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ABSTRACT
Several factors may induce perturbations on the ionospheric
plasma, changing its average electron density and creating
small-scale irregularities, changing its shape and altitude. So-
lar irradiance and space weather are some of the main factors
affecting the ionosphere. They produce a seasonal and daily
dependence, modulated by the solar cycle, with more iono-
spheric activity during periods of higher solar activity. Re-
cent studies shows that another source of perturbations for
the ionosphere may be related to internal Earth parameters as
seismic activity, in particular, earthquakes. In the period be-
fore an earthquake, rocks in the lithosphere are subjected to
pressures and movements that may create variations of elec-
tromagnetic fields and low frequency waves interacting with
the ionosphere. In this work, the ionospheric scintillation in-
tensity index or S4 is estimated from GNSS-R data collected
by NASA CYGNSS, and it is correlated with earthquakes
events in 2020. Furthermore, it is compared with plasma
fluctuation indices measured by ESA Swarm satellites. Two
earthquakes in 2020 with magnitudes larger than 7 in the cen-
tral America region are shown in this work.

Index Terms— Ionosphere, earthquake precursor, Swarm,
CYGNSS, GNSS-R.

1. INTRODUCTION

Ionospheric scintillation is one of the main concerns for satel-
lite communications, GNSS, and Earth Observation (EO) sys-
tems. It consists of rapid intensity and phase fluctuations of
the electromagnetic waves passing through it. It is known
to be driven by solar activity, such as the radiation intensity,
varying from day to night; latitude, affecting the incidence
angle, and solar cycle phase, which influence the upper atmo-
spheric layers.

Another source of perturbation for the ionosphere comes
from the lithosphere and changes in the geomagnetic field.
The purpose of this study is to analyze the potential correla-
tions between the ionospheric activity and the internal Earth
activity produced by seismic events, i.e. earthquakes.

Even there is a strong consensus on the impossibility
to predict Earthquakes, some studies report lithosphere-
ionosphere influences exhibited, for example, by magnetic

field variations during aurora periods that correlate to seismic
activity [1, 2]. Lithosphere rocks suffer from large pressures
in regions where tectonic plates collide or slide with others.
This pressure can create electric currents and fields due to
the piezoelectric effect, and those electric fields can generate
ELF (Extremely Low Frequency) electromagnetic waves that
can affect the shape and density of the ionosphere [3].

2. DATA SOURCES AND METHOD

In this study, ionospheric anomalies and geomagnetic fields
are analyzed to make a correlation with earthquakes. A novel
technique introduced in [4] is used to derive the S4 scintil-
lation indicator from GNSS-R data by measuring the fluc-
tuations in the Signal-to-Noise Ratio of the Delay-Doppler
Map (DDM) in reflections over calm water surfaces, follow-
ing the methodology explained in [5]. GNSS-R data is ob-
tained from NASA Cyclone Global Navigation Satellite Sys-
tem (CYGNSS) mission, a constellation of 8 satellites with
an orbital inclination of 35º, covering latitudes from 40ºS to
40ºN.

To study the global S4 evolution and anomalies, daily
maps have been created by averaging the S4 samples over
oceans within a grid of 1º latitude/longitude bins. The num-
ber of samples per bin, and per day varies from around 100 in
equatorial regions to 200 at around 30º North and South.

The United States Geological Survey (USGS) database,
containing earthquakes magnitude, date, coordinates and
depth of the hypocenter is also used. Selecting only the ones
with magnitudes larger than 4.5 magnitude there are around
5200 earthquakes in latitudes from 40ºS to 40ºN, which may
be suitable to correlate using CYGNSS data. It is expected
that the larger the earthquake magnitude, the larger the iono-
spheric perturbation produced. During 2020, and within the
±40º latitude range, there were only 96 earthquakes with
magnitudes of 6 or larger, and 5 with magnitudes larger or
equal than 7.

A set of daily S4 maps for one year (from October 2019
to October 2020) has been generated. To detect seasonal and
geographic anomalies from the typical values, for each pixel
in the map, we subtracted the 7-day average following day
D from the the preceding 90-day average, according to the
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