Electrical Conductivity Modeling and Inversion of %s

UMR CNRS ‘Domaines Océaniques’ , IUEM/UBO

Satellite Induction Data

Pascal Tarits *

* Currently at the Earthquake Reseach Institute, University of Tokyo, Japan.

MODELING

Each sampl (8, B, B) measured at UT nstan { and co-
ortinates (1, 0, 4) s charactrised by s SHE and i dscrete
Fourer expansion:

@ B,1,8,0.0) =X IO+ OE @) @ ) a0
1. & and Q depend or the component p (1, 0, §). Q is the.
Sopropate sphecal Ramon fo component .| and € aro
Tespeciely e iema (NT) and exiral (XD coeficents
o e magne potenl 1o be deterined for ¢ | o
“nd cach necueny
o vares rom DC to Nyt
Thecegree e rom L, nd he oxer m rom - 01

For a perfet set of cata. (o) and E(o) can be determined
uniquely.

In order to get | and €, ether leastsqure (LS) or egeal
approach () work For €

248012 ares . am om am

10 days

S S ®

FERRR] 2 8 7 am am

6 days

-
v
a
———
am um wm ams oo o

2.5 days

Real (left) and Imag (Right) of E(t) Real (left) and Imag (Right) of I(t)

The full 3-D inverse procedure uses the external E
coefficients as forcing terms at all periods. Here we
limited the demonstration to an upper
heterogeneous layer and a stack of homogeneous
shells. Note that in general any humber of
heterogeneous shells may be used.

The inversion is carried out to minimize a weighted
misfit function between the internal potentials
obtained from the satellite data and the internal
potential calculated with my 3-D forward solver. In
the case treated here, the upper shell was divided
into 10 (latitude) by 20 (longitude) meshes. The
iterative inverse procedure seeked the optimum
distribution of conductivity within the upper shell to
minimize the misfit.

In order to accelerate the procedure, a preliminary
1-D model was seeked using both E and |
coefficients at I=1-3. A 1-D model close to the 1-D
model used to synthetize the data was obtained.
Then the 3-D inversion was run starting from the 1-D
model obtained.

The result of the inversion is given in the figure to
the right. The result is quite satisfactory. Both the
shape and the amplitude of the conductivity
anomalies are correctly retrieved. Note that
because a SHE of the data limited to I=7 was used,
no fine detail may be recovered here.

conductivity in this upper shell, at the given
limited wavelengths I=1-7

On each panel to the left and to the right,
the external (E) and internal (I) potentials
have been computed for a SHE up to I=3 for
E and =7 for E and up to 40 periods. The
real and imaginary part of the resulting
coefficients are displayed in the space
domain for a choice of 6 periods for
different tests (using 30 days of
constellation 3 and 4 to the left and one
year to the right).

The external potential (E) shown on both
panels at a given period is the sum of I=1-3
and is dominated by the I=1 dipole. The
internal potential (I) is the sum of -7 to
emphasize the visibility of wavelengths
shorter than I=1.

The potential coefficients extracted from
the synthetic satellite SWARM data and

played on both panels are used in a full 3-
D inversion approach. The data modelled
here consist of SHE coefficients from 1=1-3
for the external field and -7 for the
internal field. | used 15 periods from 30 days
to 2.14 days.

Upper shell structure obtained from the inversion of the | data

Forced by the E data through a 3-D induction solver
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‘Above: The external and internal poteniel feld of
the magnetospheric dipole has be abained from the
Oersted data. For comparison the external potertial
is shown on top ofthe Dt index (top).

To theright: External and internal potentals for
different degrees and orders of the spherical
expansion of the magnetic fild. While sigrificantly
smaller than the main dipole term, they indicate that
boththe external and intemal fields contan energy
at wavelength smallr than th degree 1.and order 0
considered above,
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Itis now well established that the mean one-

Component of the magnetospheric source field (the e
external dipole), the internal external ratio is obtained

ata number of periods (right figure). 1t may thenbe 3 ™
inversed to obtain a mean global 1.5 conductivity [ 3
profile. =

While there is a great value to use satellite data to
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Conclusion:

The result presented in this poster shows that:

1/ It is possible to obtain from SWARM data set a
series of induced data at different wavelengths and
periods along with the inducing external field

2/ The external field obtained may be used as a
forcing term in 1-D and 3-D modelling to recover the
electrical conductivity

3/ The 3-D inversion of these data sets is now working
In practice:

There is obviously no need to recover the coast effect
from the data and procedure either correcting or
taking into account this effect should be used as a
preconditionner to the data inversion. | intend to use a
subsequent set of data calculated during the E2E
project to inverse for the mantle structure and study
the best approaches to optimize the SWARM
constellation.




