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Abstract 

This paper introduces a theoretical framework for describing energy-density variations within the 
Earth using the Relativistic Radial Density Theory (RRDT). The proposed approach models the 
Earth as a radially structured system in which spatial variations of mass–energy density are 
linked to underlying geophysical processes. Starting from fundamental physical quantities, 
including Planck-scale parameters, a set of analytical relations is derived to describe the 
distribution of radial mass density and its potential temporal evolution. The framework further 
explores how localized perturbations in radial density fields may be associated with changes in the 
dynamical state of the lithosphere. In this context, a conceptual measurement scheme is outlined, 
combining conventional sensing (e.g., seismometers) with distributed or mobile platforms for 
multi-scale data acquisition. The presented model is intended as a hypothesis-generating 
theoretical construct rather than a validated predictive tool. Its purpose is to provide a formal 
basis for future investigations of energy-density anomalies in geophysical systems and to suggest 
directions for experimental validation and interdisciplinary research. Potential implications for 
seismic hazard assessment are discussed at a conceptual level. 
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Contribution of this paper to the literature 
This paper introduces a novel theoretical framework for describing radial mass–energy density 
variations in geophysical systems. Unlike conventional earthquake studies, the proposed 
approach links seismic processes with analytically defined radial density fields and outlines a 
conceptual multi-scale sensing framework for their potential measurement and future 
validation. 

 
1. Introduction 

As is well known, an earthquake is the consequence of a sudden release of energy in the Earth’s lithosphere 
that creates seismic waves. An earthquake warning system, or earthquake alarm system, is a system of 
accelerometers, seismometers, communication networks, computers, and alarms designed to notify adjoining 
regions of a substantial earthquake while it is still in progress. In this sense, a new approach to earthquake 
prediction is presented here, based on the measurement of radial mass density values on the Earth’s radial scale. 
The maximal radial mass density is located at the Earth’s center, whereas the minimal radial mass density is 
located at the Earth’s surface. Changes in this density may occur hours or even months before an earthquake 
occurs. 

Most earthquakes may be very large, such as the Oklahoma earthquake that occurred in 2011 with a magnitude 
of 5.7 [1]. This earthquake was caused by the disposal of wastewater from oil production into an injection well. In 
Okuwaki, et al. [2] a seismological analysis of the two earthquakes that devastated Turkey is presented. 
Furthermore, tectonic earthquakes can occur anywhere where sufficient elastic strain energy has accumulated. This 
energy drives fracture propagation along a fault plane. In order to warn people effectively, future earthquakes may 
potentially be predicted through measurements performed on the Earth’s surface. In this sense, earthquake 
prediction software has been developed [3] together with improvements in its performance. Such software should 
provide short-term earthquake predictions and should also enable measurements sufficiently in advance of future 
earthquake events. In this context, decreases in pressure and temperature may be measured. By using these 
measurement techniques in Japan, approximately 70.5% prediction accuracy within one month has been reported. 

In Shiraishi [3] seismic nowcasting, using the count of small earthquakes as proxy data to estimate the current 
dynamical state of seismic activity, is also discussed. As a result, an earthquake potential score is obtained that 
characterizes the current stage of a defined geographic region within its nominal earthquake cycle. The count of 
small earthquakes is referred to as “natural time.” In addition to natural time, earthquake sequences can also be 
analyzed using Shannon information entropy. As a first step toward incorporating seismic information entropy into 
the nowcasting method, magnitude information may be integrated into natural-time counts using event self-
information. 

It is well known that an earthquake warning system consists of accelerometers, seismometers, communication 
systems, computers, and alarms. Therefore, the use of mobile robots may reduce the number of required 
instruments. Furthermore, it is particularly important to develop a system for the very early prediction of future 
earthquakes. In this sense, an innovative approach for the prediction of future earthquakes is presented here. 

Measurements of wave-induced attenuation in saturated metapelite and the band-limitation of low-frequency 
earthquakes are discussed in Fliedner and French [4]. A unified solid-state theory for pre-earthquake signals is 
presented in Freund [5]. Furthermore, an alternative source model for very low-frequency events and a granular 
jamming model for low-frequency earthquakes are discussed [6].  

A rapid report on seismic damage to hospitals during the 2023 Turkey earthquake sequence is presented in Qu, 
et al. [7]. The impacts of water and stress transfer from the ground surface on the shallow earthquake of 11 
November 2019 at Le Teil, France, are discussed in Burnol, et al. [8]. A statistical analysis of the variability 
minima of the order parameter of seismicity using event coincidence analysis is presented in Christopoulos, et al. 
[9]. 

This is followed by a discussion of moment-duration scaling of low-frequency earthquakes in Guerrero, Mexico 
[10]. Seismic electric signals (SES) associated with earthquakes are discussed in Helman [11]. The first widely 
used method for earthquake measurement was the Richter scale (developed by Richter [12]). This scale was based 
on the amplitude of the largest wave recorded by a specific type of seismometer and the distance between the 
earthquake and the seismometer. Another method for measuring earthquake strength involves observations by 
people who experienced the earthquake, together with the amount of resulting damage, in order to estimate 
earthquake intensity. The Mercalli scale was designed for this purpose. The original scale was introduced by 
Mercalli [13] and later modified by Wood and Neumann [14] resulting in the Modified Mercalli Intensity Scale 
(MMI). This scale is particularly useful for understanding the damage caused by large earthquakes. To introduce a 
new method for the very early prediction of earthquakes, the present study applies the Relativistic Radial Density 
Theory (RRDT) [15]. In this approach, the main idea is based on the precise measurement of  radial mass density 
values on the Earth’s radial scale. 

Furthermore, Bangs, et al. [16] presented evidence that sinking seamounts may provide clues regarding slow-
motion earthquake characteristics. Voisey, et al. [17] discussed the influence of the Earth’s atmosphere and 
environmental factors on geological processes. The study also considered the influence of  chemical changes 
associated with earthquakes. In addition, electricity generated during earthquakes may contribute to the formation 
of  giant gold nuggets. The efficacy of  China’s clean-air actions in reducing pollution between 2013 and 2020 is 
discussed in Geng, et al. [18]. Cheesman, et al. [19] investigated reduced productivity and carbon drawdown in 
tropical forests caused by ground-level ozone exposure. Evidence for subsea permafrost in subarctic Canada linked 
to submarine groundwater discharge is presented in Normandeau, et al. [20]. 

Interesting discussions regarding tilted transverse isotropy in the Earth’s inner core and the core–mantle 
boundary are presented in Brett, et al. [21]. Discussions regarding improvements in earthquake prediction 
accuracy can be found in Yavas, et al. [22]. Yang, et al. [23] presented the recognition of oil and gas reservoir 
structures based on deep learning methods. An interesting discussion on early peak ground acceleration prediction 
for on-site earthquake early warning using LSTM neural networks is presented in Hsu and Pratomo [24]. Cao, et 

https://www.usgs.gov/natural-hazards/earthquake-hazards/science/modified-mercalli-intensity-scale?qt-science_center_objects=0#qt-science_center_objects
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al. [25] discussed long short-term memory networks for pattern recognition in synthetically complete earthquake 
catalogs. LSTM-based deep learning methods for earthquake prediction using ionospheric data are discussed in 
[26]. Modernized k-nearest neighbors methods are presented in  Yancey, et al. [27]. 

The application of neural networks to seismological prediction methods is presented in Wang, et al. [28]. 

Earthquake prediction using an evidential reasoning approach is discussed in Akter [29], while in the reference 
[30], the earthquake catalog of the National Observatory of Athens is discussed. A multi-task encoder–decoder 
framework for separating earthquake and ambient noise signals in seismograms is discussed in Yin, et al. [31]. 
Furthermore, a hybrid machine-learning model for estimating potential debris-flow volumes is presented in Huang, 
et al. [32]. This is followed by a discussion of earthquake perturbation identification using deep learning networks 
[33]. Zhang, et al. [34] presented a real-time automatic method for target localization under unknown wall 
characteristics in through-wall imaging. Ensemble learning using stochastic configuration networks for noisy 
optical fiber vibration signal recognition is discussed in Qu, et al. [35]. 

Furthermore, Rawat, et al. [36] discussed whether site-specific parameters can help identify seismically 
induced damage patterns. This is followed by a discussion of seismic discrimination between nuclear explosions and 
natural earthquakes using multi-machine-learning techniques in Elkhouly and Ali [37]. A significant limitation in 
applying conventional fuzzy theory to earthquake prediction is the exponential growth in the number of rules as 
the number of variables increases. This problem is addressed here through the introduction of a non-conventional 
analytical method for earthquake prediction. For this purpose, a new adaptive analytical function is defined to 
determine the positions of the centers of the output fuzzy sets instead of relying on a conventional fuzzy rule base 
[38]. Finally, Buckreis, et al. [39] applied fuzzy logic theory and artificial intelligence methods to earthquake 
prediction.  
 

2. Dynamics of Earthquakes in Radial Mass Density Theory 
In this study, a new Relativistic Radial Density Theory (RRDT) [15] is applied as a theoretical framework for 

analyzing energy-density variations in the Earth, with potential relevance to seismic processes. Since the value of 

the cosmological constant Λ has 3 values, in the presented theory, it is introduced a new energy conservation 
constant  . To do it, one can start with the Planck mass, Mp, and Planck length, Lp. 

2 2

2 2
1 0 99993392118

1

p p
p

p

GM GM
L , . .

( )c L c



= = − =

+
    (1) 

  Using (1), we can calculate the maximal radial mass density value rmmax . 
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Here, Mg and rg are the gravitational mass and radius, respectively. On the other hand, the minimal radial mass 

density value, rmmin
, can be obtained by using the following relations: 

. 
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Since the maximal Earth radius is not known here, a parameter x is introduced in order to calculate the 
maximal Earth radius (rmax) and the related new Earth mass, Menew . 

3

29
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               (4) 

  Now, following of the new Earth mass, one can calculate the related minimal and maximal Earth radii. 
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               (5) 
Further, one can calculate the minimal and the maximal Earth’s radii as a function of the energy conservation 

constant . 

( ) ( )1 1

enew enew
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GM GM
r , r .

+ 
= =

− 
                    (6) 

The related ratio of the maximal and the minimal gravitational radii is given by the relation.: 

( )
( )

1
30 265 847623

1

e max
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r
, . .

r

+ 
= =

− 
                           (7) 

Now, the ratio, Re, between official Earth mass, Me off , and calculated new Earth mass, Me new, has been given by 
the relation. 
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To solve the problem of the earthquake measurement on the radial mass density scale, one can start with the 
inclusion of the following parameters. 

1

1 1

1 2

1 2

iN i min i max

max

r N r , N , ,...,N ,   

        for  , ,.

n

n .,n. .

= =

=               (9) 
Here, parameter n1 denotes the first position of the measurement instrument on the Earth's radial scale. The 

radial positions of the other measurement instruments are defined by rNi, where i=1,2,.,imax. The measurement 
instruments should give (among others) the related amplitudes of the earthquake signals. In that way, one can 

connect the positions of the instruments by the related radial mass density value, ρ𝑟𝑟 (4). Including the radial 
positions of the earthquake’s instruments (9) into the relations of the potential forces Fpx , Fpy , and  Fpz one obtains 
the new form of these forces: 
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= + − 

              (10) 

Here, q is the elementary electric charge, 𝑉𝑁𝑖𝑒 is a scalar potential of the electromagnetic field, and mNi is the 

mass of the i-th earthquake’s measurement instrument. Thus, the positions of the earthquake measurement 
instruments are given by the relations:  

1 1 2 2 iinst min inst min N max minr r ,r r ,..,r n rn .n= = =

                
  (11) 

Now, following the practical point of view, the second possibility of the description of the positions of the 
earthquake measurement instruments is to start with the maximum Earth’s radius. Thus, in that case, the first 
earthquake measurement instrument layer can be on the Earth's surface. Let the radial distance between the 
earthquake's instruments (sensors) is d, in meters. In that case, the radial positions of the earthquake sensors can be 
described by the relations: 

1 2

2
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             (12) 

The distance between the earthquake measurement instruments, d, and the maximum number of the 
earthquake instruments, kmax, are functions of the Earth's structure in the related region. Starting with the minimal 

radial mass density value,ρ𝑟𝑚𝑖𝑛, the earthquake's dynamics can now be described as the functions of the potentials 

px, py, pz. 

x enew x r min emax x
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Here, vx, vy and vz are related velocities in x, y, and z directions. Finally, one can define the potential forces Fpx, 
Fpy, Fpz as the functions of the total potential energy and minimal radial mass density in the potential field. 
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Now, if the earthquake had happened at the determined region, the Earth’s radius would have the new value rN. 

In that case, the relations in (14) can be transformed into the new form. 
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In the case where the earthquake is not in the radial direction, one should include the related projection to the 

radial coordinates.                                      
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Here parameters, 𝜃𝑥, 𝜃𝑦, and 𝜃𝑧are the angles between the radial direction and coordinates x, y, and z, 

respectively. 
To solve the problem of the earthquake measurement on the radial mass density scale (starting with the 

position at the minimal Earth radius), one can use the following relations. 
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Here parameter rNi denotes the first position of the measurement instrument on the radial scale. The positions 
of the other measurement instruments are denoted by rni, where i=1, 2,..., imax. The measurement instruments should 
predict the related place, time, and amplitude of future earthquakes. The positions of the measurement instruments 

with the maximal radial mass density value, ρ𝑟𝑚𝑎𝑥, are given in (2).  

Now, including the positions of the earthquake measurement instruments (16) and (17) into the relations of the 
potential forces Fpx, Fpy, and Fpz (15), one obtains the new form of these forces:  
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Generally, the positions of the earthquake measurement instruments can be determined by the following 

relations:  

1 1 2 1 12= = =
imin min N i minr r , r r ,....,r N rn n n .

               (19) 
From a practical perspective, the positions of earthquake measurement instruments can be determined starting 

from the position of the maximum (today's) Earth radius. Let the first earthquake measurement instrument be on 
the Earth's surface. Furthermore, let the radial distance between the two earthquake measurement instruments be 
equal to d in meters. The following relations can then be used to determine the positions of the earthquake 
measurement instruments. 
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In the general point of view, the distance between two earthquake measurement instruments, d, and the 
maximum number of earthquake measurement instruments, k, depend on the Earth's structure in the related 
regions. Earthquake dynamics can now be described starting with the minimal radial mass density value at the 
maximum radius. 
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Here Mearth is the Earth mass, and px, py and pz are related potentials. Finally, one can define the potential forces 
Fpx, Fpy, Fpz as the function of the total potential energy and minimal radial mass density in the multi-potential field. 
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For the measurement of the earthquake signals, the potential forces should also be functions of the electrical 

potential Ve. In that case, one can use the earthquake measurement instruments, which also include the electrical 

field. After the radial density, 𝜌𝑟, was changed at some determined region, the related Earth radius obtains a new 

value, 𝑟𝑛𝑒𝑤. In that case, the relations in (22) can be transformed into the new form. 
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In the case where the earthquake is not in the radial direction, one can include the related projection to the 

radial coordinates. 
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Here, parameters, cos(θx), cos(θy), and cos(θz) give the projections of the earthquake direction on the x, y, and z 
axes.  

Intensity of the earthquakes is measured by the seismometers, which are presented as the earthquake 

magnitude. Therefore, it is of interest to connect the radial mass density value,𝜌𝑟, with the earthquake magnitude 
Ma. The maximal and minimal radial mass density in the gravitational field are equal to: 
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Further, one can connect the earthquake magnitudes with the radial mass density, 𝜌𝑟𝑚. 

Ma = f (M earth /r) = f. rm
.                                            (26) 

Here, parameter f is the conversion factor between the earthquake magnitude and the radial mass density. This 
parameter should be estimated by using the related experiments.  

To reduce the number of required measurement instruments within a region of interest, the use of mobile 
robotic platforms can be considered. Such systems offer greater flexibility compared to conventional static 
monitoring stations. In particular, mobile platforms can be equipped with multiple sensing modalities, including 
seismographic instruments, as well as additional sensors capable of capturing quantities relevant to the proposed 
framework, such as proxies for radial mass–energy density variations and other geophysically relevant parameters. 

An important advantage of this approach lies in the ability to perform spatially adaptive measurements, 
enabling more efficient data acquisition across heterogeneous regions. Additionally, the deployment of mobile 
systems may contribute to cost reduction by optimizing sensor coverage and reducing the need for dense networks 
of fixed instruments. Such capabilities are particularly relevant for exploring spatial and temporal variations 
predicted by the proposed theoretical framework. 
 

3. Conclusion 
This study presents a theoretical framework for analyzing radial mass–energy density distributions in 

geophysical systems, based on the Relativistic Radial Density Theory (RRDT). By introducing an energy-based 
formalism grounded in fundamental physical considerations, the model provides a structured framework for 
describing spatial and temporal variations in radial density fields and their possible relation to large-scale 
geophysical dynamics. 

The contribution of this work lies in proposing a novel theoretical perspective that may stimulate 
interdisciplinary research at the interface of physics, geophysics, and systems science, and in outlining a possible 
pathway toward its future experimental assessment. The proposed approach should be interpreted as a conceptual 
and exploratory model. In this sense, the framework may serve as a basis for formulating testable hypotheses 
regarding the role of density perturbations in lithospheric processes. 

At the same time, the present formulation relies on simplifying assumptions and has not yet been empirically 
validated. Future work should therefore focus on establishing quantitative links between measurable physical 
quantities and the theoretical variables introduced in this study. This includes the development of appropriate 
sensing methodologies, the calibration of model parameters, and the validation of the framework using 
observational data and numerical simulations. Additionally, further theoretical work is required to connect the 
proposed formulation with established models in continuum mechanics, geophysics, and complex systems theory. 
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