’ o £
1CS_ aHd

ematical mode Je
Y .

Vs . Bé&hounkova,
2 LKl Plic

icz N\
/YOJ6C


http://geo.mff.cuni.cz
mailto:geo@mff.cuni.cz
http://goo.gl/maps/YOj6C

>
>
>

vvyvyy

\4

Department of Geophysics
P pny ,.,,ﬁ‘;Q

situated in the Troja camp
17 members (tenure

80 courses in ung
and Physic of.

,4___ c ,"E>ostdocsér \.‘:\\:‘
#5te and graduate ptdy

operating'a seismic/GNS

particigdtion in ESA project® (:
departifiental cluster (> 20'nod
experignce with HPC (numerou

wide international coop 'li'ation: ETH G A antes,
NASAIJPL, University.of Patras I\ i
modeli'q?g of wide rang "{ geophysical phenomena, incIu g earthq rce Sics,

seismi%and EM wave propagation, thermal evolution and matior ‘and
planets ‘on various scalegf. gravitational and electromagnjé -

Space Colloquium 2022 2/15
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GNSS and InSAR data in seismic source inversions
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» Measurement of displacement due to long-term tectonic deformation
and earthquake fault rupture (static and time series)
» Mitigation of seismic hazard in earthquake prone areas

F. Gallovic, V. Plicka

Geophysics and planetary science
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https://doi.org/10.28991/cej-2021-03091633
https://doi.org/10.28991/cej-2021-03091633

GNSS and InSAR data in seismic source inversions
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(Gallovic et al. 2015) (Lyros et al., 2021)

Present state

e PPGNet: Prague-Patras GNSS network
e Only GNSS static and waveforms interpreted by kinematic earthquake source inversions
» TODO
¢ Inference of dynamic source models based on fault constitutive (friction) law (based on method
introduced by Gallovic et al., 20192, 2019b, for seismic data)
o Stabilization of inverse modeling, Bayesian methods, error estimates
e Worldwide applications (not limited to Corinth Gulf)

F. Gallovi¢, V. Plicka Geophysics and planetary science Space Colloquium 2022


http://dx.doi.org/10.1002/2014JB011650
https://doi.org/10.28991/cej-2021-03091633
http://dx.doi.org/10.1029/2019JB017510
http://dx.doi.org/10.1029/2019JB017512

Satellite observatlons of geomagnetlc fleld

Electrjcal conductlwty of the Earth’s deep mantle

_ 670 km_ 300 km . 1600 k- 240 cr . » time variations of géGmagnetic fields on =
hourly to monthly scales induce EM g
4 : response in the conductive Earth’s mantle
\ p » the response depends on (3-D) distribution
. : ~ of electrical conductivity

900km-1200km 2400 km- 2091k » inversion of dedicated (CHAMP, Swarm) -
' satellite missions and data from platform
r \gﬁggmeters (CryoSat-2)
TODO '
> new @atelllte data WI|| become available with

'banﬂy proved local time coverage
ﬁ]l\/l\a?Sat_ reprocessing of
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https://earth-planets-space.springeropen.com/articles/10.1186/s40623-020-01334-8

‘Satellite observations of geomagnetic field
Tidally induced magnetlc field and upper mantle conductivity -

» the energy source for EM sounding is the interaction of tidally
driven ocean flows with the main field

» sensitive to- eIectrlcaI conductlwty in the sub-oceanic upper '
mantle E 4 ,

TODO

satelhte data WI|| become avatlable with significantly
mproved local time coverage (Macao, NanoMagSat
e > reprocessmg of Grace, Grace-FO)

aterpretation in terms of thermochemical state of the mantle
Qﬁye3|an methods) :
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(Sachl et al., 2022)
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https://doi.org/10.1093/gji/ggac015

‘Satellite observatlons of geomagnetic fleld

Magnetlc signatures of the global ocean circulation
» wind- and temperature-driven ocean C|rculat|on induces secondary magnetic field

» weak field on the surface qi;lmueh stronger at ocean depths (Velimsky et al. 2018)
» time variability observa&by?eaﬂog;%ables (Velimsky et al. 2021)

TODO /DSl e e ;

"~ » can we.detect it i gnetic Swarm data?
» can we monitor long-term variability of oceal
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https://doi.org/10.1016/j.epsl.2018.12.026
https://doi.org/10.5194/os-17-383-2021

Inductive response of the iy moons in the solar system

-'..

» the EM methods have played a cruci interpreting Galileo
mission results and in detecting the subsurfa
Europa, Callisto and Ganymede

their potential-has not yet been fully explored

simulation studies for future JUICE and
Europa Clipper missions

detectability of subsurface melt in lo and Europa

‘motional mductlon in.the subsurface ocean of Europa:
detectablllty of ocean flows

Image C:jilr NASA/JPL- :?l:

J. Vellmsky L. Sachl M. Béhounkova, O. Gadek
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Interplanetary propagation of electromagnetic waves

» The Department of Geophysics develops the ray method for electromagnetlc WEVES]
propagating in a heterogeneous generally bianisotropic medium

¢ with general attenuation

o situated in a general gravitational field F
e specified in general coordinates (Klimes 2016)

» The ray | method may be usefu jife
electromagretic waves propagating from's

grawt onal field'through het al L e
inou rspac round glan . s - =
7 R 5 . J e - o T
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http://sw3d.cz/papers/a16lk4.htm

Giant planets’ satellites

Radar sounding: Example of Euro? !

» radar Waves interactwith die ic contrast structures — detectable radar return
» scattering losses likely negli 'attenuation in warm ice strongly reduces penetration

% .p'a- Ice shell thickness [km]
» study of radar attenuation fora 'mga of thermal 10 20 30
structures of Europa’s ice sheTT

» deepestsignal penetration through_ cold downwellings
» direct ocean detection for shells of up to 15 km
» shallow brines-detectable for all plausible shells ,

low loss ice
H,=0 W m-3

R S et AR AR N VA -3 : :
K. Kalousova, O. Soucek, M. Béhounkova Geophysics and planetary science Space Colloquium 2022 10/15


http://dx.doi.org/10.1002/2016JE005110

Giant planets’ satellites
Tidal sounding: Example of Enceladus
» Tidal deformation during one orbit, impact of variable ice shell thickness and faults (Soucek et
al., 2016, 2019; Behounkova et al., 2017), including effects of friction along faults (Pleiner
Sladkova et al., 2021).
» Prediction of detectability by future missions for variables measured from a distance and from
a surface (Vance et al., 2021, Marusiak et al., 2021).

TODO

» Deformation and stress signatures on different time scales.

» Conditions for faults initiation.
no faults, uniform shell thickness = faults, variable shell thickness



https://doi.org/10.1002/2016GL069415
https://doi.org/10.1002/2016GL069415
https://doi.org/10.1016/j.icarus.2019.02.012
https://doi.org/10.1089/ast.2016.1629
https://doi.org/10.1029/2021GL094849
https://doi.org/10.1029/2021GL094849
https://doi.org/10.3847/25c2cfeb.a07234f4
https://doi.org/10.3847/PSJ/ac1272

Giant planets’ satellites

Long-term evolution: Example of Europa

Europa’s history due to the limited efficiency
of internal cooling and the presence of
radiogenic heating and tidal dissipation,
supporting habitability potential
(Béhounkova et al., 2021).

.» ldentifying detectable signatures of recent

volcanic activity: detection of
long-wavelength variations of gravity field
and H, , CH, and other gas species by
Europa Clipper.

heating variations

» Towards a more realistic treatment of melt
for evolutionary models.

M. Béhounkova Space Colloquium 2022 12/15


https://doi.org/10.1029/2020GL090077

Giant planets’ satellites

Heat flux from Titan’s ocean and surface topography
» heat flux from the subsurface ocean anti-correlates with long-wavelength topography

» thinning of the ice layer due to melting; ice layer in conductive regime (Kvorka & Cadek, 2022)

heat flux from the ocean

TODO
» implementation of more complex physics and chemistry of the subsurface oceans: presence
and advection of salts, multi-phase flows,. ..

0. Cadek, J. Kvorka Space Colloquium 2022 13/15


https://doi.org/10.1016/j.icarus.2021.114853

Giant planets’ satellites

Heat flux from Titan’s ocean and surface topography
» heat flux from the subsurface ocean anti-correlates with long-wavelength topography

» thinning of the ice layer due to melting; ice layer in conductive regime (Kvorka & Cadek, 2022)

numerical prediction of the heat flux observed long-wavelength zonal topography
TODO
» implementation of more complex physics and chemistry of the subsurface oceans: presence
and advection of salts, multi-phase flows,. ..

0. Cadek, J. Kvorka Space Colloquium 2022 13/15


https://doi.org/10.1016/j.icarus.2021.114853

Extrasolar planets

Long-term evolution, .
» Better constrain the conditions on terrestrial extrasolar worlds through understanding the
complex relationship between the internal dynamics and the likely measurable quantities.

» Coemplex feedback among internal, rotational, and orbital evolution through lides (Walterova
and Béhounkova, 2020). ’

TODO
» More realistic internal evolutionary e=0.2 '

models with melt. * highest stable spin-state tidal dissipation

» Planet-planet interaction and tides,

planets around binary-stars.
' D)

M. Walterova, M. Béhounkova Space Colloquium 2022 14/15


https://doi.org/10.3847/1538-4357/aba8a5
https://doi.org/10.3847/1538-4357/aba8a5
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