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Motivation
Separation of contributions from different sources in geomagnetic field signal measured at
satellite altitude is still an open challenge.
Uncertainties in modelling magnetospheric and ionospheric contributions are still present in
current geomagnetic field models, resulting in inaccurate separation between internal and
external components.
External field time series at satellite altitude could be a way to study the sources of these
contributions, especially as it would allow a comparison with ground-based time series.
External field time series are computed at Virtual Observatories, from Swarm data and using the
ESD technique. A non-parametric tool, Principal Component Analysis (PCA), is used to recover
modes of spatial and temporal variability of external field contributions at satellite altitude.

Virtual Observatoires (VO) + Equivalent Source Dipole (ESD)
Following the Virtual Observatories approach (Mandea & Olsen, 2006; Saturnino et al. 2018), external
field contribution time series are obtained at satellite altitude (500 km).
Swarm data acquired inside a cylinder and for a given time interval, is reduced to a “single point” using
the ESD technique, and no a priori model is needed.
- Swarm data (A, B and C) between 2014-2019
- No data selection concerning geomagnetic activity
- 30-day time resolution
- Each cylinder has 2.0o radius and its centre is 3.5o
apart from its neighbours
A mesh of 3394 VOs time series is obtained.
Then, a main field model (CHAOS-6, n<14, Finlay et al., 2016)
is subtracted from VO time series to obtain external
field contributions.

Examples of VOs time series - Vertical component Z (-Br)
- Close VO present the same trends and
oscillations.
- External field signals are clearly present
in the VO time series (no data selection
was applied to the data).
For all VO (<±60°), average rms misfit
between Swarm data and VO-ESD
estimations:
. Z (-Br): 7 nT
. X (-Bθ): 16 nT
. Y (Bφ): 12 nT

Z (-Br) is better retrieved.

Examples of VOs time series – external field contributions
Vertical component Z (-Br), after
subtracting CHAOS-6 MF model.
- External field contributions between
~5-25 nT (at mid-latitude VOs).
- Similar signal variance in close VOs.
- Geomagnetic storm dates coincide with
peaks in the series (dotted lines in plots):
Date

Kp

19/02/2014

6+

17/03/2015

8-

20/12/2015

7-

08/05/2016

6+

25/10/2016

6+

08/09/2017

8+

26/08/2018

7+

https://www.spaceweatherlive.com/en/auroral-activity/top-50-geomagnetic-storms/year/2016.html

Geomagnetic external drivers

PCA applied to VOs external time series (radial component)
First 3 modes of variance:
~62% of data variability

Mode 1:
- Sub-annual variability and dipolar

symmetry
- Planetary, circular and LT-invariant
current system
→ Magnetospheric dynamics

[4.5 and 9 months periods are related to the satellites’ sampling regarding local times (LT).]

Geomagnetic external drivers

PCA applied to VOs external time series (radial component)
Mode 2:
Annual variability, quadrupolar
geometry
→ Ionospheric dynamics
(Domingos et al., 2019)
Mode 3:
~4.5, 6 and 12 months
oscillations
→ Ionospheric dynamics
(Yamazaki et al., 2009, 2011)

[4.5 and 9 months periods are related to the satellites’ sampling regarding local times (LT).]

Local Time (LT) distribution of Swarm data
(A+B+C) used in VO calculations, for
different epochs:
The sampling of covered LT changes with time,
being more uniform during the
period 2017.0 – 2019.0.
Because of this, PCA was also applied to VO
external time series only during this period
(see next slide).

Geomagnetic external drivers

PCA applied to VOs external time series (radial component), for period 2017.0-2019.0

- Longitudinal variation in mode 3 becomes
more clear, showing a 4-peak structure.
- Can be related to tidal winds coupling the
lower atmosphere and the ionosphere
(Oberheide & Forbes, 2008; Luhr et al, 2008).
- Spatial structures deviate towards the
southern hemisphere (Chulliat etal, 2016).

VOs and ground observatory external field time series
Comparison of series at chosen locations, mainly closer to the spatial peaks found on mode 3 pattern:

To note that in the following plots, no crustal bias was subtracted to the VO time series. The series of
external field contributions are shown “as they are”.
The range of variation of each component and location, is of the same order of magnitude for both
VO and ground series.

VOs and ground observatory external field time series
Pearson correlation coefficients (CC) and scatter plots comparing the time series at each location:

Dark gray: on ground; blue: at 500 km altitude

VOs and ground observatory external field time series
Power spectra comparing the time series at each location:
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External field time series at VOs and on ground observatories
- The trends seen at ground observatory time series are well captured by VO time series.
- Correlation between ground and VO series are larger for the X and Z components.
- For some locations, variations in Y component at satellite altitude have opposite sign to the ones
at the ground.
- Larger PSD values for VOs, possibly due to the greater proximity to external field sources.
- Power spectra show a clear annual oscilation in all components and a 4.5 oscillation present only in
VOs series, due to the sampling bias of Swarm satellite local times inside each VO cylinder.
- Large gaps on most of ground observatories shown here make it difficult the comparison of their
power spectra with the ones of correspondent VOs.
- Close observatory locations show similar trends both at ground and satellite altitude (VOs).

Conclusions/Perspectives
- We obtained a main mode suggestive of magnetospheric dynamics and other 3 modes related to
mid/low latitude ionospheric current systems (Saturnino et al., 2021, in revision).
- The PCA results seem to indicate that several external current systems contribute to each external
mode, due to strong coupling between them.
- A PCA analysis in the Centred Dipole frame was also done, showing that the resulting modes are
quite similar to the ones in the geocentric frame.
- The 4.5 month oscillation due to the sampling bias related to the time each satellite takes to revisit
the same local time on both ascending and descending orbit tracks (Shore 2013), dominates mode 3.
This hampers the information about geophysical aspects of these modes. A possible solution would be
the use of a cluster of satellites covering all local times at all UT times.

Conclusions/Perspectives
- This first study comparison of VO-ESD and ground observatory external field time series is
encouraging for further exploitation of VO time series. The ESD technique estimations seem to
recover well the external field signal, comparable with ground observatory series.
- A more thorough study of the external signals at different altitudes, encompassing a larger number
of observatories and for a larger period of time, with as less data gaps as possible, could shed light
on the altitude dependence of external currents.

The VO series used in this study are available at https://doi.org/10.5281/zenodo.4515779.
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