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OBSERVATION OF ULF ELECTROMAGNETIC EMISSIONS  
BEFORE THE M 7.8 NEW ZEALAND EARTHQUAKE OF NOVEMBER 13, 2016
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ABSTRACT. We analyzed the ground geomagnetic data obtained from a 3-component fluxgate magnetometer at the 
Eyrewell Geomagnetic Observatory (New Zealand) (43.474 °S, 172.393 °E) from October 1 to December 31, 2016. The study 
aimed to investigate electromagnetic precursors associated with the M 7.8 New Zealand earthquake of November 13, 
2016. This earthquake occurred 54 km northeast of Amberley (New Zealand). Its epicenter was located 158 km from the 
Eyrewell Observatory. We used three methods focused on the polarization ratio, fractal dimension and principal component 
analysis to identify anomalies in the geomagnetic data. The time series showed an enhanced polarization ratio at two 
times, October 20 and October 30, 2016, i.e. before the occurrence of the New Zealand earthquake, and a value ~1 or 
more during these instances. Since the global geomagnetic indices Kp and Dst were normal in these cases, the enhanced 
polarization ratio may be related to the preparation phase of the New Zealand earthquake. To further classify them, we 
applied the principal component analysis to the magnetic data on component H. The first three principal components 
showed more than 90 % of the variance of the original ultra-low frequency (ULF) magnetic field time series. The first 
principal component was found to be well correlated with the storm index (Dst) recorded during this period. Again, the 
second principal component was dominated by daily variations, which were the periodic component of the recorded ULF 
magnetic field. The temporal variation of the third principal component was analyzed to verify a possible correlation 
between the ULF emissions and the occurrence of the earthquake. The fractal dimension of components D and Z of the 
magnetic data decreased initially and sharply increased three days before the New Zealand earthquake.
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НАБЛЮДЕНИЕ УЛЬТРАНИЗКОЧАСТОТНЫХ ЭЛЕКТРОМАГНИТНЫХ ИЗЛУЧЕНИЙ  
ПЕРЕД ЗЕМЛЕТРЯСЕНИЕМ (М=7.8) 13 НОЯБРЯ 2016 Г. В НОВОЙ ЗЕЛАНДИИ

С.К. Саху1, М. Катламуди1, Г. Удая Лакшми2

1 Институт сейсмологических исследований, Гандинагар 382009, штат Гуджарат, Индия
2 Османский университет, Хайдарабад 500007, штат Теленгана, Индия

АННОТАЦИЯ. С целью изучения электромагнитных предвестников, связанных с землетрясением 13 ноября 
2016 г. в Новой Зеландии, проанализированы наземные геомагнитные данные, полученные с использовани
ем трехкомпонентного магнитометра Геомагнитной обсерватории Эйруэлл (Новая Зеландия) (43.474 ° ю.ш., 
172.393 ° в.д.) в период с 1 октября по 31 декабря 2016 г. Землетрясение магнитудой 7.8 балла произошло в 54 км 
к северовостоку от г. Эмберли , а его эпицентр находился в 158 км от Геомагнитной обсерватории Эйруэлл. Для 
выявления аномалий магнитных данных проанализированы коэффициент поляризации, фрактальная размер
ность и основные компоненты ультранизкочастотного магнитного поля (УНЧ) изучаемого района. По времен
ному ряду коэффициента поляризации установлено, что данный показатель был превышен дважды, а именно 
20 и 30 октября 2016 года, т.е. до возникновения землетрясения, и имел значение ~1 и более в этих случаях. 
Поскольку индексы глобальной геомагнитной активности Kp и Dst были в норме, повышенный коэффициент 
поляризации мог быть связан с фазой подготовки землетрясения, которое произошло 13 ноября 2016 г. Для 
дальнейшей классификации проведен анализ основных компонентов магнитного поля. Первые три основные 
компонента дают более 90 % дисперсии исходного временного ряда магнитного поля УНЧ. Установлено, что 
первый основной компонент хорошо коррелирует с индексом геомагнитной активности Dst (магнитная буря), 
зарегистрированным в этот период. При этом во втором главном компоненте преобладали ежедневные коле
бания, являющиеся периодическим компонентом зарегистрированного магнитного поля УНЧ. Временное из
менение третьего основного компонента было проанализировано для проверки возможной корреляции между 
проявлениями геомагнитных возмущений УНЧ и возникновением землетрясения. Фрактальная размерность D 
и Z компонентов магнитных данных изначально уменьшилась, но вскоре резко увеличилась. Такие изменения 
наблюдались за три дня до изучаемого землетрясения.

КЛЮЧЕВЫЕ СЛОВА: УНЧ; коэффициент поляризации; фрактальная размерность; землетрясения; Kp; Dst

1. INTRODUCTION
The proxy related to ultra-low frequency (ULF) mag-

netic field emissions associated with the earthquakes is be
coming more significant among all proxies of earthquake 
precursors. Many publications have reported a significant 
increase in ULF emissions before the occurrence of earth-
quakes [Hayakawa et al., 2007; Hattori, 2004; Rawat, 2014; 
Chauhan et al., 2012]. Hayakawa et al. [Hayakawa et al., 2007] 
found the ULF variations related with the tectonic effect 
during the preparation phase of earthquakes. The ultra- 
low frequency of <10 Hz was chosen from the wide range 
of electromagnetic emissions to identify seismic precur-
sors. Although magnetic pulses of various frequencies are 
generated at an earthquake hypocenter, the ULF signals can 
propagate a long distance in the lithosphere with small at-
tenuation in comparison to other high frequency signals 
[Hayakawa et al., 2007]. Akinaga et al. [Akinaga et al., 2001] 
analyzed the ULF emission data at Lunping (epicentral dis-
tance 120 km) and found a significant enhancement in the 
polarization ratio about two months before the M 7.6 Chi-
Chi earthquake of September 21, 1999. Many studies have 
revealed the presence of the electromagnetic (EM) emis-
sions during the earthquake preparation process [Smirno-
va et al., 2004; Varotsos, 2005; Rawat, 2014; Rawat et al., 
2016; Chauhan et al., 2012; Arora et al., 2012; Kumar et al., 
2013]. Emerging positive results of studies focused on EM  

emission before the earthquakes contribute to searching 
for a probability of short-term prediction of earthquakes, 
including forecasting of their locations and time.

The observed Earth’s magnetic field is a combination of 
internal and external sources. The solar wind and the mag-
netosphere are generally treated as external sources, and the 
remnant magnetization in the lithosphere/crust is treated 
as an internal source of the Earth’s magnetic field [Mandea, 
Purucker, 2005]. The ULF waves recorded on the ground 
carry the characteristics of generation processes and in-
formation about the region they have propagated. Abnor-
mal changes in the ULF geomagnetic field associated with 
seismic activity are due to changes in the magnetic pro-
perties of the rock and the electrical conductivity of the 
crust. Predominantly, in the earthquake precursor studies, 
the theories of electro-kinetic and piezo-magnetic effects 
are applied to investigate the origin of the EM field during 
seismogenic processes. However, no authenticate model 
has been developed yet to explain the seismo-electromag-
netic field origin [Pulinets, Boyarchuk, 2004; Yoshida, 2001; 
Fedorov et al., 2001; Uyeda et al., 2009]. For short-term 
earthquake prediction studies, two things are most impor-
tant: (1) Identify the seismo-electromagnetic (SEM) signal 
from the background EM signals; and (2) Detect the SEM 
signal position. The presence of a SEM signal can be de-
tected through various analysis protocols such as analysis  
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of polarization ratio, fractal dimension, principle compo-
nent analysis, and wavelet. In addition, many scientists are 
trying to find the source of SEM signals using data from two 
or more observatories that employ various methods based 
on phase difference and the polarization ellipse [Schekotov 
et al., 2008; Dudkin et al., 2010; Hattori, 2004; Hayakawa 
et al., 2007; Rawat et al., 2016].

The polarization ratio analysis and the fractal dimension 
analysis were first carried out by Hayakawa et al. [Hayakawa 
et al., 1996]. He discovered changes in the ULF magnetic 
field a few days before the earthquake. Many researchers 
have also indicated that they use the same techniques for 
identification of the earthquake precursory signals [Gotoh 
et al., 2004; Smirnova et al., 2004; Varotsos, 2005; Arora 
et al., 2012; Rawat, 2014]. Before the occurrence of earth-
quakes, anomalies in magnetic field data were observed by 
many researchers [Yen et al., 2004; Masci et al., 2009; Chen 
et al., 2010; Takla et al., 2013]. Moreover, Li et al. [Li et al., 
2011] observed abnormality in the 3rd principal compo-
nent of HComp of the magnetic field 40 days before occur
rence of the Ms 6.1 Panzhihua earthquake (China). Ida Y. 
and Hayakawa M. [Ida, Hayakawa, 2006] observed anoma-
lous fractal dimensions of the magnetic field 9–14 days be
fore the 1993 Guam earthquake. Rawat et al. [Rawat, 2014] 
also observed a similar increase in fractal dimensions be-
fore local earthquakes in Himalayas (India).

On November 13, 2016, a M 7.8 earthquake occurred 
at a depth of 15 km in North Canterbury (New Zealand) 
(42.73 °S, 173.054 °E) (NEIC, USGS). In the present study, 
we analysed the ground geomagnetic data of a 3-compo-
nent fluxgate magnetometer (DFM) at Eyrewell (43.474 °S, 
172.393 °E) from October 1 to December 31, 2016 to study 
the electromagnetic precursors associated with this earth-
quake. We used the polarization ratio, fractal dimension 
and principal component analysis to identify anomalous 
magnetic data.

2. TECTONIC SETTING OF THE STUDY AREA
The earthquake occurred in the inter-plate region be-

tween the Australian and Pacific plates, that are separated 
by the Alpine fault. These plates are subjected to oblique 
convergence at the rates of ~36 mm/year and 10 mm/year, 
respectively [Leitner et al., 2001]. From Jackson Bay to Hope 
Fault Crossing, the plate boundary is a continent-continent 
collision zone with the Challenger plateau to the west and 
the Chatham Rise to the east [Leitner et al., 2001]. The Alpine 
fault changes in character along the strike zone. From Milford 
Sound to the Cascade River, it is a steeply dipping strike-
slip fault with a very small dip-slip component [Sutherland, 
Norris, 1995].

The fact behind the frequent occurrence of earthquakes 
along the northern part with smaller single-event slip com-
pared to the southern part can be related to the Marlborough 
Fault system or the thermally weakened central section of 
the Alpine fault, which could make a barrier to southward 
propagating earthquakes [Leitner et al., 2001].

3. DATA AND METHODOLOGY
In order to study earthquake precursors before the New 

Zealand earthquake, we analysed the data of a digital flux
gate magnetometer (DFM) installed at the Eyrewell Mag-
netic Observatory (New Zealand) (43.40 °S, 172.40 °E). The 
locations of the New Zealand earthquake epicenter and the 
Observatory are shown in Fig. 1. This station is maintained 
by the Institute of Geological and Nuclear Sciences and is 
part of the Intermagnet Network, that promotes high stan-
dards of magnetic observatory practice and provides the 
magnetic data for research purposes (www.intermagnet.
org). The magnetic field varies due to the contribution of 
three different sources, namely the terrestrial-solar activity, 
the man-made noise and the electromagnetic emissions of 
the lithosphere through induced microcracks, earthquakes, 
volcanism etc. It is therefore quite difficult to distinguish  

Fig. 1. Location of the epicenter of New Zealand earthquake and the Magnetic Observatory.
Рис. 1. Расположение эпицентра землетрясения 13 ноября 2016 г. (M=7.8) и местоположение магнитной обсерватории 
Эйруэлл (Новая Зеландия).
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a weak electromagnetic signal associated with a seismic 
event from signals generated by other dominating sources 
in observations of the magnetic field intensity. To reduce 
the influence of anthropogenic and cultural disturbances, 
we selected the magnetic data taken at midnight (23:00–
02:00 LT) for analysis. We applied the polarization ratio 
method introduced by [Hayakawa et al., 2007] to detect the 
earthquake precursor signals in magnetic data. The polari-
zation ratio is Z/G, where Z and G are the vertical and hori-
zontal components of the geomagnetic field, respectively, 
and G²=H²+D² (H and D are the horizontal components). Our 
approach is based upon the concept that the influence of the 
ionosphere and solar terrestrial effect on the Earth’s mag-
netic field is considered as a far field effect (where it does 
not carry any vertical component), and the variation due 
to the influence of the crustal electromagnetic emissions is 
taken as a near field effect (where the vertical component 
plays a critical role). Therefore, calculation of the polariza-
tion ratio (Z/G) can indicate the source of the geomagnetic 
field and, thereby, it can assist the information about the 
contribution of electromagnetic emissions associated with 
earthquakes [Hayakawa et al., 2007; Hattori, 2004]. In the 
principal component analysis (PCA), an orthogonal transfor-
mation is used to change the correlated variable into uncor-
related variables called principal components. Each princi-
pal component of a time series contains specific information  

about the salient feature of the origi nal time series. The PCA 
steps are as follows:

– Let X be a time series having X=[X1, X2, …, Xm]
– The transpose of X is defined as, XT=[X1, X2, …, Xm]T

– The variance matrix can be calculated as, R=XXT, and 
the eigenvalue decomposition of R is given as R=VΔVT, where 
Δ is the eigenvalue matrix with columns λ1, λ2 and λ3, and V 
is the eigenvector matrix with columns v1, v2 and v3.

The PCA main objective is the eigenvalue decomposition 
of the covariance matrix of the observed time series.

Apart from the above methods, fractal analysis is also 
an approach by which the dynamics of the earthquake pre-
paration can be studied through variations of fractal dimen-
sion (FD) [Rawat, 2014]. The earthquake preparation pro-
cess is a dynamic process that develops in stages. According 
to the concept introduced by Bak et al. [Bak et al., 1987], 
the dynamics of natural hazard systems is based on Self 
Organizing Criticality (SOC). Here, the occurrence of earth-
quake is regarded as the critical stage, and the earthquake 
preparation is considered as the intermediate stage. In the 
critical stage, the dynamic process is highly sensitive to any 
type of external perturbations whose time response exhi-
bits the nature of the flicker noise (1/f). Hayakawa et al. 
[Hayakawa et al., 1999] used this technique for the first time 
in the analysis of ULF data to identify earthquake precur-
sors. Today, three methods are available for FD calculation:  

Fig. 2. Kp values and magnetic data of X, Y, Z comp recorded in Eyrewell station.
Рис. 2. Значения индекса геомагнитной активности Kp и магнитных компонентов X, Y, Z по данным обсерватории Эйруэлл.
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power spectral density (PSD) method [Berry, 1979], Burlaga-
Klein method [Burlaga et al., 1986], and Higuchi method 
[Higuchi, 1988]. In this study, we used the PSD method 
as follows:

– Slope β of the behavior of power spectrum s(f)αf–β 
is obtained from the line best adjusted in the log-log dia-
gram of the selected frequency band in order to study the 
behavior characteristic 1/f;

– The time series is divided into segments with 1024 data 
points, with 50 % overlapping the previous segment;

– Each segment is subjected to a Fast Fourier transfor-
mation.

– The performance spectrum of five segments in 3 hours 
is then averaged to obtain the most consistent and coherent 
spectral properties.

– Slope β of the average spectrum is then estimated using 
a linear fit to the spectrum plotted on a logarithmic scale in  

the frequency band from 0.03 to 0.1 Hz. This slope can be 
linked to the fractal dimension using the Berry equation, 
D=(5–β)/2.

The global geomagnetic indices Kp and Dst were ob-
tained from the World Data Center in Kyoto, Japan (http://
wdc.kugi.kyoto-u.ac.jp). The Kp values and the magnetic 
data (X, Y, Z components) from the Eyrewell station are 
shown in Fig. 2.

4. RESULTS AND DISCUSSION
4.1. Anomalies in polarization ratios

Polarization ratios for the far field effect are generally 
lower than those for the near field effect. The Z/G ratio is 
less than 1 for the far field effect, however, it is almost equal 
to 1 or more for the near field effect, considering the elec
tromagnetic emissions from the lithosphere due to micro-
cracks or to the electro-kinetic effect associated with the  

Fig. 3. Plotting of the polarization ratio (Z/G).
Рис. 3. График изменения коэффициента поляризации (Z/G).

0.001–0.005 Hz
2.0

1.5

1.0

0.5

0

2.5

2.0

1.5

1.0

0.5

0

2.5

2.0

1.5

1.0

0.5

0

2.5

2.0

1.5

1.0

0.5

0

2.5

2.0

1.5

1.0

0.5

0

Z
/G

 (
F

1
 f
re

q
)

Z
/G

 (
F

2
 f
re

q
)

Z
/G

 (
F

3
 f
re

q
)

Z
/G

 (
F

4
 f
re

q
)

Z
/G

 (
F

5
 f
re

q
)

0 10 20 30 40 50 60 70 80 90
Days starting from October 1, 2016

0.005–0.010 Hz

0.01–0.05 Hz

0.05–0.10 Hz

0.1–0.5 Hz

M+2σ

M–2σ

M+2σ

M–2σ

M+2σ

M–2σ

M+2σ

M–2σ

M+2σ

M–2σ

M 7.8

https://www.gt-crust.ru
http://wdc.kugi.kyoto-u.ac.jp
http://wdc.kugi.kyoto-u.ac.jp


https://www.gt-crust.ru 896

Geodynamics & Tectonophysics 2021 Volume 12 Issue 4Sahoo S.K. et al.: Observation of ULF electromagnetic emissions...

occurrence of earthquakes [Hayakawa et al., 2007]. Even 
though the radio emissions are generated as a pulse in the 
earthquake hypocenter, higher frequency components can-
not propagate over long distances in the lithosphere due 
to severe attenuation, but ULF waves can propagate up to 
an observation point near the Earth’s surface with small at-
tenuation. Therefore, an electromagnetic signal in the ULF 
range was selected for the polarization analysis [Hayakawa 
et al., 2007]. In our study, the Z/G ratio in the ULF range 
(0.001–0.5 Hz) was calculated for five frequency bands, i.e. 
F1 (0.001–0.005 Hz), F2 (0.005–0.01 Hz), F3 (0.01–0.05 Hz), 
F4 (0.05–0.1 Hz), and F5 (0.1–0.5 Hz), using the data for 
three months, from October 1 to December 31, 2016 (Fig. 3). 
The plots showing the temporal evolution of the Z/G ratio 
for the five frequency bands are based on the records taken 
at the Eyerell Observatory at midnight (23:00–02:00 LT); 
the time of the New Zealand earthquake is marked by the 
dashed line.

Virk et al. [Virk et al., 2001] considered the anomaly in 
radon time series when the signal exceeded the mean ±2σ. 
To investigate the abnormal behavior of the polarization 
ratio, we also applied the mean ±2σ technique to the polari
zation ratios of the five frequency bands (shown by dashed 
lines in Fig. 3). In the first frequency band (F1), peaks ap
pear on October 20, October 30, November 20, November 28,  

and December 20, 2016. Frequency band (F2) shows only 
two large peaks on October 20 and October 30, 2016. Fre-
quency bands (F3) and (F4) show peaks similar to those at 
(F1), but with lower amplitudes. Frequency band (F5) shows 
only two peaks, on October 20 and December 20, 2016.

Fig. 4 illustrates the Disturbance Storm Index (Dst) ob-
tained from the World Data Center, Kyoto, Japan (http://wdc.
kugi.kyoto-u.ac.jp). During the study period, the Dst value 
varied between –20 and –60, which shows a quiet condi-
tion in the ionosphere and no signs of any major magnetic 
storm.

Most of the peaks occur on the dates preceding and fol-
lowing the date of New Zealand earthquake, i.e. before or 
after November 13, 2016. The first two peaks – 13 days and 
23 days before the New Zealand earthquake – can be con-
sidered as the precursors of this earthquake. It is notewor-
thy that the peaks on October 20 and 30, 2016 are easily de-
tected in all the five frequency bands. Furthermore, there is 
a remarkable change (>1) in the polarization ratio Z/G from 
frequency band (F1) to band (F4). In our study, the most 
characteristic frequency of the seismic ULF emissions vary 
in the range from 0.005 to 0.1 Hz, which is similar to the re-
sults obtained by other researches in their studies of earth-
quakes in Spitak (Armenia) [Kopytenko et al., 1990], Loma 
Prieta (California, USA) [Fraser-Smith et al., 1990], Guam  

Fig. 4. Principal components of Hcomponent of magnetic field with the Dst.
Рис. 4. Основные компоненты H магнитного поля с индексом геомагнитной активности Dst.

M+2σ

M–2σ

0 10 20 30 40 50 60 70 80 90
Days starting from October 1, 2016

0

1.5

1.0

0.5

0

1.5

1.0

0.5

0

–0.5

–1

2.5

2.0

1.5

1.0

0.5

0

D
st

 (
n

T
)

P
C

A
1

P
C

A
2

P
C

A
3

–0.5

20

–60

–40

–20

https://www.gt-crust.ru
http://wdc.kugi.kyoto-u.ac.jp
http://wdc.kugi.kyoto-u.ac.jp


https://www.gt-crust.ru 897

Geodynamics & Tectonophysics 2021 Volume 12 Issue 4Sahoo S.K. et al.: Observation of ULF electromagnetic emissions...

[Hayakawa et al., 1996], and Biak (Indonesia) [Hayakawa et 
al., 2000]. In our analysis, the polarization ratio increased 
significantly at this characteristic frequency from 13 to 23 
days before the New Zealand earthquake. Such an increase 
in the ULF emission is consistent with the value in [Hattori, 
2004]. Hayakawa et al. [Hayakawa et al., 2007] assumed that 
the pre-seismic ULF emissions satisfy the empirical rela-
tionship of 0.025R<(M-4.5), where R is epicentral distance 
and M is magnitude. A relationship with the parameters of 
the New Zealand earthquake fulfills this empirical relation
ship, so we can expect a ULF anomaly for this event. The 
upward trend in the polarization rate continued even after 
the New Zealand earthquake had occurred, which suggests 
post-seismic adjustments.

Our observations of the polarization rates are similar to 
those described in publications on earthquakes in Guam 
[Hayakawa et al., 1996], Biak (Indonesia) [Hayakawa et al., 
2000], northwestern Himalayas (India) [Rawat, 2014], and 
Chi-Chi (Taiwan) [Hayakawa, 2001]. Various explanations 
have been proposed for high polarization rates, e.g. (i) an 
increase in the vertical magnetic field, which can be asso
ciated with direct mechanisms acting in the crust, such as 
microfracture electrification [Molchanov, Hayakawa, 1998]; 
(ii) reduction of the horizontal magnetic field, which can be 
linked to indirect mechanisms, such as the effects of litho-
sphere-atmosphere-ionosphere coupling [Gokhberg et al., 
1995; Molchanov et al., 2004]; and (iii) inductive seismic- 
electromagnetic effect [Molchanov et al., 2001]. We cannot 
exactly relate any one of these mechanisms in the case of 
the New Zealand earthquake. Nonetheless, the propagation 
of EM emissions generated by one of these mechanisms 
is easily detectable in this case because the observation sta-
tion is located so close to the epicenter of the New Zealand 
earthquake.

4.2. Anomalies in principal components
Various authors have successfully used the principal com-

ponent analysis (PCA) in various fields, e.g. [Labib, Vemuri, 
2004] – computer networks to facilitate traffic analysis and 
visualization; [Quershi et al., 2017] – medical data to study 
heart disease risks; [Alken et al., 2017] – ionosphere data 
to characterize the equatorial and Sq electrojet power sys-
tems; and [Hayakawa et al., 2007] – investigations of ULF 
variations related to earthquakes.

As mentioned above, variations in the geomagnetic field 
can be due to the contributions of the three sources, namely 
the terrestrial-solar activity, the man-made noise, and the 
electromagnetic emissions of the Earth. In the context of 
earthquakes, volcanism, etc., the PCA analysis plays a cru-
cial role in determining the real source of the magnetic field. 
Since the source of the terrestrial-solar component does not 
have the vertical component, the PCA analysis of the hori-
zontal components can determine the real source of vari-
ations in the magnetic field. In this study, we used the H 
component for the PCA analysis. Fig. 5 illustrates the three 
principal components with Dst values in the period from 
October 1 to December 31, 2016. The variation of the eigen-
value of the first principal component is strongly correlated 
with the Dst value compared to the two other components. 
We may assume that the first principal component of the 
observed signal is due to the contribution of the global mag-
netic signal resulting from the terrestrial-solar activity. The 
eigenvalue of the second main component shows a daily 
variation (24 hours) during the study period with maxi-
mum and minimum values of day and night, respectively 
(Fig. 5). Therefore, it is also considered to be an influence 
of periodic components. Fig. 5 shows the temporal evolu-
tion of the eigenvalue of the third principal component dur-
ing the study period. This value is increased on October 20,  

Fig. 5. FFT periodograms of the 2nd and 3rd principal components.
Рис. 5. Периодограммы 2го и 3го основных компонентов, полученные с применением быстрого преобразования Фурье (FFT).
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October 30, November 20, November 28 and December 20, 
2016. These increases correlate with the enhancements of 
polarization ratios described above. The enhancements on 
October 20 and October 30, 2016 can be related to the elec-
tromagnetic emissions due to microfracturing during the 
preparation phase of the New Zealand earthquake. An in-
crease in the third principal component several days be-
fore other earthquakes is reported in the following publi-
cations: [Hattori, 2004] – the Izu earthquake; [Serita et al., 
2005] – earthquakes in Japan; [Hayakawa et al., 2007] – 
earthquakes on the Izu and Boso peninsulas; and [Li et al., 
2011] – earthquakes in the Pranzhihua region of China.

4.3. Anomalies in fractal dimensions
We calculated fractal dimensions (FD) by applying the 

Berry method to components H, D and Z of the magnetic 
field from October 1 to December 31, 2016 to search for 
anomalies before the New Zealand earthquake. Fig. 6 shows  

FD calculation for a single day; (a) the time series of mag-
netic data for 18–21 hours at a one-second sampling in-
terval; (b) an amplitude spectrum (we applied the FFT to 
this time series); and (c) a robust least squares adjustment 
of the straight line, which is applied to the log-log scale. 
The slope β of the average spectrum is estimated in the fre-
quency band of 0.03–0.1 Hz. A corresponding FD value (D) 
is obtained from the Berry equation using the slope β for 
the three components every day. In this way, we calculate 
FD of three orthogonal components of the variations of the 
geomagnetic field, which makes it possible to obtain three 
sequences of the FD temporal variations corresponding to 
components X (NS), Y (EW), and Z (vertical).

Fig. 7 shows the FD time evolution of the geomagnetic 
components (H, D, and Z) and the Dst value. The three com-
ponents differ in the FD variability, that is higher for com-
ponents Y and Z and comparatively lower for component X. 
We observe that the FD of component H fluctuates widely,  

Fig. 6. Estimation of the slope of the power spectra.
(a) – the time series of the geomagnetic field during nighttime; (b) – the power spectra of all the three components (H, D and Z); (c) – 
loglog fitting of the straight line.
Рис. 6. Расчет наклона спектров мощности.
(а) – временной ряд геомагнитного поля в ночное время; (b) – спектры мощности всех трех компонентов (H, D и Z); (c) – 
логарифмическая кривая, соответствующая прямой линии.
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Fig. 7. Fractal dimension variability determined by Berry’s method during October 1 to December 31, 2016.
Рис. 7. Изменчивость фрактальной размерности, определенная методом Берри в период с 1 октября по 31 декабря 2016 г.

and it is therefore too difficult to obtain a temporal evolu
tion of this component. For components D and Z, however, 
the FD variation follows a certain trend. During the study 
period, an average FD value of components D and Z is 1.8. 
The FD value of components D and Z decreases below the 
average on November 10, 2016, but is restored and imme-
diately increased on the same day, November 10, 2016, i.e. 
three days before the New Zealand earthquake. This increase 
in the fractal dimension can therefore be linked to the seis-
mic preparation processes of the New Zealand earthquake 
of November 13, 2016. An increase in the fractal dimen-
sion before other earthquakes is reported in the following 
publications: [Gotoh et al., 2003] – the August 8, 1993 earth-
quake on the island of Guam; [Ida et al., 2012] – earthquakes 
in China; [Rawat, 2014] – the Himalayan earthquake; [Han et 
al., 2015] – the 2009 L’Aquila earthquake in Italy; [Rawat et 
al., 2016] – local earthquakes in the Ghuttu region of India. 
Considering the increase in the fractal dimension before the 
New Zealand earthquake, as established in our study, we 
confirm the effect of a decrease in the ULF emission spec
trum slope before the earthquake.

5. CONCLUSION
Based on the above data, we identified anomalies in the 

magnetic data from the Eyrewell Observatory before the  

occurrence of the M 7.8 New Zealand earthquake of Novem-
ber 13, 2016. Since this earthquake occurred at a distance 
of 158 km from the Eyrewell Observatory, we were able 
to clearly detect the precursory signals in the three-com-
ponents magnetic data. To identify the anomalies, we used 
three methods focused on the polarization ratio, fractal di-
mension and principal component analysis. All the five fre
quency bands of the polarization ratio showed anomalies 
on October 20 and October 30, 2016. Similarly, we also ob-
served the anomalies on October 20 and October 30, 2016 
in the third principal component (H) of the magnetic data. 
The fractal dimension of components D and Z of the mag-
netic data initially decreased and sharply increased three 
days before the New Zealand earthquake. By systematically 
analyzing 3-component magnetic data using the polariza-
tion ratio, the principal component and the fractal dimen-
sion, we can confidently conclude that electromagnetic pre
cursors of earthquakes can contribute to deciphering the 
code of the various Earth signals before the earthquakes.
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