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Abstract. The polar motion prediction is computed as a least-squares extrapolation of the 
polar motion data. The least-squares model consists of a Chandler circle with constant or 
variable amplitude, annual and semiannual ellipses, and a bias. The model with constant 
amplitude of the Chandler oscillation is fit to the last three years of polar motion data and the 
model with variable amplitude of the Chandler oscillation is fit to the whole time series 
ranging from 1973.0 to 2001.1.  The variable amplitude of the Chandler oscillation is modeled 
from the envelope of the Chandler oscillation filtered by the Fourier transform band pass filter 
from the long-term IERS EOPC01 polar motion series. The accuracy of the polar motion 
prediction depends mostly on the phase variation of the annual oscillation, which is treated as 
a constant in the least-squares adjustment. There were two significant changes of the annual 
oscillation phase of the order of 30°  before the two El Niño events in 1982/83 and 1997/98.  
 
1.  Introduction 
 
The accuracy of the combined pole coordinate data determined from the SLR, VLBI, GPS 
and DORIS space techniques is of the order of 0.2 milliseconds of arc (mas). Such precise 
polar motion data cannot be predicted with the accuracy corresponding to their observational 
accuracy. Usually, the prediction error for a few days in the future is several times greater 
than the pole coordinate data determination error. Such limited prediction accuracy is caused 
by irregular amplitudes and phases of the semiannual  (Kosek and Kołaczek 1997) and shorter 
period oscillations (Eubanks et al. 1988; Kosek et al. 1995a,b). Subsesonal variations of polar 
motion with periods shorter than half a year have variable and nonstationary phases and 
amplitudes (Kosek 1995; Popiński and Kosek 1995; Schuh and Schmitz-Hübsch 2000), thus 
their prediction cause some problems (Kosek 1997, 2000;  Kosek et. al. 1998). The forward 
and backward autocovariance and autoregressive predictions applied to short-period polar 
motion data reveal the biggest irregular variations in 1980-81, 1984-85, 1988, 1995 (Kosek 
2000).  
 
Accuracy of polar motion prediction depends on the variable Chandler oscillation amplitude 
(Yatskiv et al. 1972; Nastula et al. 1993; Damljanović et al. 1997; Vondrak 1985, 1989; 
Kołaczek and Kosek 1998; Schuh et al. 2001b) and period/phase (Okubo, 1982; Lenhardt and 
Groten 1987; Vicente and Wilson 1997; Gilbert et al. 1998). The Chandler oscillation 
amplitude varies with periods of 75, 40, 30 and 20 years (Kołaczek and Kosek 1998). Periodic 
variations between 40 and 50 years of the Chandler wobble and 5-6, 8-9, and 18-20 years of 
the annual wobble parameters were found using wavelet analyses techniques (Schuh et al. 
2001a). Poor accuracy of polar motion prediction can be caused by a variable phase or period 



of the annual oscillation (Kosek et al. 2000; Schuh et al. 2001a). Poor accuracy of long term 
polar motion prediction can be caused by mismodelling of linear drift and decadal variations 
of polar motion (Lambeck 1980; Johmann 1993; McCarthy and Luzum 1996; Vondrak 
1999b). Analysis of long term polar motion series obtained from re-analysis of optical 
astrometry using HIPPARCOS catalogue Vondrak (1999a) shows that the linear drift of polar 
motion during the last century was of the order of 3.31 ± 0.05 mas/year in the direction of 
76.1 ± 0.80° (Schuh et al. 2001a). Standard Fourier and Wavelet analyses of these data show 
prograde and retrograde decadal variations in these polar motion time series ranging from 7 to 
86 years from which the dominant retrograde 30-year Markowitz (1970) wobble is stable and 
all the oscillations with periods shorter than 20 years are irregular (Schuh et al. 2001a).     
 
In some of the prediction methods of Earth orientation parameters (EOP - polar motion and 
LOD, or UT1-UTC) the parameters of harmonic functions including bias and drift were 
estimated and extrapolated into the future (Zhu 1981, 1982; Chao 1984; McCarthy and 
Luzum 1991b; McCarthy and Luzum1996; Malkin and Skurikhina 1996). To predict LOD or 
UT1-UTC the stochastic tools, e.g. Kalman filter (Freedman et al. 1994) or ARMA (Auto-
Regressive Moving Avarage) (Hamdan and Sung 1996) were used. It has been found that 
Atmospheric Angular Momentum (AAM) and its forecast data are helpful in generating 
accurate near-real-time estimates of UT1 and LOD and in improving short-term predictions of 
these quantities out to about 10 days (Freedman et al. 1994). The EOP were recently predicted 
using artificial neural networks and the comparison of their results with results of other 
prediction methods proves that they are very appropriate tools to predict the EOP (Schuh et al. 
2001b). Polar motion was recently predicted with an accuracy similar to other methods by the 
autocovariance prediction method applied to the pole coordinate data transformed into polar 
motion radius and angular distance (Kosek 2001).  
 
The current prediction method of polar motion data carried out in the IERS (International 
Earth Rotation Service) Rapid Service/Prediction Center is the least-squares extrapolation of a 
Chandler circle, annual and semiannual ellipses and a bias fit to the last 3 years of combined 
pole coordinate data (McCarthy and Luzum 1991b). This least-squares extrapolation, together 
with the autocovariance prediction of the polar motion extrapolation residuals, enables 
prediction of polar motion for about 50-250 days in the future with approximately twice the 
accuracy of the least-squares prediction model (Kosek et al. 1998). However, it was noticed 
that  predictions were less accurate before the last 1997/98 El Niño event due to the decrease 
of the annual oscillation period (Kosek et al. 2000).    
 
2. Data 
 
The IERS EOPC01 in the years 1846.0 to 2000.0 (IERS 2001) and the NEOS pole 
coordinates data in the years 1973.0 to 2001.1 (USNO 2001) were used in the analysis. The 
sampling interval of the IERSC01 pole coordinates is 0.10 and 0.05 year before and after 
1880, respectively, and the sampling interval of the NEOS pole coordinates data is equal to 1 
day. To make the whole IERSC01 pole coordinates data equidistant, they were interpolated 
using 0.05-year sampling intervals before 1880. The NEOS series is based on a weighted 
cubic spline.  The observational input are corrected for possible bias and rate with respect to 
the IERS C04 series.  The weights used in the combination are proportional to the inverse 
square of the estimated accuracy of input data (McCarthy and Luzum 1991a).  
 



Monthly sea surface temperature anomalies Niño 1+2 (0-10S)(90W-80W), Niño 3 (5N-
5S)(150W-90W), Niño 4 (5N-5S) (160E-150W), Niño 3.4 (5N-5S)(170-120W) in the years 
1950 to 2001.0 from the Climate Prediction Center were used in the analysis (NOAA 2001).  
 
3.  Amplitude and phase variations of the Chandler and annual oscillations of polar 
motion  
 
The envelopes of the Chandler and annual oscillations can be computed if they are filtered 
properly by a band pass filter from the polar motion time series. The accuracy of a filtered 
oscillation by any band pass filter at the end and at the beginning of time series is affected by 
filtering errors, so some prolongation into the future of the polar motion data is necessary to 
cut off the ends after filtering.    
 
To compute such filtered oscillations, the IERS EOPC01 extended by the NEOS pole 
coordinate data and their prediction to 2002.4 were used. The NEOS pole coordinate data 
were predicted using the least-squares extrapolation of the Chandler circle, annual and 
semiannual ellipses and a bias fit to the last 3 years of data, and then these data together with 
their prediction were interpolated at 0.05-yr sampling intervals. To filter the Chandler and 
annual oscillations using a band pass filter, their mean periods must be known. These periods 
were computed from the IERS EOPC01 pole coordinates data in the years 1900.0 to 2000.0 
using the MESA (Burg 1967) with an optimum filter length estimated from the Rovelli-
Vulpiani criterion (Rovelli and Vulpiani 1983) and by the Fourier transform band pass filter 
(FTBPF) spectral analysis with parabolic transfer function (λ = 0.002) (Popiński and Kosek 
1995, Kosek 1995) (Table 1).  Additionally, the FTBPF spectral analysis enables computation 
of the mean amplitudes of oscillations as the square root of the FTBPF spectrum multiplied by 

2  in the case of real-valued time series and the mean radii of prograde (positive periods) 
and retrograde (negative periods) oscillations in the case of complex-valued time series 
(Kosek 1995).  
 
Table 1.  The periods and amplitudes of the Chandler and annual oscillations computed by the MESA 
and the FTBPF spectral analysis from the IERS EOPC01 pole coordinates from 1900.0 to 2000.0.  
 

Pole coordinates data x y x – iy 

MESA Periods (years)  1.183       1.002  1.184       1.001  
FTBPF Periods (years) 

Amplitude/radius* 
(arcsec) 

 1.185       1.001 
0.1076     0.0621 

 1.185       1.001 
0.1076     0.0530 

 1.182       0.999     -1.000 
0.1521*   0.0813*    0.0074* 

 
The Chandler and annual oscillations with central periods of 1.182yr and 1.000yr, 
respectively, were filtered from the extended IERS EOPC01 pole coordinate data by the 
FTBPF using optimum frequency bandwidth. The optimum frequency bandwidth λ = 0.007 
was chosen so that the variance of the residuals after subtracting the filtered Chandler and 
annual oscillations was a minimum. The EOPC01 polar motion residuals after subtracting 
such filtered Chandler and annual oscillations are shown in Figure 1.  
 
In the case of the Chandler and annual oscillations with similar periods, their resolution 
improves when the time span of polar motion data becomes longer. To check whether the 
Chandler and annual oscillations were separated well by the FTBPF, the running correlation 
coefficients between their envelopes were computed. The running correlation coefficients 
values between the envelopes of the filtered Chandler and annual oscillations in x and y pole 



coordinate data, captured by the boxcar window with a length of 30 years, are shown in 
Figure 2. Notice that for the variable amplitude Chandler oscillation, the correlation 
coefficient values between the envelopes in x and y are close to 1. In the case of the envelopes 
of the annual oscillation in x and y, such correlation coefficients increase during the last 100 
years from 0.6 to 0.9. The running correlation coefficient values between the envelopes of the 
filtered Chandler and annual oscillations varies from -0.4 to 0.4 and after 1970 begin to 
decrease to the level of -0.7 and -0.4 for x and y, respectively. This means that the computed 
envelopes of the Chandler and annual oscillations are not independent. Possible reasons for 
the large correlation coefficient in x (-0.7) in the 1980s could be poor separation of the 
Chandler and annual oscillations by the FTBPF or some common geophysical cause of 
excitation of the Chandler and annual oscillation amplitudes. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Fig. 1. The x, y IERS EOPC01 polar motion residuals after subtracting the Chandler and annual 
oscillations filtered by the FTBPF (λ=0.007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The running correlation coefficient values captured by the running boxcar window with the 
length of 30 years between the envelopes of the Chandler (dashed line) and annual (heavy line) 
oscillations in x (thick line) and y (thin line) pole coordinate data. 
 
To compute the models of the Chandler and annual oscillation envelopes, the periods of 
oscillations in the envelope time series ranging from 1880 to 2000 were computed by the 
MESA with optimum filter length computed by the Rovelli-Vulpiani (1983) criterion (Table 
2). Similar periods of 75, 40, 30 and 20 years in the envelopes of the Chandler oscillations 
have been previously found by Kołaczek and Kosek (1998). Introduction of the amplitude 
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variations models of the Chandler and annual oscillations into the least-squares adjustment 
could decrease the polar motion prediction errors.   
 
Table 2.  Periods of the most energetic oscillations in the envelopes of the Chandler and annual terms 
in x and y IERS EOPC01 pole coordinates data found by the MESA with the Rovelli-Vulpiani 
criterion.  

Envelope of Periods in years 

X Chandler 73     36.8     20.3     13.9     10.4 

Y Chandler 70     37.6     19.3     13.4     10.0 

X Annual 57       23.5       16.3         10.5 
Y Annual 45      25.8       15.4        11.2 

 
To compute the models of the envelope of the Chandler oscillation for the five chosen mean 
periods of 70, 37, 19.8, 13.6 and 10.2 years (Table 2), the amplitudes and phases were 
computed by the least-squares method using different lengths of the envelope data. Before the 
least-squares method was applied, the secular variations were subtracted using a robust 
straight-line estimate (Priestley 1981). The amplitudes and phases of the best fit least-squares 
models of the Chandler oscillation amplitude computed from the last 50 years of data for x 
and y pole coordinates are given in Table 3. Notice that the most energetic oscillations in the 
envelopes of the Chandler oscillations are oscillations with periods of about 70 and 40 years.  
 
Table 3. Periods, amplitudes and phases of the envelope models of the Chandler oscillation amplitude 
computed by the least-squares method from 1950 to 2000. The RMS are equal to 3.0 and 4.4 mas in x 
and y, respectively.  
 

 Periods (years) 70 37 19.8 13.6 10.2 
X Amplitude (mas) 

Phase (radians) 
32.4 

1.55708 
48.7 

1.47134 
9.4 

0.31552 
11.3 

5.99178 
6.5 

5.85967 
Y Amplitude (mas) 

Phase (radians) 
28.8 

1.10620 
55.0 

1.41719 
14.0 

0.35901 
12.8 

5.96999 
7.4 

5.83038 
Robust straight line z=a(t-1950)+b: in x a=-8.354592E-05, b=0.1764, in y a=-8.245441E-06, b=0.1735. 

 
To compute the models of the annual oscillation envelope for four chosen periods of 50, 24, 
15.8 and 10.8 years (Table 2), the amplitudes and phases were computed by the least-squares 
method together with the robust straight line estimates for the x and y envelope data from 
1960 to 2000 (Table 4). The amplitudes in the envelopes of the annual oscillation in x and y 
are also variable. However, their changes are much smaller than for the Chandler oscillation. 
Thus, there is no need to introduce information about the model of the annual oscillation 
envelope into the polar motion prediction program.  
 
In order to check whether the amplitude variations of the Chandler and annual oscillations 
computed by the FTBPF were estimated well, they were also computed by the least-squares 
model of a Chandler circle, annual and semiannual ellipses and a bias fit to the three-year 
NEOS pole coordinate data sliding with a step of 7 days along the whole data interval from 
1973.0 to 2001.1. The least-squares amplitudes of the Chandler and annual oscillations 
captured by the running three-year boxcar window are shown together with the corresponding 
envelopes of the filtered Chandler and annual oscillations in Figure 3a. Notice that the 
envelopes of the oscillations filtered by the FTBPF Chandler and annual are in a good 
agreement with their corresponding least-squares amplitudes. Some disagreement of these 
least-squares amplitudes with the corresponding envelopes at the end of the series could be 



caused by the increase of the FTBPF filtering errors there. Since the Chandler oscillation 
envelope model is introduced to the least-squares adjustment of the entire pole coordinate 
data, it may slightly affect the polar motion prediction errors at lower frequencies due to 
mismodelling of the Chandler amplitude change.  
 
Table 4. Periods, amplitudes and phases of the envelope models of the annual oscillation amplitude 
computed by the least-squares method in 1960-2000. The RMS are equal to 4.2 and 3.5 mas in x and 
y, respectively.  
 

 Periods (years) 50 24.6 15.8 10.8 
X Amplitude (mas) 

Phase (radians) 
8.5 

5.62201 
2.6 

3.34974 
3.6 

2.48970 
8.5 

5.40311 
Y Amplitude (mas) 

Phase (radians) 
3.1 

5.50385 
3.1 

3.30756 
4.4 

3.30756 
6.0 

5.35589 
Robust straight line z=a(t-1950)+b: in x a=-4.259076E-04, b=1.74199, in y a=-9.064993E-04, b=1.8767. 

 
The least-squares phases of the Chandler and annual oscillations captured by the running 
three-year boxcar windows are shown in Figure 3b. Notice that the phase variations of the 
annual oscillation in x and y pole coordinate data are of the same order and the difference 
between the maximum and minimum phase is of the order of 50° during the last 20 years. 
After 1982 the phase variations of the Chandler oscillation, which are of the order of 10°, are 
less than the phase variations of the annual oscillation (Fig. 3b). Before 1982 a big increase of 
the phase of the Chandler oscillation of the order of 40° during 5 years can be noticed (Fig. 
3b). Wavelet anlaysis of the Chandler wobble identified 3 large phase jumps with different 
durations in 1913, 1926 and 1980 during the time period 1890-1997 (Gilbert et al. 1998). 
 
There are significant increases of the annual oscillation phase of the order of 30°-40° before 
the El Niño events in 1982/83 and 1997/98. Notice that the decrease of the phase values of the 
annual oscillation correspond to the maxima of El Niño events in 1982/83 and in 1997/98, so 
El Niño data seem to be mostly correlated with the annual oscillation phase changes.         
 
To check the relations between  El Niño and the annual oscillation parameters, the correlation 
coefficients between the Niño 1+2, Niño 3, Niño 4, Niño 3.4 data and amplitude/phase 
variations of the annual oscillations were computed in the two time periods 1980-2000 and 
1990-2000 (Table 5).  
 
Table 5. The correlation coefficient values  between the Niño 1+2, Niño 3, Niño 4, Niño 3.4 data and 
the amplitudes/phase changes of the annual oscillation. * denotes correlation coefficients values 
significant at 90% confidence level.  
 

Time period 1980 - 2000 1990 – 2000 
Annual oscillation LS amplitude LS phase change LS amplitude LS phase change 
degrees of freedom n=26 n=36 n=13 n=18 
coordinate x y x y x y x y 

Niño 1+2 0.273* 0.275* -0.195 -0.177 0.422* 0.439* -0.346* -0.318* 

Niño 3 0.206 0.205 -0.161 -0.145 0.253 0.277 -0.329* -0.302 

Niño 4 -0.084 -0.083 -0.088 -0.058 -0.204 -0.164 -0.232 -0.184 

Niño 3.4 0.103 0.104 -0.141 -0.131 0.054 0.086 -0.305 -0.278 

 



The confidence levels for correlation coefficient values were estimated by the Students t-test 
assuming that the degrees of freedom were estimated as the ratio of data time span and the 
characteristic correlation time (Rovelli and Vulpiani 1983). The characteristic correlation time 
is defined in this paper as the time for which the biased autocorrelation estimation of the first 
difference of the annual oscillation least-squares amplitude or phase time series (Fig. 3a,b) 
decreases to a small value equal to 0.1.  Since the Niño data are treated as independent, the 
degrees of freedom estimated from them would be greater than those computed from the 
characteristic correlation time, so the latter would overestimate the confidence levels of 
correlation coefficient values.  
 
 
 
 
 
 
 
 

                                                                                                                                      a 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                           b 
 
 
 
 
 
 
 

                                                                                                                                      c 
 
 
 
Fig. 3. The envelopes of the Chandler and annual oscillation filtered by the FTBPF (dashed 
lines) in x and y pole coordinate data a). The least-squares amplitudes a) and phases referred 
to the epoch 1976.060 (MJD=42800) b) of the Chandler and annual oscillations computed in 
the three-year running boxcar windows. The Niño 1+2 data c). 
 
Notice that the absolute values of the correlation coefficients are significant at the 90% 
confidence level for the Niño 1+2 and for the Niño 3 data in the case of the least-squares 
phase change from 1990 to 2000 (Table 5). The correlation coefficient values between annual 
oscillation parameters and the Niño 4 or Niño 3.4 data are not significant. The correlation 
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coefficient values between all Niño data and the phase changes of the annual oscillation 
computed from the data time span of 1980 – 2000 are not significant either.  
 
4. Polar motion extrapolation residuals  
 
The three-year least-squares extrapolation residuals of pole coordinate data were computed 
from the three-year NEOS polar motion data after subtracting the least-squares model data 
consisting of a Chandler circle, annual and semiannual ellipses and a bias. These residuals 
were shifted by 7 days with respect to each other and their first differences were centered and 
connected using a trapezoid function (Kosek et al. 1998). The connected three-year 
extrapolation residuals (Fig. 4) were computed after integrating once the connected 
differences. Notice that energetic oscillations of y extrapolation three-year residuals usually 
have longer periods than x extrapolation residuals. The whole least-squares polar motion 
extrapolation residuals of pole coordinate data (Fig. 5) were computed after subtracting the 
model of the Chandler circle with variable amplitude (Table 3), annual and semiannual 
ellipses and a bias from the NEOS polar motion data ranging from 1973.0 to 2001.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The connected three-year least-squares polar motion extrapolation residuals of x and y pole 
coordinate data.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The entire least-squares polar motion extrapolation residuals of x and y pole coordinate data.  
 
The information about amplitude variations of the Chandler oscillation in the form of the 
envelope model computed from the envelopes of the filtered Chandler oscillation (Table 3) 
has been added to the observational equations in the least-square adjustment. The difference 
between the three-year and the entire least-squares polar motion extrapolation residuals is 
caused mainly by phase variations of the annual oscillation (Fig. 3b) and possible 
mismodelling of amplitude variations of the Chandler oscillation (Fig. 3a). Since the phase 
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variations of the annual oscillation have bigger amplitudes than the phase variations of the 
Chandler oscillation (Fig. 3b) and variations of the annual oscillation amplitude are 
negligible, the big amplitudes of the entire polar motion extrapolation residuals (Fig. 5) are 
mainly caused by the phase variations of the annual oscillation.  
 
To detect the most energetic oscillations in the connected three-year least squares 
extrapolation residuals, the time-variable Fourier transform band pass filter (FTBPF) spectral 
analysis was applied (Kosek 1995). The time variable FTBPF amplitude spectrum with the 
parabolic transfer function (λ=0.0005) is shown in Figure 6. Notice that the residual 
amplitudes of the annual and semiannual prograde oscillations do not exceed 2 mas. However, 
in the case of the Chandler oscillation its residual prograde amplitude can reach the 4-5 mas 
level. The three-year polar motion extrapolation residuals also contain prograde oscillations 
with periods of about 0.6-0.7 years which is sometimes called the semi-Chandler wobble 
(Höpfner 1995; Kosek and Kołaczek 1997; Kosek and Popiński 2000) and from 1.3 to 2.2 
years with the amplitudes reaching the 4-5 mas level. The oscillation with a period from 1.3 to 
2.2 years has the greatest amplitudes just before the time of the El Niño event in 1982/83 and 
during the El Niño event in 1997/98. The amplitudes of the retrograde oscillations with 
periods less than 1 year in the three-year polar motion extrapolation residuals do not exceed 1 
mas after 1980. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. The FTBPF amplitude spectrum of the connected three-year least-squares polar motion 
extrapolation residuals of x and y pole coordinate data.  
 
 
5. Polar motion prediction errors 
 
The absolute values of the difference between the three-year least-squares polar motion 
extrapolation models and polar motion data from 1 to 50 days in the future are shown in 
Figure 7. The irregular variations in short-period polar motion prevent high accuracy polar 
motion prediction. The biggest errors of polar motion prediction of the order of 20 to 30 mas 
for 30 to 50 days in the future occurred just before or during the two biggest El Niño events in 
1982/83 and 1997/98.  Big polar motion prediction errors before the 1980s were caused by 
less accurate polar motion data at that time. Prediction errors in y seem to have a better 
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correlation with Niño 1+2 data especially during less energetic El Niño events in 1987/88, 
1992/93 and 1994/95.  
 
The mean errors of polar motion prediction for 20, 50 and 80 days in the future were 
computed as the angular distance between the predicted and actual pole positions. To estimate 
the relationship between El Niño and the polar motion prediction error, the correlation 
coefficients between the Niño 1+2, Niño 3, Niño 4, Niño 3.4 data and mean polar motion 
prediction error for 20, 50 and 80 days in the future were computed (Table 6). The confidence 
levels for correlation coefficient values were estimated by the Students t-test assuming that 
the degrees of freedom were estimated as the ratio of data time span and the characteristic 
correlation time. The characteristic correlation time is the time for which the biased 
autocorrelation estimation of the polar motion prediction error time series (Fig. 7b) decrease 
to 0.1.   
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Fig. 7. The absolute values of the difference between x and y NEOS pole coordinate data and their 
least-squares prediction computed at different starting prediction epochs a), the mean error of polar 
motion prediction in 50 (lower line) and 80 (upper line) days in the future b) and the Niño 1+2 data c).  
 
Notice that the absolute values of the correlation coefficients are significant at the 90% 
confidence level for the Niño 1+2 and the Niño 3 data for polar motion prediction error 80 
days in the future (Table 6). The correlation coefficient values between polar motion 
prediction errors and Niño 4 or Niño 3.4 data are not significant. The correlation coefficient 
values between all Niño data and polar motion prediction errors 20 days in the future are not 
significant either.  
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Table 6. The correlation coefficient values between the Niño 1+2, Niño 3, Niño 4, Niño 3.4 data and 
the mean polar motion prediction error in 20, 50 and 80 days in the future. * denotes correlation 
coefficients values significant at the 90% confidence level.  
 

Days in the future 20 50 80 
Time period 1980- 

2000 
1990- 
2000 

1980- 
2000 

1990- 
2000 

1980- 
2000 

1990- 
2000 

degrees of freedom n=30 n=15 n=26 n=13 n=24 n=12 
Niño 1+2 0.114 0.338 0.345* 0.425* 0.248 0.457* 

Niño 3 0.167 0.296 0.252 0.358 0.306* 0.363 
Niño 4 0.084 0.090 0.125 0.090 0.155 0.045 

Niño 3.4 0.121 0.183 0.206 0.244 0.258 0.237 

 
 
Conclusions 
 
The cause of the poor accuracy of polar motion predictions can be variable phase or period of 
the annual oscillation. The Chandler oscillation phase or period is more stable than the annual 
one. There were two significant increases of the annual oscillation phase of the order of 30°-
40° (or decrease of the annual oscillation period by about 30-40 days) before the two biggest 
1992/93 and 1997/98 El Niño events.  
 
Correlation coefficients, significant at the 90% confidence level, are found between the Nino 
data and both the annual oscillation and the polar motion prediction errors.  In particular, the 
correlations between the 50- and 80-day predictions are correlated significantly with the Nino 
1+2 and Nino 3 data. 
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