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Abstract
This study presents results of mapping three-dimensional (3-D) variations of the electrical conductivity in
a depths range from 400 to 1200 km using six years of magnetic data from the Swarm and CryoSat-2
satellites as well as from ground observatories. The approach involves the 3-D inversion of matrix Q-
responses (transfer functions) that relate spherical harmonic coe�cients of external (inducing) and
internal (induced) origin of the magnetic potential. Transfer functions were estimated from geomagnetic
�eld variations at periods ranging from 2 to 40 days. We study the effect of different combinations of
input data sets on the transfer functions. We also present a new global 1-D conductivity pro le based on a
joint analysis of satellite tidal signals and global magnetospheric Q-responses.
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Figures

Figure 1

Location of 161 ground magnetic observatories used in this study. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 2

Time series of estimated inducing (blue) and induced (red) coe�cients up to degree Next = 2. Note the
di erent y-axis ranges on the plots.
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Figure 3

Multiple squared coherencies between a given induced coe�cient, ilk k and eight inducing coe�cients,
"mn" obtained using different combinations of input data sets. Note different y-axis range in the plot for
the term l01.
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Figure 4

Estimated \diagonal" (dominant) matrix Q-responses (circles and triangles with error bars). Also shown
are the \upper limit" responses from a perfectly conducting Earth model (dashed lines), and the
responses from the recovered 3-D model (solid lines). Real and imaginary parts of the responses are
depicted by blue and red colors, respectively. Estimated \diagonal" (dominant) matrix Q-responses (circles
and triangles with error bars). Also shown are the \upper limit" responses from a perfectly conducting
Earth model (dashed lines), and the responses from the recovered 3-D model (solid lines). Real and
imaginary parts of the responses are depicted by blue and red colors, respectively.
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Figure 5

Top and middle: Global maps of magnitudes of the observed and predicted (modeled) M2 radial
magnetic �eld component. Predicted �elds are obtained using the \joint" 1-D conductivity pro le shown in
Figure 7. Bottom: Residuals, i.e. magnitude of the difference between observed and predicted M2 radial
magnetic �eld. Values are shown for a mean satellite altitude of h = 430 km. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
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area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 6

Model parametrization adopted in \Obtaining background 1-D conductivity model" section. The model
consists of a top-most thin shell of laterally-varying conductance (right) and a number of laterally-
homogeneous conductivity layers underneath (left). Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 7

Mantle conductivity models obtained by inverting the dominant Q-responses and M2 tidal radial
magnetic  eld separately and jointly. Gray lines show 95 % con dence interval for the "joint" model.



Page 9/11

Figure 8

Estimated (circles) dominant Q-responses and their uncertainties (error bars), and model predictions
(solid curves). Predictions are for the 1-D pro le obtained by jointly inverting the dominant Q-responses
and tidal radial magnetic �eld (cf. Figure 7). Positive and negative values correspond to real and
imaginary parts of the Q-response, respectively.
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Figure 9

Estimated 3-D conductivity model. Conductivities are shown as log10 3D/1D where 1D stands for the 1-D
background conductivity.Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.
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