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SUMMARY: We analyzed the Earth’s long-term polar motion using the time series IERS EOP C04
(from 1984 to 2023) to determine the variation of amplitude of the Chandler wobble. To compare the
results based on the C04 with the Belgrade latitude data (BLZ series 1949-1985) results, we calculated
the variations of latitude at BLZ point using the C04 coordinates (z, y). The secular part of these latitude
variations was determined by use of the least-squares method (LSM) and removed from the data to get
residuals. We used the Fourier transforms (DFT) to obtain annual and semiannual oscillations and to
remove them from the residuals (to get a new set of residuals). These new residuals were divided into 33
independent 1.2 years subintervals. For each subinterval, we calculated the amplitude, period and phase
of the Chandler nutation using the LSM. The quasi-periodic instability of 33 values of the amplitude
of the Chandler wobble is detected with a period of 54.5 years using LSM (it was 38.5 years from BLZ
data 1949-1985); the amplitude of that quasi-periodic variation is 0. 087 (0.//06 from BLZ data). The
amplitude of the Chandler nutation varies with a minimum of 0.”012 (at 2019.3) and a maximum of

0."230 (at 1994.1); the period is stable, but the phase is not stable. We applied the Abbe criterion to
explain the variability in 33 values of the Chandler wobble amplitude, and the hypothesis that there is
no trend in these 33 values is rejected. The obtained amplitude modulation is in accordance with other
published papers about similar subject (and with our results based on BLZ data). Probably, the cause
is lying in the hydro-atmospheric circulation that could influence calculated quasi-periodic variation. A
possible explanation can be found in changes of core-mantle electromagnetic coupling (in line with the
last few years investigations). In recent papers, it has been noticed that the effects of geomagnetic jerks
are more important for exciting free nutation than the atmosphere and oceans.
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INTRODUCTION

The observations concerning the Earth rotation
angles have been collected for more than a century:
optical astrometry data are at the accuracy level of
tens milliarcseconds (mas), the Earth Rotation Pa-
rameters (ERP) are at the level of about 0.1 mas
because after 1980s these data started to be provided
by space geodetic techniques. The stability in time of

the amplitude and period (or phase) of the Chandler
wobble, as important part of polar motion, could be
investigated by using different series of classical and
modern astrometry data. We did it (Damljanovié
et al. 1997) using the observations at one observa-
tory (the Belgrade latitude data — BLZ); it enabled
the studies of the Chandler wobble parameters. In
the BLZ latitude series (from 1949 to 1985) the quasi-
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periodic changes of amplitude of the Chandler nuta-

tion were detected (near 0.”06), and the period of
these changes was about 38 years (Damljanovic et al.
1997). Similar results were obtained in other papers
(Rykhlova 1969, Zotov et al. 2022); the period of am-
plitude variations was about 40 years.

We wanted to check our results based on the BLZ
data, because now there are the Earth’s long-term
polar motion data as very precise time series IERS
EOP C04 from 1984 to 2023 (one-day intervals), and
we did the same procedure using the C04 data to de-
termine the variation of amplitude of the Chandler
wobble. Moreover, in comparison with classical as-
trometry data (as BLZ latitude series), the C04 data
are free of some systematic errors and local distor-
tions. Because of it, the C04 data are particulary
interesting for our investigation of amplitude varia-
tions of the Chandler nutation.

The time series IERS EOP C04 is a product of the
International Earth Rotation and Reference Systems
Service — IERS. The C04 is combination of EOP series
derived from the various astro-geodetic techniques.
These techniques are: Very Large Baseline Interfer-
ometry (VLBI) on extragalactic objects, Laser Rang-
ing to the Moon (LLR) and to dedicated artificial
satellites (SLR), and using GPS and DORIS systems.
As part of the C04, the polar motion coordinates (z,
y) describe the polar motion with respect to the crust.

Because of the lack of the physical explanation
of mentioned phenomenon, the results about the ob-
servational evidence of variation of amplitude of the
Chandler wobble (with period about 40 years) are
not widely accepted as realistic ones. This is another
challenge for our investigation, here. The homoge-
nized and actual C04 data are a good opportunity
for investigation of decades variations of the Chan-
dler wobble parameters (amplitude Ac at the first
place), and we wanted to give some contribution for
a better description of these variations.

In the next section, our procedure of calculation
of the parameters of the Chandler wobble is done,
and the main features of variation of amplitude of
the Chandler wobble are presented. In accordance
with the Abbe criterion, the calculated values of Ao
are not explainable with only formal errors, but this is
possible in the case of the values of A, (the amplitude
of the annual wobble).

2. THE VARIATION OF AMPLITUDE OF
THE CHANDLER WOBBLE

The annual term presented in the polar motion
(in Fig. 2.) has a stable period (one year). The
Chandler wobble is slightly elliptical (Guinot 1982)
or nearly circular, and it is of importance to calcu-
late the parameter of that wobble for some specific
meridian (the BLZ meridian in this paper). The pe-
riod of the Chandler wobble is variable (it could be
from 1.06 years or 387 days to 1.21 years or 442 days),

and the amplitude of that wobble varies from 0.” 07
to 0.”28 (Vondrék 1985).

2.1. Latitude variations at BLZ point using

the IERS EOP C04 polar motion data

First of all, we calculated the latitude variations
(¢ — vo) at BLZ point (in Fig. 1.) using the C04
polar motion coordinates (x, y) and Kostinski’s for-
mula Eq. (1) (Kulikov 1962). In this way, we can
compare the obtained results (using C04 from 1984.0
to 2023.0) with our results based on the Belgrade
latitude data (BLZ series from 1949 to 1985). Like
that, the parameters of the Chandler wobble (ampli-
tude, period and phase) refer to the Belgrade merid-

ian Agrz = 20.°5. The value 20.°5 is calculated from
thengreenwich meridian to the east. Kostinski’s for-
mula is:

zcos(Aprz) + ysin(Aprz) = ¢ — ©o. (1)

2.2. Secular term of the latitude variations
at BLZ point

The coefficients of a; = 0.”116 + 0.”002 and ay =
(254 £ 6.8)1071% " /y (secular term) in C04 latitude
variations at BLZ point (see Fig. 1.) are cal-
culated using the least-squares method (LSM) and
©—@o = a1 +ast model. The value ¢ is time (in years,
from 1984.0 to 2023.0). We calculated the residuals
(the data of Fig. 1. without secular term). These
residuals are our input to the Fourier transforms —
DFT (see in Fig. 2.) to get parameters of the Chan-
dler wobble, annual and semiannual variations (pre-
sented in Table 1.); the epoch for phases is 1984.%0.

2.3. Amplitude periodogram using the
Fourier transforms
In Fig. 2., it is presented the amplitude periodogram,

where the annual and Chandler wobbles are domi-
nant. After applying the DFT, the standard devia-
tions of amplitude and phase in Table 1. could be
calculated using Eq. (2):

o4 =0oy/(4—m)/N =0."00009 ,
op ~ 57.°296(c0/A)\/2/N ,

where N = 14245 is the number of the C04 values
(z, y) during 1984.0 — 2023.0, op = 0."012 is the
standard deviation of residuals (in Fig. 6.), A is
the amplitude (the Chandler A¢, annual A, or
semiannual Ag,), o4 is the amplitude standard
deviation, and op is the phase standard deviation
(cpe = 0.°07 for the Chandler wobble, op, = 0.°08
for annual one and ops, = 3.°34 for semiannual
one). The residuals (in Fig. 6.) are obtained after
removing: the secular term, and three oscillations
(the Chandler, annual and semiannual) from values
presented in Fig. 1. After the DFT, the combined
curve using the parameters (in Table 1.) of three
harmonics (the Chandler, annual and semiannual) is
Ac cos(360°(t — 1984.0)/1.2 — Fo) + A, cos(360°(t —

(2a)
(2b)
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1984.0)/1.0 — F,) + Ayq cos(360°(t — 1984.0)/0.5 —
F.o) = 0."1135 cos(360°(t — 1984.0)/1.2 — 236.°07) +
0.”0951 cos(360°(t 1984.0)/1.0 — 229.°64) +

0.”0024 cos(360° (¢ — 1984.0) /0.5 — 161.°83), where ¢
(in years) starts from 1984.0.

Besides the DFT, the mean period P = 0.Y184
was calculated to get "the best fit” on the C04 in-
terval (1984.0-2023.0) using the LSM. To do that,
the value of Po was varied to get the minimum of

standard deviation o = 0.”7 (the best fit) of suitable
residuals; it means, minimum o of the differences be-
tween the data and the fit. For that fit, the value of

the Chandler amplitude is Ac = 0.”1131 £ 0.” 0007
and the phase is Fo = 221.°5 + 0.°7 (for the epoch
1984.0). As we expected, these values of the parame-

ters of the Chandler wobble are close to the suitable
values (using DFT) in Table 1.

2.4. Investigation of systematic variability of

the Chandler wobble amplitude using
the Abbe criterion

We wanted to check the trends and low-frequency
variations in values of the Chandler wobble amplitude
so we used the Abbe criterion (Malkin 2013, Daml-
janovi¢ et al. 2021). The Abbe criterion is aimed
at testing the hypothesis that each of mathemati-
cal expectancies of the analyzed values A¢ (in Ta-
ble 2.) is equal, and the Abbe statistic is the ratio
R = aj/as. The value a; is the Allan variance and
as is the dispersion of the values A (see Eq. (3)). If
there are trends and low-frequency variations in val-
ues Ac the value of as is greater than that of aq; it
means, R < Ry where Ry is the critical value of the
Abbe distribution. We can calculate the value Ry via
formula Ry = 1+ Uy/[n + 0.5(1 + UZ)]%5, where U,
is the quantile of the order ¢ of standard distribution
of values A¢, and it is Uy gs = —Up.gs = —1.64485
for ¢ = 0.05. In the case R < Ry, the hypothesis
that there is no trend in values A¢ is rejected. The
conclusion is that there are statistically significant
systematic variations in A¢ values. We applied the
Abbe criterion to the Ac values to explain variabil-
ity in the A values (whether or not some variability
could be explained by formal errors).

For probability level of 0.05, after applying the
Abbe criterion to n = 33 values A¢ (in Table 2.),
the obtained values are: R = 0.055, and Ry = 0.721;
it is R < Rp and in line with the Abbe criterion we
conclude that the values A are not explainable with
formal errors only. This means that there is some sys-
tematic part, and we can continue to investigate that
systematic part; from Fig. 4., that systematic part is

similar to a sinusoidal variation. We calculated the
values a1, and as using formulas:

a; = - ACi)Q )

ag =

where A, is the average of Ac values.

To check the annual wobble amplitude A, using
the Abbe criterion, we calculated the parameters of
both wobbles (the Chandler and annual ones) over six
years subintervals and obtained six independent Ag

and A, values: Acp = 0.”1767 and A,; = 0.70905

(at 1987.0), Aco = 0.72031 and A,y = 0.70600
(at 1993.0), Acs = 0.71526 and A,z = 0.70931
(at 1999.0), Acy = 0.71213 and A,y = 0.71047
(at 2005.0), Acs = 0.°0731 and A = 0.71297

(at 2011.0), Acg = 0.70166 and A, = 0.71038 (at
2017.0). It was done using the LSM with two sinu-
soidal curves (as a model), where the annual period
was just 1.Y000 and the Chandler period was adapted
near 1.Y180 (with 0.Y001 step) to get "the best fit”.
After applying the Abbe criterion to n = 6 values A,
we get: R =0.910, and Ry = 0.413; it is R > Ry. In
accordance with the Abbe criterion, we conclude that
the values A, can be explained with formal errors
only. It is of importance that during the calculation
of the 33 independent values A¢ (in Table 2.), where
the annual and semiannual wobbles were removed to
get residuals (in Fig. 3.) and the annual amplitude
was taken into the calculation as stable one. The am-
plitude Ag, of the semiannual wobble was very small
and is unimportant here.

As for the 33 values of the period Po and phase
F¢ of the Chandler wobble (in Table 2), after using
the Abbe criterion it is obtained R > R, in the case
of the period (because R = 1.113 and Ry = 0.721)
and R < Ry in the case of the phase (R = 0.395 and
Ry = 0.721). Consequently, the hypothesis that there
is no trend in the values F¢ is rejected, but accepted
for the values Po. The value R = 0.395 is close to
Ry = 0.721, but still it is R < Ry and the F¢ is not
stable during 1984-2023.

2.5. Parameters of the Chandler wobble of
the 1.2 years subintervals long over the

C04 period 1984.0-2023.0

After removing the annual and semiannual varia-
tions (obtained using DFT) we get the new resid-
uals with mostly the Chandler variations (see Fig.
3.). These new residuals are useful for investigations
of the Chandler wobble parameters. We calculated
these parameters (so-called the ”instantaneous” am-
plitude, period and phase for epoch 1984.0), on subin-
tervals of 1.2 years long (of interval presented in Fig.
3.); the LSM was used. The results are presented in
Table 2. (also, presented in Figs. 4. and 5.). The
Chandler period Pc was adapted (from 1.¥1700 to
1.¥2000 with 0.Y0001 step) to get ”the best fit” (us-
ing the LSM) for each of 33 subintervals; it means, to
get the minimum of standard deviation between the
residuals (presented on Fig. 3.) and suitable sinu-
soidal approximation on each subinterval. A similar
calculation was done (using the LSM) to get the fit
presented by points in Fig. 4. (the results of parame-
ters of the Chandler wobble are in Table 3.); the lines
present the Chandler amplitude values for each of 33
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subintervals (in Table 2.).

2.6. Variations of the Chandler amplitude

The first column of Table 2. contains the mid-
subintervals (in years) of 1.2 years long subintervals

over the period 1984.0-2023.0. Just the first subinter-
val is 1.Y1 long (of the subperiod 1984.0-1985.1) and
the last one is 0.Y7 (2022.3-2023.0) because of some
technical reasons. In the second column of Table 2.,
it is the number n (from 1 to 33) of each subinterval.
The next three columns are (for each subinterval):
the Chandler period P¢ (years), amplitude A¢ (arc-
seconds) and phase F¢ (degrees) for epoch 1984.0.
In Fig. 4., the variations of the Chandler amplitude
(lines) and suitable sinusoidal approximation (black
points) are presented. In Fig. 5., the changes of
the Chandler phase (lines) and their average value
(dashed horizontal line at 227°) are done. In Fig. 7.,
the residuals (between the Chandler amplitudes and
suitable sinusoidal values over 1984.0-2023.0, in Fig.
4.) and their average value (0."12) are presented.

As for the Chandler amplitude A¢ values (see in
Fig. 4.), the sinusoidal fit and the values A¢ are
close to each other. After removing the obtained si-
nusoidal part, the behavior of the suitable residuals
is presented in Fig. 7. The period of those sinusoidal
variations is 54.5 years and its amplitude is 0.”087; it
means, f(Ac) = 0. 087 cos(360°(t — 1984.0)/54.5 —
49.°9), it is in line with the values in Table 3. where
t is in years. The amplitude of the Chandler wobble
varies with its minimum 0.”012 at 2019.3 and maxi-
mum 0. 230 at 1994.1. In the case of BLZ data (from
1949 to 1985), it was calculated the sinusoidal varia-
tions with time (Damljanovié et al. 1997), also. From
BLZ data, the period was 38.5 years and amplitude
was 0."06. The period 54.¥5 (based on C04 data) is
much longer than 38.Y5 (for about 42%), and the sim-
ilar situation is in the case of the amplitude (about
45%). In line with the C04 data, the average value of
amplitude of the Chandler wobble is 0.”1132 and of
the annual wobble it is 0.”0949 (in the case of BLZ,
the mentioned values are 0. 164 and 0.”0577 respec-
tively). The amplitude of the Chandler wobble from
BLZ data (and for the period 1949-1985) is greater
than one from C04 data (1984.0-2023.0) for amount
about 31%, but in the case of the annual wobble it is
opposite (it is less than for amount about 66%).

In the paper (Zotov et al. 2022) we can see that
near 2019 the Chandler wobble amplitude reached its
minimum since 1930s. Also, in the paper (Wang et al.
2016), using the interval 1900-2015 it was found that
the amplitude of the Chandler wobble is currently

at a historic minimum level. From our results here
(based on C04 from 1984 to 2023), during the last few

years of 1984-2023 the Chandler wobble amplitude is
bigger than the minimum value 0.”012 at 2019.¥3 (in
Figs. 3. and 4.), and it is 0. 076 at 2022.¥7 (in Table
2.).
The values of the period Po are stable, and the

period P¢ varies within only a few days: its minimum
is 1.Y1787 at 1986.9 and 1989.3 (it is 430.952), and
maximum 1.Y1892 at 1991.7 (it is 434.936). The value
430.923 (close to our results, here) is obtained from
similar data and published in the paper (Vondrdk and
Ron 2020). Also, the value 432.93 (from the interval
1962-2021) is close to our results and it is published
in the paper (An and Ding 2022). The values of the
phase F¢ are not stable (in Fig. 5.).

After removing the Chandler wobble from residu-
als presented in Fig. 3. (using results of parameters
of the Chandler wobble for each subinterval, in Table
2.), the final residuals are presented in Fig. 6.

3. CONCLUSIONS

We analyzed the variation of amplitude of the
Chandler wobble using the polar motion coordinates
(x, y) via time series IERS EOP C04 from 1984 to
2023 (one-day intervals); the coordinates (x, y) de-
scribe the polar motion with respect to the crust.
Using the C04 coordinates (z, y) and Kostinski’s for-

mula we calculated the variations of latitude at BLZ
point to compare with our results published in the pa-
per (Damljanovié¢ et al. 1997) concerning the analysis
of the BLZ data. The secular part of these latitude
variations was calculated by LSM and removed from
the data to get residuals. Using the DFT and these
residuals, we obtained and removed the annual and
semiannual oscillations to get a new set of residuals;
those new residuals were divided into 33 independent
1.2 years subintervals. For each subinterval, using the
LSM we calculated: the amplitude, period and phase
of the Chandler nutation. Applying the Abbe crite-
rion, we checked the trends and low-frequency vari-
ations in 33 values of the amplitude of the Chandler
wobble; the Abbe criterion confirmed the existence of
mentioned variations. Using the LSM and sinusoidal
model, we calculated the parameters of the quasi-
periodic instability of the amplitude of the Chandler
wobble (in Fig. 4.) with the period of 54.5 years (it
was 38.5 years from BLZ data 1949-1985) and ampli-
tude of 0. 087 (0.” 06 from BLZ data). The minimum
of the amplitude of the Chandler nutation was 0.”012
(at 2019.¥3) and maximum was 0.” 230 (at 1994.Y1).
Using the C04 (1984-2023), the period of the Chan-
dler wobble varies only a few days with its minimum
1.1787 or 430.952 (at 1986.¥9 and 1989.3) and max-
imum 1.Y1892 or 434.936 (at 1991.Y7). In line with
the Abbe criterion, the Po (in Table 2.) is stable
during 1984-2023. It is in accordance with the result
of 430.923 from the paper (Vondrak and Ron 2020)
and about the similar polar motion data. Also, the
value 432.93 is published in the paper (An and Ding
2022), about the interval 1962-2021, and it is close to
our results. Conversely, the F (in Table 2. and Fig.
5.) is not stable during 1984-2023, after applying the

Abbe criterion.
It was indicated in the paper (Zotov et al. 2022)

that during the last few years the Chandler wobble
amplitude reached its minimum since 1930s. Using
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the interval 1900-2015, in the paper (Wang et al.
2016) it was concluded that the Chandler wobble
amplitude is currently at a historic minimum level.
Here, based on C04 from 1984 to 2023, we see that
the Chandler wobble amplitude (at the end of interval

1984-2023) is bigger than the minimum value 0.”012

at 2019.3 (in Figs. 3. and 4.), and it is 0.7076 at
2022.%7 (in Table 2.).

The presented results concerning the amplitude
modulation of the Chandler wobble (based on C04
data) are in line with the results based on only one
instrument (the BLZ data) of optical astrometry data
(Damljanovié et al. 1997) and the other results con-
cerning the similar subject (Zotov et al. 2022), but
its cause is not clear. It necessitates future investi-
gations because the geophysical explanation of that
process remains elusive. Some results indicate that
the cause is lying in the hydro-atmospheric circula-
tion that could influence the calculated quasi-periodic
variation (Zotov et al. 2022, Gross 2000), but in re-
cent papers (Cui et al. 2020) a possible explanation
can be found in changes of core-mantle electromag-
netic coupling. It has been noticed that the effects
of geomagnetic jerks are more important for exciting
free core nutation than the atmosphere and oceans; it
is in line with recent results (Vondrak and Ron 2020,
An and Ding 2022). A further study is needed to
throw more light on this controversy.
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Table 1: The values of the Chandler nutation (amplitude A¢, period Po and phase F¢), annual (A,, P,, Fy) and
semiannual (Agq, Psq, Fisq) terms using DFT on C04 from 1984.0 to 2023.0; the epoch for phases is 1984.%0.

o (years) Ac(")  Fo(') Pa (vears) Au()  Fal?) Poa (years) Awal’)  Faal')
1.182 0.1135 236.07 1.000 0.0951 229.64 0.500 0.0024 161.83

Table 2: The values of the Chandler nutation (amplitude A¢, period Po and phase F) for each of n = 33
subintervals 1.2 years long (from 1984.0 to 2023.0) obtained by LSM; the epoch for phases is 1984.Y0.

Mid-subinterval (years) Pq (years) Actoa, (") Fotop.(°)

n
1984.55 1 1.1870 0.1822 +0.0014 208.5 +£0.3
1985.7 2 1.1787 0.1733 £0.0014 211.5 £0.5
1986.9 3 1.1885 0.1666 £0.0012 213.6 £0.4
1988.1 4 1.1787 0.1872 £0.0010 208.0 £0.3
1989.3 ) 1.1814 0.1801 £0.0009 215.9 +£0.3
1990.5 6 1.1892 0.1618 +0.0017 221.5 £0.5
1991.7 7 1.1863 0.1857 £0.0011 216.3 £0.4
1992.9 8 1.1838 0.2260 +0.0010 221.1 0.3
1994.1 9 1.1878  0.2299 +0.0006 224.1 +£0.1
1995.3 10 1.1870  0.2080 £0.0007 212.7 £0.2
1996.5 11 1.1821 0.1702 +0.0010 221.1 +£0.3
1997.7 12 1.1838 0.1359 £0.0010 244.5 £0.3
1998.9 13 1.1838  0.1390 +0.0008 237.1 £0.3
2000.1 14 1.1814 0.1335 +0.0013 238.3 £0.5
2001.3 15 1.1821 0.1824 +0.0012 239.0 +£0.3
2002.5 16 1.1834 0.1569 £0.0016 228.5 £0.3
2003.7 17 1.1821 0.1174 +0.0007 223.0 £0.3
2004.9 18 1.1842  0.1289 £0.0009 242.5 £0.4
2006.1 19 1.1885 0.1147 £0.0008 256.3 £0.4
2007.3 20 1.1842  0.1192 +0.0014 239.8 +£0.5
2008.5 21 1.1855 0.1258 £0.0006 263.3 £0.1
2009.7 22 1.1855 0.1061 £0.0009 251.7 £0.5
2010.9 23 1.1826  0.0920 £0.0011 230.9 £0.5
2012.1 24 1.1859 0.0506 +0.0013 221.6 £0.5
2013.3 25 1.1859 0.0420 +0.0008 212.1 +£0.5
2014.5 26 1.1851 0.0408 +0.0005 210.8 £0.1
2015.7 27 1.1821  0.0205 +0.0004 225.4 £0.2
2016.9 28 1.1821  0.0254 +0.0009 216.7 £0.3
2018.1 29 1.1826  0.0178 £0.0008 251.2 +£0.3
2019.3 30 1.1855 0.0119 +0.0006 251.2 +0.1
2020.5 31 1.1821 0.0156 +0.0004 216.9 +0.2
2021.7 32 1.1821 0.0408 +0.0010 211.3 £0.2
2022.65 33 1.1821 0.0755 £0.0006 217.0 £0.1
Average 1.1842 +0.0005 0.1201 +0.0116 2274 £2.7

Table 3: In line with amplitude variation of the Chandler nutation, the values of coefficients (C7, C3 and Cj3 as
harmonic terms) are obtained using LSM; the amplitude A, period P and phase F' (the epoch is 1984.Y0) of that
variations are given for minimum of standard deviation (st.dev.) between the input 33 values (in Table 2.) and
suitable sinusoidal fit (presented in Fig. 4.).

P (years) i) A() FC) ") Co() st.dev.(")
54.5 0.115+0.005 0.087 49.9 0.056 +£0.008 0.066 + 0.007 0.023
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Fig. 1: Latitude variation at BLZ point (using IERS EOP C04 polar motion data).
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Fig. 2: Amplitude periodogram of latitude variation at BLZ point (using IERS EOP C04 polar motion data).
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Fig. 3: Residuals (latitude variation at BLZ point without linear, semiannual and annual terms) during the period
1984.0-2023.0 .
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Fig. 4: Amplitude variation of Chandler nutation during the period 1984.0-2023.0 and suitable sinusoidal fit (using
the LSM).
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Fig. 5: Phase of Chandler nutation during the period 1984.0-2023.0 and the average value.
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Fig. 6: Residuals (latitude variation at BLZ point without linear, semiannual, annual and Chandler terms) during
the period 1984.0-2023.0 .
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Fig. 7: Residuals of amplitude of Chandler nutation (differences between obtained values of amplitude of Chandler
nutation and suitable sinusoidal values presented in Fig. 4.) during the period 1984.0-2023.0 .
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AMPLITUDE VARIATION OF THE CHANDLER WOBBLE

ITPOMEHE AMIVIMTYIE YEHIJIEPOBE HY TAIIMJE KOPUCTELUN
BUINEAENEHNJCRE ITIOOATEKE IERS EOP C04 IIOJIAPHOTI' KPETAIHA
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YK 52
Opuzunasiy HaywHL pPao

Kopuctunu cmo BulneneneHujcke momaTke
mojapHOr Kperama 3emie (x, y) cepuje IERS
EOP C04 (om 1984. no 2023. roamume) na 6u
ucnuraau npomere ammuryne Ao Yewmiepose
myranuje. Ja Ou mopemunm nobujene pe3yi-
tate nmobujene n3 C04 ca paHujuMm pe3yaTaTUMa
noOujeHrM "3 MUPUHCKUX MMomaTaka beorpamna
(BLZ cepmja om 1949. mo 1985. roamme)
padyHaJm cMO mpoMmeHe mumpunHe 3a BLZ Tauky
rkopucrehiu C04 roopmumare (x, y). Cerymapuu
ujaH CMO M3padyHajJu Kopucrtehwu meromy Haj-
mamux kBagpara (LSM) u oncrpanunu u3 mpom-
ena mupwuHe 3a BLZ Tauky ma O6u mobusam omro-
Bapajyhe ocrarke. IlpuMmenuau cmMo Ha Te OC-
rarke Fourier transforms (DFT) na 6u uzpauyzanu
U OJNCTPAHWIU U3 TOMEHYTUX OCTATAKa I'OMAUIIEY
U NDOJIyTOMUNIERY ocimaanujy. Jlobunu cMo HOBe
OCTaTKE KOj€ CMO TOAeTUIN Ha 33 He3aBUCHA MOM-
uHTepBaJia on mo 1.2 romuHe. 3a CBAKU IIOIWH-
TepBaJ CMO pauvyHaJU aMIUIUTYny Ac, mepuomy
u dpazy Yewmmnepose myranuje kopucrehu LSM.
KBaszunepronuunae npomene Ag cMO padyHaIu ca

LSM u nobunu nepuony ox 54.5 romuna (u3 BLZ
je buma 38.5 romuna 3a mHTepBasa 1949.-1985.)

U aMIUINTyAy Te IMIPOMEHE OJ 0.”087 (0.”06 u3
BLZ nomarakra). Bpemmoctu Ao cy Bapupasie
om 0./012 (2019.3 romuue) no 0.”230 (1994.1 ro-
IuHE); Iepuon je crabuian, aau He u dasa. [pu-
menuau cmo Abbe kpurepujym, u xXumoresa na
HeMa TpeHOa y moMenyTe 33 Bpemmoctu Ao je
ombauvena. Hamu pe3yaratu cy y cariacHOCTHU
ca OpyruM oyOJIWKOBAHUM pe3yJaTaTuMa, Kao U
ca pesyJaTaTuMa Koje cMo mobuaum kopucrehu
BLZ momartke. Herku ayTopu y3por mobujene
KBa3UIEPUOAUYHE TPOMEHE IIPOHAJIAa3€e Y BOJEHUM
W Ba3OyOIHUM HOUPKyJdanujamMa. ¥ CKIALy Ca
HOBUjUM Dpe3yJTaTuMa, MOT'yhu y3pok Oum Morao
OuT; y mpoMeHaMa eJeKTPOMarHeTHE CIIpere jes-
rpa m omorava 3emibe. llocaemmux romuHa ce
e(eKaT eJeKTPOMATHETHUX CKOKOBa (geomagnetic
jerks) ncTuye ka0 3HAYAJHUjU y3POK IOMEHYTE II0-
jaBe Hero arMmoc¢epa u okeanu. Heonxomua cy
IaJba CINYHA UCTPAKUBAHA.
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