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What is Singular Spectrum Analysis?

Singular spectrum analysis (SSA) is similar to the method of
Principle Components in terms of its mathematical formulation.
SSA is suitable for extracting information from short and noisy
time series. The method unravels or extracts information
embedded in delay-coordinate phase space by decomposing the
sequence into elementary patterns of behavior in time by using
so-called “data-adaptive filters”. These filters separate the time
series into statistically independent components or modes, which
can often be classified as trends, deterministic oscillations, or
noise. The process of embedding the data in delay-coordinate
phase space is equivalent to representing the behavior of the
system by a succession of overlapping “views” of the time series
through a sliding window whose length is called the window
length or embedding dimension.



Singular Spectrum Analysis is based on a formal mathematical 
decomposition that consists of four steps:

• 1.  The embedding step where a trajectory matrix is constructed from 
lagged versions of the original time series. 

• 2.  A Singular Value Decomposition (SVD) of the matrix formed by the 
product of the trajectory matrix and its transpose is performed, which 
corresponds to an eigenvalue problem that yields eigenvalues and 
eigenvectors.

• 3.  The third step is grouping, which involves splitting the matrices from 
the SVD into groups and summing the matrices within each group

• 4.  Transform the matrices into individual time series that can be summed 
to produce partial series, or if all of the individual series are summed, the 
original time series itself. 
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Conclusions

• Tidal measurements have been made at San Francisco since 1854. 
It is the longest continuous record of sea level in existence. 

• Singular Spectrum Analysis (SSA) reveals that the 1st mode 
corresponds to the long-term trend in rising level.

• Higher modes correspond to the annual cycle, the semi-annual 
cycle, the PDO, and ENSO events.

• The results indicate that SSA may provide an objective basis for 
extracting long-term trends.

• The structure of the long-term depends strongly on record length. 
• Sea level rises faster in summer suggesting the importance of 

annual heating.
• Both the PDO and two major ENSO events contributed to the 

anomalous increase in sea level from circa 1870 to 1900.  
• The long-term trend of increasing sea level has decreased or even 

reversed since the mid-1990s, and may be due to a sustained 
period of higher–than-average intensity in the Aleutian Low. 


