INFORMATION TO USERS

The most advanced technology has been used to photograph and
reproduce this manuscript from the microfilm master. UMI films the
.text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are. in typewriter face, while others may be from any

type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct prirt, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.

Photographs included in the originai manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly

to order.

UMI

University Microtilms International
A Beil & Howell Information Company
300 North Zeeb Road. Ann Arbor, MI 48106-1346 USA
313/761-4700 800.521-0600






Order Number 9023922

The design and implementation of a three-dimensional, primitive
equation ocean circulation model

McCalpin, John D., Ph.D.
The Florida State University, 1990

U-M-1

300 N. Zeeb Rd.
Ann Arbor, MI 48106






THE FLORIDA STATE UNIVERSITY
COLLEGE OF ARTS AND SCIENCES

THE DESIGN AND IMPLEMENTATICN OF A THREE-DIMENSIONAL,

PRIMITIVE EQUATION OCEAN CIRCULATION MODEL
By

JOHN D. MCCALPIN

A Dissertation submitted to the
Department of Oceanography
in partial fulfillment of the
requirements for the degree of
Doctor of Philosophy

Degree Awarded:

Spiiug Semester, 1990



The members of the Committee approve the dissertation of John D. McCalpin

on January 19, 1990.

-

Approved:

TSl

Approved:

Vo | 0B

Jathes J.¥O’Brien

Professor Directing Dissertation

Steve Blumsack
Outside Ceommittee Member

WﬂtOﬁ“S(turg?
Con{mittee ember

Benoit Cushman-Roisin

Committee Member
/('——'va;,—-\ M /,
7

Doron Nof
Committee Member

Richard Iverson
Committee Member

Ya Hsyeh, Chair, Department of Oceanography

ii



THE DESIGN AND IMPLEMENTATION OF A THREE-DIMENSIONAL,
PRIMITIVE EQUATION OCEAN CIRCULATION MODEL

(Publication No. )

John D. McCalpin, Ph.D.
The Florida State University, 1990

Major Professor: James J. O’Brien, Ph.D.

The development and implementation of a new, primitive equation ocean
circulation model is described. The model employs finite-difference discretization
in the horizontal directions and a linear, Galerkin finite-element discretization in
the vertical direction. A novel coordinate transformation is employed to retain

fourth-order accuracy in the vertical.

The main emphasis of this work is an extensive discussion of the decisions
concerning physical, numerical, and computational issues, including discussions
of several competitive (and currently interesting) numerical schemes which were
not chosen. The model is compared and contrasted with the current generation
of ocean circulation models. The performance of the model is %csted in several
simple cases. Finally, some future applications of the model are outlined.

A series of high-resolution experiments with the barotropic part of the code are
used to discuss the flow along a seamount chain, modelled after the the F ieberling
Guyot and its neighbors. The basic features of the flow are described and the
numerical convergence of the model is demonstrated. The full three-dimensional

code is applied to a the single-seamount geometry with a variety of amplitudes.

iii



Other specific results of this work include: (1) An analysis of the incomplete
cancellation of the pressure terms in the transformed coordinate system, with
a simple estimate for the spurious acceleration. (2) An analysis of the semi-
Lagrangian advection scheme used in some atmospheric models. The damping
of the scheme is described in terms of an equivalent Laplacian or biharmonic
viscosity coefficient, and formulae are derived for calculating the resolution re-
quired to obtain damping below a desired threshold. (3) A discussion of the
three-dimensional semi-implicit scheme. It is shown that the scheme becomes

physically ill-posed as the stratification of the fluid goes to zero.
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