023 President, Int. Assoc. of Geomagnetism and Aeronomy (IAGA) 
2018 – 2021 Chair, Outreach Committee, European Geosciences Union (EGU) 
2013– 2021 Member "service extraordinaire", Bureau des Longitudes – Académie de Science, France 
2015 – 2018 President, Scientific Council, International Space Science Institute (ISSI), Switzerland 
2009 – 2018 Secretary General, Int. Assoc. of Geomagnetism and Aeronomy (IAGA) 
2014 – 2018 Vice-President, Société Française de Photogrammétrie et de Télédétection (SFPT), France 
2013 – 2018 Member, Advisory Board CEED (UiO Oslo), Norway 
2013 – 2016 Member, Advisory Board MED-SUV project (FP7), Italy 
2012 – 2016 Secretary General, European Geosciences Union (EGU) 
2010 – 2012 Chair, Education Award Committee, American Geophysical Union (AGU)  
2008 – 2010 Member, Education Award Committee, American Geophysical Union (AGU) 
2007 – 2011 President, Earth Magnetism and Rock Physics Division, European Geosciences Union (EGU) 
2007 – 2009 Member, Executive Committee of Int. Assoc. of Geomagnetism and Aeronomy (IAGA) 
2003 – 2009 President, "Solid Earth" group - TOSCA Committee (CNES), France 
2003 – 2007 Co-chair, Division V of Int. Assoc. of Geomagnetism and Aeronomy (IAGA) 
1999 – 2003 Chair, Working Group V-8 of Int. Assoc. of Geomagnetism and Aeronomy (IAGA) 
2002 – 2006 Chair, French National Committee of Geomagnetism and Aeronomy, France 
1997 – 2006 Member, Administrative and Scientific Council of Instit. de Physique du Globe de Paris, France 
 
EDITORIAL ACTIVITIES 

Surveys in geophysics (2009 - ); Solid Earth (2010 - 2022); PEPI & EPS (for special issue) 
 
Reviewer for manuscripts submitted to: Science, Nature Geoscience, Geophysical Research Letters, 

Journal of Geophysical Research, Earth, Planets and Space, Geophysical Journal International, Physics of 
the Earth and Planetary Interiors, Earth and Planetary Science Letters, Annale Geophysica 

 
Referee for projects submitted to: ERC, National Science Foundations (France, Romania, Norway, 

Switzerland, Lithuania, Russia, USA, etc) 
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2) MAJOR ACCOMPLISHMENTS 

Mioara Mandea’s great passion has been and remains terrestrial magnetism, a highly complex 
phenomenon. As one of the rare "windows" into the Earth's liquid core, the geomagnetic field 
plays a crucial role in the Sun-Earth relationship through magnetic storms—phenomena that 
bring the stunning beauty of auroras but also pose significant risks to modern technologies 
(severe disruptions to power distribution networks, interruptions to GNSS systems, 
malfunctions in aircraft instruments, and damage to satellites). This nomination is driven by 
her passion for magnetism, a passion she shares with her colleagues and students through the 
joy of collaboration marked by enthusiasm, personal commitment, good humor, and the 
expertise that defines her geophysics community. 

This part of nomination summarizes Mioara Mandea’s contributions to the field of geophysics 
and highlights the significance of her work through publications available on her website and 
included here (see List of Publications). 

1. Observation and Modeling of the Magnetic Field: From the Compass to 
the Satellite 

1.1. Magnetic Observations 

Latitude, longitude, and magnetism during the age of great navigators... This activity is directly 
linked to her skills as a geophysicist. Observing the Earth's magnetic field at a single point, but 
over a long period of time, provides rich information about its temporal evolution. The 
compilation of over 450 years of data from the Paris region allowed her to present the world 
with the first magnetic series of Paris (Alexandrescu et al., 1996; Mandea and Le Mouel, 2016). 
This work not only enabled her to analyze one of the two longest geomagnetic data series but 
also offered a deep dive into the tumultuous history of France over the last five centuries 
(Alexandrescu et al., 1997). Having the opportunity to browse through ancient books also led 
her to discover a 1602 publication by Le Nautonier, the first to present a map showing the 
positions of the magnetic poles distinct from those of the geographic poles (Mandea, 2001). 
Additionally, the archives of the Bureau des Longitudes allowed her to trace advances in the 
field of geomagnetism over the last two centuries (Korte and Mandea, 2019). This work over 
several decades also led to the publication of a book dedicated to the history of the compass, 
where history and science intertwine over the past millennium (Mandea, 2022). 

 

 

 

Temporal variation of magnetic declination in Paris since 1541 (left) (Mandea & Le Mouel, 
2016) and the history of the compass as told in her book (right) (Mandea, 2022). 
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A geomagnetic observatory is tasked with ensuring the long-term continuity of magnetic field 
measurements. She has been deeply involved in such efforts, both in France and in Germany. 
Modern observatories have been installed in locations that are sometimes difficult to access, 
such as Saint Helena Island or deep Siberia. Mioara Mandea has taken responsibility for these 
measurements in France, as well as at the European level, as a founding member of the 
MagNetE program, a European network aimed at standardizing measurements across all 
countries in the community. Similarly, she initiated the COMPASS project, which focused on 
the same type of measurements in the Southern African subcontinent (South Africa, Namibia, 
and Botswana). She also notes an expedition to the Far North dedicated to locating the 
Magnetic North Pole—the first of its kind and the only woman to have participated in such 
missions). Taking part in these measurement campaigns was a unique experience for her! 
 
 

  

Measurement Campaigns: 

Localization of the 
Magnetic North Pole (left) 

Observation of Changes in 
the Earth's Magnetic Field 
in Namibia (right) 

 

1.2. Spatial and Temporal Modeling of the Geomagnetic Field 

Magnetic satellites allow us to continue the magnetic adventure. Mioara Mandea has 
participated in the exploitation of satellite data provided by three major magnetic satellites 
(Olsen et al., 2006). It is a great privilege for her to work with data from the Danish satellite 
Ørsted (launched in 1999), highly anticipated after the success of the first MAGSAT satellite 
launched by NASA in 1979. She also shared scientific responsibility for another German 
satellite, CHAMP (2000-2009) (Mandea et al., 2010). 

The present and future hold great promise for the measurement and study of the Earth's 
magnetic field thanks to the ESA's Swarm mission. Launched in November 2013, the Swarm 
mission provides unprecedented insights into the complex functioning of the Earth's magnetic 
field. The measurements taken since its launch confirm the general trend of a decrease in the 
field's intensity, especially in the Atlantic Hemisphere (could this indicate a new magnetic field 
reversal?). Recent measurements also confirm the movement of the magnetic North Pole 
toward Siberia. She has been deeply involved in the initiation of the project and remains 
actively engaged in the monitoring of the absolute magnetometers and data exploitation, being 
one of the authors of the latest geomagnetic field model, International Geomagnetic Reference 
Field (IGRF 13) (Alken et al., 2020). 
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Naturally, Mioara Mandea then turned to the exploitation and interpretation of these data. Part 
of her work has been linked to her role as the chair of an International Association of 
Geomagnetism and Aeronomy (IAGA) working group dedicated to the modeling of the 
magnetic field, including its internal and external sources. She has a particular interest in the 
temporal variations of the Earth's core field, offering a fresh perspective on these secular 
variations. For instance, the considerable variation of the geomagnetic field in the Atlantic 
Hemisphere was confirmed: for the first time, it was shown that its intensity decreased by about 
10% in the last quarter of the 20th century (Korte et al., 2009). This represents a dramatic 
change in the dynamics of our planet, occurring in a region where the magnetic field already 
exhibits its lowest values: the South Atlantic Anomaly. 

 

 

 

The magnetic field intensity in 2015 – with the extent of the South Atlantic Anomaly (left) and 
its variations over 30 years (2010–1980) (right) (Thebault, Mandea et al., 2016). 

Part of Mioara Mandea‘s research focuses on the very rapid changes in the trend of secular 
variation—geomagnetic jerks. She was the first to apply the elegant wavelet technique to the 
analysis of these jerks, whose origin remains mysterious (Alexandrescu et al., 1995; 1996), and 
discovered new events (Bellanger et al., 2001). Her results highlighted an unexpected behavior 
of the jerks: a rather regional distribution rather than a global one. It is important to note that 
until recently, they were only well-described from observatory data series (Chambodut & 
Mandea, 2005). She was the first to detect such a phenomenon in data from the CHAMP 
satellite (Mandea & Olsen, 2006), introducing an original concept, the "virtual observatory," 
which has since become a recognized product within the scientific community and the ESA. 
This notable result has helped advance the understanding of their nature (Mandea & Olsen, 
2009; Mandea et al., 2010; Mandea et al., 2015). 

2. The Earth – An Active Planet 

2.1. The Swarm Magnetic Mission in Search of Earthquakes 

A major earthquake with a magnitude of 7.8 occurred on April 25, 2015, in Nepal. The three 
Swarm satellites of the ESA, being in orbits close to the area affected by the earthquake, 
allowed for the search of anomalous pre-seismic magnetic signals, likely related to lithosphere-
atmosphere-ionosphere coupling. Using the series of magnetic anomalies detected in the 
Swarm data (during the night and in magnetically calm periods), she showed that the 
cumulative number of anomalies followed the same typical behavior of a critical system 
approaching its critical time, here the seismic event of April 25, 2015. It then recovered like 
the typical post-earthquake recovery phase. This result demonstrates an impressive similarity 
to the behavior obtained from seismic data analysis and reinforces the idea of a lithospheric 
origin for the satellite magnetic anomalies. This new study is a continuation of her pioneering 
work on the seismic signature in satellite magnetic data (Balasis and Mandea, 2007). 
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a)  b)  a) Cumulative number of magnetic 
anomalies detected by Swarm. The 
red and blue curves represent the 
best power law fits before and after 
the Nepal earthquake. 

b) Cumulative number of 
earthquakes with magnitude M4+ 
in the Dobrovolsky region. (De 
Santis, Mandea et al., 2017). 

 

2.2. The CHAMP and GRACE Missions and the Core-Mantle Boundary 

Another study she initiated addresses changes at the core-mantle boundary, observed through 
magnetic and gravity fields. Using an analysis of eight years of data from the CHAMP satellite 
for the magnetic field and GRACE geoid model provided by CNES/GRGS, along with outputs 
from oceanic and hydrological models, she highlighted a common inter-annual variability 
between the acceleration of the Earth's magnetic field and gravity anomalies in a region 
centered on Africa, extending from the Atlantic Ocean to the Indian Ocean (Mandea et al., 
2012). The region where this signal is detected exhibits very specific characteristics: on one 
hand, this is where a significant and long-term decrease in the intensity of the magnetic field 
from the core has been observed for several decades. 

Recently, they proposed that the topography of the core-mantle boundary is in a state of 
dynamic equilibrium, mainly controlled by a dissolution/crystallization process between the 
silicate mantle and the liquid core—an absolute first. Because of continuous changes in the 
topography of this boundary, anomalies on the order of hundreds of nGal and tens of nT/yr² 
can be produced (Mandea et al., 2015).. These results and their significant geodynamic 
implications emphasize the great importance of Earth observation satellite missions—both 
current and future—for the modeling and understanding of the Earth's core. These studies also 
form the motivation behind the GRACEFUL project (GRavimetry, mAgnetism and CorE 
Flow), which was awarded the European Research Council (ERC Synergy) grant in 2019 and 
began in September 2020. 

 

Common variability mode 
highlighted between magnetic 
acceleration and gravity. 

a) The curves represent the 
time-varying, dimensionless 
variability of each field (gravity 
and magnetic acceleration). 

b) The maps represent the 
dimensionless spatial pattern 
associated with the variability. 
(Mandea et al., 2015). 
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This project has already allowed us to surpass the initial goals and study the Earth system as a 
whole. A remarkable result was recently published (Cazenave et al., 2023). An oscillation of 
about 6 years has been reported in the movements of the fluid core, the magnetic field, the 
Earth's rotation, and crustal deformations. Recently, a 6-year cycle has also been detected in 
several climatic parameters (e.g., sea level, surface temperature, precipitation, terrestrial ice, 
terrestrial hydrology, and atmospheric angular momentum). In this study, we suggest that the 
6-year oscillations detected in the depths of the Earth, the mantle rotation, and the atmosphere 
are interconnected, and that previously proposed central processes driving the 6-year cycle in 
the Earth's rotation also cause the atmosphere to oscillate with the mantle, inducing fluctuations 
in the climate system with similar periodicities. 
 

2.3. More applied studies 

Mioara Mandea has investigated Arctic change from a geophysical perspective using gravity 
and magnetic data (Mandea and Gaina, 2012); contributed to understanding whether and how 
the weak geomagnetic field in the South Atlantic (the South Atlantic anomaly) can result in 
adverse effects on satellite tracking (via radiation doses to onboard oscillators, Willis et al., 
2016) and investigated the role of time variations in the core magnetic field on space weather 
effects (Mandea and Purucker, 2018). 
 

3. Other Worlds... 

3.1. The Terrestrial Planets 

Mioara Mandea has applied her magnetometry expertise to data from satellite missions to other 
solar system objects, especially Mars, Mercury and our Moon. With her former students 
(Langlais et al., 2004, Quesnel et al., 2006, Isac et al., 2016), she has contributed significantly 
to using the observations to advance our understanding of how planetary dynamos operate, 
why some are relatively short-lived whereas others have continued through the lifetime of the 
solar system. The initial results showed that Mars does not possess a significant global 
magnetic field. It was demonstrated that variations in the Martian magnetic field, of 
lithospheric origin, are highly significant from one location to another. The majority of the 
field's sources are located south of the so-called "dichotomy boundary". The crustal anomalies 
south of this boundary are especially pronounced, particularly in the Terra Sirenum region: at 
an altitude of about 400 km, the magnetic anomalies are approximately 20 times stronger than 
those of a similar origin on Earth at a comparable altitude. 
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The three components of the Martian magnetic field at 200 
km altitude predicted by the model proposed by Langlais et 
al., 2003.  

The magnetic field is weak (within ±10 nT) almost everywhere 
North of the crustal dichotomy (also plotted). Only two 
features North of the crustal dichotomy are to be noted. The 
largest magnetic anomalies are observed over Terra 
Cimmeria and Terra Sirenum. The largest craters, Isidis 
Planitia, Argyre and Hellas, are not associated with large 
magnetic anomalies, nor are the largest volcanoes of the 
Northern hemisphere (Tharsis Montes, Olympus Mons, and 
Elysium Mons).  

The magnetic field of Mercury is partially characterized by the first measurements provided by 
the MESSENGER probe. Launched by NASA in 2004 and placed in orbit in 2011, the probe 
crashed onto Mercury's surface in April 2015 after exhausting the fuel used to maintain its 
orbit. The data from MESSENGER revealed that Mercury still has an intrinsic magnetic field, 
but it is weaker than in the past. Its finer characterization will be made possible by the ESA’s 
BepiColombo mission, which was successfully launched in 2018. Mercury has become a target 
of her research. Mioara Mandea is now a Co-Investigator on ESA’s BepiColumbo orbiter 
mission to Mercury, as a Co-I for the planetary magnetometer. (Heyner et al., 2021). Her roles 
will include further development of “Virtual Observatory” concept for use by the science team 
in constraining Mercury’s interior structure as well as the dynamo process that generates the 
internal magnetic field. 

3.2. From the Earth's Core to the Sun 

The International Association of Geomagnetism and Aeronomy (IAGA)1 aimed to prepare a 
book on the state of the art, new results, and perspectives in geomagnetism and aeronomy. This 
publication is part of the "IUGG Special Edition" series in collaboration with Cambridge 
University Press. It provides a unique and comprehensive overview of the knowledge 
surrounding the generation of the Earth's magnetic field, its history, its current state, and its 
response to external forces, highlighting important applications and societal implications. 

 
1 https://iaga-aiga.org/about/ 
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The centenary of the International Union of Geodesy and 
Geophysics (IUGG) in 2019 provides a wonderful 
opportunity to bring together the latest scientific results 
from the global scientific community. This book reviews 
recent advances in the fields of geomagnetism, aeronomy, 
and space weather. Mioara Mandea was deeply involved in 
the editing of this book, serving as the lead editor for 
"Geomagnetism, Aeronomy, and Space Weather – A 
Journey from the Core to the Sun" (Mandea et al., 2020). 

 

4. GRACEFUL – the project of cohesion  

In 2020, Dehant, Mandea, and Cazenave were awarded an ERC Synergy Grant to collaborate 
with a team on a groundbreaking project to unravel the processes shaping Earth's deep interior 
and its evolution, particularly the dynamics of the fluid, iron-rich outer core. By combining 
satellite and ground-based observations, their goal was to overcome the limitations of each 
method and achieve a holistic understanding of core dynamics. 

 The time-dependent magnetic field, primarily generated in the core, provides invaluable 
insights into fluid motions at the core’s surface over decadal and subdecadal timescales. 

 Time-dependent gravity field variations reveal changes in Earth’s mass distribution, 
offering glimpses into the core’s flow, though surface contributions like water cycle 
changes and land ice loss often dominate these signals. 

 Earth’s rotation changes, such as variations in the length of day, polar motion, and 
nutations, are strongly linked to core fluid motions through angular momentum 
exchange between the core and mantle. 

The GRACEFUL project leverages the synergy of these diverse datasets—magnetic, 
gravitational, and rotational—to explore core dynamics in unprecedented detail. By developing 
cutting-edge algorithms and sophisticated numerical models, the team has advanced our 
understanding of core fluid motions and the complex mechanisms at the core-mantle boundary. 
This innovative approach is revolutionizing geophysical research and has revealed an 
unexpected insight: these processes not only influence Earth's deep interior but also have 
profound impacts on the entire Earth system, from the core to the climate, confirming the 
intricate interconnection between the planet’s fluid layers and its solid components. 
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5. Outreach activities - Promoting Early Carrier Scientists and 
Women in Geosciences 

Mioara Mandea has been fortunate to be mentored by remarkable individuals. In turn, she 
places great importance on passing on her passion for science to the younger generation. As a 
patron of the Pariscience International Scientific Film Festival (2015), she spoke about her 
profession to several classes of middle school students. She also participated in initiatives as 
"L’espace c’est classe" (2015, 2018, 2023, Paris2) or "Scientific Game Jam" (2023, Toulouse3). 
Once again, she was pleased to find a great interest in geosciences among the students. The 
future geophysicists are here. 

  

With a white board and a pen, with a ball 
and the hands, Mioara Mandea explains 
the Earth’s magnetic field to a large 
audience, from teenagers to seniors (CNES 
– L’space c’est classe, 2015, Café des 
sciences, 2023). 

Mioara Mandea is already involved in a number of actions supporting Early Carrier Scientists 
and women in science. She continues to treat those who come after her in the same way that 
her professors and mentors taught her. The European Geosciences Union (EGU), in which she 
has been and continues to be deeply involved, runs a network platform, including one dedicated 
to women in geosciences. As President of the Outreach Committee of the EGU (2018-2022), 
President of the International Association of Geomagnetism and Aeronomy (2019-2023), and 
President-Elect of the International Union of Geodesy and Geophysics (2023-2027)4, she has 
taken on roles that allow her to increase the visibility of Early Carrier Scientists.  

Mioara Mandea has demonstrated exceptional dedication to supervising students and 
postdoctoral researchers (see List of supervised PhD and Posdocs), fostering their growth both 
academically and professionally. Her commitment extends beyond the immediate mentorship 
period, as she maintains strong, lasting relationships with her former mentees. This enduring 
connection has not only created a supportive professional network but has also contributed to 
the success of her mentees, the majority of whom now hold prominent positions in the field. 
Many have risen to become directors of leading institutions, reflecting the high caliber of 
training and guidance she provided. Her efforts underscore her role as a transformative mentor 
and leader in shaping the next generation of experts in her discipline.  

. 

 

 
 

 
2 https://cnes.fr/education/espace-cest-classe 
3 https://videotheque.cnes.fr/index.php?urlaction=doc&id_doc=39263&rang=1&id_panier= 
4 https://iugg.org/about/iugg-administration/ 
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