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Abstract

On March 20, 2019 at 15:23:58 UTC, an M6.3 earthquake was recorded in Vanuatu at a depth of 119 km.
The analysis of solar activity and terrestrial geomagnetic activity allowed the authors to verify that the M6.3
Vanuatu earthquake was preceded by an increase in solar activity (solar wind proton density increase;
Interplanetary Seismic Precursor) and in terrestrial geomagnetic activity (Seismic Geomagnetic Precursor).
This type of correlation was first observed by the authors in 2011 and is currently related to all potentially
destructive seismic events recorded on a global scale from January 1, 2012 to date.
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Introduction
The eastern edge of the Australian plate is one of the most seismically active areas in the world due to the

high convergence rates between the Australian and Pacific plates. In this tectonic context, on March 20, 2019
at 15:23:58 UTC, an M6.3 earthquake was recorded in Vanuatu (Fig. 1).

52km E of Luganville, Vanuatu
2019-03-20 15:23:58 (UTC) 119.0 km

Fig. 1 — Epicenter of the M6.3 Vanuatu earthquake. The image above
shows the map of the M6.3 Vanuatu earthquake epicenter recorded on
March 20, 2019 at 15:23:58 UTC and at a depth of 119 km.
Credits: USGS, Radio Emissions Project.

The monitoring of solar activity and terrestrial geomagnetic activity allowed the authors to verify that the
potentially destructive seismic activity that is recorded on a global scale is always preceded by a solar wind
proton density increase and, due to the impact that has the solar wind on the Earth’s magnetosphere, also by
a consequent increase in the Earth’s geomagnetic activity [1-24]. In this work, the results of the close
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correlation that the authors found between the M6.3 earthquake and solar and geomagnetic activity will be
presented.

Data analysis

Analyzing the data on the modulation of the solar ion flux density provided by DSCOVR Satellite (located in
the Lagrangian point L1) between 17 and 21 March 2019, the authors found that the Vanuatu M6.3
earthquake was preceded by a major solar wind proton density increase which started on March 17, 2019 at
11:30 and ended on March 21, 2019 at 12:00 UTC: the solar wind proton density increase preceded the
Vanuatu M6.3 seismic event by approximately 76 hours. The maximum increment of protonic density was
recorded on March 19, 2019 at 08:23 UTC, and preceded the seismic event by 17 hours (Fig. 2).
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Fig. 2 — Interplanetary and Geomagnetic Seismic Precursors related to Vanuatu M6.3 earthquake. The graph above shows the
variation curves of the solar wind proton density (black curve) and the geomagnetic activity (blue curve, highlighted by the yellow
area) on which the time marker of Vanuatu M6.3 earthquake (recorded on March 20, 2019 at 15:23 UTC) has been superimposed.

Credits: USGS, Radio Emissions Project.

The beginning of the proton increase was identified by detecting the lower level of proton density present on
the variation curve: this can correspond to the basal level present in the interplanetary medium during solar
quiet, or it can correspond to the variation line present between two close increases and therefore, it may also
not correspond to the actual basal level. The studies conducted by the authors also highlighted that the time
interval that separates the seismic event from the starting point of proton density increase can undergo
variations in relation to the type of measurement that is taken as a reference: the measurement in p/cm”"3
generally determines time intervals earlier than the measurement in p/(cm”2-sec-ster-MeV). Furthermore,
other differences can be determined by taking as reference a certain fraction of protons energy respect that
other [20]. The average time interval (which separates the solar wind proton density starting point and the
seismic event) calculated by analyzing the seismic activity and the solar activity that occurred between
January 1, 2012 and March 4, 2021 is equal to 108.8 hours: the average was calculated by analyzing 1193
M6+ seismic events that occurred in the same period.

Other important results were obtained by analyzing the Earth’s geomagnetic activity that preceded the M6.3
earthquake (Fig. 3): confirming the solar wind proton density increase, the Vanuatu M6.3 earthquake was
preceded by an evident increase in intensity of the Earth’s magnetic field measured on the vector component
“H” which touched 330nT; while a second increase in Earth’s geomagnetic activity accompanied the M6.3
earthquake. The main geomagnetic increase preceded the Vanuatu M6.3 earthquake by about 30 hours.
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Fig. 3 — Low-dimensional model of the energy transfer from the solar wind through the magnetosphere and into the
ionosphere (WINDMI). The picture shows the variation of the AL-Index (at top) and the DST-Index (at bottom) in the hours that
preceded the Vanuatu M6.3 earthquake occurred on March 20, 2019 (the time marker of the earthquake is indicated by a vertical
black line). The DST-Index is a direct measure of the Earth’s geomagnetic horizontal (H) component variation due to the equatorial
ring current, while the AL-Index (Auroral Lower) is at all times, the minimum value of the variation of the geomagnetic H
component of the geomagnetic field recorded by observers of reference and provides a quantitative measure of global Westward
Auroral Electroject (WEJ) produced by increased of ionospheric currents therein present. Model developed by the Institute for
Fusion Studies, Department of Physics, University of Texas at Austin. Credits: iSWA, USGS, Radio Emissions Project.

In addition, the curve relating to the DST Index showed a slight decline about 17 hours before the seismic
event M6.3 confirming the presence of a pre-seismic geomagnetic perturbation.
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Fig. 4 — Interplanetary Magnetic Field (IMF) related to M7.1 Japan earthquake. The graph
above shows a disturbance of Interplanetary Magnetic Field (IMF) which preceded the Vanuatu
M6.3 earthquake recorded on March 20, 2019 (black vertical arrow) by almost 33 hours.
Credits: iISWA, USGS, Radio Emissions Project.

Further confirmation of the observed correlation between the variation of the solar ion flux density and the
M6.3 seismic event can be observed by the variation of Interplanetary Magnetic Field (Fig. 4): the
potentially destructive earthquake was preceded by a perturbation of Interplanetary Magnetic Field which
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occurred about 33 hours before the earthquake; while a second and slight increase accompanied the seismic
event.
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Fig. 5 — Solar wind velocity related to Vanuatu M6.3 earthquake. The graph above shows a
rapid increase in the speed of the solar wind that preceded the Vanuatu M6.3 earthquake recorded
on March 20, 2019 (black vertical arrow). Credits: iSWA, USGS, Radio Emissions Project.

A perturbation of Interplanetary Magnetic Field (IMF) is usually associated with an increase in the speed of
the solar wind: the electrically charged particles that compose it, having a greater speed, determine a greater
magnetic field in interplanetary space. Thanks to this electromagnetic mechanism, it is also possible to
correlate potentially destructive seismic activity at solar wind velocity increase (Fig. 5), but this does not
always happen. An increase in solar wind speed preceded the Vanuatu M6.3 earthquake by approximately 36
hours (Fig. 5).

Conclusions

Over the last ten years, the authors were able to identify a “certain” earthquake precursor that is able to
predict when a resumption of M6+ global seismic activity is expected on our planet: we are talking about the
increases in the proton density of the solar wind. The correlation data that have been presented in this work
regarding the M6.3 earthquake recorded in Vanuatu in 2019 are only a very small part of the data related to
the 1193 M6+ seismic events recorded on a global scale between January 1, 2012 and March 4, 2021
(corresponding to 100% of the M6+ seismic events recorded on a global scale in the same period): seismic
events that were preceded by a solar wind proton density increase [5] [7] [8] [9] [10] [11] [12] [14] [15] [16]
[17][18][19][20] [21] [22] [23] [24].
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