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ABSTRACT

A global oceanic four-dimensional data assimilation system has been developed for use in initializing coupled
ocean-atmosphere general circulation models and many other applications. The data assimilation system uses
a high resolution global ocean model to extrapolate the information forward in time. The data inserted into the
model currently consists only of conventional sea surface temperature observations and vertical temperature
profiles. The data are inserted continuously into the model by updating the model’s temperature solution every
timestep. This update is created using a statistical interpolation routine applied to all data in a 30-day window

centered on the present timestep.

Large scale features in the sea surface temperature analyses are consistent with those from independent
analyses. Subsurface fields created from the assimilation are much more realistic than those produced without
the insertion of data. Furthermore, information contained in the assimilation field is shown to be retained in
the model solution after the assimilation procedure is terminated. The results are encouraging but further

improvements can be made.

1. Introduction

A persistent problem in oceanography has been the
lack of a complete and reasonably accurate description
of the large-scale oceanic state. Without such an anal-
ysis, many potential studies become difficult or im-
possible. The applications of the analyses include the
initialization of coupled atmospheric and oceanic
General Circulation Models (GCMs), the verification
of numerical models, dynamical and climatological
studies, and the specification of horizontal boundary
conditions for higher resolution limited domain mod-
els. Unfortunately, the ocean is not observed frequently
enough in space or time to allow the direct analysis of
the predicted variables. This limitation has been over-
come in the past by assuming that the interannual
variability is small and then compositing observations
from many years to produce climatological analyses
(e.g., Levitus 1982). If one is interested in components
with strong interannual variability, however, an alter-
native analysis technique is necessary.

A possible solution is to use a four-dimensional data
assimilation system. The basic idea of four-dimensional
data assimilation is to use model equations to extrap-
olate information in space and time. Thus, the effective
database at any particular time can be increased sub-
stantially and regions which are not observed regularly
can be analyzed by use of the information extrapolated
into the region by the model equations. Also, in regions
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where no information exists, a reasonable result (the
model solution) is available. The four-dimensional data
assimilation technique has been used successfully in
meteorology to address a data sparcity problem similar
to that found in the ocean (e.g., Bengtsson et al. 1981;
Bengtsson 1975).

Four-dimensional data assimilation was first applied
to oceanic problems using simple limited domain ocean
models (e.g., Robinson and Leslie 1985; Rienecker et
al. 1987). Recently, there has been considerable interest
in applying data assimilation to larger scales using more
realistic models. Clancy et al. (1988) have developed
a general ocean analysis system which can be applied
to larger scales but uses a simple mixed-layer model.
Moore et al. (1987) have investigated the effects of
inserting simulated temperature and velocity data into
a one-layer reduced-gravity model and 12-level prim-
itive equation model. Leetmaa and Ji (1989) have been
producing analyses of the tropical Pacific by inserting
observations into a primitive equation model. In this
paper, a nearly global oceanic assimilation system using
a high-resolution primitive equation model will be
presented.

Several new and theoretically appealing data assim-
ilation techniques, such as Kalman-Bucy filtering (e.g.,
Bennett and Budgell 1987; and Miller 1985) and the
adjoint technique (e.g., LeDimet and Talagrand 1986;
Thacker and Long 1987), are currently being inves-
tigated for application to the oceanic problem. These
newer and more complex techniques, however, appear
to be currently impractical for application to a high
resolution global oceanic GCM. Thus in this study we






