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Abstract

Interannual and interdecadal variability of the equatorial
Pacific is examined using a new 60-year monthly historical
pseudo-stress data set. The monthly mean pseudo-stress fields
(1930-1989) are assembled from Comprehensive Ocean-
Atmosphere Data Set (COADS) pseudo-stresses using a variation of
Cressman's (1959) objective analysis scheme, climate basis
functions obtained from the FSU pseudo-stress product (1966-
1990) and a technique called Vector Group Renormalization (VGR).
The new wind fields are used tc force an ocean model (Kubota and
O'Brien, 1984). Model estimates of tropical Pacific current and
model upper layer thickness (ULT) variability are then obtained
for the period of interest. Observed sea level and spatially
averaged sea surface temperature (SST) anomalies are used to
validate the hindcasts.

Interannval fluctuations in modeled and observed sea level
fluctuations are compared at Galapagos and Truk, vyielding
correlation (r) values of 0.73 and 0.71, respectively. The
comparison of the interannual fluctuations in modeled ULT and

observed SST anomalies, which were both spatially averaged over

-

a subdomain in

value of 0.64.

Interdecadal fluctuations in eastern Pacific model ULT are

found to be qualitatively consistent with those in the spatially

x1il



averaged observed SST anomalies. Interdecadal variations are
shown to play a significant role in modulating the amplitude of El
Nifio events. Comparison of interdecadal fluctuations in global
mean land air temperature and eastern Pacific ULT suggests a
connection between eastern Pacific and global mean land air

temperature warming for interdecadal time scales.
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1. Introduction

El Nifio is currently the most studied feature of global
interannual variability. By definition, El Nifio is the occurrence
and persistence of anomalously high sea surface temperatures
(SST) along the coast of Ecuador and Peru. The term El Nifio is also
used to represent anomalously high sea level and thermocline
depression in the eastern Pacific, consistent and coincident with
SST change (Busalacchi er al., 1983). El Nifio events are thought to
decrease hurricane activity in the Atlantic, increase both droughts
in southeast Asia and rainfall in parts of the Americas, and cause
many other anomalous weather conditions (see Figure 1).

One key to our understanding of this phenomena was
documented by Wyrtki (1975). El Nifio was hypothesized to be a
response of the equatorial Pacific Ocean tc atmospheric forcing. In
the tropical Pacific, prior to the onset of El Nifio, strong trades
exist over the central Pacific. The strong trades drive water to the
western Pacific, increasing the east-west sea level slope.
Relaxation of the trades then results in a decrease of the east-
west sea level siope, accomplished through a downwelling

equatorial Kelvin wave. The downwelling Kelvin wave vields a

depressed thermocline and increased sea level in the eastern

Pacific. This proposed dynamic mechanism for El Nifio was given

further credibility when a statistical analysis linked the

variability of the zonal component of the southeast trades west of
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3
the dateline with sea level changes across the Pacific basin

(Barnett, 1977).

In order to validate Wyrtki's hypothesis numerically, wind
analyses of sufficient resolution to force an ocean model were
necessary. Wrytki and Meyers (1976) produced the first maps of
time varying winds and wind stress over the Pacific Ocean for
1947-1972. This data set was on a rather coarse 2° longitude by
10° latitude grid which contained many data void regions as well
as some obvious errors.

The Mesoscale Air-Sea Interaction Group at Florida State
University chose to reanalyze the Wyrtki and Meyers wind data
(Goldenberg and O'Brien, 1981). The analysis was performed on
pseudo-stress (defined as the wind velocity vector multiplied by
its magnitude) rather than the winds in order to produce wind
stress fields for forcing ocean medels. The three reasons for the

reanalysis were:

1) to eliminate obvious errors in the Wyrtki and Meyers

data set;
2) to yield a finer resolution data set, suitable for forcing
ocean circulation models; and

3) to eliminate data void regions.

These Pacific wind analyses continue today (Stricherz e al.,

1992), using National Climatic Data Center (NCDC) global marine

surface observations,




4
Busalacchi and O'Brien (1981) and Busalacchi et al. (1983)

were the first to verify Wrytki's hypothesis numerically. They
used a shallow water, reduced gravity, linear model on an
equatorial beta (B) plane. The forcing used was an estimate of
Pacific wind stress (Stricherz et al., 1992). The model simulations
covered the period January 1961 through December 1978. Model
pycnocline depth variations compared with observed sea level at
Galapagos Island showed excellent agreement, both in timing and
amplitude. This successful simulation of the El Nifio events of
1963, 1965, 1969, 1972 and 1976 confirmed Wrytki's hypothesis.

Subsequent El Nifio models have been developed by Barnett
(1984), Inoue and O'Brien (1984) and Zebiak and Cane (1987) for
use in forecasting El Nifio occurrences. The basic characteristics of
these models are different, even though all three use equatorial
Pacific wind information. The models documented in Inoue and
O'Brien (1984) and Zebiak and Cane (1987) are dynamic in nature,

while Barnett (1984) used a statistical approach.

Previous modeling efforts have focused on the relatively
data rich period from 1960's to the present (e.g. Busalacchi and
O'Brien, 1981; Cane et al. 1986; Kubota and O'Brien, 1988). Bigg
and Inoue (1992), however, ventured into the data poor pericd,
investigating wind forced variability in 1935-1946. They were
able to replicate reasonably observed eastern Pacific sea level

] - o~ A et e —eps e e ~
trends. No one else has atiempted 1o examine wind forced



5
variability over a time period longer than about 30 years, the

approximate length of the relatively data rich 1960's to present.

A pseudo-stress data set which encompasses a longer period
than the FSU data set would prove invaluable in the examination
of tropical Pacific variability. Model simulations of wind forced
equatorial Pacific variability could be conducted over a longer
time period than that spanned by the FSU data set (1966-
present), thereby increasing the ability to develop some insight

into the low frequency wvariability of the ocean-atmosphere

system.

In this research a pseudo-stress data set is compiled for the
period 1930-1989. The monthly mean pseudo-stress fieids are
assembled from Comprehensive Ocean-Atmosphere Data Set
(COADS) pseudo-stresses using a variation of Cressman's (1959)
objective analysis scheme and a technique called Vector Group
Renormalization (VGR). Using an equatorial Pacific model (Inoue
and O'Brien, 1984), model estimates of tropical Pacific current and
model upper layer thickness (ULT) variability are obtained for the
period of interest. Historical documentation of EI Nifip events

(Quinn et al., 1987), spatially averaged sea surface temperature

(SST) and equatorial Pacific sea ievel data are then used to

interannual and interdecadal
fluctuations in model ULT and the North Equatorial
Countercurrent (NECC) are also examined and compared with

cbservations.






