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Abstract
The product is being innovated to predict Earthquake. Now 
a days we   often here/watch the news that there are many 
earthquake, whether the consequences of those were very 
low or high, occurred in the Earth.  Hence, this is the high 
time to monitor about the possibility of Earthquake and that 
how to minimize the loss of lives and other belongings. The 
Earthquakes occur due to the formation of stress. The formation 
of the stress is due to the movement of plates (Plate Tectonics). 
The study of Plate Tectonics, Plate Boundaries and the Stages 
in the process of the Earthquake are discussed in section 2, 
3 and 4 in detail.
There are five stages in the process of Earthquake:
Stage I (Build up of elastic strain)
Stage II (Development of cracks)
Stage III (Influx of water)
Stage IV (Fault rupture or Earthquake)
Stage V (Stress followed by aftershocks)
It is evident that the water plays a vital role in the stage II and 
stage III in the process of earthquake.  During stage II, the water 
level fluctuates and declines.  During stage III, the water level 
suddenly/rapidly rises (influx of water). Forming a centralized 
network, using embedded system will help us to predict the 
occurrence of the earthquake and that it will be more helpful to 
take adequate measures to safeguard the lives of the predicted 
area of the earthquake.  

I. Introduction
This innovation helps us to analyze the area of occurrence 
of the Earthquake prior to the mainshock. The work on this 
innovation (i.e. Earthquake Prediction Using Centralized 
Network of Embedded System) has not been tested. However 
the informations obtained from various Earthquake Engineering 
Department and organization states that underground water 
plays a vital role in the process of Earthquake (especially in 
Stage II &III). The change in water level has been monitored prior 
to earthquake viz. Park field earthquake, in China Tangshan 
earthquake, Chi-Chi earthquake and other places of Japan, 
China, USSR, and USA.
We could know the news only after the occurrence of the 
earthquake.  If the innovation is implemented we can predict 
the occurrence of the earthquake before the mainshock. 
Government and People are the primary beneficiaries of this 
innovation because lives and property of the people will be 
saved and help the Government to take adequate precaution 
measures prior to the mainshock. This innovation does not 
have any financial benefits other than saving the precious 
lives of people, because we are only in the stage to predict 
Earthquake before the mainshock and we are unable to control 
it. However, Government and people can shift their valuable 
things and documents. Neighbor countries would be impacted 
positively by this innovation, because we can, through this 
innovation, analyze Earthquake in their area also prior to the 
mainshock.

II. Plate-Tectonic (The Movement of Plates which causes 
Earthquake)
The movement of plates has caused the formation and break-
up of continents over time, including occasional formation of 
a supercontinent that contains most or all of the continents. 
The supercontinent Rodinia is thought to have formed about 1 
billion years ago and to have embodied most or all of Earth’s 
continents, and broken up into eight continents around 600 
million years ago. The eight continents later re-assembled into 
another supercontinent called Pangaea; Pangea eventually 
broke up into Laurasia (which became North America and 
Eurasia) and Gondwana (which became the remaining 
continents). 
Powered by forces originating in Earth’s radioactive, solid iron 
inner core, these tectonic plates move ponderously about at 
varying speeds and in different directions atop a layer of much 
hotter, softer, more malleable rock called the athenosphere. 
Because of the high temperatures and immense pressures 
found here, the uppermost part of the athenosphere is 
deformed and flows almost plastically just beneath the Earth’s 
surface. This characteristic of the athenosphere to flow allows 
the plates to inch along on their endless journeys around the 
surface of the earth, moving no faster than human fingernails 
grow. Harry Hess’ theory states that the plate-driving force is 
the slow movement of hot, softened mantle that lies below 
the rigid plates. The circular motion of the mantle carried the 
continents along in much the same way as a conveyor belt. 
The earth, instead of appearing as an inert statue, is a living, 
mobile thing. Both the Earth’s surface and its interior are in 
motion. Below the lithospheric plates, at some depth the mantle 
is partially molten and can flow, albeit slowly, in response to 
steady forces applied for long periods of time. Just as a solid 
metal like steel, when exposed to heat and pressure, can be 
softened and take different shapes, so too can solid rock in 
the mantle when subjected to heat and pressure in the Earth’s 
interior over millions of years.
 

                             
Fig. 1: Sketch showing convection cells commonly seen in 
boiling water
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Fig. 2: Conceptual drawing of assumed convection Cells in 
the mantle

The mobile rock beneath the rigid plates is believed to be 
moving in a circular manner somewhat like a pot of thick soup 
when heated to boiling. The heated soup rises to the surface, 
spreads and begins to cool, and then sinks back to the bottom 
of the pot where it is reheated and rises again. This is known 
as convection cell or convective flow. The convective flow can 
be observed easily in a pot of boiling soup.
Convection cannot take place without a source of heat. Heat 
within the Earth comes from two main sources: radioactive 
decay and residual heat. Radioactive decay, a spontaneous 
process that is the basis of “isotopic clocks” used to date rocks, 
involves the loss of particles from the nucleus of an isotope (the 
parent) to form an isotope of a new element (the daughter). 
The radioactive decay of naturally occurring chemical elements- 
most notably uranium, thorium, and potassium-releases energy 
in the form of heat, which slowly migrates toward the Earth’s 
surface. Residual heat is gravitational energy left over from 
the formation of the Earth-4.6 billion years ago-by the “falling 
together” and compression of cosmic debris. Cold, denser 
material convects downward and hotter, lighter material rises 
because of gravity; this movement of material is an essential 
part of convection.

Fig. 3: Flow of convection currents

The circulation of these convection cells could very well be the 
driving force behind the movement of tectonic plates over the 
athenosphere.

III. Plate Boundaries
There are 3 primary types of Tectonic Plate boundaries: 
Divergent boundaries; Convergent boundaries; and Transform 
boundaries. As the giant plates move, diverging [pulling apart] or 
converging [coming together] along their borders, tremendous 
energies are unleashed resulting in tremors that transform 
Earth’s surface. While all the plates appear to be moving at 
different relative speeds and independently of each other, the 
whole jigsaw puzzle of plates is interconnected. No single plate 
can move without affecting others, and the activity of one can 
influence another thousands of miles away. 

A. Divergent Boundaries
At divergent boundaries new crust is created as two or more 
plates pull away from each other. Oceans are born and grow 
wider where plates diverge or pull apart. As seen below, when 
a diverging boundary occurs on land a ‘rift’, or separation will 
arise and over time that mass of land will break apart into 
distinct land masses and the surrounding water will fill the 
space between them i.e., Birth of an Ocean. Example: Iceland 
is splitting along the Mid-Atlantic Ridge.

B. Convergent Boundaries
Here crust is destroyed and recycled back into the interior of 
the Earth as one plate dives under another. These are known 
as Subduction Zones - mountains and volcanoes are often 
found where plates converge. Example: Himalayas.

C. Transform-Fault Boundaries 
Transform-Fault Boundaries are where two plates are sliding 
horizontally past one another. These are also known as 
transform boundaries or more commonly as faults.
Example: San Andreas Fault zone in California.

IV. Stages in the process of Earthquake
Earthquakes are divided into five stages. During each stage, 
a variety of changes occur in the earth. These changes are 
the geophysical precursors, and they can help us to predict 
earthquakes. In order to understand how these precursors arise 
and how they help predict earthquakes, the five stages of an 
earthquake must be discussed. These five stages arise from 
the Elastic Rebound Theory. The five stages of an earthquake 
are discussed here.

A. Stage-I (Buildup of elastic strain)
Stage I of an earthquake is the buildup of elastic strain. As the 
two sides of a fault move, elastic strain slowly builds up in the 
rocks, and the rock particles become compressed together.

B. Stage-II (Dilatancy and development of cracks)
Stage II is dilatancy and development of cracks. The rocks are 
now packed as tightly as possible, and the only way the rocks 
can change shape is to expand and occupy a larger volume. 
This increase in volume is called dilatancy. The volume increase 
is caused by the formation of microcracks. As microcracks 
form, the water that normally fills the pores and cracks in the 
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rocks is forced out, much like when you step on wet beach 
sand. Air now fills the pores and cracks in the rocks. During 
this process, the rocks become stronger and can store more 
elastic strain. This process can be detected on the surface by 
uplift and tilting of the ground.

C. Stage-III (Influx of water)
Stage III is the influx of water and unstable deformation in the 
fault zone. During this stage, water is forced back into the pores 
and cracks in the rocks by the surrounding water pressures, 
much like when water fills the footprint in the sand. As the 
water returns, the dilatant rock loses its increased strength. 
The rocks are already strained beyond their normal capacity, 
and the rate at which the rocks fall in strength determines 
the instant of failure. The inflow of water also prevents further 
generation of microcracks; thus, the rocks stop expanding. In 
addition, the water in the rocks provides lubrication for the 
eventual release of the built-up strain.

D. Stage-IV (Fault Rupture)
Stage IV is fault rupture, or the earthquake. Eventually, the rocks 
can no longer resist the strain. The fault suddenly ruptures, 
producing an Earthquake. When the fault ruptures, the elastic 
energy stored in the rocks is released as heat and seismic 
waves. It is these waves that constitute an earthquake.

E. Stage-V (Aftershocks)
Stage V is the sudden drop in stress followed by aftershocks. 
Most of the elastic strain energy is released by the principal 
earthquake; however, additional smaller ruptures occur 
producing aftershocks. The aftershocks release the remaining 
strain energy, and eventually the strain in the region decreases 
and stable conditions return.

V. Database collected
The database collected for water level changes prior to 
Earthquake is tabulated.

It is evident that water plays a vital role in the process of 
earthquake prior to the mainshock. The change in water level 
is directly proportional to the magnitude to distance ratio (i.e., 
magnitude/epicentral distance) and inversely proportional to 
the epicentral distance.

VI. Earthquake Prediction by formation of Centralized 
Network
The prediction of earthquake can be analyzed during stage II 
and stage III of the earthquake process.  During stage II, the 
uplift and tilting of the ground occurs due to which water level 
fluctuates. As mentioned above, during stage II, the water is 
forced out from the pores and cracks of rocks. Further, during 
the stage III, influx of water occurs i.e., the water is forced back 
into the pores and cracks of the rocks due to which the water 
level rapidly increases a few days or even a few hours before the 
mainshock. The prediction of the earthquake can be fine tuned 
during stage III in the process of Earthquake. This is possible by 
monitoring the underground water levels changes in the wells/
bore wells for every 100 kilometer to 300 kilometer and thus 
forming a centralized network using wireless sensor network 
in embedded system.  The proposed method for Earthquake 
prediction is shown in the fig. 4.

Table 1: Data’s for water level changes prior to Earthquake

Earthquake 
Location

Rise in 
Water level 

Dura-
tion 
prior to 
Earth
quake

 Dated

Distance 
of the 
well from 
the
epicenter

Mag-
ni-
tude

Off Miyagi 
Earthquakes

  45  
Centimeter

 
3 Days 1978  UnknownM7.4

Chi-Chi 
Earthquake 

 6.55    
meter A few 

week

20
Sep
1994

 25 
Kilometer M 7.3

Denali Fault 
Earthquake   2 feet 1Day Nov

2002 Unknown Moderate

Chi-Chi 
Earthquake

 11.1  
 meter

A few 
weeks 
before

1999   50 
Kilometer M 7.3

Chi-Chi 
Earthquake

 20 
centimeter 1 Hour 1999   50 

Kilometer M 7.3

Sumatra 
Earthquake 

 5 
centimeter 2 Days

26
Dec
2004

 2500 
Kilometer M 9.2

Turkey 
Earthquake
(Gölcük 
Earthquake) 

 148 meter
 

A few 
months 
before

17
Aug
1999 

 2000 
Km M 7.8 

Tangshan 
Earthquake, 
China

 25 meter 3 Days 1976   125 
Kilometer 7.6

Tangshan 
Earthquake, 
China

 25 meter 
to 75 
meter  3 hours1976   125 

Kilometer 7.6

Turkey  50 
centimeter

 3 
Months

Aug
1999 Unknown 7.8

Turkey  99 
centimeter

A few 
hours 
before

Aug
1999 Unknown 7.8

South 
Iceland  5 meter 1 hour June 

2000 Unknown 6.4

Fig. 4: Formation of Centralized Network for Predicting 
Earthquake
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The wireless sensors are implemented to monitor the 
underground water level changes. The formation of the wireless 
sensor network in the embedded system will transmit the 
continuous changes in the water level to the monitoring centre. 
The distance between Zone I and Zone II ranges from 100 
Km to 300 Km. Similarly for Zone II and Zone III, the distance 
ranges from 200 Km to 700 Km. The change in the water 
level is directly proportional to the magnitude-distance ratio 
(magnitude/epicentral distance) and inversely proportional to 
the epicentral distance.  Depending on the change in water 
level and the time taken for the change in water level in the 
Zone I, Zone II and Zone III, we can predict the date, location 
and magnitude of the Earthquake prior to the mainshock. The 
change in water level has been monitored prior to earthquake 
viz. Park field earthquake, in China Tangshan earthquake, Chi-
Chi earthquake and other places of Japan, China, USSR, and 
USA. The suitable software can be created for monitoring the 
underground water level changes and predicting the area of 
the occurrence of the Earthquake prior to the mainshock and 
save the loss of lives.
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