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ABSTRACT

A three-dimensional data assimilation scheme is described and tested, using the Geosat altimeter data and a
high-resolution, primitive equation, numerical ocean model of the Gulf Stream region. The assimilation scheme
is based on an optimal interpolation approach in which data along satellite tracks are continuously interpolated
horizontally and vertically into the model grid and assimilated with the model prognostic fields. Preprocessed
correlations between surface elevation anomalies and subsurface temperature and salinity anomalies are used
1o project surface information into the deep ocean; model and data error estimates are used to optimize the
assimilation. Analysis fields derived from the Navy’s Optimum Thermal Interpolation System are used to
initialize the model and to provide some estimate of errors.

To evaluate the effectiveness of the assimilation scheme, the errors of model oceanic fields (surface ¢levation,
Gulf Stream axis, temperature ) with data assimilation are compared with errors without data assimilation (i.e.,
a pure forecast). Although some mesoscale meanders and rings are not well produced by the assimilation model,
consistent reduction of errors by the assimilation is demonstrated. The vertical distribution of errors reveals
that the scheme is most effective in nowcasting temperatures at middepth (around 500 m) and less effective
near the surface and in the deep ocean. The scheme is also more effective in nowcasting the Gulf Stream axis
location than in nowcasting temperature variations. A comparison of the assimilation scheme during two periods
shows that the nowcast skiil of the assimilated model is reduced in May-September 1988, compared to May-
July 1987, due to poor coverage of the altimeter data during 1988.
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This paper is one step toward a dynamic mode} and data assimilation system, which when fully developed,

should provide useful nowcast and forecast information.

1. Introduction

Satellite-derived altimeter data, such as those ob-
tained from Geosat, provide a global coverage of the
World Ocean, and, together with a numerical model
and a data assimilation scheme, can contribute to
nowcasts of complete oceanic fields. However, unlike
numerical weather prediction models, which opera-

tionally assimilate atmospheric observations (e.g., -

Parrish and Derber 1992), data assimilation in ocean
models 1s in an early developmental stage although
progress has been achieved during the last few years
(e.g., Robinson et al. 1989; Holland and Malanotte-
Rizzoli 1989; White et al. 1990; Mellor and Ezer 1991;
Dombrowsky and De-May 1992; Verron 1992).

One of the main obstacles in oceanic data assimi-
lation is the overly sparse coverage of oceanic obser~
vations for either assimilation or evaluation. Oceanic
fields that are measured globally, such as satellite-de-
rived altimetry or sea surface temperature (SST) data,
provide only surface information and even at the sur-
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face they are incomplete; that is, altimetry is measured
only along satellite tracks and SST data are missing in
areas with cloud coverage. Therefore, a realistic nowcast
system will require a sophisticated data assimilation
scheme to fill in missing information in space and time.

Some of the altimetric data assimilation techniques
that have been developed include, for example, pre-
determined ‘“feature models” (Robinson et al. 1989),
Kalman filter (Miller 1989), updating potential vor-
ticity (Haines 1991), the adjoint method (Moore
1991), “nudging” (Verron 1992), and optimal inter-
polation (White et al. 1990; Dombrowsky and De May
1992). At the present time, there is no consensus as
to the best way of assimilating altimeter data into an
ocean model; different techniques are still being studied
and tested [see also Ghil and Malanotte-Rizzoli (1991)
for a review of different schemes]. Because of the com-
plexity of the problem and because of computational
resource limitations, all of the above techniques were
tested with relatively simple models (e.g., quasigeo-
strophic dynamics and simple domain and bottom to-
pography). Only a few altimetric data assimilation
schemes have been developed for primitive equation
models with realistic topography. An exception is the
study of Mellor and Ezer (1991 ), who used an optimal






