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ABSTRACT

The dynamics of the flow field surrounding New Zealand is investigated using a series of
global ocean models. The physical mechanisms governing the direction, magnitude, and
location of the East Australian Current (EAC), the Tasman Front, the East Auckland
Current (EAUC), the East Cape Current (ECC), and the Southland Current are studied
using numerical simulations whose complexity is systematically increased. As new
dynamics are added to each successive simulation, their direct and indirect effects on the
flow field are examined. The simulations contain horizontal resolutions of 1/8° or 1/16°
for each variable and vertical resolutions ranging from 1.5 layer reduced gravity to six-
layer finite depth with realistic bottom topography. All simulations are forced by the
Hellerman and Rosenstein monthly wind stress climatology. Global simulations are used
to fully investigate the effect of global scale circulation on local currents and their
governing dynamics. Analysis of these simulations shows several factors play a critical
role in governing the behavior of the examined currents. These factors include (1) mass
balance of water pathways through the area, (2) gradients in the wind stress curl, (3)
nonlinear flow instabilities, and (4) upper ocean - topographic coupling due to mixed
baroclinic and barotropic instabilities. Transport streamfunctions of a linear reduced

gravity model reproduce the large-scale features well but produce an EAUC and
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Southland Current flowing in the wrong direction. The residual of the mass balance of
the transport through the Tasman Sea. the basinwide transport at 32°S, and the northward
transport of the South Pacific subtropical gyre east of New Zealand determines the
direction of the EAUC. The six-layer nonlinear model allows isopycnal outcropping
which changes the transport through the Tasman Sea and produces an EAUC flowing in
the observed direction. Gradients in the zonally integrated wind stress curl field
determine the coastal separation points of the EAC, the EAUC, and the ECC, while a
combination of nonlinear flow instabilities and upper ocean — topographic coupling
contribute to the formation of meanders in the Tasman Front. Increased resolution
increases the mixed baroclinic-barotropic instabilities and thus the upper ocean —
topographic coupling and surface variability, giving a more accurate simulation of
topographically controlled mean meanders in the Tasman Front. The location and
direction of the Southland Current is due to the westward propagation of topographically

influenced surface layer thicknesses.



1. INTRODUCTION

The East Australian Current is the western boundary current of the South Pacific
subtropical gyre. The partial separation of this current from the coast of Australia and its
subsequent eastward flow into the South Pacific creates one of the most complicated and
dynamically interesting regions in the world’s oceans (Godfrey et al.. 1980). Extending
from the Coral Sea to the Tasman Sea, the East Australian Current (hereafter called the
EAC) system generates numerous eddies and has several branches including the Tasman
Front, the East Auckland Current (EAUC), the East Cape Current (ECC), and the EAC
extension. The Southland Current is a portion of the Southern Hemisphere Subtropical
Front (STF) that extends along the eastern coast of South Island and separates from the
coast near the Chatham Rise (Chiswell, [996). A schematic of the flow field (Fig. 1)
reveals a boundary current system that affects the flow along the entire eastern coasts of
Australia and New Zealand. The region is highly variable due to eddy generation and
extensive current meandering. Bottom-steering significantly affects the surface flow, and
a large part of the complexity of the region can be attributed to the varied bottom
topography (Fig. 2), which is dominated by the extensive New Zealand submarine
platform.

Unlike other western boundary currents, such as the Kuroshio and the Gulf

I
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Figure [. Schematic diagram of the major surface currents, features and transport
sections (gray lines) in the Tasman Sea and the region surrounding New Zealand.
EAC = East Australian Current, EAUC = East Auckland Current, ECC = East Cape
Current, TF = Tasman Front, SC = Southland Current, NCE = North Cape Eddy,
ECE = East Cape Eddy, WE = Wairarapa Eddy
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Figure 2. Sea floor topography surrounding New Zealand. Note the large New Zealand
submarine platform and the extensive ridges and troughs throughout the area. The white
line represents the most probable path of the Tasman Front adapted from a similar figure
by Mulhearn (1987) and a compilation of observations by Stanton (1979). The letters
(A-Q) associated with the meanders are used to distinguish each meander for discussion
in later sections.




Stream, the strength of the EAC varies substantially with time. The mass transport within
eddies spawned by the EAC can be much larger than its mean flow (Ridgway and
Godfrey, 1997). Composites of ship and satellite observations show that a portion of the
EAC leaves the coast of Australia between 30°S and 34°S, while a weaker flow continues
southward attached to the coast. Godfrey et al. (1980) demonstrated that, although the
exact separation point varies seasonally, the mean behavior of the EAC flow field is
significantly different on either side of a line extending south-southeast of Sugarloaf
Point (32.5°S). Just south of Sugarloaf Point, northward shelf currents are common and
eddies are essentially circular, while just north of this point the currents are southward
and eddies are much more elongated. Although the majority of the EAC separates from
the Australian coast and either proceeds eastward or recirculates, as much as /3 of the
original EAC exits the southern edge of the Tasman Sea. trapped against the western
boundary (Ridgway and Godfrey, 1997: Chiswell et al., 1997).

As the separated portion of the EAC proceeds eastward towards New Zealand, it
crosses the northern edge of the Tasman Sea following a narrow. meandering pathway.
Warren (1970) first suggested that this flow, associated with the Tasman Front, is a zonal
jet connecting the EAC with the western boundary currents on the eastern coast of New
Zealand. Stanton (1976) first identified a variable frontal jet near the Norfolk Ridge
between 165°E and 169°E. Denham and Crook (1976) showed that the Tasman Front
extends from the Norfolk Ridge to the Lord Howe Rise (~[60°E). An oceanographic
survey detailed by Andrews et al. (1980) described a front that exists along the entire

northern edge of the Tasman Sea. Other investigations of the meanders and variability of
4






