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ABSTRACT 

ECHO is a new global coupled ocean-atmosphere general circulation model (GCM), consisting 
of the Hamburg version of the European Centre atmospheric GCM (ECHAM) and the 
Hamburg Primitive Equation ocean GCM (HOPE). We performed a 20-year integration with 
ECHO. Climate drift is significant, but typical annual mean errors in sea surface temperature 
(SST) do not exceed 2° in the open oceans. Near the boundaries, however, SST errors are 
considerably larger. The coupled model simulates an irregular ENSO cycle in the tropical 
Pacific, with spatial patterns similar to those observed. The variability, however, is somewhat 
weaker relative to observations. ECHO also simulates significant interannual variability in 
mid-latitudes. Consistent with observations, variability over the North Pacific can be partly 
attributed to remote forcing from the tropics. In contrast, the interannual variability over the 
North Atlantic appears to be generated locally. 

1. Introduction 

The development of complex coupled ocean­
atmosphere general circulation models ( GCMs) 
is a rapidly progressing field. Such sophisticated 
models can be categorized roughly into two 
classes: global coarse-resolution and limited 
domain high-resolution TOGA (Tropical Ocean 
Global Atmosphere) models. The term "limited 
domain high-resolution" refers generally to the 
oceanic component in the latter class of models. 
The global coarse-resolution coupled models were 
generally designed to address the global change 
problem (Washington and Meehl, 1989; Manabe 
et al., 1990; Murphy, 1990; Cubasch et al., 1992). 
The global coupled models have been also useful in 
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gammg some insight into the nature of natural 
climate variability (e.g., Meehl, 1990; Lau et al., 
1992; Delworth et al., 1993 ), and long integrations 
were performed with such models to estimate the 
natural climate variability spectrum against which 
a potential anthropogenic climatic signal can be 
detected. However, their ability to simulate natural 
climate variability is limited to some extent by the 
coarse resolution. The tropical problem of air-sea 
interaction, for instance, has shown that higher 
resolution is required to simulate a realistic El 
Nino/Southern Oscillation (ENSO) (e.g., Neelin 
et al., 1992; Lau et al., 1992; Philander et al., 1992). 

The limited domain TOGA models were 
developed to investigate specifically the dynamics 
and predictability of the ENSO phenomenon (e.g., 
Gordon, 1989; Philander et al., 1992; Nagai et al., 
1992; Latif et al., 1993a, b ). They consist of a 
high-resolution tropical ocean GCM which is 
coupled to a coarse-resolution global atmospheric 
GCM. Such models simulate realistically the 
ENSO variability and show some skill in predict­
ing ENSO-related climate anomalies. The TOGA 
models, however, are inherently limited in their 
































