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Atmospheric quasi-14 month fluctuation and excitation of the Chandler wobble
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A quasi-14 month fluctuation in the atmospheric excitation function for the Earth’s wobble is discussed by using
the re-analysis data of the European Center for Medium-range Weather Forecast for the 14 years between 1980
and 1993. The spectrum of the atmospheric wind excitation function shows a striking peak near the 14-month
period. As a result, the atmospheric (wind plus pressure) excitation function shows exactly the same power as that
of the geodetic excitation function inferred from the observed wobble at the Chandler wobble frequency (about 14
months), suggesting that the atmosphere excited the Chandler wobble between 1980 and 1993. The wind fluctuation

comes mostly from the tropospheric wind.
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1. Introduction

The Chandler wobble (CW) is a free oscillation of the
Earth’s polar motion with about a 14-month period (Munk
and MacDonald, 1960; Lambeck, 1980). Ceaseless free os-
cillations need excitations and so does CW that has exhib-
ited various dynamical aspects during its history of over a
hundred years (e.g., Lambeck, 1980). Despite the fact that
its excitation processes inside and outside the Earth’s man-
tle have been proposed, no major source has yet been identi-
fied. Lately, however, variations in the atmosphere and ocean
have been widely noticed as a possible source (Wahr, 1983;
Furuya et al., 1996; Plag, 1997; Celaya et al., 1999; Ponte
and Stammer, 1999; Gross, 2000; Aoyama and Naito, 2001;
Gross et al., 2003).

Among these researchers, Gross (2000) has successfully
elucidated ocean bottom pressure fluctuations to be the ma-
jor excitation source for the years 1985-1996. In addition to
the atmospheric excitation functions computed from the re-
analysis data of the National Center for Environmental Pre-
diction (NCEP), he used the oceanic excitation functions of
Ponte ef al. (1998), in which the ocean current and bottom
pressure contributions to the wobble were computed from
the product of a global oceanic general circulation model
(OGCM) which was driven by the wind-stress fields, surface
heat and freshwater flux fields of the NCEP re-analysis data.
Here he regarded the atmospheric wind as playing a minor
role in the CW excitation.

On the other hand, Aoyama and Naito (2001) have shown
that near a 14-month period, the spectrum of the atmospheric
wind excitation function has a striking peak and that the
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spectral power of the atmospheric (wind plus pressure) ex-
citation function is exactly the same as that of the geode-
tic excitation function inferred from the observed wobble
at the CW frequency for the years 1983—-1998. Here, the
data used was the atmospheric excitation function computed
from the operational analysis data of the Japan Meteorolog-
ical Agency (JMA). Moreover, they found that the wind ex-
citation function from the NCEP only makes a minor con-
tribution to CW as well as there being no quasi-14 month
periodicity.

Since the above two studies conflict with each other on a
point of wind behavior near the CW frequency, we need a
third atmospheric data set to reconfirm the wind behavior. In
order to do this, we can use the re-analysis data of the Euro-
pean Center for Medium-range Weather Forecast (ECMWF).
In addition, no study of the atmospheric excitation of CW
has been reported so far using the ECMWEF re-analysis data,
despite the fact that the ECMWF operational analysis data
once played a key role in identifying atmospheric excitations
of the Earth’s high precision rotations determined by space
geodetic techniques (e.g., Dickey, 1993). The present paper
revisits the atmospheric (wind plus pressure) excitation for
CW by using the ECMWF re-analysis data with emphasis
on the quasi-14 month fluctuation of the atmospheric wind
excitation. The results of the analysis reveal that the wind
has a quasi-14 month periodicity which was thought to ex-
cite CW during the period of 1980-1993.

2. Dynamics, Data and Analysis

The wobble is a variation in orientation of the instanta-
neous angular velocity vector of the mantle with respect to
the Earth’s figure axis. Under the conservation of the Earth’s
total angular momentum in the absence of external torques,
the wobble is caused by exchanges of the equatorial angular
momentum between the mantle and the geophysical fluids.
The dynamics is described by the linearized Liouville equa-
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Power spectra, squared coherence, and phase difference of/between the geodetic excitation function (GEF) and the atmospheric (wind plus

IB-pressure) excitation functions (AEF) from the initialized (I) and uninitialized (U) data at frequency bands from —3 to 3 cpy for the 14 years of

1980-1993, where fcw = 0.847 cpy and Qcw = 179 are assumed.
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Fig. 2. The same as Fig.
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where m is dimensionless equatorial angular velocity vector,
Ocw = 27 fow(1 +i /2 Q) is the complex CW frequency in-
cluding the dissipation with the quality factor Q.. at the CW
frequency f.w, and x is the excitation function representing
dimensionless inertia products and changes in the relative an-
gular momentum of the geophysical fluids that can be evalu-
ated from atmospheric pressure, wind, ocean current, ocean
bottom pressure, land water storage, etc. (Munk and Mac-
Donald, 1960; Lambeck, 1980). In general, the left side of
Eq. (1) is defined as the geodetic excitation function because
it depends only upon the geodetically determined 7. In the
following analysis, we discuss the atmospheric excitation for
CW using an excitation domain approach that compares the
atmospheric excitation function with the geodetic one in the
frequency domain.

The geodetic excitation function is computed from the ob-
served wobble data in SPACE98 (Gross et al., 1998), by
using the discrete form of equation (2a) of Wilson (1985),
where fi, = 0.847 cycle per year (cpy) and Qe = 179
(Wilson and Vicente, 1990) are employed. On the other
hand, the atmospheric excitation function consists of the
wind and pressure terms that reflect, respectively, the effects
of the relative angular momentum due to wind and of the in-
ertia products due to surface-pressure variation. The pressure
term here is based upon the inverted barometer (IB) approx-
imation that assumes an isostatic response of the ocean to
the atmospheric pressure loading, since the dynamics is dis-
cussed on a time scale longer than three months. The transfer
functions of 1.098 for the pressure term and 1.5913 for the
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1, but for the wind term.

wind term are used in correcting the yielding of the man-
tle and decoupling of the core (see equations (2) and (3) of
Aoyama and Naito (2001), for details).

For computing the atmospheric excitation function, ini-
tialized and uninitialized data sets are used from the 15-
year re-analysis of ECMWF ERA-15 (Gibson et al., 1997).
In general, both reflect more closely the modeled and ob-
served data, respectively. Since the NCEP reanalysis and the
JMA operational analysis data, respectively, are initialized
and uninitialized data sets, we can consider that there were
some differences in the wind behavior due to the initializa-
tion between the two data sets. Therefore, we can detect the
effects of the initialization on the atmospheric wind excita-
tion to CW by using the two above data sets of ECMWF.
The data assimilation system used for ERA-15 is a spectral
T106 resolution forecast model with 31 vertical hybrid levels
and intermittent statistical (optimum interpolation) analysis
system with 6 hour cycling. The principal source of the ob-
servations is the ECMWF real-time data collection.

In analysis, we compute power spectra, squared coherence
and phase difference of and between the geodetic and at-
mospheric excitation functions, using the multitaper method
(Thomson, 1982) (see Aoyama and Naito (2001) for details).
All seasonal and linear terms are removed by least square fit-
ting before analysis. The analysis period is taken for the 14
years between 1980 and 1993.

3. Atmospheric Quasi-14 Month Fluctuation Ex-
citing the Chandler Wobble

Figure 1 shows the power spectra, squared coherence,

and phase difference of and between the geodetic excita-

tion function (hereafter GEF) and the atmospheric wind plus
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Fig. 3. Dependencies of excitation power ratio, squared coherence, and phase difference upon fi,, and Q. between the geodetic excitation function
(GEF) and the atmospheric (wind plus IB-pressure) excitation function (AEF) from the initialized data. + denotes fo = 0.847 cpy and Q¢ = 179

assumed in Figs. 1 and 2, and Table 1.

IB-pressure excitation functions (hereafter AEF) from the
initialized and uninitialized data at the frequency band be-
tween —3 cpy to 3 cpy. Although there exist large deficien-
cies in the power of AEFs compared to that of the GEF,
AEFs show a striking spectral peak with exactly the same
power as that of the GEF near the CW frequency (approx-
imately 14 months), in which the coherences are high and
the phase differences are close to zero. The deficient powers
in AEFs are possibly supplied by oceanic variations (Gross,
2000). Although, on the other hand, there exist differences
in power as well as in the shape of the spectra between the
two AEFs based on the initialized and uninitialized data,
they agree with each other near the CW frequency, indicat-
ing that there is little effect of the initialization on the atmo-
spheric excitation for CW. In other words, it is suggested that
the difference in the wind contribution to CW based upon
the NCEP and JMA data sets demonstrated by Aoyama and
Naito (2001) was not caused by the initializations. Therefore
the atmospheric quasi-14-month fluctuations exciting CW
appeared in both ECMWF re-analysis data sets during the
period of 1980-1993 and the JMA operational analysis data
during the period of 1983—-1998, is considered to be real.

Figure 2 is same as Fig. 1, but only for the wind terms.
It turns out that the spectral peak of AEFs near the CW fre-
quency shown in Fig. 1 comes mostly from the wind terms.
Also, the differences between the power spectra of the two
AEFs shown in Fig. 1 seem to correspond to those between
the two wind terms based upon the initialized and uninitial-
ized data. In fact, we confirmed that the two IB-pressure
terms from the initialized and uninitialized data show nearly
same spectra over the frequency band from —3 cpy to 3 cpy.
Table 1 shows the excitation powers, squared coherences,
and phase differences near the CW frequency of and be-
tween the geodetic excitation function and the wind plus IB-
pressure, wind, IB-pressure, tropospheric (surface-100 hPa)
wind, and stratospheric (100-10 hPa) wind terms, where the
numerical values are integrated over the frequency band of
0.8-0.9 cpy (there are three points of 0.803, 0.847, and 0.892
cpy in this band due to the short data length). It turns out that
the IB-pressure terms during the period of 1980-1993 make
only very small contributions to CW and that the major at-
mospheric contribution comes from the wind, in particular,
from the tropospheric wind.

Table 1. Excitation powers, coherences, and phase differences.

Power Coherence Phase
(10~ 8rad)? (degree)
GEF 2.80 — —
AEF I 2.88 0.60 -1.9
U 2.96 0.45 1.0
Wind I 1.98 0.54 —5.1
U 2.22 0.38 —4.5
IB-pressure 1 0.75 0.07 12.8
U 0.78 0.06 26.0
Tropospheric wind I 1.90 0.64 -33
U 2.01 0.49 -3.7
Stratospheric wind 1 0.16 0.03 —157.1
10) 0.16 0.03 —172.0

Excitation powers, squared coherences, and phase differences of
and between the geodetic excitation function and the wind plus IB-
pressure, wind, and IB-pressure, tropospheric (surface—100 hPa)
wind, and stratospheric (10010 hPa) wind terms integrated over the
CW frequency band, where fiy = 0.847 cpy and Q.y = 179 are
assumed. I and U denote those from the initialized and uninitialized
data, respectively.

4. Discussion and Summary

The above results are obtained by assuming f.,, = 0.847
cpy and Q. = 179 estimated from 86 years data of the ob-
served polar motion by Wilson and Vicente (1990). In gen-
eral, statistical estimates of the parameters of f.,, and Q.
not only depend upon data length but also on data preci-
sion. In addition, the estimated parameters affect the spec-
tral structure of the geodetic excitation function. As a re-
sult, the excitation efficiency for CW depends strongly upon
the atmospheric excitation function with a spectral peak near
the CW frequency. Therefore, we need to check whether
or not these parameters match the CW excitation results ob-
tained above. Figure 3 shows the dependencies of the exci-
tation power ratio, squared coherence, and phase difference
between GEF and AEF upon f. and Q., where the AEF is
computed from the initialized data. It turns out that the previ-
ously assumed parameters f., = 0.847 cpy and Q. = 179,
denoted by + in the figure, are roughly appropriate, even for
this analysis with a short data length.

A small spectral peak in the wind excitation similar to that
in Fig. 2 was found in the case of the JMA operational analy-
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sis data by Aoyama and Naito (2001) (see also Furuya et al.,
1996). As previously mentioned, however, they found no
peak in the case of the NCEP re-analysis data. In general,
the spectral structures of the atmospheric wind excitation
functions from the ECMWF and JMA data are very close
to each other, in particular near the CW frequency, but they
are largely different from that of the NCEP (Aoyama and
Naito, 2001). The integrated excitation power near the CW
frequency of the wind contribution from the JMA data, for
example, shows 2.27 (10~8rad)?, while that from the NCEP
data shows 0.31 (10~%rad)®. This discrepancy is a weak
point to argue the atmospheric excitation to CW, but a sim-
ilar problem can be involved in the oceanic CW excitation
proposed by Gross (2000), because he used the ocean cur-
rent and bottom pressure contributions to the wobble based
upon the OGCM data driven by the wind stress fields of the
NCEP re-analysis data that possibly differ in part from those
of the JMA and ECMWF analysis data. It should be no-
ticed that the latest atmospheric general circulation models
(AGCM), in general, reasonably simulate the axial angular
momentum variations (e.g., Hide et al., 1997) but not the
equatorial ones (Naito et al., 2000) in comparison with the
angular momentum variations inferred from the observed ro-
tation of the Earth. In addition, the simulation study based
on AGCM demonstrated that the atmospheric excitation to
CW shows strong time variability (Celaya ef al., 1999).

On the other hand, the quasi-14-month fluctuation that ap-
peared in the wind contribution is a very interesting phe-
nomenon, possible not only connected with the wind forced
pole tide in the North Sea (e.g., Tsimplis et al., 1994;
O’Connor et al., 2000) but also with a 14-month oceanic
variation in the equatorial Pacific (e.g., Naito, 1983; Philan-
der et al., 1989). Concerning this, Plag (1997) presented
an interesting hypothesis that the observed CW and its pole
tide at sea level were forced by the 14—16-month atmospheric
pressure fluctuations related to the climate system. However,
we must wait for precise descriptions of its mechanism main-
taining the CW excitation until the re-analysis data from a
more advanced data assimilation system with a more realis-
tic AGCM, become available for analyzing this type of very
small amplitude low frequency variations in the atmosphere.

In summary, although the ocean-bottom pressure fluctu-
ation has been considered to be the most important source
exciting CW, the atmospheric excitation is discussed by us-
ing the ECMWF reanalysis data sets for the 14 years be-
tween 1980 and 1993. The results of analysis reveal that the
quasi-14-month fluctuation of the atmospheric wind plays an
important role in the CW excitation, at least for the analy-
sis period. Its power arised mainly from the tropospheric
wind with about a 14-month periodicity. However, there ex-
ist large spectral gaps between the geodetic and atmospheric
excitation power spectra, except near the CW frequency, that
should be filled up by other sources such as oceanic varia-
tions forced by the winds. Therefore, it may be concluded
that each of the main comparable sources (atmospheric pres-
sure, wind, and ocean-bottom pressure) intermittently and in
turn play a dominant role in exciting CW.
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