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Resume 
Through spectral analysis and least square fitting of  
polar motion data (IERS bulletin A and IERS EOP 
C04), it has been found that a formerly unknown 
component of period of about 500 days exists in the 
Earth’s polar motion. This period coincides with 
earlier reported periodicities in aurora occurrence, 
geomagnetic perturbation, and others. It is suspected 
that Earth’s inner core wobble is responsible for all 
these phenomena. 

1. Introduction 
Two main components of polar motion, Chandler and 
annual, had been noticed since the early studies of 
the Earth’s polar motion. Although these two 
components dominate, there also exist other minor 
components in the polar motion as in Fig. 1. And 
there have been filed some extensive lists of 
periodicities existent in the polar motion (for 
example, see [1], [2], and [3]). But from our spectral 
analyses based on routine procedure, to our surprise, 
one formerly unknown component of polar motion 
(period of about 500(494) days or 1.35 year) has 
been found as described in more detail below. The 
same (quite close) periodicity has been reported in 
other geophysical phenomena, such that 1.3 ~ 1.4 
year periodicity in the geomagnetic field [4] and 1.4 
year periodicity in the aurora occurrence [5]. 

2. Data Analysis 

2.1 Spectral analysis 

In Fig. 1, two spectra for the same dataset are 
illustrated.(used data set IERS bulletin A, between 
Jan 1973 and Jul 2009). The upper one is amplitude 
spectrum in logarithmic scale, so that minor 
components with even some possible noise are all 
shown in the figure. Fifteen frequency components of 
larger amplitudes are marked with arrows, of which 
frequency values and corresponding periods are 

given in Table 1. The lower one is power spectrum, 
and only two main components - Chandler and 
annual can be seen in the figure. In the power 
spectrum, one may find very small trace of a peak 
corresponding to the 500-day period with other few 
minor peaks.  In Fig. 2, three amplitude spectra of 
polar motion time series IERS EOP C04, which is 
virtually the same as IERS bulletin A, are given. 
Each spectrum in Fig. 2 is divided with the length of 
time series, so that is in uniform scale of amplitude. 
From these amplitude spectra, the existence of 500-
day period component is confirmed. But the period or 
phase of this component is variable in some amount. 
Moreover it is questionable why the peak of 500-day 
period appears smaller in the spectrum for longer 
time span.   

2.2 Least square fitting 

To understand the peculiar characters of the 500-day 
period component of the Earth’s polar motion as 
pointed above, the amplitudes of the three main 
components - Chandler, annual, and 500-day were 
acquired by least square error method.  For each of 
42 sets of 2500-day long polar motion time series, 
which successively starts at one year delay, least 
square solution for model with linear trend and the 
three periodic components were acquired.  As results, 
it has been found that the amplitude of 500-day 
period has been considerably large - same order of 
magnitude with annual component. Also found that 
the amplitude and phase of the 500-day component 
are varying - particularly the phase variation has been 
large and abrupt.  

3. Discussion of Cause and Relation 
First of all, it is comprehensible that spectral analysis 
on longer time series polar motion would fail to see 
the existence of 500-day component due to abruptly 
varying phase of the component. And by separating 
the positive frequency component from the negative 
frequency component, it was found that 500-day 
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period component shows only prograde motion like 
Chandler wobble. Regardless of its excitation 
mechanism, it is believed that a certain oscillation 
mode of the period should exist in the Earth. With 
knowledge of periodic perturbations of the same 
period in the geomagnetic field and aurora 
occurrence, the biggest possibility for the mode 
would be the inner core wobble. There have been 
theoretical estimates of inner core wobble period, but 
their values vary in large amount - from 890 days up 
to 2500 days. As a matter of fact, there has not been 
any confirmation for any one of those estimates. So 
we suspect this 500-day period as the period of the 
inner core wobble. If the 500-day period polar 
motion were not caused by the inner core wobble, 
one should seek an unknown mode of oscillation in 
the liquid core as its origin.  As mentioned above, it 
is believed that the 500-day perturbation (due to 
inner core wobble) seems to result in the 
geomagnetic perturbation, aurora occurrence, and 
solar wind detection on the Earth’s surface. 

4. Figures 

 

Figure 1: Amplitude and power spectra of polar 
motion (IERS-A, 1973~2009) acquired by Fourier 
Transform. Some major peaks are marked with 
arrows (Chandler, annual, 498 day, and semi-annual). 
The amplitude spectrum is in logarithmic scale 
(above).  The units are [arcsec] and [arcsec2]. 
Frequency axis is scaled by integral multiple of given 
division. 

 

Fig. 2 Fourier amplitude spectra for three different 
data set of polar motion (IERS EOP C04) - (1) 
between MJD 39700 ~ 53900, (2) between MJD 
37665 ~ 44605, and (3) between MJD 44605 ~ 53900.  
Notice the amplitude of 500 day component is 
relatively smaller in the spectrum of the longer time 
polar motion. (All spectra are normalized by dividing 
with the length of data. Unlike Fig. 1, the horizontal 
axis of Fig. 2 is period in days. ) 

 
Fig. 3: The phase of Chandler, annual, and 500-day 
component in the polar motion acquired by least 
square method on (IERS EOP C04) - 42 sets of each 
2500 day time series successively taken after 1 year.  



 

5. Table 
Table 1: Frequency and period of each peak marked 
in Fig. 1 (unit: [cycle/day] and [day]). 

Index Frequency period 
f1 0.00011 ~9000 
f2 0.00075 ~1330 
f3 0.00136 735 
f4 0.00166 603 
f5 0.00191 524 
f6(500-day) 0.00201 498 
Chandler 0.00231     433 
annual 0.00274     365 
f7 0.00287 349 
f8 0.00297 337 
f9 0.00321 311 
f10 0.00333 301 
f11 0.00437 229 
f12 0.00488 205 
semi-annual 0.00546 183 
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