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Search for  

•                     hidden regularities 

•                     repetitive patterns 

•                     oscillatory phenomena 

Understanding complex dynamics 

Study of interactions  

• clues to complex behaviour 

• facts for model building 

• characterization - diagnostics 



SSA - Singular system (or singular spectrum) 
analysis in its original form (also known as 
principal component analysis, or Karhunen-
Loève decomposition) is a method for 
identification  and distinction from noise of 
important information in multivariate data.  

It is based on an orthogonal decomposition 
of a covariance matrix of multivariate  data 
under study. 



Monte Carlo SSA: 

DETECTION -> HYPOTHESIS TESTING 

DISCRIMINATING STATISTIC 

STANDARD: POWER (EIGENVALUES) 

ENHANCED: REGULARTITY INDEX 

NULL HYPOTHESIS 

1/f … as AR1, 1/f … spectrum fitting 

1/f, LRD, multifractal …  

randomization in wavelet domain 





MONTHLY AVERAGE NEAR-SURFACE AIR TEMPERATURE 

PRAGUE – KLEMENTINUM STATION 

9 OTHER EUROPEAN STATIONS 

MONTHLY NORTH ATLANTIC OSCILLATION INDEX 

http://www.cru.uea.ac.uk/cru/data/nao.htm 

MONTHLY aa INDEX 

World Data Centre for Solar-Terrestrial Physics, Chilton 

http://www.ukssdc.ac.uk/data/wdcc1/wdc_menu.html 

MONTHLY SUNSPOT NUMBERS 

http://sidc.oma.be/DATA/monthssn.dat 







SAT 

NAO 

aa SSA 

WAV 

 SSA vs. Wavelet extracted modes 



 Instantaneous phases of the oscillatory modes 



UNWRAPPED PHASE 

WRAPPED PHASE 



PHASE LOCKING STARTS 

Phase difference SAT - aa 

NAO-SAT NAO - aa 



Phase synchronization: 

Testing using surrogate data: 

• univariate and bivariate isospectral (FFT) surrogates 

• permutation surrogates 

Mean Phase Coherence (Mean Resultant Length): 

Mutual Information: 



TESTING PHASE SYNCHRONIZATION  



SPATIAL PATTERNS OF PHASE COHERENCE 

USING NCEP/NCAR AND ERA-40 

REANALYSIS DATA 

MEAN PHASE COHERENCE 

NORTHERN HEMISPHERE 



PHASE COHERENCE OF ERA-40 SAT with  

aa 

SS 

NAO 



NAO 

aa 

SS 

PHASE COHERENCE OF NCEP/NCAR SAT with  



SPATIAL PATTERNS OF PHASE COHERENCE 
ERA-40 

REANALYSIS DATA 

MUTUAL INFORMATION 

CONDITIONAL MUTUAL INFORMATION 

SIGNIFICANCE 

>PERCENTILE OF FT SURROGATE 
DISTRIBUTION 
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Statistical evidence for  

 coupling between 

solar/geomagnetic activity and 

climate variability has been obtained 

from continuous monthly data, 

independent of the season, QBO, 

however, confined to the temporal 

scale related to oscillatory periods 

about 7--8 years. 



RELATIVE VARIANCE (OF TOTAL VARIANCE OF e.g. TEMPERATURE) 

HARD TO ESTIMATE/DEPENDS ON SSA/WAVELET PARAMETERS 

BUT RELATIVELY SMALL 

PHYSICAL MECHANISMS? 

INTERSCALE RELATIONS ? 

i.e., CAN A CYCLE ON A SCALE DRIVE LESS COHERENT VARIABILITY 

ON OTHER SCALES ? 

FURTHER SOPHISTICATED TESTING REQUIRED 

7-8yr CYCLES IN  

NAO, TEMPERATURE, GEOMAGNETIC aa INDEX AND SUNSPOT 
NUMBERS ARE  

PHASE COHERENT FROM 1950’s TO 1990’s 

ATMOSPHERE/CLIMATE – SOLAR/GEOMAG ACTIVITY 

DIFFERENT PHENOMENA 

TRANSIENTLY PHASE SYNCHRONIZED ? 
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