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ABSTRACT

A reduced gravity model that incorporates the geometry of western
North Americz has been used to study the dynamies of the Cailifornia
Current System (CCS). Three experiments were implemented: first the
model was run using 19 years of wind stress from the Comprehensive
Qcean-Atmosphere Data Set (local model); a second experiment (remote
model )} consisted of forcing the model through its southern boundary
using the results of a similar reduced gravity equatorial model; in a
third experiment, both forcings were used simultaneously (loczl+remote
model). The main objective of this work was to analyze the low
frequency variability on the CCS in terms of its contributions from
remote and loecal foreing.

Away from the coast, the basic state of the model is determined
by the predominantly negative wind curl through an Sverdrup balance.
The generzl seasonal cycle (eg. set-up of Davidson Current, formation
and position of Southern California eddy, etc.) is in agreement to
what has been described by other authors. Through cross correlation
and cross spectral analysis between the model results and observed
sea-level data, it was established that most of the interannual
variability in sea-level height at the coast is due to disturbances of
equatorial origin that propagate into the region in the form of

coastally trapped Kelvin waves. For the annual frequency variability,
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on the other hand, it was found that both loczl, as well as remotely

forced variability, contribute to the total -variance.
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I. INTRODUCTION

a) Motivation and Objectives

During the 1982-1983 El Nino event, waters several degrees warmer
than normal were observed at the Northeastern Pacific Qecean. The
biological and economic implications of this phenomenon are
enormous. The distribution and abundance of fish and invertebrates
changed remarkably in the coastal waters of the Northeastern Pacific
Qcean (NEPG) (Wooster and Fluharty, 1985). Pearcy and Schoener (1986)
for example, report the appearance in the waters of Oregon and Alaskz
of thirteen marine species that had never before been reported north
of California. Simpson (1984a) showed that the anomalous warm waters
in the California Current during August 1982 were accompanied by
negative salinity anomalies as well as oxygen anomalies. Although it
is accepted that the 1982-1983 episode was an exceptionally strong E1
Nifio (eg. Pearcy and Schoener, 1986), it certainly was not an isolated
phenomenon. Other anomalous warm events have been observed, for
example in 1940-41, 57-58, 1969, 1972 (Enfield and Allen, 1980; Quinn
et al, 1984), and linked to tropical El Nifio-SO phenomenon.

In recent years, a great amount of research relevant to the
interannual oceanic variability in the northeastern Pacific has been
done (eg. Enfield and Allen, 1980; Chelton and Davis, 1982;

Christensen et al., 1983; Simpson, 1984 among others). 1In spite of
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all this work, fundamental questions about the generztion of this
variability still remain unanswered in the literature.

Emery and Hamilton (1985) cite two basic ways to explain the
connection between the anomalous warming of the northeastern Pacifie
Ocean and the tropical El Nifno phenomenon, one oceanie and the other
atmospheric.

For the first, poleward propagating waves generated in the
tropics during an ENSO episode carry the information to the
extratopical regions. Theoretical works of Moore (1968), Anderson and
Rowlands (1976), and Clarke (1983), have demonstrated that an
equatorial wave can generate, upon reflecting on an eastern boundary,
a poleward propagating water disturbance in the form of coastal Kelvin
waves. Observational evidences (eg. Enfield and Allen, 1980; Chelton
and Davis, 1982) suggest that much of the oceanic low frequency
variability along the western coast of North Americaz can be accounted
for by this mechanism.

A second, nonexclusive explanation for the co-occurrence between
equatorial and mid-latitude anomalies invokes an atmospheric
teleconnection (Emery and Hamilton, 1985). Under this hypothesis,
first presented by Bjerkness (1966), an atmospheric link is achieved
between the tropical Pacific SST anomalies and the mid-latitude
Pacific anomalies via a momentum transfer from a variable Hadley
cell. A number of observations and theoretical studies supports the

importance of such an interaction (eg. Namias, 1976; Emery and



3
Hamilton, 1985; Simpson, 1983, 1984z, b). For the California Current
region in particular, Simpson (1983, 1984a, b) concluded that the
intensification and expansion of the Aleutian low and the decrease in
strength of the Pacific high directly produced, through an ennznced
basin wide atmospneric circulation, some of the Californian El Ninos,
espeecially the 1940-41 and 1982-83.

The main objective of this thesis is to investigate the dynamics
of the California Current system and its oceanic connection with the
equatorial region, not only in its anomalous El Nifo state, but also
the regular average circulation. This research helps to answer
questions such as: how much of the interannual variability in the
NEPO is due to variability in the local forecing (either in the wind
stress or its curl) and how much is due to equatorial variability
propagated to the region as equatorial-coastal Kelvin waves? In other
words, is the observed coherence in the interannual frequency band
between the NEPO and the equatorial ENSO events due to atmospheric or
oceanic teleconnections or both? How much of the low freguency energy
found (in sea surface temperature time series, for example) in the
north Pacific comes from the eastern coast radiated to the region as
planetary waves, and what part of this was generated at the coast by
the variation of the wind stress compared to relaxation of coastally
transmitted equatorial disturbances?

The thesis is divided into 6 chapters. A brief review of the

climatology of the California Current is given in the next section.






