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Why Does Climate Vary?���

 	



	


Pacific Decadal Oscillation:   Noise Integration, Nonlinear Rectification, and Scale Interaction  	



http://www.esrl.noaa.gov/psd/people/dezheng.sun/lectures/ATOC7500.html	





The Pacific Decadal Oscillation	





The El Nino-Southern  Oscillation	





The 1976 Regime Shift	



Trenberth (1990)	





The 1976 Regime Shift���
Epoch 1977–93 minus  epoch 1950–76���

	





The 1976 Regime Shift���
Epoch 1977–93 minus  epoch 1950–76���

	





The Pacific/North American teleconnection 
pattern (PNA)	



Horel and Wallace 1981	





Principal Component Analysis 	



PCA is  an orthogonal linear 
transformation that transforms the data to 
a new coordinate system such that the 
greatest variance by any projection of the 
data comes to lie on the first coordinate 
(called the first principal component), the 
second greatest variance on the second 
coordinate, and so on.	



Jolliffe, I.T. (2002). Principal Component 
Analysis, second edition (Springer).	


Horel, J. D., 1984: Complex Principal 
Component Analysis: Theory and 
Examples. J. Climate Appl. Meteor., 23, 
1660–1673.	



http://www.youtube.com	





PCs of Global SST Variability	





PDO shown as the leading PC of the 
Residual Variability of Global SST	





PDO: Spatial Patterns	





PDO and Other Pacific Basin Climate Indices	





Spatial Patterns of PDO and ENSO: ���
Similarity and Differences 	





Spatial Patterns of PDO and ENSO: ���
Similarity and Differences 	





The PDO and Alaskan salmon production	



Mantua et al. 1997	





 PDO and Pacific salmon production	
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