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INTERACTIVE 3D MODEL OF THE SUN MOON EARTH SYSTEM FOR THE 

ANALYSIS OF GRAVITATIONAL PERTURBATIONS AND THEIR 
CORRELATION WITH SEISMIC ACTIVITY 

 
This paper addresses the problem of forecasting seismic activity 

based on a mathematical model of the relative motion of the Sun, the 
Moon, and the Earth. The aim of the study is to develop an analytical 
framework for calculating the positions of the subsolar and sublunar 
points on the Earth's surface as a function of astronomical time, 
determining the moments of syzygies, and evaluating the correlation 
between these events and recorded seismic activity. 

The mathematical model is based on simplified analytical 
expressions for the ecliptic coordinates of the Sun and the Moon 
derived from the Julian date relative to the J2000.0 epoch. The 
position of the Sun is determined using the mean ecliptic longitude L, 
the mean anomaly g, and the principal terms of the equation of the 
center. The position of the Moon is calculated using the mean 
longitude L', the mean anomaly M', and the argument of latitude F, 
providing an accuracy better than 0.3° in longitude and 0.2° in 
latitude. The transformation from ecliptic to equatorial coordinates is 
performed using the obliquity of the ecliptic, ε = 23.439°, while the 
subsolar and sublunar points are computed using Greenwich Mean 
Sidereal Time (GMST). The model also accounts for the precession of 
the ascending node of the lunar orbit with a period of 18.61 years, 
resulting in variations of the Moon's orbital inclination relative to the 
Earth's equator within the range of 18.3° to 28.6°. 

To identify the moments of maximum gravitational loading of the 
Earth's crust, a geometric criterion based on the minimum distance  
from the Earth's center to the Sun Moon axis is proposed. It is shown 
that the condition  < 6371 km corresponds to either a solar or a 
lunar eclipse, representing the highest degree of three-dimensional 
alignment of the three celestial bodies. The search for such moments 
is performed numerically using a bisection refinement algorithm 
combined with the golden-section search method to determine the 
minimum value of . 
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A statistical analysis of the USGS earthquake catalog for 
earthquakes with magnitudes of 5.0 and greater was conducted to test 
the tidal triggering hypothesis. The reference level is the theoretically 
expected proportion of events occurring within a ±3-day time window 
around a syzygy (approximately 40.6%), corresponding to a uniform 
temporal distribution of earthquakes. The statistical significance of 
deviations from this expectation is evaluated using the Z-score. The 
obtained results confirm the existence of a weak but physically 
justified relationship between the lunar phases and seismic activity, 
which is consistent with findings reported in recent scientific 
publications. 

Keywords: earthquake forecasting, mathematical and software 
models, celestial mechanics, astronomical calculator, statistical 
analysis. 
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