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Chandler wobble: two more large phase jumps revealed

Zinovy Malkin and Natalia Miller

Pulkovo Observatory, Pulkovskoe Ch. 65, St. Petersburg 196140, Russia

(Received August 23, 2009; Accepted November 8, 2010; Online published February 3, 2011)

Investigations of the anomalies in the Earth rotation, in particular, the polar motion components, play an
important role in our understanding of the processes that drive changes in the Earth’s surface, interior, atmosphere,
and ocean. This paper is primarily aimed at investigation of the Chandler wobble (CW) at the whole available
163-year interval to search for the major CW amplitude and phase variations. First, the CW signal was extracted
from the IERS (International Earth Rotation and Reference Systems Service) Pole coordinates time series using
two digital filters: the singular spectrum analysis and Fourier transform. The CW amplitude and phase variations
were examined by means of the wavelet transform and Hilbert transform. Results of our analysis have shown
that, besides the well-known CW phase jump in the 1920s, two other large phase jumps have been found in the
1850s and 2000s. As in the 1920s, these phase jumps occurred contemporarily with a sharp decrease in the CW

amplitude.
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1. Introduction

The Chandler wobble (CW) is one of the main compo-
nents of motion of the Earth’s rotation axis relative to the
Earth’s surface, also called Polar motion (PM). It was dis-
covered by Seth Carlo Chandler in 1891 (Chandler, 1891a,
b). The CW is one of the main eigenmodes of the Earth
rotation, and investigation of its properties such as period,
amplitude and phase variations is very important for the un-
derstanding of the physical processes in the Earth, including
its surface, interior, atmosphere and ocean. Since the dis-
covery of CW, numerous papers were devoted to analysis
of this phenomenon. The results are summarized in Munk
and MacDonald (1960) and Lambeck (1980). For the latest
result see e.g. Schuh et al. (2001) and referenced papers.

Among other interesting CW peculiarities, a phase jump
of about 180° occurred in the 1920s. Perhaps, it was for the
first time detected by Orlov (1944). Detailed consideration
of this CW phase jump is given e.g. in Guinot (1972) and
Vondrék (1988). Also, less significant CW phase jumps can
be observed, which may be in temporary coincidence with
geomagnetic jerks and Free Core Nutation (FCN) phase
perturbations (Gibert and Le Mouél, 2008; cf. Shirai et
al., 2005). However, the “main” phase jump in the 1920s
remains to be most interesting feature of the CW, which, in
particular, is a real test of Earth rotation theories.

It should be noted that most papers devoted to the CW
studies are based chiefly on the observations of the Earth
rotation obtained in the period from 1899 (start of the
International Latitude Service) till the end of 1990s. Re-
cently fulfilled study of CW based on analysis of the whole
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IERS (International Earth Rotation and Reference Systems
Service) CO1 PM time series (Miller, 2008) has shown clear
evidence of two other large CW phase jumps that occurred
in the beginning and the end of the CO1 series. Earlier,
Sekiguchi (1975) found a CW phase perturbation of about
40° in the 1850s, but he did not come to a definite conclu-
sion due to the poor quality of the observations used.

In this paper, we perform detailed investigation of the
IERS Pole motion data to finally confirm that preliminary
finding. Our study consists of three steps: forming the
longest available IERS PM time series joining COl1 and
C04 series, extracting CW signal, and analyzing CW signal
thus obtained. To improve reliability of the results, several
methods of analysis were used, and their results corroborate
the common conclusion on the two existing large CW phase
jumps in the 1850s and nowadays.

2. Preliminary Data Processing

For our analysis, we used the EOP(IERS)CO1 PM se-
ries that spans the period from 1846.0 through 2008.5.
We extended this series up to 2009.0, merging it with the
EOP(IERS)CO04 series. These series are sampled at differ-
ent rates: 0.1 yr (CO1, 1846-1899), 0.05 yr (CO1, 1890—
2008), 1 d (C04). Using this data, three 163-year evenly
spaced series with 0.05 yr, 0.1 yr, and 10 d step were con-
structed, and all the computations described below were
made with all three series. No visible differences in results
were found.

Our next goal was to extract the CW signal from the PM
time series, removing all the regular (periodic and quasi-
periodic) and non-regular (trend) PM components out of
the CW frequency band. Using digital filtering enables us
to cut off the PM variations with periods beyond the CW
band without application of any models of annual, trend,
and other signals. The following two methods were used

943



944 Z. MALKIN AND N. MILLER: CHANDLER WOBBLE: TWO MORE LARGE PHASE JUMPS REVEALED

IERS PM series

0.6 0.12
03 |
@
©
E o
N 0.09 |
-0.3 )
°
c
0.6 L~ A A A A A A §
1850 1875 1900 1925 1950 1975 2000 9
Year S 006 |
[}
E
0.6 2
o
€
03 <
8 0.03 |
E o0
a
=
-0.3
06 L~ A A A A A A 0.00 A A A
1850 1875 1900 1925 1950 1975 2000 0.8 0.9 1 1.1 1.2 1.3 1.4
Year Period, yr
SSA-filtered PM series
0.6 0.12
0.3 |
[%]
©
E o0
2 0.09 F
0.3 ”
°
c
0.6 L~ A A A A A A §
1850 1875 1900 1925 1950 1975 2000 f
Year S 0.06 |
(]
s
0.6 =
[=%
£
03 1 <
2 0.03
£ ol |
a
>
03 1
_06 L L L L L L L 000 i Y L
1850 1875 1900 1925 1950 1975 2000 0.8 0.9 1 1.1 1.2 1.3 1.4
Year Period, yr
FT-filtered PM series
0.6 T T T T T T T 0.12
0.3 |
(%]
©
E o
g 0.09 F
0.3 ”
2
0.6 L~ . . . . . . §
1850 1875 1900 1925 1950 1975 2000 14
Year S 0.06 |
(]
3
0.6 T T T T T T T =
Q
£
03 <
8 0.03
E o
a
>
-0.3
06 L~ . . . . . . 0.00 .
1850 1875 1900 1925 1950 1975 2000 0.8 0.9 1 1.1 1.2 1.3 1.4
Year Period, yr

Fig. 1. Original and filtered PM series used for our analysis, and corresponding spectra. One can see that both types of digital filtering allows us to
effectively suppress the annual signal. The CW signal looks similar in both filtered series. However, some differences can be seen near the ends of

the interval.

for digital filtering of the PM series.

Singular spectrum analysis (SSA). This method allows us
to investigate the time series structure in more detail
than other digital filters. As shown in previous studies,
it can be effectively used in investigations of the Earth
rotation (see, e.g., Vorotkov et al., 2002; Miller, 2008).

Fourier filtering. We used the bandpass Fourier transform
(FT) filter with the window 1.19+£0.1 cpy. Such a wide
filter band was used to preserve the complicated CW

structure. In the filtered PM series, the amplitude of
the remaining annual signal is about 0.5 mas, i.e. 0.5%
of the original value.

Hereafter we will refer to filtered PM time series as CW
series. Analyzed PM and CW time series and their spec-
tra are shown in Fig. 1. We can see two main spectral
peaks of about equal amplitude near the central period of
about 1.19 yr, and several less intensive peaks in the CW
frequency band. Discussion on its origin, and even reality,
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lies out of the scope of this paper. Here we can only men-
tion that observed bifurcation of the main CW peak is most
probably caused by the phase jump in 1920s as suggested
in to Fedorov and Yatskiv (1965). Detailed analysis of this
problem is given e.g. by Sekiguchi (1976) and Guo ef al.
(2005). According to our study, comparison of the spectral
components obtained at different time intervals gave us the
single main CW period Py = 1.185 yr.

3. Evaluation of the CW Parameters

The next step of our study was to estimate the CW pa-
rameters, namely, instant amplitude and phase. Let us con-
sider a general CW model with variable amplitude A(z) and
phase @ (¢) which can be written as

Xp(t) = A(t) cos @ (1), 1)
Yo(t) = A@t)sin® (),

where X, and Y, are the Pole coordinates. Mathematically
(not geophysically, indeed!), we can suppose three equiva-
lent models for the CW phase:

T i+
P() Yo ,

2
—t+ o),

D) = Py

(@)

2T o)
m @),

where P is the CW period, and zero subscripts mean con-
stant (time-independent) values. In other words, we can
consider the following three models: with variable period
and constant phase, variable phase and constant period, or
variable both period and phase. Of course, this is a subject
of a special geophysical consideration.

The CW amplitude time series can be easily computed as

A() = /X, ()2 + Yy (1)?,

The CW amplitude variations thus obtained are shown in
Fig. 2 for two CW series. We can see that both CW series
show very similar behavior of the CW amplitude, with some
differences near the ends of the interval. In both CW series,
three deep minima of the amplitude below 0.05 mas around
1850, 1925 and 2005 are unambiguously detected.

Evaluation of the CW phase is a more complicated task.
Two methods of investigation of the CW phase variations
were examined. The first method was developed by Malkin
(2007) for Free Core Nutation modelling. The computa-
tions are made in two steps. In the first one the wavelet
analysis is applied to both CW series to get the period vari-
ations. To perform the wavelet transform (WT) we used
the program WWZ developed by the American Associa-
tion of Variable Star Observers'. Theoretical background
of this method can be found in Foster (1996). Since, as dis-
cussed above, we cannot separate by a mathematical tool
the phase variations from the period variations, we consider

3
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Fig. 2. The CW amplitude computed for SSA-filtered and FT-filtered

CW time series. Unit: mas. One can see similar behavior of the CW
amplitude obtained for both series, with some differences near the ends
of the interval. However, three deep minima below 0.05 mas around
1850, 1925 and 2005 coincide in both cases.

the WT output as apparent period variations P (¢). Then we
can compute the phase variations ®(¢) as

0 =/ 2T 4t 4, )

P()

here @ is the parameter to be adjusted.

The second method we used to evaluate the phase vari-
ations is the Hilbert transform (HT). For this work we
used the function hilbert from the MATLAB Signal
Processing Toolbox.

Thus we computed the CW phase variations for two
methods of the PM series filtering and two methods of the
CW phase evaluation. The results of the computation of the
CW phase variations after removing the linear trend corre-
sponding to Py are shown in Fig. 3. One can see similar
behavior of the CW phase obtained in all four variants, with
some differences near the ends of the interval. However,
substantial phase jumps in the 1850s and 2000s are clearly
visible in all the cases, and their epochs are contemporary
with the minima of the CW amplitude as shown in Fig. 2.
So, we can conclude that the well-known event in the 1920s
of the simultaneous deep minimum of the CW amplitude
and the large phase jump may be not unique.

4. Conclusion
In this paper, we have investigated the whole 163-year
PM series available from the IERS with the main goal to
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Fig. 3. The CW phase variations computed for SSA-filtered and FT-filtered CW series using WT and GT (see Section 3 for details). Unit: degrees. One
can see similar behavior of the CW phase obtained in all four variants, with some differences near the ends of the interval. Three large phase jumps

in 1850s, 1920s and 2000s are clearly visible in all the cases.

reveal and evaluate the major CW phase jumps. To improve
the reliability of the results we used several analysis meth-
ods. To extract the CW signal from this series SSA-based
and FT-based digital filters were applied. The two CW se-
ries thus obtained were used to investigate the CW ampli-
tude and phase variations. While computation of the CW
amplitude is straightforward, computation of the CW phase
is not such an unambiguous procedure. Two methods, WT
and HT, have been applied to evaluate the CW phase varia-
tions.

All the methods used gave very similar results, with some
differences at the ends of the interval. These discrepancies
can be explained by different edge effects of the methods
used, but they can hardly discredit the final conclusion that
can be made from this study about existence of two epochs
of deep CW amplitude decrease around 1850 and 2005,
which are also accompanied by a large phase jump, like the
well-known event in the 1920s. Thus, the latter seems to be
not unique anymore.

Unfortunately, both periods of the phase disturbances
found in this paper are located at the edges of the interval
covered by the IERS EOP series. As for the end of the inter-
val, the next decade will allow us to quantify the phase jump
in the beginning of the 21st century more accurately. On
the other hand, a supplement study seems to be extremely
important to try improve our knowledge of the PM in the
19th century, including an extension of the PM series in the
past. As investigated in detail by Sekiguchi (1975), there
are several latitude series obtained in the first half of 19th
century, which can be used to extend the IERS C01 PM se-

ries back to the 1830s. However, most of the observations
are of rather poor quality to be used directly in the compu-
tation of an extended PM series. Clearly, this material is
worth revisiting and reprocessing using HIPPARCOS and
later GAIA star positions and proper motions. An attentive
and critical look into processing of the historical observa-
tions also could improve our knowledge of the latitude vari-
ations in 19th, and maybe even 18th, century.
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