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A Lithosphere—Atmosphere—lonosphere Coupling Phenomenon Observed Before M 7.7
Jamaica Earthquake

MUHAMMAD ARQIM ADIL,1

Abstract—The satellite-based earth observations have become
an appropriate instrumental approach in monitoring the natural
hazards among modern-day researchers. This study presents a
multi-parameter approach using precursors of different physical
nature defining the states of atmosphere and the ionosphere in
terms of temporal and spatial variations about 5 days before the
impending M 7.7 Jamaican earthquake (EQ). We performed a
comprehensive analysis from the surface to the ionosphere at dif-
ferent altitude levels by analyzing the different datasets
comprising, surface air temperature, relative humidity, total column
water vapor, air pressure, Outgoing Longwave Radiations (OLR),
and the total electron content of the global ionosphere maps (GIM-
TEC). We observed a sharp increment in the atmospheric chemical
potential (ACP) due to the increased radon activity that led to an
abrupt decrement in the atmospheric relative humidity and, con-
sequently, increased OLR that provides strong evidence of the air
ionization production around the epicenter of M 7.7 EQ. Moreover,
to check the periodicity of these atmospheric parameters, we per-
formed a confutation analysis by meticulously analyzing these
parameters in the same month and region for the previous 5 years
during the non-existence of any major seismicity. This technique
confirmed that the simultaneous atmospheric variations observed
before the Jamaica EQ are not cyclic in the absence of significant
seismic activities. The ionospheric conditions have also shown
consistency with atmospheric disturbances, as depletions in GIM-
TECs, having an amplitude of 4 TECU, are observed over the
epicenter for 6 h (LT = 13-19 (— UT)) on January 23, 2020.
Additionally, the vertical ionospheric and atmospheric profiles
from FORMOSAT-7/COSMIC-2 (F7/C2), at different altitudes
(75-225 km) over the EQ epicenter, showed significant depletions
on January 23, 2020. These TEC variations are observed to be an
effect of the vertical seismogenic electric field due to the
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production of the air ionization at the atmospheric boundary layer
by increased radon activity around the seismic preparation zone.
The existence of these co-located synchronized atmospheric and
ionospheric anomalies is explicitly and persistently local over a
small region of the epicenter of Jamaican EQ that could be con-
sidered as potential short-term precursors. Also, these multi-
observed anomalies will contribute to the physical explanation of
the Lithosphere-Atmosphere—Ionosphere Coupling (LAIC) model.

Keywords: LAIC model, earthquake precursors, atmospheric
and ionospheric interaction, FORMOSAT-7/COSMIC-2, 2020
Jamaica EQ M 7.7.

1. Introduction

The earthquake (EQ) phenomenon has a great
contribution to aggregation and sudden energy
releases to the atmosphere and ionosphere. The sci-
entists often suggested that the EQs are extremely
difficult to predict or even cannot be predicted due to
their complex nature (Toker, 2021). Geller (1997)
draws a completely pessimistic picture describing the
attempts of EQ prediction, however, Keilis-Borok
(2003) sees the perspective of prediction technology
improvements in the nearest future especially taking
into account that “the prediction of complex systems
requires a holistic approach “from the whole to
details” in consecutive approximations starting with
the most robust coarse-graining of the processes
considered”. His prophecy is confirmed by the recent
advances in satellite-based observations that have
provided extensive evidence in momentary anomalies
proceeding EQs (Adil et al., 2021a, 2021b; De Santis
et al., 2019; Hsiao et al., 2009; Oyama et al., 2011;
Pulinets & Ouzounov, 2018; Sentiirk et al., 2019).
The existence of pre-EQ seismically induced atmo-
spheric precursors can be found in various studies
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(Blackett et al., 2011; Cervone et al., 2006; Mansouri
Daneshvar et al., 2014; Ouzounov et al., 2007; Xiong
et al., 2010). Similarly, many studies have widely
reported the seismo-ionosphere anomalies (SIAs) as
potential precursors to the EQs (Kamogawa, 2006;
Liu et al.,, 2010; Pulinets & Ouzounov, 2018; Su
et al.,, 2013; Yan et al., 2018; Zhou et al., 2017).
Furthermore, the SIAs have engaged great contro-
versy over the years, as some scientists (Masci &
Thomas, 2014; Thomas et al., 2012) claimed that the
SIAs reported by Pulinets et al. (2007) and Su et al.
(2013) were largely contributed by global geomag-
netic activity and they have no relationship to the
seismic event. They also suggested that the physical
mechanism behind the generation of these anomalies
should be explained properly, as many researchers
have directly related the ionospheric variations to
some seismic events that cause ambiguity.

Some studies have explained the physical mech-
anisms behind the generation of these ionospheric
anomalies (De Santis et al., 2015; Freund et al., 2009;
Kamogawa, 2006). Pulinets and Ouzounov (2018)
suggested that substantial radon tends to be released
during tectonic plate motion where various gases
such as carbon dioxide, helium, methane, and
hydrogen serve as carriers disclosing it to the atmo-
sphere. These radon emanations lead to air ionization,
and with the condensation of water vapor, latent heat
of vaporization is produced, which is responsible for
atmospheric disturbances. The SIAs are the results of
variation in the atmospheric electric field caused by
the formation of ion clusters at the atmospheric
boundary layer producing the local modification of
the Global Electric circuit, which are reflected in the
ionosphere as the large-scale ionospheric irregulari-
ties (Pulinets & Davidenko, 2014). On the other hand,
Kuo et al. (2014) proposed a LAIC model explaining
the formation of the vertical electric field due to the
production of positive charges over the Earth’s sur-
face. They suggested that this electric field elevates
the vertical current flow to the upper atmosphere. The
positive and negative ions present in the ionosphere
are enforced to undergo upward-downward flows.
This process initiates the movement of plasma bub-
bles which may be responsible for TEC variations.
Here, one should keep in mind the limitations of the
proposed mechanism of Kuo et al. (2014) because of
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the following facts: (1) the “positive holes” effect is
a substantially solid body phenomenon, which cannot
be generated and observed over the ocean areas
regardless many EQs have their epicenters in oceans
and pre-EQ ionospheric anomalies are equally
observed over ocean EQs as over the land; (2) plasma
bubbles are essentially equatorial ionosphere phe-
nomena that do not develop in the middle and high-
latitude ionosphere, where pre-EQ anomalies are
observed as well.

Many studies have presented different multi-in-
strumental approaches in pursuit of physical and
chemical changes that may arise before an EQ
activity. Ouzounov et al. (2011) reported some mor-
phological features, like variations in ionospheric
TEC and atmospheric parameters about 5 days prior
to the 2011 M 9.1 Tohoku-Oki EQ. Similarly, some
strong collocated perturbations in ionospheric TEC
and different atmospheric observables were observed
about 2-3 months before the impending M 7.5
Indonesia EQ, however, these anomalies were not
obvious ones but possibly associated with this EQ
(Marchetti et al., 2020). Also, some significant
enhancements/depletions ~ in  multi-atmospheric
parameters along with ionospheric variations were
statistically detected as possible precursors about
25-30 days before 2010 Illapel EQ (Mansouri
Daneshvar & Freund, 2017). Despite all of these
studies, there is still a lack of conclusiveness. We
believe that the only way to study the range and
impact of the seismically induced perturbations is to
start analyzing from ground level.

Our approach is based on the understanding that
the seismic preparation area is the center stage for the
interaction of the different geophysical shells. The
system of geophysical shells (lithosphere, neutral
atmosphere, and ionosphere) can be analyzed as an
open nonlinear system. Internal dissipation within the
system together with correlated interaction of its
elements, a process of self-organization can occur
due to intensive exchange of matter and energy with
the environment in non-equilibrium conditions.
These processes accompanied by the synchronization
of the geosphere’s characteristics could lead the
system to a critical state. The synchronization of the
geosphere’s characteristics can be spatial, temporal,
or spatio-temporal. The main purpose of this paper is
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not only the demonstration of the multiparameter
approach but to reveal the synchronization in time
and space of different atmospheric and ionospheric
parameters that testifies the approaching of the sys-
tem to the critical point. As an example of our
approach, we present the analysis of the seismically
induced perturbations from ground level to the
ionosphere as potential precursors to the recent
2020 M 7.7 Jamaica EQ. This EQ is reported as one
of the largest ones occurring around the world in
2020 and the largest one in the Caribbean since 1946.
The data and methodology adopted in this study are
briefly described in Sect. 2. The results are given in
Sect. 3 and discussed in Sect. 4. Finally, conclusions
are provided in Sect. 5.

2. Data and Methods

2.1. Data Preparation

In this study, the spatial and temporal variations in
the lower atmospheric and the ionospheric parameters
are analyzed over the epicenter of M 7.7 Jamaican
EQ. Figure 1 shows the epicenter of M 7.7 Jamaica
EQ along with the tectonic settings of its surrounding
areas. This EQ (19.419° N 78.756° W) was occurred

plates, where the North America plate moves towards
the west-southwest to the Caribbean plate at a rate of
approximately 19 mm/year. The rupture was left-
lateral towards the east-northeast indicating a strike-
slip fault mechanism. The fault plane extending
approximately in the east—west direction is in line
with the orientation of the regional plate boundary
(U.S. Geological Survey, 2020).

To analyze the atmospheric composition during
the seismic activity period, we analyzed the temporal
variations of atmospheric relative humidity, surface
air temperature (SAT), and total column water vapor
for January 2020 through NASA’s online database
(https://gmao.gsfc.nasa.gov/). Furthermore, to check
and validate the novelty of any variation in these
datasets as a seismic influence, we constructed the
confidence bounds based on the median (M) and
interquartile range (IQR) for a period of 5 years in
the same month January without any significant
seismicity. For the construction of these bounds, the
time series should be ordered in ascending (x;, X,
X3...X27, Xog), Where x values correspond to the daily
data for a fixed epoch within 28 days. The lower
quartile Q;, middle quartile Q,, upper quartile Qs,
and interquartile range (IQR) are calculated to
determine upper and lower bounds using Eqgs. 1-4.

on January 28, 2020, at 19:10 UT, having a depth 0 = X7 + X3 (1)
shallower than 20 km in the northwest of the Lucea, 2
Jamaica. The region of the EQ is controlled by the
motion of the North America and Caribbean tectonic
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1 ki T . 1 1 1 1 I 1 1
{7\ Sy @ strike-slip
" \ ts ey @ reverse
o i e : s Atlantic Ocean  |@nomal | ]
3 o, 182MT6 L o © unknown
7 o) A1 [ historical
20°f 7
. ot e 7943-07-29 // ~
i ~ 1 POBRB 7>~
" i ¥ S SR > TEM 1018-10u11/ = 2 / v
18| / aton Fault Ry > L n MLV ST T
¢ e Jamaica Ll 1974-10-08 O“//
o e B pPla amalce | 1770, M7.5 ; 1751, M7.4 i e
1975_%24&0 AD 5009-05-28 (;a\'V\bea“ Ne 2 7 ; AT
167 Moo - o / / Caribbean Sea 85 U — '\
e N 1914-10-03
v ‘ilk | %\ L | L 1 IA [ 1 \ | | &y L l7'09

Figure 1
Spatial distribution of the strong (M > 7) earthquakes (from http://www.geologie.ens.fr/ ~ ecalais/_Media/map_large.jpeg) that occurred in
the Caribbean basin. The focal mechanisms of the earthquakes are marked by color (see legend inside the figure). Black lines indicate the
faults (http://www.geologie.ens.fr/ ~ ecalais/research/the-january-28-mw78-cayman/)
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0y =M =T @
05 = X21 ;xzz (3)
I0R = 03 — Oy (4)

The lower (LB) and upper bounds (UB) for the
outlier test are as follows (Varotsos et al., 2017):

UB = M + 2IQR (5)
LB =M —2IQR (6)

Equations 5-6 declared that, with a 99.63%
confidence level, either observed values falling over
these bounds will be declared as an abnormal value.

The spatial anomaly datasets of several variables,
including SAT, relative humidity, air pressure, and
outgoing longwave radiations (OLR) at different
analysis levels, like, at the surface (0 km from mean
sea level), 7 km, 9 km, and 12 km above mean sea
level respectively, were retrieved from National
Oceanic and Atmospheric Administration-Physical
Sciences Laboratory (NOAA-PSL) via http://psl.
noaa.gov/data/composites/day. We performed a sub-
traction method to eliminate the seasonality of the
datasets, where the anomaly map of each observed
day, was subtracted with the mean of the previous
5 days (Freeshah et al., 2021), as represented by
Eq. 7:

et (1)

= p1,p, — =X=EE 7
Hies Hobs n ( )

where u,,, is mean anomaly map for the observed
day and u,,, is the resultant mean anomaly map of the
desired parameter. According to Dobrovolsky et al.
(1979), the area of the EQ preparation zone is defined
by the formula given as r = 10°4¥_ where M rep-
resents the magnitude of the EQ and r represents the
radius of the preparation zone. According to this
formula, the radius of the Jamaican EQ extends
to ~ 2046 km, which covers an area of almost 0-36°
N in latitude and 58-98° W in longitudes. All the
spatial and temporal datasets were retrieved, specifi-
cally, in the region of £ 10° around the epicenter that
falls within the EQ preparation zone.

Now, to explore the ionosphere conditions, we
considered GIM-TEC maps with a spatial resolution
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of 2.5° and 5.0° (Latitude, Longitude) having a
temporal resolution of 2 h from Jet Propulsion
Laboratory (JPL) via ftp://gssc.esa.int/gnss/products/
ionex/. JPL GIMs are known to have an accuracy of
approximately 4-5 TECU globally (Hernandez-Pa-
jares et al., 2009), and 2-3 TECU in the low latitude
region and under low solar activity (Wielgosz et al.,
2021). One may also use two convenient methods
named auto-covariance estimation of variable sam-
ples (ACEVS) and differential areas for differential
stations (DADS) to reveal ionospheric anomalies
under stationary conditions (Yuan & Ou,
2001, 2002). The TEC describes the total number of
electrons in a cylinder with a one-meter square base
area throughout the line of sight (LOS) connecting
the satellite and the receiver. It is represented in
TECU units, where one TECU is equal to 10'°
electrons per meter square. Since the ionosphere is
largely influenced by solar and geomagnetic activities
(Afraimovich & Astafyeva, 2008), therefore, the
solar index F10.7 and the geomagnetic Kp and
Symmetric-H (SYMH) indices are used to distinguish
the global from the local effects.

2.2. Calculation of F7/C2 vertical TEC profiles

We utilized the atmospheric and ionospheric data
of FORMOSAT-7/COSMIC-2 (F7/C2) to cross-
check and reinforce our results. The COSMIC-2
mission was launched on June 25, 2019, and planned
as a continuation of the COSMIC-1, consisting of six
satellites into low-inclination orbits for observing and
monitoring the global meteorology, climate, and the
ionosphere. The six satellites collect weather data
between £ 50° of the N-S latitudes and provide
more than 4000 atmospheric/ionospheric profiles
each day (Schreiner et al., 2020). F7/C2 provides
the ionospheric observations of radio occultation
(RO) such as the electron density, relative TEC, and
S4 index from ~ 70 km in altitude to LEO orbit. We
used the TEC data of two GNSS ROs, G0O7 and G28,
which are located near the epicenter. Also, the
ionospheric TEC maps over the epicenter were
analyzed from 75 to 225 km on January 23 (anomaly
day). These maps were constructed from TEC
profiles of GNSS ROs that were located in the EQ
preparation zone. The ionospheric data was obtained
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from the ionPrf files from https://data.cosmic.ucar.
edu/gnss-ro/cosmic2/nrt/. The calibrated occultation
TEC values in the GNSS RO technique are calculated
from the calibrated phase (AL) using the following
formula, where f; and f, are the carrier frequencies of
L1 and L2 signals, respectively.

ALcalibmted x f12f22
40.3x1016 ~ f2 — f2

TEC catibrated = (8)
We used the calibrated TEC for the reconstruction
of the electron density profiles. Firstly, the electron
density at the orbit altitude is determined by linear
regression of the square of the calibrated TEC for the
top few kilometers of the tangent point. TEC near
orbital altitude is extracted by the following formula
where p is the impact parameter, N, is the electron
density, and ppax 1S the maximum impact parameter
which is approximately equal to the orbit radius.

TEC(p) ~ 2Ne(Pmax)V/ 2Pmax (Pmax — 1) (9)

The calibrated TEC is spline interpolated to the
regular grid of impact parameters on the occultation
side, and it is inverted to an electron density profile
using Eq. 10 (so-called onion peeling method) where
pi is equal to p,.. at the orbit altitude.

3 TEC(h)

Ng(pi) = Z ick,iNe(ka) (10)

2pi(pis1 —pi) =

The coefficients, c; are derived in Syndergaard
et al. (2005). F7/C2 vertical TEC profiles are
calculated using the integration of the electron
density profiles from 80 km to orbit altitude where
negative values of electron density are not included.

The atmospheric profiles such as temperature,
pressure, water vapor pressure, and vertical refrac-
tivity index can be obtained from the surface up to
60 km with a vertical resolution of 0.05 km using
wetPf2 files (Ho et al., 2020). We investigated the air
temperature and pressure data of F7/C2 from January
20 to January 28 with analysis levels at the surface
and 300mb (~ 9 km), respectively. The data covers
10-30°N latitudes and 70-90°W longitudes.

2.3. Exploration of LAI anomalies: approach

It is indispensable to comprehend the associated
processes and the geology around the EQ preparation
zones to attain sturdy insight into the induction of
seismic anomalies that further interact with the
atmosphere. Radon emanations from rocks due to
stress effect along fault lineaments had widely
reported as a potential seismically induced gas
(Giuliani et al., 2009; Hauksson, 1981; King, 1981;
Richon et al., 2003; Woith, 2015). Moreover, the
increased radon discharges from macroscopic faults
(such as an EQ activity) have been proved experi-
mentally (Mollo et al., 2011; Tuccimei et al., 2010).
Pulinets et al. (2015) proposed a mechanism describ-
ing that the radiation ionization associated with radon
gas initiates several chemical and physical processes
in the atmosphere. The condensation of water vapor
takes place due to the formation of large clusters of
ions as a result of the chemical reaction and
ionization process. This water vapor condensation is
further responsible for the release of latent heat of
vaporization at a large scale. These plasma-chemical
compositions produced by increased radon emana-
tions are responsible for variations in air temperature
and relative humidity over a seismically active region
(Dunajecka & Pulinets, 2005; Ouzounov et al., 2018;
Pulinets et al., 2015). Furthermore, Planini¢ et al.
(2001) observed and reported an anticorrelation
between radon and air pressure during the analysis
of long-term data of 2 years between 1999 and 2000
before some EQs. They claimed that increasing radon
was observed to cause significant depletion in air
pressure before the analyzed EQs. Due to these
atmospheric circulations, the latent heat releases that
further generate some extra heat flux that could be
enveloped in the form of OLR. OLR is the thermal
radiation egress from the top of the atmosphere (10—
12 km) that establishes a connection with the earth-
atmosphere system and depends on the SAT (Ou-
zounov et al., 2007). Now further, the variating air
humidity and the radioactive decay of radon releasing
o-particles are the main source of air ionization which
further contributes to the formation of the ions of
aerosol-size particles. Boyarchuk et al. (1998) per-
formed some numerical calculations that resulted in
changing the atmospheric electric field in the
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Figure 2
a The time series of SAT over the epicentral region, where the solif—dotted dark blue line represents the SAT values for January 2020. The
solid blue line represents the SAT mean values for the 5-years between 2015 and 2019. Similarly, the pink solid line indicates the SAT time
series for January 2019 as a confutation analysis. The solid and dashed-dotted black lines denote the corresponding UB and LB, respectively.
b the temporal variations of the ACP datasets for the month of January 2020, where a solid black line represents the corresponding UB. The
dashed red line represents EQ day. The yellow area represents anomalous activities well exceeding the corresponding UB and LB

presence of the aerosols flux. The variating atmo-
spheric  boundary layer conductivity having
anomalous atmospheric electricity is mainly respon-
sible for the ionospheric irregularities. The physical
interpretation of this phenomenon was further carried
out by Kuo et al. (2014) that explained the iono-
spheric perturbations influenced by this electric field.

Besides, previous studies were very limited to the
investigation of a couple of parameters or sometimes
to an individual parameter without using multi
parameters to show any correlation within different
layers of the geosphere. In this study, we will not
only demonstrate the multiparameter investigation
but also reveal the synchronization in time and space
of different atmospheric and ionospheric parameters
that testifies the approaching of the system to the
critical point. In addition, we are undertaking long-
term temporal datasets to investigate the novelty of
the results by expanding the analysis to those without
significant seismicity periods to confirm the non-
existence of such anomalies. Due to the lack of data

availability, we were unable to accumulate the direct
radon measurements around M 7.7 Jamaican EQ.
However, as the increased radon flings along the
macroscopic fault lineaments have proved experi-
mentally by Mollo et al. (2011), we have considered
all those parameters that are directly or indirectly
related to increased radon emissivity and may play an
important part in EQ forecasting. On the other hand,
during the air ionization process produced from
increased radon activity, the latent heat of vaporiza-
tion is equal to its chemical potential at phase
transition (Pulinets et al., 2015). According to
Boyarchuk et al. (2006), for a given relative humidity
(H) and SAT (Ty), the correction of the chemical
potential of the atmosphere can be calculated as:

AU = 5.8 x 107'°(20T, + 5463)’In(100/H) (11)

We estimated the atmosphere chemical potential
(ACP) with temporal datasets of the atmospheric
relative humidity and SAT for January 2020 using the

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



8

(=]

- 70

Y

60

50

A Lithosphere—Atmosphere—Ionosphere Coupling

Region: 78.8562W, 19.2508N

T ] | T T I

M+2IQR

W

[——2020
|

M-2IQR
(a) Total Water Vapor

UB LB

2015-2019 —— 2019
| I |

Y

I I I I

1 1 1 | | | | | 1 1 |

Reglon. 78. 8562W 19 2508N

m fw\y— W \XM’S "y

M+ZlQR

T T T T I I

M-2IQR
(b) Rclatlvc Humidity

W =g MMN@

LB ——2020 —UB ——2015-2019
T T T T T T T T T T T 1

2019
I I

1 1 1 1 1 1 | 1 1 1 1 L |

6 11

16 26 31

Days of January

Figure 3

a The time series of total column water vapors over the epicentral region, where the solid-dotted dark brown line represents the water vapor

values for January 2020. The solid blue line represents the water vapor mean values for the 5-years between 2015 and 2019. Similarly, the red

solid line indicates the water vapor time series for January 2019 as a confutation analysis. b The relative humidity temporal variations, where

solid-dotted purple and solid yellow lines represent its variations for years 2020 and 2019, respectively. The solid blue line represents the

water vapor mean values for the 5-years between 2015 and 2019. The solid and dashed-dotted black lines denote the corresponding UB and

LB, respectively, in both panels. The dashed red line represents EQ day. The yellow area represents anomalous activities well exceeding the
corresponding UB and LB

Eq. 11, which can be interpreted as the increased
radon activity.

3. Results

Radon during its decay emits energetic a-particles
with the energy E, = 5.46 MeV. Since the energy of
atmospheric gas ionization lies within the range of
10-30 eV, each o-particle can produce on aver-
age ~ 3 x 10° electron—ion pairs (Pulinets et al.,
2015). After the series of plasma chemical reactions,
the primary ions form the positive and negative ter-
minals which start to be hydrated by the attachment
to the water molecules present in the atmospheric air.
During every act of water molecule attachment, it
emits at least the thermal energy of 0.433 eV called
the latent heat of condensation. By this process, the
free water vapor is removed from the atmosphere

resulting in the humidity drop, and latent heat release
leads to an increase in the air temperature. The latent
heat of vaporization is equal to the ACP during its
phase transition. In this sense, the ACP can be
regarded as the increased radon activity. Figure 2
represents the temporal variations of the ACP data for
the month of January 2020. One can observe that the
ACP abruptly increase to attain a value of 0.014 eV
on January 23, 2020 (Fig. 2b), which suggests an
increased radon activity around the epicenter of the
M 7.7 EQ.

In comparison to normal circumstances, the
increased radon coalescence yields a drop in relative
humidity and consequently alters air temperature
(Pulinets et al., 2015). From Fig. 3, one can see the
temporal dynamics of the relative humidity on the
epicenter of the Jamaica earthquake where during one
and half days, from 21:00 UT on 21 January to 09:00
UT of 23 January, the relative humidity dropped
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Figure 4
Short-term Spatio-temporal anomaly maps of mid-tropospheric relative humidity from NOAA, at an altitude of 7 km above mean sea level,

between January 19 and 30, 2020. The epicenter of M 7.7 EQ is represented by a white star. The dashed-red square exhibits the anomalous day

to ~ 50% from ~ 85%. Similarly, Fig. 4 describes
the spatial distribution of the mid-tropospheric rela-
tive humidity where it significantly dropped
to ~ 25% on January 23, compared to the other days
(5 days before the EQ), over and around the epicenter
of M 7.7 Jamaica EQ. On the other hand, we
observed a peculiar phenomenon in the SAT time
series where the SAT values have sharply decreased
to more than 4 K from the corresponding LB on
January 23, 2020 (Fig. 2a). The spatial anomaly maps
of the SAT suggest a similar drop of 4 K explicitly
over the epicenter, compared to the rest of the ana-
lyzed days (Fig.5). This decrease of the air
temperature simultaneously with the growth of the
ACP is observed to be a very rare effect (Fig. 2). It
could be explained in the following way: probably
the sharp drop of relative humidity led to the drop of
the air pressure according to Dalton’s law of partial
pressures because of the drop of the water vapor
partial pressure. On days 22-23 January, the cold was
approaching from the northwest direction, and a

sharp depression over the impending EQ’s epicenter
sucked down the tongue of the cold air in the
preparation area of the M 7.7 Jamaica EQ, which led
to the temperature drop.

Such a drop in relative humidity (Fig. 3a) and
increased ACP (Fig. 2b), resulting in the condensa-
tion of water vapor and latent heat release before the
EQs, are the main drivers of the air ionization. In
general, latent heat increases due to an increase in
evaporation, which is a result of an increased amount
of water vapor around the EQ epicenter (Mansouri
Daneshvar et al., 2014). Figure 3a represents the time
series for the total column water vapor during the
whole month of January 2020. We observed a sig-
nificant vapor of
about ~ 4 kg/m’ from the corresponding UB on
January 23, 2020. It is worth noting that ~ 2494 J of
heat releases during condensation of only 1 g of
water vapor from each cubic meter of air that further
results in about a 6.7% drop of relative humidity,
which has been confirmed by

increase in column water

satellite-based
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Figure 5
Spatial anomaly maps of surface air temperature from NOAA between January 19 and 30, 2020, where white star represents the epicenter of
Jamaica EQ. The dashed-red square exhibits anomalous days

measurements (Pulinets & Ouzounov, 2018). Addi-
tionally, radon emitted «-particles carry average
energy of about 6 MeV and can generate up to 4.5 x
10° ions-electron pair. In an experimental study
conducted by Wilding and Harrison (2005), it was
observed that a single ion may carry a hundred water
molecules. Hence, the increased amount of water
vapor will provide a large number of water molecules
to radon ions, and as a consequence, an increase in
latent heat. Another atmospheric phenomenon related
to the increased radon is the atmospheric pressure.
Figure 6 delineates a peculiar decrease of 14 mil-
libars (mb) in air pressure on January 23, 2020
(5 days before the EQ), which is another sign of
increased radon activity over the M 7.7 EQ prepara-
tion zone. On the other hand, the radon-induced
ionization exists at different levels in the atmosphere,
the combined energy released by each «-particle will
be finally converted to heat at the top of the atmo-
sphere, which can be monitored by the satellite in the
form of OLR. Figure 7 represents an enormous

increase of about 30 W/m? in the OLR values on
January 23, 2020, right over and around the epicenter
of M 7.7 Jamaica EQ, which provides another indi-
cation of the seismically induced atmospheric
environment.

Furthermore, the air ionization, produced by
increased radon emanations and column water vapor,
is the main source of ions production at the atmo-
spheric Planetary Boundary Layer (PBL). The air
ionization further provides increased air conductivity
at PBL by formulating large ion clusters having a size
of aerosols size particles that lead to a generation of
the steady steep electric field over the entire EQ
preparation area, which is responsible for ionospheric
variabilities (Pulinets & Davidenko, 2014). Hence, in
order to testify to an agreement with atmospheric
variations observed on January 23, 2020, we used bi-
hourly GIM-TEC maps for that particular day to
study the ionospheric effects engendered by gigantic
M 7.7 Jamaican tremblor. Figure 8 represents spatial
GIM-TEC anomaly maps on January 23, 2020, where
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Air pressure anomaly maps from NOAA between January 19 and 30, 2020, at an altitude of 9 km above mean sea level. The epicenter of the
Jamaican 7.7 EQ is represented by a white star, and the anomalous day is denoted by a dashed-red square

one can observe that the ionospheric anomalies lasted
for 6 h (LT = 13-19 (— 5 UT)). A maximum devi-
ation of 4 TECU can be observed during these
anomalous hours around the epicentral area. The
demonstration of these anomalies conjectures their
specificness concerning the region. Even though
these fluctuations are local but the existence of geo-
magnetic catastrophe may mask these
ionospheric anomalies. Figure 9 describes the geo-
magnetic conditions that indicate all quiet space
weather on January 23, 2020. It can be observed that
the Kp index remained less than 3, similarly, SYMH
recorded greater than — 15 nT, and F10.7 remained
less than 70 SFU on January 23, 2020. These results
manifest that the ionospheric depletions observed
over M 7.7 epicenter, are not contributed by geo-
magnetic activity.

Moreover, the GIMs demonstrate the observed
TEC variations at the altitude of the fixed-height thin
layer that is generally defined as 350-450 km. Thus,
to further explore the lower ionospheric variations,
the vertical ionospheric profiles from F7/C2 were
analyzed between LT =13-19 (—5 UT). The

storm

selection of this specific period was subjected to the
anomalous hours observed in the GIM-TEC maps. A
considerable decrement of ~ 10 TECU from the
corresponding median can be observed in ionospheric
TEC profiles on January 23, 2020, between an alti-
tude of 60—400km, as shown in Fig. 10.
Additionally, the atmospheric profiles, including SAT
and air pressure, have shown consistency with our
spatial observation from NOAA-PSL, as they exhib-
ited significant diminutions from their corresponding
medians at different atmospheric altitudes, exploiting
LAI interactions (Fig. 10). We further conducted a
brief analysis to explore TEC behavior at the lower
ionosphere by constructing the spatial F7/C2 TEC
maps at seven 25 km altitude intervals from 75 to
225 km, right above the epicenter. A co-located
chained synchronous reduction was observed in TEC
values, explicitly, over a small region above the
epicenter between LT = 13-19 (— 5 UT), as repre-
sented by Fig. 11. Between 75 and 125 km, the TEC
values are extremely reduced (less than 50 TECU),
while between 150 andl175 km the TEC values
seemed to be diluted but remained significant
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Figure 7
Spatial anomaly maps of OLR between January 20 and 28, 2020, at top of the atmosphere (altitude = 12 km (above mean sea level)). The
dashed-red rectangle shows the anomalous day and the white star represents the epicenter

compared to surroundings, whereas between 200
and225 km the significance of TEC reductions again
increased. It can be observed that the existence of
these TEC anomalies is extremely local and ornately
persuaded by the seismogenic electric field generated
from air ionization produced from the increased
radon activity at the PBL.

After meticulous analysis, these results incite a
LAIC phenomenon before M 7.7 that could be con-
sidered as potential short-term precursors. In Fig. 11,
all the results have been summarized into a single
framework that explicates the formation of seismi-
cally induced anomalies from the surface to the
ionosphere, at different altitude levels, divulging the
LAIC. Our results confirm the LAIC phenomenon
proposed by Pulinets et al. (2015) and provide deep
insight into earth-atmosphere processes leading to
ionospheric changes, where the time and space syn-
chronization of all parameters on 23 January
demonstrates the system proximity to the critical
point.

4. Discussion

With respect to the perception of the EQ prepa-
ration area (Dobrovolsky et al.,, 1979) for M 7.7
Jamaica EQ, which has the spread over 0-36° N in
latitude and 58-98° W in longitudes, the whole
Caribbean sea, and associated islands have experi-
enced the structural deformation, so the radon
enhancements might have experienced throughout the
region. Although due to data limitations, the direct
radon measurements are not presented in this study.
Nevertheless, the ACP can serve as a proxy of radon
activity (Pulinets et al., 2015). Its temporal evolution
for January 2020 in the epicenter of the Jamaica EQ
demonstrates the sharp increase within the time
interval of 22-25 January that can be interpreted as
increased radon activity. It is quite natural that our
results show strong evidence of air ionization pro-
duction due to increased radon emanations and
atmospheric coupling that further induced iono-
spheric variabilities. The enhanced radon excretions
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serve as the condensation of water droplets and
consequently, latent heat of vaporization produced.
This condensation takes place due to a drop in rela-
tive humidity at any level (mid-troposphere) with an
appropriate range.

In our analysis, we have found strong evidence of
the air ionization production in the form of simulta-
neously increasing ACP and total column water vapor
and decreasing relative humidity and air temperature
over the epicenter of the Jamaica EQ that led to the
production of OLR anomalies and a drop in the air
pressure on January 23, 2020. Since these are the
climatological parameters, therefore, we have ana-
lyzed the 5-years mean of these parameters between
the years 2015-2019, where no significant seismicity
was present, to ensure that the observed atmospheric
anomalies are unique and not periodic. To make a
confutation analysis, we have investigated the data-
sets of the SAT, relative humidity, and total column
water vapor for the year 2019 in January (Figs. 2 and
3). From Fig. 2, we can see that the SAT time series

for the year 2019 exhibit very normal behavior with
respect to the 5-years mean and the corresponding
UB/LB without showing any abnormality throughout
the month. Similarly, the time series of the column
water vapor for the year 2019 also demonstrates the
usual posture without any abrupt enhancement com-
pared to the UB and 5-years mean (Fig. 3a).
Moreover, the 2019 year’s temporal variations of
relative humidity have exhibited normal distribution
with respect to 5-year mean and LB except on Jan-
uvary 31, 2019, where we can observe an abrupt
decrease (Fig. 3b), but interestingly enough, we did
not find any simultaneous variations neither in the
form of increased water vapor nor in air temperature
on this particular day (Figs. 2 and 3). It means that
this decrease in the relative humidity might be a
climatological effect that didn’t affect the water
vapor and air temperature. It is noteworthy that the
variations in the air temperature and water vapor are
the ultimate source of the condensation process,
which strengthens our findings before the M 7.7
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Figure 9
Solar and geomagnetic indices with a temporal resolution of 5 min: the top three panels hold solar index F10.7, SMYH (a high-resolution
form of Dst index), and Kp index, between January 20 and 28, 2020. While the lower two panels carry the 24-h variations of SYMH and Kp
indices for January 23, 2020, where the x-axis contains UT hours. The yellow highlighted area represents an anomalous period

Jamaica seismic event. This confutation analysis
suggests that the simultaneous variations in relative
humidity, SAT, and total column water vapor,
observed on January 23, 2020, are peerlessly unique
that demonstrates the production of air ionization
over the seismic preparation zone.

According to Pulinets and Ouzounov (2018), a
drop in relative humidity due to radon emissions, and
increased column water vapor are mainly responsible
for the condensation process, and as a consequence,
latent heat releases. Furthermore, according to Inan
et al. (2008), the rate of radon enhancements due to
seismic activity may attain a value of ~ 2000 Bq/
m>. Whereas, the radon ion production rate is ~ 6 X
108 57! and latent heat constant is approximately

equal to 40.68 x 10° j/mol. Hence, heat energy of
about 16 W/m” should be released for given radon
measurement and associated formation of ions having
a size of 1 um (Pulinets et al., 2015), which agrees
with OLR measurements of 20 W/m? registered by
(Ouzounov et al., 2007). Similarly, the OLR mea-
surements recorded in our study exceeds 30 W/m?
(Fig. 7), which also provides strong evidence of
seismically induced radon before M 7.7 EQ. Fur-
thermore, air ionization at PBL is largely responsible
for changes in the Global Electric Circuit (GEC),
which is further responsible for atmospheric-iono-
spheric coupling. The pleonastic conception of GEC
is discussed by Pulinets and Davidenko (2014) and
Pulinets et al. (2015). They explained that the main
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line represents January 23, 2020, and the other blue lines represent the ground tracks of median days. The analysis level of TEC profiles was
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forces that drive the GEC are thunderstorms and large
radioactive structures (such as radon ionization) that
produce vertical electric current over the planetary
boundary. The PBL is largely dependent on variable
plate boundary resistance, once the resistance is
changed, the current flow between the atmosphere
and ionosphere will also change. Moreover, the
variations in the ionosphere are largely dependent on
PBL, a sharp increase in radon measurements may
lead to ionospheric depletions causing an increase in
atmospheric boundary conductivity. In our case, we
also recorded ionospheric depletions of about 4
TECU in GIM-TEC (Fig. 8) that demonstrate radon

enhancements and consequent LAIC phenomenon.
Figure 11 portrays an overview of the LAIC phe-
nomenon observed before large Jamaica EQ, where a
chained synchronous anomaly pattern can be
observed. Similar findings were registered by Giu-
liani et al. (2009), where a radon anomaly followed
by anomalies in SAT and OLR, and further in the
ionospheric TEC was detected.

The exhibition of concomitant anomalies from the
surface to the ionosphere indicates an abrupt increase
in radon emissions lead by tectonic activity that could
be considered as potential EQ precursors before M
7.7 Jamaica EQ.
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(Left) The ionospheric TEC maps constructed from F7/C2 satellites data with a spatial resolution of 1°, between an altitude of 75-225 km.
(Right) Exhibition and validation of the LAIC phenomenon (from the surface to the ionosphere)

5. Conclusion

This paper presents the anomalous conditions
observed before Jamaica EQ of January 28, 2020, in
pursuit of a possible precursory phenomenon. We
observed a reduction of 25% in relative humidity, 14
mb in air pressure, and 4 K in the SAT, which pro-
vides evidence of increased radon emanations about
five days before the EQ. The simultaneous variations
in the form of a drop in relative humidity, SAT, and
increased total column water vapor, as well as drop-
ping air pressure and increasing OLR, indicate the
production of air ionization through the condensation
of water vapor in the atmosphere. On the other hand,
our confutation analysis, based on the datasets of the
previous 5 years in the same month and region,
confirmed that the observed variations are categori-
cally unique and not periodic in the absence of
significant seismicity periods. Moreover, we
observed an ionospheric anomaly in the form of
GIM-TEC and F7/C2 TEC profiles as a result of the
air ionization production over the atmospheric
boundary layer that exhibits a LAIC phenomenon. An
overview of the LAIC phenomenon and a summary
of these results are presented in Fig. 11. Even though

our results evidenced the occurrence of seismic
ionospheric precursors, but still we suggest that due
to the diverse nature of the ionospheric environment,
as it is very vulnerable to other sources such as
traveling ionospheric disturbances and solar activity,
etc., it will be very arduous and complicated to find
an EQ precursor in the ionosphere during the pres-
ence of high geomagnetic conditions and solar
activities.

The combined approach used in this study (from
the ground to the ionosphere) has never been used
previously by any researcher. We recommend more
precursory analysis with a similar approach to further
explore the LAIC phenomenon. We believe that our
multi-precursory analysis at different altitude levels
is another conferment to comprehend the LAIC
phenomenon and future EQ forecasting.
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