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The physics of New Zealand's shelf seas: introduction to the
special issue

Craig L. Stevens ©?P, Joe O’Callaghan ©?, Stephen M. Chiswell ©2 and
Moninya Roughan®

“National Institute of Water and Atmospheric Research, Wellington, New Zealand; PDepartment of Physics,
University of Auckland, Auckland, New Zealand; “School of Mathematics and Statistics, University of New
South Wales, Sydney, Australia
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Aotearoa New Zealand is a marine nation. The islands are 1700 km from the nearest con-
tinental land mass, its northern coasts are bathed by warm waters arriving from the
tropics, and its southern coasts sit just north of the cold Southern Ocean whipped by
an unbroken band of westerly winds that circles the globe. A consequence of this is
the ocean environment influences nearly all aspects of life in New Zealand. It controls
the weather and climate extremes, impacts on transport, energy supply, food production,
and export earnings. Daily lives at work and play are affected by how the ocean changes
seasonally, interannually and inexorably with climate.

The motivation for this special issue on New Zealand’s Shelf Seas emerged from the
2017 Physical Oceanography Workshop held in Wellington organised by Dr. Natalie
Robinson of NIWA. At the meeting it was clear that there was a critical mass of
mature regionally-specific research to form the basis of a special issue on physical ocean-
ography of New Zealand’s shelf seas. This special issue subsequently coalesced around a
Shelf Seas review article (Stevens et al. 2021, this issue) which complemented an earlier
well-cited review of deep water processes by Chiswell et al. (2021).

New Zealand’s Shelf Seas are dominated by a complex range of processes operating at
a variety of scales. Coupled with this complexity is the present trajectory of the planet’s
changing climate, where some of the fastest rates of ocean warming are occurring in the
New Zealand region (Sutton and Bowen 2019). However, it is not always clear that we
sample sufficiently to detect the impacts of such changes sufficiently early (PCE 2019).
This makes work like that described in Broekhuizen (2021, this issue) valuable as
long-term temperature records are explored in the context of thermal tolerances for
sessile organisms and aquaculture. These authors focus on the Pelorus Sounds region
adjacent to Cook Strait and show it is warming (0.2-0.4°C per decade) which is compar-
able to that observed in the wider regional oceans (Sutton and Bowen 2019). In the same
region, Hadfield and Stevens (2021, this issue) examine the question ‘what is the net flow
through Cook Strait?” The work demonstrates the interplay between observation and
modelling and has resulted in a more reliable estimate of a key quantity in central
New Zealand oceanography.
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© 2021 The Royal Society of New Zealand
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Oceanography has always been interdisciplinary, this is evident here with a number of
the papers having significant contributions across disciplinary divides. Sharples and
Zeldis (2021, this issue) extend pioneering work on shelf seas biophysical interactions
(Sharples 1997) by examining the interaction between turbulent fluxes and background
nutrient conditions along the Northeast shelf of the North Island to consider how this
might evolve with a climate-induced changes to the surface ocean.

Changes to sediment transport in the coastal margins is a downstream outcome from
modified land use and the linkage of the fate of suspended material to processes such as
waves and currents is vital in order to understand long-term implications. The study by
Nokes et al. (2021, this issue) examines sediment data in the context of hydrodynamic
variability in the North Canterbury shelf region, where the Southland Current sweeps
past Banks Peninsular northward to the Kaikoura Canyon. It demonstrates that the
dominant physical processes influencing sediment transport vary along the coast
which has implications for what tools are used when considering future scenarios.

At the larger scale, and again with the theme of finding the best tool for the task, de
Souza et al. (2021, this issue) compare a suite of near-global eddy resolving models in a
New Zealand context to improve understanding of strengths and weaknesses of how each
might be used as boundary conditions for locally-focused studies. They show that down-
scaling is required as these large-scale models fail to adequately represent a range of shelf-
seas processes. The analysis is able to identify a product that performs best in the New
Zealand region as a reanalysis and as boundary conditions for model downscaling efforts.

Even now, in the early 21st century, some of the basic descriptions of the major cur-
rents around New Zealand are uncertain, and Chandler et al. (2021, this issue) present
analysis of altimeter data to propose a new name - the Fiordland Current - for the
current flowing southward along the West Coast of the South Island, showing that it
is separate from the Southland Current. They partition the Fiordland Current into
inner and outer flows and link the strength of the flows to wind forcing at both interann-
ual and decadal timescales. In the same general region, Chiswell and O’Callaghan (2021,
this issue) examine the connection between sea surface thermal extreme events (both
warm and cool), wind-forcing and oceanic primary production. They found no increase
in extrema but did identify that the events were becoming warmer. They utilise remotely
sensed data to quantify the connection between wind and stratification as a driver for
production.

A unique feature of the shelf seas around Aotearoa New Zealand is the presence of
large submerged plateaus, so much so that the wider system is described as the sub-
merged continent of Zealandia (Bostock et al. 2019). Forcen-Vazquez et al. (2021, this
issue) synthesise all available vessel-based hydrographic transects to provide a picture
of the transport and water mass transformation on the Campbell Plateau, to the south
of the South Island. Their analysis identifies how the water masses on the plateau
differ from the wider Southern Ocean, strengthening the decision to include the
region in a shelf seas category.

Sustainable utilisation of the marine domain is increasingly a focus for a range of sta-
keholders - sufficiently so that one of the 2014 National Science Challenges was focused
on ‘Sustainable Seas’ (Davies et al. 2018). This Challenge supported the first comprehen-
sive suite of oceanographic observations from the Tasman/Golden Bay region (Chiswell
et al. 2021, this issue). Direct measurements of Lagrangian pathways (i.e. physical
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connectivity) in the context of forcing and stratification provide a valuable assessment of
the mechanics of the Tasman Bay-Golden Bay region of the South Island, and also
examples of exchange with the Western Greater Cook Strait.

Some of the challenges facing the New Zealand physical oceanographic community are
unique. A small pool of researchers and resources are charged with understanding a very
large region of the planet’s oceans. Consequently, directly observed data have modest
spatiotemporal coverage and coordination (O’Callaghan et al. 2019; PCE 2019). In
addition, there is an expectation to meet the obligations set out in the Treaty of Waitangi
(Clapcottetal. 2018) so that Maori perspectives on ocean research are valued and incorpor-
ated. More generally, the field of ocean science is changing rapidly as dramatic improve-
ments in open data and publishing, analysis tools and global initiatives such as the Argo
Programme, have increased access to resources for researchers. Furthermore, and relevant
to a geographically isolated small research community, the Covid-19 pandemic has
changed the mechanics of collaboration and dissemination of science. And critically, the
pandemic is influencing how the public views science more generally (McGuire et al. 2020).

The New Zealand Government continues to drive for increased diversity in the science
system including dimensions such as gender and cultural identity (MBIE 2019). The
closest the special issue comes is the analysis of institutional demographics in Stevens
et al. (2021). Physical oceanography as a field has a history of poor gender representation
(Mouw et al. 2018) and the authorship of the special issue articles reflect this. With
different but overlapping drivers, Maori representation is also poor in marine science
broadly. While this is apparent across academia in general (McAllister et al. 2019),
Stevens et al. (2021, this issue) explore pathways for change in the physical oceanography
sector. Another limitation on the breadth of diversity of researchers in the field is the
limited profile within the academic sector (Stevens and O’Callaghan 2015). Recent
New Zealand Government investment in the Moana Project (Kaiser et al. 2019), includ-
ing a number of graduate student projects, has the potential to re-shape the physical
oceanography research community at a national level over the coming decade.

Climate, technology, interdisciplinarity and connection between the science and sta-
keholders and policy-makers will be critical to how the field will progress over the
coming decades. This special issue captures the field on the cusp of change, with the
topic evolving rapidly both internationally and nationally, so that the expectation is
that the work captured here is just the leading-edge of a time of growth in understanding,
capacity and application for the science of the physics of New Zealand’s shelf seas.
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