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Conclusions

Showed ground deformation
directivity from events 1 and 2
towards event 3, which is consistent
with the rupture process directivity

Based on rupture directivity and
ground deformation pattern, we put
forward the hypothesis that the area
of the second event was stress
loaded by the first one and that both
the first and second earthquake
events caused stress loading in the

area, where the third event ruptured.

Coulomb stress-transfer modelling
yields strong evidence in favor of our
hypothesis.

Papadopoulos et al., Pure and Applied Geophysics, 2017
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Swarm mission

Each satellite is measuring:

Strength and direction of the
magnetic field

Plasma conditions and characteristics
Location

The Constellation:

3 identical satellites:

2 side-by-side in low orbit (<460km)
1 in higher orbit

(< 530km)

three orbital planes for optimal
coverage in space and time

Copyright / ESA and AOES Medialab
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ULF Wave Activity & Earthquakes

* There have been several studies suggesting that ULF pulsations may be
associated with earthquakes [Fraser-Smith et al., 1990; Hayakawa et al., 1996].

* The majority of these studies refers to the detection of these signals in ground-
based magnetometer measurements (Hayakawa et al., 2015; Contoyiannis et al.,
2016; Potirakis et al., 2016 and references therein].

* On the other hand, there is only a handful of studies that have been attempted to
correlate ULF pulsations with seismic activity from space-borne measurements

[e.g., Balasis and Mandea, 2007 for CHAMP satellite and Walker et al., 2013 for
DEMETER satellite].
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Central Italy Earthquake (24/08/2016, 01:36:33 UT)
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Central Italy Earthquake (24/08/2016, 01:36:33 UT)
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Central Italy Earthquake (24/08/2016, 01:36:33 UT)
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Central Italy Earthquake (42.71°, 13.17°)
Date: 23 Aug 2016
VFM VFM VFM
oF SWARM'-B B'o{al i . ) SW&RM‘-A BToIaI , . SWARMI-C Broul
2r g
14 4
o
=
o o
4 -
2
100 4
64
g ' 'z
E 32 k
o %
0
’
0 -2
a0 [ ! : 13
B0 -
w
g St
o
3
3 I
-3 =30 |
a
=
50 F
i i i i i -90 1 I I
uT: 19113 19:25 19:37 1948 20:00 19:14 19:25 19:37 19:48 20:00 19:14 19:25 19:37 19:48 20:00
Long.: B0.85 T1.27 T0.32 69.97 22827 28025 12.10 11.85 11.52 58.91 29707 13.53 13.27 1295 85.07
MLT: 18:24 23:53 00:24 00:57 06:20 14:28 19:40 20:28 21:15 02:27 14:35 19:46 20:34 211 02:33



TR,
ey iy,

38th Annual EARSeL Symposium 9-12 July 2018 "",
=41l Earth Observation Supporting Sustainability Research BE ON D :
Chania, Crete, Greece : ) y e, @ £

wachans | WWw.beyond-eocenter.eu “TAARET — e

Freq {(mHz) B (nT)

Mag.Lat. (degrees)

Central Italy Earthquake (42.71°, 13.17°)

Date: 23 Aug 2016

VFM VEM
SWARM‘-B Bloqal ) SW&RM‘ -A BTo:sl

VFM
3WARM{-C B_I_mI

()

"Iogx(nTimz]

20047 20:59 21 21:22 21:34 20:46 20:58 21:09 2121 21:32 20:46 20:58 21:09 2121 21:32
30.48 47.50 46.62 48.10 189.91 210.24 M85 B.46 34799 8.54 213.60 349.94 349.88 349.42 1075
18:24 2343 00:24 01:06 0622 14:30 19:43 2027 21:10 0227 14:36 19:49 20:33 2116 02:32



38th Annual EARSeL Symposium 9-12 July 2018
=41l Earth Observation Supporting Sustainability Research
Chania, Crete, Greece

BENXOND

www.beyond-eocenter.eu -

MAICHANIA

Summary

e Swarm offers a great opportunity to study ULF waves in the topside ionosphere with
unprecedented detail leading to new science discoveries.

e Additionally, Swarm may provide new possibilities towards improving the current
state-of-the-art in studying satellite data with respect to earthquake-related signals
through:

O The exploitation of lower (1 Hz) but more importantly higher (50 Hz) resolution
magnetic field data as well as electric field data from the Swarm mission.

O The combination with ground magnetic field measurements when conjunctions
between Swarm and ground magnetic stations occur.
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