
Tel/us ( 1994), 46A, 433-447 
Printed in Belgium - all rights reserved 

Copyright © Mun 1,sgaard, 1994 

TELL US 
ISSN 0280--6495 

Simulation and hindcasts of tropical Pacific Ocean 
interannual variability 

By MICHAEL K. DAVEY'*, SARAH INESON' and MAGDALENA A. BALMASEDA2
, 

1Hadley 
Centre, Meteorological Office, London Road, Bracknell RG12 2SY, UK; 2Atmospheric, Oceanic and 

Planetary Physics, Clarendon Laboratory, Parks Road, Oxford OXJ 3PU, UK 

(Manuscript received 9 August 1993; in final form 24 February 1994) 

ABSTRACT 

A general circulation model of the tropical Pacific Ocean with a high resolution equatorial 
region is forced with observed winds from 1961 to 1993 to obtain a simulation of oceanic 
variability. Observed interannual sea surface temperature anomalies are reproduced well in the 
central equatorial Pacific, which is a region of strong variations in air-sea interaction. Combined 
principal oscillation pattern analysis of SST, heat content and zonal wind stress anomalies leads 
to a dominant interannual mode with a period of about 3 years. An empirical atmosphere model 
is constructed using the observed wind stress and the dominant simulated SST anomaly patterns. 
With the OGCM coupled to this statistical atmosphere, several hindcasts are made for the main 
recent ENSO events. Cold events are reproduced reasonably well, warm events less well: in 
particular, the 1982/83 hindcasts failed to produce a warming. 

1. Introduction 

The largest interannual vanat1ons in climate 
occur in the tropical Pacific region, and are 
associated with strong interaction between the 
atmosphere and ocean. These variations have 
widespread effects (see, e.g., Glantz et al., 1991 ), 
and in recent years there has been an intense obser­
vational and modelling effort aimed at under­
standing and predicting such changes. To a large 
extent, the atmospheric climate in the tropics is 
determined by the sea surface temperature (SST), 
so most prediction efforts focus on determining 
changes in SST. Several statistical (e.g., Barnett 
et al., 1988; Xu and von Storch, 1990) and dyna­
mical (e.g., Cane et al., 1986; Latif et al., 1993c) 
models show predictive skill at lead times of up 
to a year: see the review by Latif et al. ( 1993a ). 
The first successful dynamical model (Cane and 
Zebiak, 1985) used a reduced physics ocean 
coupled to a similarly simplified equilibrium 
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atmosphere. The success of such a model stems 
from its ability to follow the evolution of the ocean 
after forcing it with observed winds: coupling to an 
atmosphere is necessary on seasonal timescales 
because SST changes drive surface wind changes 
that in turn alter the ocean state significantly. 

With the advent of increased computer power, 
prediction experiments using general circulation 
models (GCMs) with a comprehensive range of 
physics have become feasible: Latif et al. ( 1993b) 
and Miyakoda et al. (1993) describe hindcasts 
using coupled ocean and atmosphere GCMs. 
Although one would expect coupled GCMs to 
provide the best predictions, relatively few coupled 
GCM hindcasts have been tried to date and there 
is as yet no clear evidence that they are better. 
An atmospheric GCM need not be used from the 
outset to determine atmospheric changes in detail: 
such changes could be found by forcing an 
atmospheric GCM with predicted SST anomalies 
corrected for known model errors (see Bengtsson 
et al., 1993 ). 

In this study, we concentrate on seasonal 
changes in SST. The tropical Pacific ocean GCM 






























