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ABSTRACT. The x, y pole coordinates model data were computed by numerical integration of differ-
ential equation of polar motion using equatorial components of atmospheric, ocean, hydrologic excitation
functions and their sums. Other x, y pole coordinates model data were obtained by summing different
frequency components determined by the discrete wavelet transform band pass filter (DWTBPF). The
IERS pole coordinates data and the pole coordinates model data were then predicted by the combination
of the least-squares (LS) model extrapolation and autoregressive (AR) prediction (LS+AR). Comparison
of the prediction errors of the IERS pole coordinates data and the pole coordinates model data, computed
at different starting prediction epochs, has enabled examination of the influence of wide-band oscillations
present in the IERS pole coordinates data as well as the fluid excitation functions on the prediction errors
of the IERS pole coordinates data.

1. INTRODUCTION

Increase of accuracy of space geodetic techniques during the last decades caused increase of deter-
mination accuracy of Earth orientation parameters i.e. x, y pole coordinates, universal time UT1-UTC
and precession-nutation corrections. However, the prediction errors of the x, y pole coordinates and
UT1-UTC data even for a few days in the future are ten or hundred times greater than their determina-
tion errors (Kosek et. al. 2008). Since oscillations in pole coordinates data are mostly excited by joint
atmospheric and ocean excitation functions these functions may be the main cause of prediction errors
increase of pole coordinates data (Kosek 2005).

2. DATA

The following data sets were used in the analysis: 1) the IERS x, y pole coordinates data from
the EOPC04 05 combined solution with the sampling interval of 1 day (IERS, 2008). 2) Equatorial
components of atmospheric angular momentum (AAM) from aam.ncep.reanalysis.* data in 1948-2008.6
which are the sum of mass and motion terms with the sampling interval of 6 hours (AER, 2008). These
data were interpolated with 1 day sampling interval using linear interpolation. 3) Equatorial components
of ocean angular momentum (OAM) which are the sum of mass and motion terms, created after connection
of two separate files with the sampling interval of 1 day: a) c20010701.oam (or gross03.oam) from Jan.
1980 to Mar. 2002, b) ECCO kf049f.oam from Mar. 2002 to Mar. 2006 (JPL, 2008). 4) Equatorial
components of hydrologic angular momentum (HAM) obtained by numerical integration of water storage
data: water ncep 1979.dat, water ncep 1980.dat,..., water ncep 2004.dat in 1979 - 2004 from National
Centers for Environmental Prediction (NCEP) with the sampling interval of 1 day (NCEP, 2008).

3. COMPUTATION OF POLE COORDINATES MODEL DATA FROM FLUID

EXCITATION FUNCTIONS

To examine the influence of fluid excitation functions on prediction errors of x, y pole coordinates data
first the pole coordinates model data were computed from the equatorial components of these excitation

168



functions. The differential equation of polar motion is given by the following formula:

i · ṁ(t)/σch + m(t) = χ(t) (1)

in which m(t) = x(t) − i · y(t) are the pole coordinates data to be computed, χ(t) = χ1(t) + iχ2(t)
are equatorial components corresponding to atmospheric, ocean and hydrologic excitation functions,
σch = [1 + i/(2Q)]2π/Tch is the complex-valued Chandler frequency, Tch = 433 days and Q = 170 is the
quality factor. Solution of this equation in discrete time moments can be obtained using the trapezoidal
rule of numerical integration:

m(t + ∆t) = m(t)exp(iσch∆t) − iσch∆t[χ(t + ∆t) + χ(t)exp(iσch∆t)]/2, (2)

where ∆t is the sampling interval of data.

4. COMPUTATION OF POLE COORDINATES MODEL DATA USING WAVELET

TRANSFORM BAND PASS FILTER

To show the influence of wide-band oscillations in x, y pole coordinates data on the prediction errors of
these data, the DWTBPF was applied to filter these oscillations. The discrete wavelet transform (DWT)
jth frequency component of the complex-valued signal x(t) is given by the formula:

xj(t) =
∑2

j−1
−1

k=−2j−1 Sj,kϕj,k(t) for t = 0, 1, ..., n− 1, j = jo, jo + 1, ..., p − 1, (3)

where Sj,k =
∑n−1

t=0
x(t)ϕj,k(t) are the DWT coefficients and ϕj,k(t) =

√
n2−j/2ϕj(t − n/2 − 2−jkn)

are the discrete Shannon wavelet functions (Benedetto and Frazier 1994), n = 2p is the number of data,
p is a positive integer.

For fixed lowest frequency index 0 ≤ jo ≤ p − 2 and time index k = −2jo ,−2jo + 1, ...,−2jo − 1,

ϕjo
(t) = exp[−iπ(t − n/2)n]

sin[2jo+1π(t − n/2)/n]

n · sin[π(t − n/2)/n]
, ϕjo

(n/2) = 2jo+1/n. (4)

For higher frequency index j = jo+1, jo+2, ..., p−1, and time index k = −2j−1,−2j−1+1, ...,−2j−1−1,

ϕj(t) = exp[−iπ(t − n/2)/n]
sin[2jπ(t − n/2)/n]{2cos[2jπ(t − n/2)/n] − 1}

n · sin[π(t − n/2)/n]
, ϕj(n/2) = 2j/n. (5)

The DWTBPF enables computation of such frequency components of complex-valued time series that
their sum is exactly equal to the input time series:

∑p−1

j=jo
xj(t) = x(t).

Components with frequency indices j < 4 and j > 4 correspond to longer period and shorter period os-
cillations, respectively. The pole coordinates model data were computed by summing the chosen frequency
components but including the frequency component x4(t) corresponding to the sum of the Chandler and
annual oscillations. The frequency component x5(t) corresponds to the semiannual oscillation.

5. PREDICTION OF POLE COORDINATES MODEL DATA

To predict x, y pole coordinates data the LS+AR method was applied (Kosek et al. 2004, 2008). In
this prediction algorithm first the LS model which consists of the Chandler circle, annual and semi-annual
ellipses and linear trend is fit to x, y pole coordinates data. The differences between x, y pole coordinates
data and their LS model give the LS model residuals. Prediction of x, y pole coordinates data is the sum
of the LS model extrapolation and the autoregressive prediction of the LS residuals.

The absolute value of the differences (prediction errors) between the IERS pole coordinates data and
their predictions computed by the LS+AR algorithm and prediction errors of the pole coordinates model
data computed from atmospheric, ocean and hydrologic excitation functions are shown in Figure 1. Fluid
excitation functions alone do not explain all the prediction errors of pole coordinates data, however some
unpredictable variations after 2006 are possibly caused by atmospheric excitation. Some unpredictable
variations in pole coordinates data in 1980 - 1982 and at the end of 2002 and beginning of 2003 are caused
by irregular ocean excitation. The prediction errors of the pole coordinates model data computed from
hydrologic excitation are very small.
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Figure 1: The LS+AR prediction errors of the IERS x, y pole coordinates data and of the x, y pole
coordinates model data computed from AAM, OAM and HAM excitation functions.

The mean prediction errors of the pole coordinates model data computed from AAM, OAM and
HAM excitation functions are shown for comparison with the mean prediction errors of the IERS pole
coordinates data in Figure 2. The contributions of AAM or OAM excitation to the mean prediction
errors of the pole coordinates data from 1 to about 100 days in the future is similar and of the order of
60% of the total error. When the prediction length increases, then the mean prediction errors caused
by ocean excitation become greater than those caused by atmospheric excitation. The contribution of
HAM excitation to the mean prediction errors of the IERS pole coordinates data is more than two times
smaller than the contribution of AAM excitation, and it decreases with decrease of the prediction length.

Figure 2: The mean LS+AR prediction errors of the IERS x, y pole coordinates data (thin line) and of
the x, y pole coordinates model data computed from AAM (dots), OAM (triangles) and HAM (circles)
excitation functions.

The mean prediction errors of the model pole coordinates data computed by summing the chosen
DWTBPF frequency components are shown in Figure 3. Short term predictions errors up to about
50 days in the future can be explained by the sum of the frequency components corresponding to the
Chandler, annual and other shorter period oscillations. If the pole coordinates model data consisted only
of the Chandler and annual oscillations then the prediction errors up to 100 days in the future would
be very small and of the order of few mas. The mean prediction errors the pole coordinates model data
computed from AAM + OAM excitation functions and computed by summing the chosen frequency
components corresponding to the Chandler, annual and shorter period oscillations are of the same order
and explain about 80 − 90% of the mean prediction error of the IERS pole coordinates data (Fig. 4).

6. CONCLUSIONS

The contributions of AAM or OAM excitation functions to the mean prediction errors of the IERS
pole coordinates data from 1 to about 100 days in the future are similar and of the order of 60% of the
total prediction error. The contribution of OAM excitation function to the mean prediction errors of
the IERS pole coordinates data for prediction lengths greater than 100 days becomes greater than the
contribution of the AAM excitation function. The contribution of the joint AAM+OAM excitation to the
mean prediction errors of the IERS pole coordinates data is almost equal to the contribution of the sum of
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Chandler + annual and shorter period frequency components. Both contributions explain about 80−90%
of the total prediction error. Big prediction errors of the IERS pole coordinates data in 1981-1982 and
in 2006-2007 are mostly caused by wide-band OAM and AAM excitation functions, respectively. The
prediction errors of the IERS pole coordinates data caused by HAM excitation functions are very small
and they decrease with decrease of prediction length.

Figure 3: The mean LS+AR prediction errors of the IERS x, y pole coordinates data (thin line) and of
the x, y pole coordinates model data computed by summing the DWTBPF components corresponding
to Chandler + annual and shorter period oscillations (circles), Chandler + annual and longer period
oscillations (stars), as well as Chandler + annual oscillations (dashed line).

Figure 4: The mean LS+AR prediction errors of the IERS x, y pole coordinates data (thin line) and of
the x, y pole coordinates model data computed from AAM+OAM (dashed line) excitation functions, as
well as by summing the DWTBPF components corresponding to Chandler, annual and shorter period
oscillations (circle line).
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