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A statistical method for detecting weak electromagnetic anomalies of lithospheric origin in the presence of strong technogenic interference is considered. A study of ULF geomagnetic disturbances during the period of 01.02 – 15.07.2000 was conducted at three magnetic stations located on the Earth's surface in a triangular pattern with a distance of 4 - 5 km between them. The stations were located at a distance of ~62 km from the epicenter of the M6.4 earthquake that occurred on July 1, 2000. During this period, dynamic histograms of the probability distributions of the standard deviation of the LF variations of the magnetic field in the frequency range of 0.04-0.2 Hz were constructed. At all three stations, synchronous short-term (4-6 days) anomalous shifts of the probability distributions towards higher than background values of the standard deviation were detected. There are no abnormal displacements at the observatory, which is ~180 km away from these stations (and ~215 km away from the epicenter). It is likely that these anomalous events are not a result of high geomagnetic activity, but rather originate from a remote lithospheric source. Based on the most probable values of the standard deviation, the vectors of the magnetic field gradients are constructed. For the background values of the standard deviation, the gradient vector points to the noisiest magnetic station. During periods of anomalous increases in the standard deviation, the gradient vector rotates and points to the epicenter zone of the upcoming earthquake.

Introduction
ULF electromagnetic fields with a broad noise spectrum are generated in local anomalous zones of the lithosphere by various mechanisms—piezoelectric effect in quartz-bearing rocks, electrokinetic phenomena in fluid-saturated media, local changes in electrical conductivity under tectonic stresses, formation of microcracks in the Earth's crust, and others [Molchanov et al., 1994; Molchanov, Hayakawa, 1998; Surkov, 2000; Freund, 2007]. The problem of extracting a weak lithospheric signal against the background of natural and powerful anthropogenic noises [Fraser-Smith et al., 1990; Hayakawa, Hobara, 2010; Polyakov et al., 2014] has become quite challenging nowadays due to rapid industrial development.
Numerous studies have been devoted to investigating lithospheric anomalies of ULF electromagnetic fields in the frequency band of 0.01–10 Hz, for example [Fraser-Smith et al., 1990; Molchanov, Hayakawa, 1998; Kopytenko et al., 2003; Ismagilov et al., 2006; Kopytenko et al., 2012; Nikolopoulos et al., 2024]. Various methods of statistical data processing are used to extract the signal from a remote lithospheric source, including spectral and fractal analysis [Varotsos et al., 2011]. The purpose of this work is to test the methodology for statistically extracting weak lithospheric ULF electromagnetic anomalies under conditions of intense anthropogenic interference and natural electromagnetic disturbances, as presented in [Petrishchev et al., 2026].

Methodology for Signal Extraction Against Strong Interference
The methodology is based on the assumption that the statistical distribution of amplitudes of natural background noise is stable over time. This background consists of geomagnetic variations, atmospheric noises, anthropogenic interference, and intrinsic noises of the magnetic sensors themselves. The appearance of an additional weak signal of lithospheric origin disrupts this statistical stability. Anomalies of lithospheric origin are understood as signals that do not correlate with global geomagnetic activity and have spatial gradients differing from local industrial interference. The detection of anomalies at several spatially separated magnetic stations allows exclusion of local anthropogenic interference. In this case, the disruption of the stability of the statistical distribution of the RMS (root mean square) amplitudes of the background noise manifests over time as a shift in the mode of the probability distribution of the root mean square deviation (RMS) of magnetic disturbance amplitudes in the given frequency range [Petrishchev et al., 2026].

Experimental results 
For analysis, a period of 165 days (02.01–07.15.2000) was selected. This interval includes the moment of a strong (M6.4) earthquake (07.01.2000) and its preparation period. Data from 4 magnetic stations were used. Three temporary stations (Seikoshi, Mochikoshi, Kamo) are located on the Earth's surface forming a triangle with sides of 4–5 km from each other (Fig. 3), at a distance of ~62 km from the earthquake epicenter. The seismically active period began 4 days before the earthquake, when the number of earthquakes sharply increased and foreshocks up to M4 appeared [Ismagilov et al., 2001].
On the three upper panels of Fig. 1, for nighttime intervals 0–5 LT (minimum background noise), dynamic histograms of the probability distributions P(%) of RMS ULF variations in the Z-component of the magnetic field in the 0.04–0.2 Hz frequency range are shown for the specified stations. The vertical dashed line in Fig. 1 marks the moment of the M6.4 earthquake on 07.01.2000, with solid lines indicating background RMS values. As seen in Fig. 1, in the interval 42–45, an anomalous increase in the most probable RMS values is observed at three magnetic stations (three upper panels) installed in a triangle. It is unlikely that this anomaly arose due to simultaneous enhancement of anthropogenic noises at all separated stations. The Kakioka observatory is located in an area with 
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Fig. 1. Dynamic histograms of the probability distributions (P, %) of the RMS values of variations in the Z -component of the magnetic field for the magnetic stations Seikoshi, Mochikoshi, Kamo, and Kakioka (Japan) in the frequency range F = 0.04–0.2 Hz.
Solid horizontal lines indicate background RMS values. Dashed line marks the moment of the M6.4 earthquake.


low anthropogenic noise, ~180 km northeast of these stations and ~215 km from the M6.4 earthquake epicenter, and no anomalous behavior of RMS ULF variations is observed; therefore, the anomalous increase in the most probable RMS values is not related to ionospheric current systems arising during geomagnetic disturbances. Most likely, we are observing the emergence of a remote local lithospheric source of anomalous ULF disturbances. 
In Fig. 2, for the same stations Seikoshi, Kamo, Mochikoshi, the most probable RMS values of variations in the full horizontal component G = sqrt(H² + D²) in the same frequency range are plotted as points for each day. Solid lines show RMS values smoothed with a 3-point moving average. Horizontal lines on the figure mark the background RMS values. As seen from Fig. 2, the highest background value (19 pT) is observed at the Seikoshi station. In Fig. 2, in the last month before the earthquake moment, there is also a noticeable increase in the most probable values of the standard deviation at all three stations, in accordance with [Ismagilov et al., 2001].
The equation of the plane passing through three points is written as
Ax + By + Cz + D = 0,					           (1)
where x and y are coordinates on the Earth's surface, and z is the magnetic field value at points (x, y). Using the known coordinates of the triangle vertices (x1,y1), (x2,y2), (x3,y3) and the magnetic field values at these points (z1,z2,z3), a system of three linear equations can be formed to determine the coefficients in the plane equation:
[image: ]Fig. 2. Most probable RMS values (points) of variations in the G-component of ULF magnetic field disturbances in the frequency range 0.05–0.2 Hz for stations Seikoshi, Kamo, Mochikoshi.
Solid vertical line marks the moment of the M6.4 earthquake. Vertical dashed lines (1, 2) indicate the moments for which gradient vectors are plotted in Fig. 3.


A = (y2 - y1)(z3 - z1) - (z2 - z1)(y3 - y1)				          (2)
B = (z2 - z1)(x3 - x1) - (x2 - x1)(z3 - z1)
C = (x2 - x1)(y3 - y1) - (y2 - y1)(x3 - x1)
D = -(A.x1 + B.y1 + C.z1)
Gradients are computed as partial derivatives:
Gx = dz/dx = -А/С						          (3) 
Gy = dz/dy = -B/С				            
The molule of the gradient vector and its azimuth are determined as follows:
[image: ]|G| =sqrt(Gx2+Gy2), Ang = atan2(Gx, Gy)				                        (4)

Fig. 3. The direction of the gradients of geomagnetic variations in the frequency range of 0.05 – 0.2 Hz, determined by three stations K, S, and M located on the Izu Peninsula (Japan). 
1 – the direction of the gradient vector determined for moment 1. 2 – the direction of the gradient vector determined for moment 2. The asterisks indicate the epicenters of strong earthquakes. The distance to the epicenter of the M6.4 earthquake is approximately 62 km.Ttriangles show the temporary magnetic stations Seikoshi (S), Kamo (K), and Mochikoshi (M) located 4–5 km from each other (Izu Peninsula, Japan). 

The azimuth Ang is measured counterclockwise from the X-axis. Gradients and their azimuths can also be calculated by another method using trigonometric functions [Ismagilov et al., 2006].
In Fig. 3, to determine the direction of the gradient vector at time 1 (Fig. 2), 3-point smoothed values (solid curves) of the most probable RMS of the G-component magnetic field variations detected at 3 stations (magnetic gradientometer) were used. As seen from Fig. 2, the background noise level (~19 pT) at the Seikoshi magnetic station significantly exceeds the background noise at the other two stations, so the gradient vector points from the center of the triangle toward this station. At time 2, the most probable RMS values sharply increase at the Kamo and Mochikoshi magnetic stations, which is also clearly visible in Fig. 1. We assume that the enhancement of RMS above the natural background arose due to EM emission from a source remote from the magnetic stations. To determine the gradient direction toward the source, we use the difference between the RMS at time 2 and the background RMS. As seen from Fig. 3, the gradient vector at time 2 points to the zone where the M6.4 earthquake and aftershocks M6.3 and M6.1 subsequently occurred.

Conclusion
Over the study period 02.01–07.15.2000, synchronous short-term (4–8 days) anomalous increases in the probability distributions of RMS ULF geomagnetic disturbances in the frequency range F = 0.05–0.2 Hz were detected at all three magnetic stations against the background of strong anthropogenic interference. At the Kakioka observatory, ~180 km away from these stations, these anomalous phenomena do not appear, indicating the absence of influence from strong ionospheric disturbances. We are likely observing the activation of a remote lithospheric zone generating anomalous ULF electromagnetic emission.
The discussed statistical method allows assessing the appearance of an anomalous signal from a lithospheric source located remotely from the network of magnetic stations based on changes in the statistical pattern of background noise.
It is shown that when RMS values are close to background levels, the gradient vector points to the magnetic station with the highest background noise. During periods of anomalous RMS increases, the gradient vector rotates and points to the zone of future strong earthquakes. To locate an anomalous lithospheric zone, it is necessary to use two magnetic gradientometers spaced 30-50 km apart.
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Рассматривается статистический способ выделения слабых электромагнитных аномалий литосферного происхождения на фоне сильных помех техногенного происхождения. Проведено исследование УНЧ геомагнитных возмущений за период 01.02 – 15.07.2000 г. на трех магнитных станциях, установленных на земной поверхности треугольником в 4 - 5 км друг от друга. Станции располагались на расстоянии ~62 км от эпицентра землетрясения М6.4, произошедшего 01.07.2000 г. За этот период построены динамические гистограммы распределений вероятностей величины СКО УНЧ вариаций магнитного поля в диапазоне частот 0.04-0.2 Гц. На всех трех станциях обнаружены синхронные кратковременные (4 – 6 суток) аномальные смещения распределений вероятностей в сторону больших, чем фоновые, значений СКО. На обсерватории, удаленной от этих станций на ~180 км (от эпицентра на ~215 км), аномальные смещения отсутствуют. Вероятно, эти аномальные события не являются следствием высокой геомагнитной активности, а созданы удаленным литосферным источником. По наиболее вероятным значениям СКО построены вектора градиентов магнитного поля. Для фоновых значений СКО вектор градиента указывает на наиболее зашумленную магнитную станцию. В периоды аномальных увеличений СКО вектор градиента поворачивается и указывает на зону эпицентра будущего землетрясения.
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