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What Controls the Warming of the Antarctic Bottom Water Supply to the Atlantic
Ocean from the Weddell Sea?

by Christopher David James Auckland

Antarctic Bottom Water (AABW) is the densest oceanic water mass and plays a piv-
otal role in regulating the overturning within the Southern Ocean and beyond. Over
the past three decades Weddell Sea sourced AABW has experienced a marked con-
traction, warming and freshening with large implications for the ocean’s ability to
draw down both atmospheric heat and carbon. Accompanying this decadal trend,
AABW displays significant variability across a range of timescales. Much of this vari-
ability has been linked to the role of wind forcing within the region, although the
timescales and mechanisms linking surface forcing to the abyss remains an open ques-
tion. This thesis shows on annual to interannual timescales, from moored observa-
tions, strengthening winds reduce AABW transport through a key export site due to
the growth of a bottom boundary layer. This boundary layer has direct consequences
for mixing on shorter timescales leading to enhanced dissipation and altering the wa-
ter column structure. On longer timescales, wind drives changes in connectivity of the
gyre with wider regions such as the ACC, linking transport with changes in formation
due to varying eddy energy and gyre strength.

Using a moored array within the passage, AABW export in 2015 is shown to reduce
substantially, concurrent with increased wind stress. Strengthening winds accelerate
the boundary current transporting AABW from the northern Weddell Sea. This drives
a thickening of the bottom boundary layer. Within the boundary layer transport is re-
duced alongside reduced stratification. The boundary layer and the sloping terrain
create the conditions for instabilities. Reduced stratification and velocity shear within
the layer are observed through the moorings, causing sub-mesoscale instabilities to
develop. These instabilities promote exchange between the boundary layer and the
interior, thinning the boundary layer. These changes are episodic, with rapid transi-
tions between quiescent and turbulent conditions.

These changes are imposed onto interannual variability, partially driven by changes
in wind. An idealised model of the Weddell region explores the longer timescales.
The changes to transport through an idealised passage and the gyre dynamics, are di-
agnosed in response to changing wind forcing. Strengthening zonal and meridional
winds, across the region decreases export of dense waters. For meridional winds, en-
hanced off shelf export reduces the cooling of dense shelf waters, whilst zonal winds
increase isopycnal overturn, increasing available potential energy dissipated through
eddy activity, increasing poleward heat transport and warming the gyre. The eddies
also act to enhance exchanges with the shelf, leading to further warming of export.
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Chapter 1

Introduction

1.1 The Southern Ocean

Oceans cover over 70% of the world's surface, separated into ve basins: the Atlantic,
the Paci c, the Indian, the Arctic, and the Southern Ocean. Whilst these basins can
be viewed as geographically distinct, they are connected together creating one global
ocean with the Southern Ocean at its heart.

This inter-connectivity is brought to the fore using the Spilhaus projection as seen in
gure 1.1. Despite being the youngest of the basins, the Southern Ocean's central role
as the meeting point is immediately apparent (Hochmuth et al. 2020). It acts as a mix-
ing point for waters from across the basins, regulating global circulation, heat and
carbon uptake (Sallée 2018). The Southern Ocean's unique role in our global climate
arises from the combination of its atmospheric forcing and the cryosphere with the
Antarctic continental ice shelves along the southern boundary and large swathes of
seasonal sea-ice extending northward. This combination makes the Southern Ocean
a site of global signi cance. Ancient waters from across the globe are brought from
the abyss to the oceans surface, interacting with the atmosphere and cryosphere and
downwelling to renew the deep waters (J. Marshall and K. Speer 2012).

The upwelling of these waters is primarily driven by a combination of wind stresses,
surface buoyancy uxes, eddies, and mixing (ibid.). These act together to tilt isopy-
cnals upward to the surface, which by geostrophy and the thermal wind relations,
help to drive the Antarctic Circumpolar Current (ACC), a large zonal jet circling the
whole continent. The ACC is a fast moving, energetic system with strong upwelling
and isopycnal tilt. This is countered by the poleward transport of eddies, and the as-
sociated increase in mixing, which acts to atten isopycnals and extract energy from
the mean state (Nowlin Jr and Klinck 1986). Conversely, the downwelling is primar-
ily concentrated along the coastlines owing to the complex interactions of waters on
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FIGURE 1.1: The Spilhaus projection of the globe, highlighting the connectivity of all
the major basins. The major pathways of overturning circulation are shown by the
blue (deep) and red (shallow) arrows. Figure from Meredith (2019)

the continental shelf, surface buoyancy forcing, and meltwater from ice shelves and
sea ice. The combination of these factors mean the shelf waters mix together to form a
dense water mass, Antarctic Bottom Water (AABW), that over ows the shelf to Il the
abyss.

This overturning circulation is key to the Southern Ocean's role in trapping both ex-
cess heat and carbon; it is estimated that approximately half of global excess CO,
uptake and three quarters of excess heat uptake occurs within the Southern Ocean
(Roemmich et al. 2015). This makes the basin disproportionately important in the
Earth system's response to changes in climate forcing. Further understanding of the
processes that govern heat and carbon uptake, and their storage, within the Southern
Ocean are vital if we are to understand future climate scenarios in a globally warming
environment (Meredith, Sommerkorn, et al. 2019).
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