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ABSTRACT 

Interdecadal variations are studied in a 325-year simulation performed by a coupled atmo­
sphere, ocean general circulation model. The patterns obtained in this study describe some of the 
dominant features of interdecadal variations in the model atmosphere and in the model Pacific 
Ocean. ( 1) Atmosphere. Interdecadal variations have no preferred time scale and can be 
generated by an AR(l )-process which has a longer characteristic time than that of the weather 
fluctuations. There are two dominant modes, one is related to variations of the tropical easterlies 
and the other to the Southern Hemisphere westerlies. The amplitude of the associated wind 
anomalies is largest in the upper troposphere. The associated temperature anomalies are in 
thermal-wind balance with the zonal winds and are out of phase in the troposphere and in the 
lower stratosphere. (2) Pacific Ocean. The dominant mode in the Pacific is basin-wide with a 
time scale of 10 to 20 years. Its signature propagates westward in the tropics and then northward 
(southwestward) in the North (South) Pacific. The evolution is related to changes in the upper 
ocean circulation and the upper ocean thermal structure. In the midlatitudes, the current 
changes are in Sverdrup relation with the wind changes whereas in the tropics air-sea interaction 
processes might be involved during a certain phase of the oscillation. 

1. Introduction 

Decadal time scale changes in the climate system 
have drawn increasing attention from researchers. 
For instance, Trenberth (1990) has demonstrated 
that there was a change in the North Pacific sea 
level pressure field during the winter season 
between 1946-76 and 1977-87. This "climate 
change" was seen over the North Pacific through­
out the troposphere, in the North Pacific sea sur­
face temperature (SST), and probably also in the 
tropical SST (see also Nitta and Yamada, 1989; 
Salmon, 1992; Xu, 1993 ). Another atmospheric 
circulation change was noted by Xu (1993) who 
found in a twenty year data set that the Southern 
Hemisphere westerlies became stronger after the 
mid-seventies. A well-known oceanic interdecadal 
variation is the "Great Salinity Anomaly" (GSA) 
which was characterized by a freshening of the 
surface waters of the North Atlantic during the 
1960s and 1970s (Dickson et al., 1988 ). lnter­
decadal variations were also found in SST 
anomalies over different regions. 
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Some of the interdecadal variations have been 
studied using General Circulation Models 
( GCMs ). The modeling studies of the oceanic 
variations are summarized in UNESCO (1992). 
For the Pacific Ocean, the modeling efforts have 
been mainly confined to studies using uncoupled 
models driven by observed boundary conditions. 
Both atmospheric GCMs and oceanic GCMs were 
successful in simulating overall features of the 
observed "climate change" in and over the North 
Pacific. However, because of the limited length of 
the observed boundary forcings, it is difficult to 
derive the basic statistics of interdecadal varia­
tions, such as time scales, from these simulations. 
For the atmosphere, variations on time scales 
longer than one year were first described by James 
and James (1989, 1992) in a simplified atmospheric 
GCM. Their principal mode could be described in 
terms of an alternate splitting and coalescence of 
the subtropical and mid-latitude jets. Although 
there is similarity between this mode and the 
Southern Hemispheric mode found in the observa­
tions (Xu, 1993 ), the reality of such a mode is 




























