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ABSTRACT

Interannual variability in the eastern subtropical Pacific Ocean is investigated using
the Naval Research Laboratory Layered Ocean Model (NLOM). Emphasis is placed
on examining the nature of westward propagating Rossby waves and their interaction
with the overlying atmosphere.

Singular value decomposition (SVD), complex empirical orthogonal function
(CEOF) and multivariate singular spectrum (M-SSA) analyses are used to isolate
the standing and propagating response due to Rossby waves and wind stress curl
(WSC) anomalies as well as their dominant frequencies of oscillation respectively. In
addition to a large scale interdecadal fluctuation, two distinct forms of Rossby waves
are found to exist.

SVD and CEOF analyses suggest a leading order source of variability stemming
from a large scale interdecadal fluctuation. M-SSA analysis also depicts this low
frequency mode, but to a lesser extent and at higher order. The modeled temporal
coverage limits the extent to which this feature can be studied further.

Of primary interest in the eastern subtropical Pacific Ocean are large scale interan-
nual wind forced Rossby wave variations. Independent M-SSA analysis of upper layer
thickness (ULT) and WSC anomalies suggests a low frequency (~ 51 month period)
atmospherically forced ocean response in which westward atmospheric propagation
leads forced oceanic Rossby wave propagation by roughly 3 months.

In addition to this low frequency forced oceanic wave response, a distinct freely

propagating biennial (~ 24 month period) oceanic Rossby wave is found to exist.



Longitude lag/time lag correlation matrices reveal phase speeds ¢, ~ 8 cm/s and
¢r ~ 12 cm/s for the freely propagating and forced Rossby waves respectively, both
in accordance with their respective theories.

Model results and forcing are compared with TOPEX/POSEIDON altimetry and
Florida State University pseudo-stresses respectively. The model compares extremely
well with independent observations giving validity to the results and choice of forcing
while providing substantive evidence for the ability of the ocean model to reproduce

oceanic variability.



1. INTRODUCTION

Since Stommel (1957), and later White and McCreary (1974), investigated the re-
sponse of the interior ocean to changes in the overlying atmosphere, numerous inves-
tigators have examined Pacific Ocean thermocline variability on time scales of seasons
to decades (Meyers 1975, White 1977, 1978, Meyers 1979, Kang and Magaard 1980,
Magaard 1983, White et al. 1985, Kessler 1990, Qiu et al. 1997, White and Cayan
2000, and references therein). An integral component of these studies focused on
observing and explaining large scale westward propagating Rossby waves and their
interaction with the overlying atmosphere. N

Although the foundations of these studies are rooted in theory (Stommel 1957,
White and McCreary 1974), Meyers (1975) first provided clear evidence for an ocean-
atmosphere interaction by relating annual thermocline fluctuations to the annual cycle
in wind stress curl (WSC) in the vicinity of the Pacific North Equatorial Current.
Using an augmented data set, White (1977) extended the f-plane dynamics of Meyers
(1975) arguing the thermocline variability to be strongly influenced by G-plane dy-
namics. In this work, White (1977) first suggests a westward propagating long wave,
composed of a local forced response and a freely propagating response, with a phase
speed twice that of nondispersive Rossby waves (C = 2Cp).

A few major assumptions employed by White (1977) include the lack of both an
alongshore wind and equatorially forced, coastally propagating Kelvin waves. Meyers
(1979) suggests these limitations are avoided if one moves to a point west of the eastern

boundary layer and uses observed thermocline variations as the boundary condition



for the model. In this case, thermocline variability depends on a local Ekman pumping
response as well as a westward propagating response emanating from the Eastern
boundary. At the same time, the dynamics of the boundary solution, be it a local
atmospheric response or an equatorial teleconnection, are not specified. The results of
Meyers (1979) analysis suggest varying dynamics in the tropical North Pacific Ocean
with thermocline displacements owing solely to Ekman pumping along 12°N while
variability along 6°N is more representative of the combined Ekman pumping/Rossby
wave mode. Interestingly, Meyers (1979) suggests larger than expected phase speeds
(observed in the data) might be better understood if interaction between the annual
waves and mean shear flow is allowed.

Following an observational study using inverse methods on the subject (Kang
and Magaard 1980), Magaard (1983) provided a unifying discussion of previously
presented annual Rossby wave data as well as new evidence for interannual mode
Rossby waves. The collective results suggested only first mode annual Rossby waves
dominate the North Pacific between 30-40°N while variations encompassing the entire
spectrum (from 5 months to 10 years) are seen between 20-30°N. Magaard (1983)
found two intriguing sequences of Rossby wave energy between 20-25°N and 175-
130°W with spectral peaks corresponding to 4 and 6.7 year periods. The westward
monotonically increasing energy suggested local generation of the waves. Prior to
these interannual results, the primary focus had been on annual variability.

Using a greatly augmented data set, Kessler (1990) revisited the annual Rossby
wave question of the previous authors as well as addressing aspects of interannual
variability in the North Pacific Ocean. Like previous authors, Kessler (1990) em-
ployed a simple quasi-geostrophic (QG) model of thermocline variations dependent

upon Ekman pumping and Rossby wave radiation. Kessler (1990) notes the largest



interannual WSC forcing exists in mid-basin, occurring between 15-30°N and 175-
110°W, while there is little annual variation over the same region. Analysis results
suggested the simple QG model performed well along 5°N (in agreement with Meyers
1979) and between 14-18°N for annual variations. However, for interannual varia-
tions, the results are mixed with poor performance of the QG model equatorward of
15°N and relatively good performance poleward of 15°N. It should be noted, however,
that this analysis focused primarily on the two strong El Nifio-Southern Oscillation
events of 1972 and 1982.

During the time Kessler (1990) was analyzing bathythermograph (BT) data, ma-
jor achievements were being made with satellite observing platforms. One of the
primary culminations of this feat, was the seminal work of Chelton and Schlaz (1996)
providing altimetrically derived global observations of oceanic Rossby waves. Al-
though the filtering techniques applied to the data were aimed at representing annual
Rossby waves, the work was innovative and provided some startling new results.
Namely, Chelton and Schlaz (1996) were the first to produce a set of observations
providing global evidence for systematic differences between observed Rossby wave
phase speeds and those predicted by standard linear theory.

The observations of Chelton and Schlaz (1996) spawned a wide array of research
aimed at understanding the discrepancies between observations and linear theory.
Among these were observational and theoretical works attributing the enhanced prop-
agation speeds seen in the data to interactions between the waves and the background
mean flow (Killworth et al. 1997, Dewar 1998). In another study, the modified phase
speeds are attributed to eddy dissipation which preferentially selects for a forced wave
response with phase speed twice that of the damped free wave (Qiu et al. 1997).

Of the remaining research on the subject, most is aimed at understanding the phase






