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Abstract— In the field of earthquake precursors, most of the
researchers are now realizing that the feeble amount of energy
/mass /momentum etc. released prior to main rapture by a major
earthquake, should be good enough to cause large amount of
changes in the atmospheric parameters which can be easily
detected. The above requirement of monitoring can only be
fulfilled by techniques like acoustic radar /Lidar that monitor
atmosphere in pictorial form on 24-hour basis or use satellite-
based monitoring. The data must be processed within minimum
possible time and the conclusions must be drawn in order to issue
the most wanted warning of an impending earthquake. It is
important to note that in India, a major earthquake with
magnitude of >8.0 is overdue and we need to address this issue of
precursor detection on priority.

We at the Silver Line Prestige School are working on acoustic
radar technology which maps the dynamics of the lowest 1 km of
the atmosphere as it presents data in the photographic form. The
problems associated in utilizing this technique are presented in
this paper.
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1. INTRODUCTION

An earthquake is the most devastating natural phenomenon
where energy release per second is the highest and by the
time, Earth based instruments detects its arrival, destruction
and associated death, injuries and trauma stand as a
challenge before mankind [1]. India is facing a serious
threat from a major earthquake striking somewhere over
northern India [2-3]. It is a high time that we understand the
precursory processes and the potential technologies for the
detection of precursory signatures associated with an
impending earthquake [4-8]. A timely warning will not be
able to save destruction but it will save untimely deaths,
injuries and people trapped under debris. It will cut down
the cost of handling medical emergency and disposal of
dead bodies. A timely warning will also help in shutting
down major nuclear installations, handle electricity
distribution, enhance vigil on dams and reduce speed of
entire transport system in the nation.

Fortunately, India holds an international patent in
detecting precursor of an earthquake using an acoustic radar
[9] and to create this facility, a java based acoustic radar has
been designed, developed and installed at the Roorkee
Engineering and Management Technology Institute, Shamli,
India so as to provide an easy access for professionals
working in the field of earthquake precursor in India/ abroad
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[10]. However, it is important to understand that just by
establishing acoustic radar/ radars, it will not solve the problem
of detecting precursor of an earthquake; we need to address
many other related issues, which are discussed in this paper.

Before realizing the problems, let us understand the acoustic
radar technology in terms of its detection capability and what
exactly it will detect so as to be sure about its capability as a
precursor detection of a major earthquake.

Il ACOUSTIC RADAR TECHNOLOGY

In acoustic radar, an antenna mounted on the surface of Earth,
transmits a powerful pulse of sound vertically up into the air.
The amplitude of the transmitted pulse propagating in the
vertical direction gets scattered by the thermal perturbations or
inhomogeinites present in the atmosphere. The backscattered
component of the sound energy is picked up by the receiving
antenna in a monostatic mode. For each pulse, it takes 6
seconds to probe 1 km of the lowest atmosphere (3 seconds for
sound to go up to a height of 1km and 3 seconds to return). The
received sound energy is plotted as as a line of 400 dots in a
period of 6 seconds. The process of transmission, reception and
data plotting is handled by a dedicated software. Fig. 1 shows
photograph of acoustic radar antenna installed at REMTech,
Shamli. Fig. 1 shows a hexagonal shield mounted on a raised
platform that surrounds a 4 feet parabolic dish, working as a
transmitting as well receiving antenna. This shield houses
antenna in a relatively noise free environment so as to increases
S/N ratio of the received signals. The S/N ratio is enhanced by
pasting 100 mm thick ms foam of 32 density. Shield also helps
in cutting down the horizontal propagation of transmitted
energy so as to cut down the reflection from nearby tall
structures. At the same time, shield prevents development of
reverberations within the structure.
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Fig. 1. Acoustic radar antenna houses 4 feet parabolic dish
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surrounded by hexagonal shield. The height of shield is
1.6764m.

Fig. 2. shows isometric view of the acoustic radar shield.
In our case, it is a metallic shield mounted on a raised
platform specifically developed to give an aesthetic look.
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Fig. 4 Facsimile chart of fog

The site at Shamli is surrounded by cultivated fields but it is
seen that the site experiences whirlwind incidences. In the
whirlwind, a vortex of wind forms due to instabilities and
turbulence created by heating and flow gradients. In Fig5.,
whirlwind started at 1220 IST and continued up to 1310 IST.
However, it is important to note that although acoustic radar
detects almost all weather phenomena but like an EM radar, it
doesn’t chase a target. It records it’s footprints as it passes over
the antenna. In the case, development takes place over the site
or in the adjoining area, the signature increases its height with
time and in this case, its vertical speed has come to be 1.46m/s.
In the case, whirlwind passes over the site, its signature
decreases in height with time.
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Fig. 2 Isometric view of the shield.

Fig. 3 shows the pictorial data output from an acoustic
radar. Basically, it is a line by line scan in which each pixel
is given a shade / colour code depending upon the signal
strength. The pattern of the received signal can be inferred
after every 15 to 30 minutes and it varies with the weather
conditions. Fig. 3 has captured thermal convection during
the daytime. This picture is formed by the heating of the ‘ 18.04.2016
surface of Earth by the solar energy. The falling energy
from the Sun is roughly the same over a wide area but due
to differences in the albedo and specific heat capacities at

various places (like, road, building, park, drainage, trees 00 .
etc.), thermal convection is recorded as thermal plumes [11- 0800 0900 1000 1100 1200 1300 1400
12]. Thermal plumes show well mixed atmosphere. TIME, IST
1000 Fig. 5 Whirlwind event recorded over REMTech, Shamli
E 800 Thermal Convection Vertical Mixing of air-pollutants

Fig. 6 is a unique facsimile chart which shows sudden
enhancement of thermal structure in the morning at 0500 IST,
this can only be caused by a cold cloud moving in the upper

00 regions, thereby creating sudden vertical movement. At 0500
1100 1200 1300 | IST, we can’t expect any source of sudden heat on the ground.
TIME, IST st

Fig. 3 Thermal convection is seen during the daytime and

. . . ch, Shamli|
remains suppressed during peak winter season. t

03.05:2016

Fig. 4 is a record of fog over the Indian Antarctic station,
Maitri. Sitting on the surface of Earth, it is impossible to
judge the vertical extent of the fog. On the acoustic radar

facsimile record, it is seen clearly that fog is not uniform in 0500 0600
terms of its density and its height is touching about 800m in TIME, IST

thickness. This figure shows capability of acoustic radar to

detect minute changes in temperature associated with humid Fig. 6. Depiction of passage of cloud in the upper regions

air or tinny water droplets.
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Fig. 7 shows movement of surface based inversion formed
at night under the influence of solar heating, leading to the
formation of gravity waves and the rising layer. Acoustic
radar has the capacity to record changes ~ of 5 minutes or so
and height differences of about 20m or so. In this case,
gravity wave period is about 11 minutes. It is important to
note that the photographs depicted in this paper, are highly
compressed, in actual data, we can differentiate at a scale of
seconds.

REMTech, Shamli
20.04.2016 |
Gravity Wave

00
0900 1000 1100 1200 1300 1400
TIME, IST

Fig. 7 Facsimile chart depicting dynamics of atmosphere
depicting several atmospheric phenomena

All the facsimile charts of acoustic radar depict its
capability to record minute changes in the atmosphere, these
are normally caused or are formed by lithosphere-
atmosphere coupling where heat energy transfer causes
thermal convection, surface based and elevated layers, wind
shear etc.

Our aim is to see, if this equipment can be used to detect
changes in the atmosphere caused by various phenomena
before the rapture of a major earthquake.

I EARTH-ATMOSPHERE COUPLING

In view of earthquake precursor detection, it is important
to realize that nature has created mother Earth, which has a
mass of 5.972 x 10* kg. Compared to this, mean mass of
air on Earth is 5.1480x10'® kg. This means Earth is enclosed
in a shell of air, which is million times lighter. Moreover,
Earth’s surface has specific heat (~0.20 Cal/gram°C)
comparable to air; this means both the surface of Earth and
air are thermally linked. Grant et al.[5] have clearly
discussed role of chemical changes prior to earthquake and
induction of positive air ions into the lower atmosphere. Air
laden with positive ions leads to condensation of water
droplets, causing haze and clouds. When positive air ions
reach the Earth surface, the h’can pairwise recombine to
form proxy bonds again. This is an exothermal reaction. It
leads to vibrationally highly excited states, which de-excite
by emitting infrared photons, leading to the creation of
“thermal anomalies” captured in night-time infrared satellite
images of the areas around future epicenters. The thermal
anomaly close to the surface of earth, will certainly cause
change in atmosphere and acoustic radar is the most
promising technique to record such changes.
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Ouzounov and Freund [13] have detected mid-infrared
emission prior to strong earthquakes analyzed by remote
sensing data, it means, there is an enhancement in the
temperature over earthquake preparation zone. Mulargia et
al. [6] have stressed that there are three phases involved in
the journey of an earthquake. These phases are important to
release heat energy, material in gas, liquid and solid phases-
all leading to change in atmosphere. Anders et al. [7] have
emphasized that micro-fracturing processes before a major
earthquake strikes. These have high-aspect-ratio cracks in
rock that result from application of differential stresses. In
geologic settings, microfractures commonly form as Mode |
(opening) fractures where the minimum principal stress
exceeds the elastic tensile strength creating a narrow
opening displacement; in isotropic rocks such fractures
mark the plane perpendicular to the least compressive
principal stress during fracture growth. These planar or
curviplanar openings provide an opportunity for fluids
and/or gases to enter the created cavity. Understanding of
these microfractruing processes can lead to understand
precursory phenomenon.

IV PROBLEMS IN ACOUSTIC RADAR TECHNOLOGY

Acoustic radar technology has been accepted as a promising
technology to detect precursory changes / signals [14].
However, just by deploying acoustic radar will not solve the
problem, we need to address the following:

1. Pattern recognition: In acoustic radar, data gets generated
after every 6 seconds and we can safely presume, one hour data
to be a pattern different from rest of the patterns. Therefore, the
problem is that we need to develop an online pattern
classification / recognition software that will sort out data into
different bins, each being classified based on its time of
occurrence, season, meteorological conditions and surface
based seismic data sets. We need to identify all the signatures
which can possibly be generated by nature, without the
incidence of an earthquake, so that when we have an incidence
related to earthquake, it gets identified automatically. Human
intervention is impossible. To mitigate this problem, we need to
install a number of acoustic radars in India and receive data at
one place, where pattern recognition team develops the
software. To start working on this problem, Deb et al. [15-16]
have undertaken preliminary work that must be extended.

2. Networking and inter-comparison: Acoustic radar need to
be installed in earthquake prone regions so that acoustic radar
data is studied in relation to earthquake related parameters.

V CONCLUSION

We have acoustic radar technology to serve in the field but
we need to have collaboration with active groups having
various earthquake measuring techniques so that its potential
gets fully utilized in the interest of humanity. At the same time,
professional working on pattern recognition must contact us
urgently so that his extremely important work starts in the
interest of humanity.
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