COMPARISON OF THE VARIOUS ATMOSPHERIC AND OCEANIC
ANGULAR MOMENTUM SERIES

C. RON, J. VONDRAK, V. STEFKA

Astronomical Institute of AS CR, Prague 4, Czech Republic
e-mail: ron@ig.cas.cz

ABSTRACT. We present here an addition to the recent study of atmospheric and oceanic excitations in
the motion of the Earth’s spin axis in space (Vondrdak & Ron, 2010). Two approaches are used to study the
impact of the atmospheric and oceanic excitations on the motion of Earth’s spin axis in space. One way
consists in the integration of the Brzeziniski broad band Liouville equation (Brzeziriski, 1994) and second
way in the spectral analysis of both the geodetic and geophysical excitation functions. We applied both
approaches to the series of the atmospheric and oceanic angular momentum excitation functions. We have
used the celestial pole offsets (CPO) from the recent IVS combined solution (Schliiter & Behrend, 2007)
ivs09q3X, covering the interval 1984.1-2009.7, cleaned and interpolated to 3-day intervals. We used two
pairs of the geophysical excitations data. First pair is the pressure and wind terms of atmospheric angular
momentum excitation functions (AAMEF) from NCEP /NCAR re-analysis, 1983.0-2009.5 (Salstein, 2005)
together with the matter and motion terms of oceanic angular momentum excitation functions (OAMEF)
from ECCO model 1993-2009.5. The second pair used is the AAMEF from ERA, 1979.0-2009.0 (Dobslaw
& Thomas, 2007), re-analysed model before 2001 and operational model afterwards together with the
OAMEF from OMCT model, 1979-2009.0 (Dobslaw & Thomas, 2007) driven by re-analysis atmospheric
model before 2001.0 and by operational model afterwards.

The complex AAMEF and OAMEF values y are given in rotating terrestrial frame, so we have
to transform them into the celestial (non-rotating) frame x’ by applying X’ = —xe'?, where ¢ is the
Greenwich sidereal time. Because we are interested in only long-periodic motion that is comparable to
nutation frequencies we further removed all periods < 10 days using the smoothing after Vondrék (1977).
In this way we performed the complex demodulation (Brzeziniski et al. 2002) at the retrograde diurnal
frequency on the time series y (in complex form).

We used Brzezinski transfer function (Brzeziiski et al., 2002, Eq. 5) to estimate atmospheric and
oceanic contribution to annual and semiannual nutation terms shown in Tab. 1 (for more details see

Vondrék & Ron, 2010).

Annual Semi-annual
Excitation Ret Imt Re™ Im~ Ret Imt Re™ Im~
NCEP+ECCO -58.5 87.9 -78.4 -20.3 4.0 724 13.1 11.8
ERA+OMCT -130.3 129.2 -52.9 56.5 -39.6 71.9 50 -9.9

Table 1: Atmospheric and oceanic contribution in nutation [uas|, calculated by convolution with
Brzezinski transfer function.

Another possibility to compare the excitations with the observed CPOs is the numerical integration
of the broad-band Liouville equations (Brzezinski, 1994)

P —i(op + 0})P — 0p0h P = —ac {05 (X + X)) + 06 (apXy + awXly) +i[(1+ ap) X + (14 aw) X}

where P = dX +idY is excited motion of Earth’s spin axis in celestial frame, oy, o'f are the complex
Chandler and FCN frequencies in celestial frame, respectively and o¢ in terrestrial frame. The values
ap. are dimensionless constants. To obtain two first-order equations instead of a second-order one, we

use the substitution y; = P and y» = P — io, P, which leads to differential equations for two complex
functions y1, yo:

Y1 = ooy + Y2
Yo = iohys—oc{ot(x, + X))+ o(apx;, + awXs,) + +il(1+ ap)x;, + (14 aw)Xs,]}
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To integrate the system by the fourth-order Runge-Kutta method with 6-hour steps we need to choose
the initial values, y1(0) = Py, y2(0) = i(0’, —0) % that are constrained so that the Chandlerian amplitude
disappears. The final choice of Py was made by two methods. Either until the fit of the integrated
motion to VLBI observations reaches a minimum (Vondrak & Ron, 2010) or until the magnitude squared
coherence estimate Cy,, of the input signals of integration and observation is maximum (in this study). The
results of both approaches are almost the same for ERA+OMCT and rather different for NCEP+ECCO
combination, see the following figure.
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Figure 1: CPO from IVS solution (dots), numerical integration of the excitations fitted to IVS CPO
(bold line), numerical integration with maximum coherence with the IVS CPO (thin line). Both series
ERA+OMCT (left) and NCEP+ECCO (right) are displayed in the same interval 1993.0-2009.0 for
comparison.

We can conclude that the forced nutations due to excitation by the atmosphere and ocean are sig-
nificant, especially at annual and semi-annual periods. The different models of series of geophysical
excitations give slightly different results. The initial values of the integration are close each other for
both version of their determination, by the method of the maximum coherence or minimum root mean
square differences.

Acknowledgement. This work was supported by the grant No. 205/08/0908 awarded by the Grant Agency
of the Czech Republic.

REFERENCES

Brzezinski, A., 1994, “Polar motion excitation by variations of the effective angular momentum function:
II. Extended Model”, Manuscripta Geodaetica, 19, 157-171.

Brzezinski, A., Bizouard, C., Petrov, S., 2002, “Influence of the atmosphere on Earth rotation: what new
can be learned from the recent atmospheric angular momentum estimates?”, Surveys in Geophysics
23, pp. 33-69.

Dobslaw, H., Thomas, M., 2007, “Simulation and observation of global ocean mass anomalies”, J. Geo-
phys. Res.112; C05040, doi: 10.1029/2006JC004035.

Gross, R. S., Fukumori, 1., Menemenlis, D., 2005, “Atmospheric and oceanic excitation of decadal-scale
Earth orientation variations”, J. Geophys. Res.110, B09405, doi:10.1029/2004JB003565.

Salstein, D., 2005, “Computing atmospheric excitation functions for Earth rotation/polar motion”,
Cahiers du Centre Europeén de Géodynamique et de Séismologie 24, Luxembourg, pp. 83-88.

Schliiter, W., Behrend, D., 2007, “The International VLBI Service for Geodesy and Astrometry (IVS):
Current capabilities and future prospects”, J. Geod. 81, pp. 379-387.

Vondrék, J., 1977, “Problem of smoothing of observational data II”, Bull. Astron. Inst. Czechosl., 28,
pp. 84

Vondrék, J., Ron, C., 2010, “Study of atmospheric and oceanic excitations in the motion of Earth’s spin
axis in space”, Acta Geodyn. Geomater., Vol. 7, No. 1, pp. 19-28

222



