VTEC Swarm - SMOS comparison
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Earth’s ionosphere — Total Electron Content (TEC)
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The main mechanism generating of the signal), V-TEC (projected in the radial direction).

charged particles in the ionosphere is from GNSS signals (from ground and spacecraft receivers — i.e. Swarm), from microwave
UV solar radiation => strong day — night interferometric radiometer (i.e. SMOS)

variability. Swarm & SMOS explore different ionospheric layers:

Other sources are: X rays, energetic - Swarm from the s/C altitude (~500 km) upward
particles, cosmic rays. - SMOS from the s/c altitude (~750 km) downward.

In the Swarm-SMOS comparison, different scales are used.
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Geomagnetic activity - Dungey cycle — geomagnetic indices@esa
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Performing the comparison during quiet geomagnetic
conditions, focussing on equatorial regions.
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The tool we used... @ecsa

We developed a new Phyton code, able to download Swarm VTEC data, select Swarm datapoints with a relative distance from
SMOS (Alat?+ Alon?)<threshold, and compare them with SMOS VTEC. (here we used threshold=800)
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2014-02-18 00:40:00 — 01:44:00
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2014-02-18 03:54:00 — 05:04:00
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2014-02-18 05:34:00 —-06:44:00
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2014-02-18 07:14:00 — 08:24:00
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2014-02-18 08:54:00 — 10:04:00
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2014-02-18 10:34:00 - 11:44:00
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The equatorial fountain effect

ExB

=
=
[}
©
3
=
=
<

£70¢ +n7 wodj pardepy

60 -40 -20 0 20 40
Geographic Latitude (deg)

Fig. adapted from Bosco Oryema et al. (2015)

The fountain effect is a lift from ionospheric lower layers of dense plasma around the geomagnetic equator, under
the effect of E x B drift.

E horizontal, from east to west along the equator, due to ionospheric wind dynamo (tidal effects + neutral winds); B
horizontal is south to north (Earht’s dipole field). The result is an upward drift.

When the upward drift loses momentum, plasma diffuses down under gravity along the geomagnetic field lines
(SMOS double peaks)
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SUMMARY @esa

Good agreement among the trend of SMOS — Swarm VTEC, when SMOS data are not
contaminated by sea / land interfaces. The larger VTEC values measured by SMOS are
expected, since it samples the lower and denser ionosphere.

Both spacecraft clearly measure the fountain effect intensification of density around the
magnetic equator, with a single peak for Swarm and a double peak for SMOS.

Some latitudinal shift is also present among the VTEC from the two s/c => could be related
to the inclination of geomagnetic equator when displayed in geographical coordinates

NEXT STEPS

Add data from other Swarm s/c (during these 2014 events all the 3 s/c along the same orbit)
+ add predictions from IRl model to conclude this quiet geomagnetic conditions comparison

Set up a statistical comparison, to monitor the average behavior of the two signals: Super-
epoch analysis, taking as a reference time the crossing of magnetic equator, separating the
events according to geomagnetic activity level ; Local Time; etc seems a feasible approach
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