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ABSTRACT 

A coupled ocean-atmosphere GCM is being developed for use in seasonal forecasting. As part 
of the development work, a number of experiments have been made to explore some of the 
sensitivities of the coupled model system. The overall heat balance of the tropics is found to be 
very sensitive to convective cloud cover. Adjusting the cloud parameterization to produce stable 
behaviour of the coupled model also leads to better agreement between model radiative fluxes 
and satellite data. A further sensitivity is seen to changes in low-level marine stratus, which is 
under-represented in the initial model experiments. An increase in this cloud in the coupled 
model produces a small improvement in both the global mean state and the phase of the east 
Pacific annual cycle. The computational expense of investigating such small changes is 
emphasized. An indication of model sensitivity to surface albedo is also presented. The sensitivity 
of the coupled GCM to initial conditions is investigated. The model is very sensitive, with tiny 
perturbations able to determine El Nino or non-El Nino conditions just six months later. This 
large sensitivity may be related to the relatively weak amplitude of the model ENSO cycle. 

1. Introduction 

The tropical ocean-atmosphere system of the 
earth exhibits considerable inter-annual varia­
bility, which can have a significant impact on 
human life and activity both in the tropics and, to 
some extent, in the mid-latitudes. Simple models 
have shown the capability for useful qualitative 
forecasts ofa major part of interannual variability, 
the El Nino of the tropical Pacific (e.g., Cane et al., 
1986). Work is now underway in a number of 
groups around the world to develop more com­
prehensive models that, it is hoped, may be able to 
produce forecasts which are both more complete 
and more accurate. 

A global coupled ocean-atmosphere GCM is 
the ultimate tool for such forecasting, and such a 
model is being developed by a European group 
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based at the Max-Planck-Institut in Hamburg. 
The ocean component is HOPE, a global model 
with high equatorial resolution. The atmosphere 
component can be either ECHAM (the Hamburg 
climate AGCM ), or a low resolution version of the 
ECMWF forecast model. 

The development of such a model is no easy 
task. The amplitude and rate of change of SST 
anomalies in the tropics are relatively small, of 
magnitude 1°C and perhaps o.2°c per month. If 
these changes are to be predicted accurately, it is 
desirable (and perhaps necessary) that the model 
is able to reproduce reality to at least this accuracy. 
To reduce "climate drift" in a coupled GCM to 
below 0.1°C per month, without recourse to 
potentially distorting fixes such as flux correction, 
is a formidable task. The computational expense of 
the necessary numerical experimentation is a 
further limit on the rate at which progress can be 
made. 

To help with the process of model development, 
a number of sensitivity studies with the coupled 
GCM have been carried out, using the ECMWF 




























