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Project presentation

Summary

A key vector for climate signal propagation is the North Atlantic Deep Water (NADW), an ocean water mass that
connects with the atmosphere at high northern latitudes before sinking and spreading southward within the
lower limb of the Meridional Overturning Circulation. The rate and extent of NADW spreading and the
modification of its properties en route are largely determined by a complex dynamical system within the
subpolar-subtropical “Transition Zone” of the North Atlantic and its two topographic choke points: Flemish Cap
and the Grand Banks of Newfoundland. Existing observations, however, only enable a partial description of
typical circulation and mixing patterns and cannot support a comprehensive mechanistic understanding of
NADW dynamics in this key region. The goal of the PhD is to help providing the missing process-oriented
assessment of NADW dynamics across the subpolar-subtropical “Transition zone” using dedicated in situ
observations. An emphasis will be put on the description of multi-scales interactions and the underlying mixing-
driven water mass transformations that is likely to break the meridional coherence of the deep western boundary
current system. This PhD is funded by the ANR CROSSROAD project.

Background

The distribution of heat, freshwater, biogeochemical parameters (e.g. carbon), and pollutants (e.g. plastic) in the
ocean is at the heart of current environmental concerns?. The observation and modelling of ocean currents, which
largely control their distributions from the basin scale to the dissipation scale, is essential to describe the
anthropogenic climate transition and reduce uncertainties on its long-term projection and impacts. An essential
vector for the propagation of climate-relevant quantities within the global ocean interior is the North Atlantic
Deep Water (NADW), a dense water mass that regularly connects with the atmosphere at high northern latitudes
before sinking and spreading southward as far as the Indian and Pacific Oceans2. The NADW, which occupies the
deep limb of the so-called Atlantic Meridional Overturning Circulation (AMOC - Fig. 1) plays a key role on heat
uptake3, on the spreading of Arctic-origin freshwater anomalies4, and on the penetration of anthropogenic carbon
into the abyss®. Such a role has placed the NADW and hence the AMOC at the heart of the oceanographic
community interestst, with an ultimate goal of foreseeing their responses to future climate changes at high
latitudes, such as, for instance, the expected weakening of deep convection throughout increased meltwater
discharge from the Greenland ice sheet?.
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The southward export of NADW was for a long time simplified as a confined laminar flow, heading continuously
southward from high latitudes along the western Atlantic margins: the so-called Deep Western Boundary current
(DWBC)? (Fig. 1). This paradigm has now been revised, as improved observational and modelling capabilities
revealed the NADW circulation as a three-dimensional system with complex patterns of vertical and meridional
connectivity underpinned by strong multi-scale interactions (large-scale, mesoscale, submesoscale). Such
complexity is largely determined by local ocean dynamics around a Transition Zone (TZ) that separates subpolar
and subtropical basins: Flemish Cap and the Grand Banks of Newfoundland (Figure 1). This wide underwater
plateau represents an important topographic obstacle for the southward propagation of NADW, and
encompasses several processes that can significantly affect its intrinsic properties. Those include topography-
controlled inertial separation of the boundary current towards eddy-driven recirculating gyres® and dispersive
pathways!0, near-shore recirculation associated with the meandering North Atlantic Current (NAC)!1, intense
eddy-driven vertical motions!?, or isopycnal stirring and diapycnal mixing near the steep continental slopes?3.14,
A thorough observation-driven description of those physical processes constitutes therefore a prerequisite for
predicting how fastand how far forthcoming high-latitude climate changes could imprint the deep ocean globally.
The aim of this PhD is to contribute to this effort using a dedicated observational dataset gathered in summer
2023 and 2024 in the TZ. A particular emphasis will be put on the respective roles of large-scale, meso-scale and
small-scale processes in shaping the DWBC transport and NADW properties as it transits from subpolar to
subtropical regions.
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Objectives and Methodology

01. Build a high-resolution climatological data product of the TZ (CLIMTZ)

Tools: multi-source hydrography data (WOA18, Argo and Deep-Argo, partner’s cruise). Methods: optimal
interpolation.

A primary step will be dedicated to the construction of a new climatology of the TZ during the period 2002 -
2023. To that aim the World Ocean Database 2023 will be complemented by alarge CTD-LADCP dataset collected
in the TZ by German collaborators since 2003, as well as by profiles from the rapidly-growing Deep-Argo
database. All profiles will be combined into a regional optimal interpolation tool!5 to yield a high-resolution
(1/4°) three-dimensional and full-depth gridded fields of temperature and salinity of the TZ. This will be referred
to as the CLIMTZ product hereafter.

02. Describe the large-scale hydrography and dynamics of the TZ in summer 2024 with a focus on
meridional connectivity.

Tools: CLIMTZ, CROSSROAD 2024 hydrography. Methods: geostrophic calculation, water mass property analysis

The CLIMTZ regional climatology (01) will serve as a crucial reference for the analysis of hydrography datasets
acquired during the 2023 MSM121 and 2024 CROSSROAD summer cruises, and which were specifically designed



to study the meridional connectivity of the DWBC-NADW system including the role of mesoscale and
submesocale processes in shaping this connectivity (Figure 2). This dataset will comprise about 150 full-depth
CTD-LADCP profiles (from the 2023 and 2024 surveys), about 40 VMP profiles (from the 2024 survey), and
several finescale “tow-yo” transects at key dynamical hot-spots (from the 2023 and 2024 surveys).

The MSM121 and CROSSROAD datasets will here be analysed to describe the large-scale properties of NADW
(temperature, salinity, buoyancy) and those of the DWBC (velocity, transport) upstream, within and downstream
of the TZ in summer 2023 and 2024 Departure from the CLIMTZ regional climatology will be described in order
to highlight any important anomalies transiting in the TZ. Particular attention shall be paid on the along-stream
modification of the boundary current system from subpolar to subtropical latitudes, with detailed focus on two
sub-regional hydrography surveys at Flemish Cap and the tail of the Grand Banks. This description will be
inserted in a budget-like approach to yield a synoptic estimate of the along-stream water mass transformation
in the TZ.

03.Describe the meso-scale and fine-scale dynamics of the TZ in summer 2024 with a focus on mixing-
driven water mass transformation.

Tools: CLIMTZ, CROSSROAD 2024 microstructure and “tow-yo” transects. Methods: derivation of mixing and
instability metrics.

The CROSSROAD 2024 dataset will then be analyzed to elucidate the respective contribution of isopycnal stirring
and turbulent diapycnal mixing in driving this water mass transformation. This task will include investigations
of submesocale instabilities and their potential roles in sustaining vigorous mixing and lateral exchanges of well-
mixed boundary current waters and stratified interior waters. The CLIMTZ regional climatology will here be
useful to provide the three-dimensional property gradients needed to infer mixing-related quantities. A
submesoscale-resolving and terrain-following numerical simulation of the TZ will be available to contextualize
the observational snapshot studied in O1and 02.
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Timeline (suggestive)

* Months 1 to 3: Bibliography, tools in hand, and work on the scientific questions to be addressed.
¢ Month 4 to 6: Construction of the CLIMTZ product

e Month 7 to 20: Analysis of the CROSSROAD 2024 dataset: large-scale dynamics (paper #1)

* Month 21 to 32: Analysis of the CROSSROAD 2024 dataset: small-scale dynamics (paper #2)

* Months 33 to 36: Redaction of the manuscript



Applicant

The selected candidate will join the “Ocean and Climate” team of the Laboratory for “Ocean Physics and Satellite
remote sensing” and interact with several senior researchers. He/she will closely collaborate with two early-
career researchers working on complementary aspects of the TZ dynamics with alternative tools and approaches
(high-resolution modelling and mooring data). Moreover, the CROSSROAD ANR project
(https://crossroad.ifremer.fr/) is paralleled by the EPOC Horizon Europe project (https://epoc.blogs.uni-
hamburg.de/), which will ensure fruitful collaborations with several European partners (University of Bremen
and Hamburg in particular), as well as the opportunity to participate to fieldwork activities.

The selected candidate will possess a Master or equivalent degree in physical oceanography, dynamic
meteorology, or related discipline. He/she will have good knowledge of computer programming for
environmental data analysis (Matlab, Python, ...) and good skills in English language (written and spoken).

Applicants should send a CV and a motivation statement (and a reference letter if available) by email to
damien.desbruyeres@ifremer.fr, cmertens@uni-bremen.de, and virginie.thierry@ifremer.fr. Selected candidate
may be contacted for a short interview.

Starting date: September 2024

Bibliography

1. IPCC et al. Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press (2021).

2. Talley, L. D,, Pickard, G. L., Emery, W. ]. & Swift, ]. H. Chapter 9 - Atlantic Ocean. in Descriptive Physical
Oceanography (Sixth Edition). An Introduction. (eds. Talley, L. D., Pickard, G. L., Emery, W. ]. & Swift, ]. H. B. T.-
D. P. 0. (Sixth E.) 245-301 (Academic Press, 2011). doi:https://doi.org/10.1016/B978-0-7506-4552-
2.10009-5

3. Desbruyeres, D. G. et al. Importance of boundary processes for heat uptake in the Subpolar North Atlantic. J.
Geophys. Res. Ocean. 125, e2020JC016366 (2020).

4. Belkin, I. M., Levitus, S., Antonov, ]. & Malmberg, S.-A. “Great Salinity Anomalies” in the North Atlantic. Prog.
Oceanogr. 41, 1-68 (1998).

5. Carracedo, L. L. et al. Counteracting Contributions of the Upper and Lower Meridional Overturning Limbs to
the North Atlantic Nutrient Budgets: Enhanced Imbalance in 2010. Global Biogeochem. Cycles 35, (2021).

6. Srokosz, M., Danabasoglu, G. & Patterson, M. Atlantic Meridional Overturning Circulation: Reviews of
Observational and Modeling Advances—An Introduction. J. Geophys. Res. Ocean. 126, e2020]C016745 (2021).

7. Boning, C. W., Behrens, E., Biastoch, A, Getzlaff, K. & Bamber, ]. L. Emerging impact of Greenland meltwater on
deepwater formation in the North Atlantic Ocean. Nat. Geosci. 9, 523-527 (2016).

8. Stommel, H. & Arons, A. B. On the abyssal circulation of the world ocean — II. An idealized model of the

circulation pattern and amplitude in oceanic basins. Deep Sea Res. 6, 217-233 (1959).

9. Gary, S. F,, Susan Lozier, M,, Boning, C. W. & Biastoch, A. Deciphering the pathways for the deep limb of the
Meridional Overturning Circulation. Deep. Res. Part Il Top. Stud. Oceanogr. 58,1781-1797 (2011).

10. Bower, A. S, Lozier, M. S,, Gary, S. F. & Boning, C. W. Interior pathways of the North Atlantic meridional
overturning circulation. Nature 459, 243-247 (2009).

11. Mertens, C. et al. Circulation and transports in the Newfoundland Basin, western subpolar North Atlantic. J.
Geophys. Res. Ocean. 119,7772-7793 (2014).
12. Sayol, ]., Dijkstra, H. & Katsman, C. Seasonal and regional variations of sinking in the subpolar North Atlantic

from a high-resolution ocean model. 1033-1053 (2019).

13. Rhein, M., Kieke, D. & Steinfeldt, R. Advection of North Atlantic Deep Water from the Labrador Sea to the
southern hemisphere. J. Geophys. Res. 120, 2471-2487 (2015).

14.  Walter, M., Mertens, C. & Rhein, M. Mixing estimates from a large-scale hydrographic survey in the North
Atlantic. Geophys. Res. Lett. 32, 1-4 (2005).

15. Gaillard, F., Reynaud, T., Thierry, V., Kolodziejczyk, N. & Von Schuckmann, K. In situ-based reanalysis of the
global ocean temperature and salinity with ISAS: Variability of the heat content and steric height. J. Clim. 29,
1305-1323 (2016).


https://crossroad.ifremer.fr/
https://epoc.blogs.uni-hamburg.de/
https://epoc.blogs.uni-hamburg.de/
mailto:damien.desbruyeres@ifremer.fr
mailto:cmertens@uni-bremen.de
mailto:virginie.thierry@ifremer.fr

