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	As an illustration, I apply the method to the European GDP (16 countries, at constant prices of the year 2005, for the period 1995:I - 2010:IV, i.e. 64 non-seasonally adjusted  quarterly observations). Figure 1 displays the natural logarithm (designated as log) of the European GDP.
	Figure 1: The log of the European GDP
	
	3.1 The choice of the window length
	
	The highest singular value corresponds to the trend. Then, the following 8 singular values (2-9) decay almost linearly up to the value of (approximately) -10. They contain the cycle and the seasonal components. The last 23 singular values decay very slowly (with the exception of the last three). All these 23 singular values belong to noise.
	Based on Figure 1, the long run trend is reconstructed on the basis of the first eigenvector, Figure 3.
	Figure 3: Eigenvector 1 and the reconstructed trend
	
	
	Note: The left part is the eigenvector. The shaded area is the reconstructed trend.
	The cycle consists of the eigentriples 3,4,5,8,9. Figure 4 shows these eigenvectors and the reconstructed cycle.
	Figure 4: Eigenvectors 3,4,5,8,9 and the reconstructed cycle
	
	
	
	
	
	
	Note: All graphs, except the last one, are eigenvectors. The last graph with the shaded area is the reconstructed cycle.
	Figure 5: Eigenvectors 2,6,7 and the reconstructed seasonal component
	
	
	
	
	Note: All graphs, except the last one, are eigenvectors. The last graph with the shaded area is the reconstructed seasonal component.
	The noise component is reconstructed on the basis of the remaining 23 eigentriples (10-32). Figure 6 shows the reconstructed noise.
	Figure 6: Eigenvectors 10-32 and the reconstructed noise
	
	3.3.5 The reconstructed European GDP signal
	Based on the decomposition of the European GDP into the three subsignals of interest (trend, cycle and seasonals), I now proceed to the reconstruction of GDP signal (i.e. signal = trend + cycle + seasonals = actual GDP - noise). The GDP signal is displayed in Figure 7.
	Figure 7: The reconstructed European GDP signal
	
	3.3.6 The seasonally adjusted GDP
	Since the signal in Figure 7 contains the seasonal component, seasonal adjustment can easily be made by reconstructing a time series which contains only the trend and the cycle. This could be considered as the seasonally adjusted time series (without the noise). The seasonally adjusted GDP signal is displayed in Figure 8.
	Figure 8: The seasonally adjusted GDP signal
	
	3.3.7 The orthogonality of the decomposition
	The decomposition is optimal when the sub-signals and noise are statistically “separable”. This implies that the correlation matrix among these sub-signals and the noise component should be diagonal, with the main diagonal being one and the off-diagonal elements being, ideally, zero.  The appropriate statistic here is .  Under the null hypothesis that ρ  (the theoretical correlation coefficient) is zero, the t  statistic, with r  the sample correlation coefficient and  N =64 (the sample size), is distributed as the usual t  (Student) statistic with N-2  degrees of freedom.  In the above cases, the null hypothesis cannot be rejected at the conventional levels of significance (5% and 10%). Thus, the proposed decomposition is optimal in the sense that a high degree of separability has been achieved. Table 1 presents the correlation matrix among all the sub-signals and the noise.
	Table 1: Correlation matrix among the sub-signals and noise
	Trend
	Cycle
	Seasonals
	Noise
	Trend
	1.000
	0.075
	0.042
	0.066
	Cycle
	0.075
	1.000
	0.027
	0.024
	Seasonals
	0.042
	0.027
	1.000
	0.047
	Noise
	0.066
	0.024
	0.047
	1.000
	3.4 Comparison to other known filters
	3.4.1 Descriptive statistics and correlation coefficients
	In the following, I compare the SSA cyclical signal to the cyclical signals obtained by the Hodrick - Prescott  filter (HP) with the smoothing parameter equal to 1600, the Christiano - Fitzgerald (CF) asymmetric frequency filter under the assumption that the real European GDP follows a random walk and that the business cycle is between 6 and 32 quarters, and the Baxter-King (BK) frequency filter under the same assumptions about the cycle as the CF filter.  It needs to be noted that, because of the truncation of the coefficients in the BK filter, 24 observations (12 in the beginning and 12 in the end of the sample) are not defined. For the HP, the CF and BK filters, the initial time series has been first seasonally adjusted by the X-12 seasonal adjustment method. Table 2 shows the minimum, the maximum, the standard deviation and the Bera - Jarque (BJ) statistic for normality, and Table 3 shows the correlation matrix among all these four filters. Figure 9 depicts these four cycles over the whole period 1995 - 2010. The normality of the cyclical components cannot be rejected in any of the filters at 5% significance level since the Bera-Jarque (BJ) statistic < 5.99, the critical value at the 5% significance level, in all four cases. On the basis of the correlation matrix in the Table 3, the SSA filter resembles more to the BK filter  (cor. coef. = 0.846),  then to the HP filter (cor. coef.=0.791) and then with the CF filter (cor. coef.=0.771).  It is observed that differences are rather slight although the SSA filter shows deeper troughs and milder peaks in comparison to the other three filters.
	Table 2: Descriptive statistics for the cyclical component among the four filters
	SSA
	HP
	CF
	BK
	Minimum
	-0.047
	-0.025
	-0.028
	-0.010
	Maximum
	0.019
	0.029
	0.028
	0.029
	Std. deviation
	0.017
	0.012
	0.011
	0.010
	BJ statistic
	0.019
	0.028
	0.422
	4.225
	Table 3: Correlation matrix among the four cyclical components
	SSA
	HP
	CF
	BK
	SSA
	1.000
	0.791
	0.771
	0.846
	HP
	0.791
	1.000
	0.931
	0.933
	CF
	0.771
	0.931
	1.000
	0.982
	BK
	0.846
	0.933
	0.982
	1.000
	Figure 9: The cyclical component obtained from the four filters
	
	Note: SSA (light blue), CF (yellow), HP (dark blue),  BK (pink).

