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ABSTRACT 

Two reanalysis datasets, one generated by the Goddard Laboratory for Atmospheres for 
1982-1993 and the other generated by the National Centers for Environmental Prediction for 
1982-1995, are used to examine the relationship between the Southern Oscillation (SO) and 
the interannual variation of atmospheric mass. Both reanalyses show that atmospheric mass 
increases (decreases) during the positive (negative) SO phase. Atmospheric mass consists of dry 
air and moisture. Since dry mass is conserved, the interannual variation of atmospheric mass 
results from the variation of water vapor pressure. Thus, global atmospheric hydrological pro­
cesses are analyzed to illustrate how the SO affects the interannual variation of atmospheric 
mass. During the positive (negative) SO phase, water vapor is converged (diverged) toward (out 
of) the central-eastern tropical Pacific [where sea surface temperatures (SSTs) are higher (lower) 
than normal] to maintain (suppress) cumulus convection in that area. An anomalous east-west 
Walker circulation straddling the Dateline is driven by the anomalous cumulus convection in 
this region to create positive (negative) surface pressure anomalies over the western tropical 
Pacific-Indian Ocean, which result in an increase (decrease) in atmospheric mass. 

1. Introduction 

The southern oscillation (SO) (Walker 1923, 
1924, 1928; Walker and Bliss 1930, 1932, 1937) is 
an interannual seesaw in surface pressure (and 
thus in atmospheric mass) between the tropical 
Indian-western Pacific Ocean and most of the 
tropical Pacific. The spatial structure of the SO is 
often depicted in terms of the global correlation 
coefficient pattern between the surface pressure 
anomalies and surface pressure anomalies at an 
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observational station close to the center of an SO 
cell, employing as base points, e.g., Djakarta, 
Indonesia (Berlage 1957) and Darwin, Australia 
(Trenberth and Shea 1987). Because surface pres­
sure exhibits a seesaw between the two sides of 
the Pacific following the SO, the surface pressure 
difference between Tahiti (near the center of the 
eastern SO cell) and Darwin (close to the center 
of the western SO cell) has been adopted by the 
climate research community as the Southern 
Oscillation Index (SOI, W. Chen 1982) to indicate 
the temporal evolution of this low-frequency cli­
mate mode. 

The total atmospheric mass is measured by the 
globally-integrated surface pressure. It is thus 
likely that the SO signal exists in atmospheric 
mass following the SO seesaw in surface pressure. 
Trenberth et al. ( 1987) analyzed the interannual 
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