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Project presentation
Summary
The ocean general circulation plays a critical role in regulating Earth Climate by transporting and sequestrating
physical and biogeochemical properties (heat, freshwater, carbon, oxygen) over long spatial and temporal scales.
A key yet vulnerable component of this global circulation is the downwelling of North Atlantic surface waters
within the lower limb of the Meridional Overturning Circulation (MOC). Theoretically, this downwelling must
occur along continental margins through complex interactions between the atmosphere, the mean ocean
circulation and the turbulent mesoscale field. Those interactions have been so far mainly studied with idealized
models and only locally and briefly observed, but they recently became quantifiable in the “real” ocean thanks to
major efforts in sustaining global and systematic in situ observation, most especially in the Subpolar Atlantic. The
proposed PhD primarily aims the study of ocean dynamics connecting upper and deep layers near along the
continental slopes of the North Atlantic subpolar gyre (SPG). We will seek precise and novel estimations of the
vertical volume flux and its distribution within the basins, along with detailed description of the dynamical
balances at play and their expected evolution in the current context of global change. The analysis will largely
rely on various observational products (autonomous floats, hydrography sections, altimetry data, atmospheric
reanalysis) but will also be completed by modelling approaches.
Background and methodology
The Earth's energy balance is strongly disrupted by the anthropogenic rise in the greenhouse gas content of the
atmosphere. The oceans absorb 93% of the excess energy generated by this imbalance (Rhein et al., 2013).
Describing the dynamics connecting the different ocean compartments is therefore essential to help diagnose
ongoing changes and their potential evolutions in a future context (eg freshening of surface waters by melting
sea ice and ice caps). As part of this thesis, we are interested in the exchanges of properties between the upper
and deep layers of the North Atlantic SPG, and in particular in the net downwelling of surface waters between
the upper and lower limbs of the MOC (Buckley & Marshall, 2016, see also Figure 1). Building on global ocean
observation networks (Argo, GO-SHIP, altimetry), we propose to study these dynamic links between ocean
surface and deep ocean in order to better understand their vulnerabilities in the context of ongoing climate
change.
The location of the net downwelling of surface waters has long been associated with the Labrador and Irminger
seas because the intensity of convective mixing within these basins, which can exceed 2000 m depth, shows
significant correlations with the MOC intensity. But the role of deep convection in the interior of those marginal
seas in driving a net sinking is actually minor, as the waterways in the convective chimneys are compensated for

by peripheral water lifts (Marshall & Schott, 1999). Net downwelling is rather confined along the continental
margins of the convective basins and controlled "geostrophically" by through the modification of boundary
current properties by eddy fluxes (Straneo, 2006). The associated theory has been widely described via idealized
models (Spall, 2008, 2010, Straneo, 2006) and validated by laboratory experiments (Cenedese, 2012). It has
recently been revisited via the analysis of realistic numerical models that confirm the presence of very high
vertical velocities along the margins of the SPG (Katsman et al., 2018). However, the description of this boundary
sinking and its related mechanisms via in situ observations is still largely incomplete (Pickart & Spall, 2007, Spall
& Pickart, 2001). This is the main objective of the presently proposed thesis.
A mapping of the average hydrographic properties along the subpolar continental margins over the period 20002020 will be realized. This will be mainly derived from Argo data (see Figure 2) and validated locally via high
resolution ship-born measurements collected along key hydrographic sections (e.g. AR7W, A25-OVIDE, OSNAP).
From this mapping of the western SPG edge, an estimate of the vertical volume flux will be calculated, then
described and contrasted with that resulting from numerical models. The altimetry products will be an additional
tool to study the mechanisms involved in these vertical volume flows. They will be used to track mesoscale eddies
from the boundary currents into the basin interiors. Argo floats co-located in these eddies will provide the
temperature and salinity anomalies through which the boundary-to-interior buoyancy transport will be
estimated (Dong et al., 2014, Hátún et al., 2007, Qiu & Chen, 2005). This eddy contribution to the cooling of the
boundary current will be compared to that deduced from local fluxes at the air-sea interface diagnosed from
atmospheric reanalysis. Finally, the impact of the "large-scale" cooling of the subpolar gyre observed since the
mid-2000s (Robson et al., 2016) on the intensity of boundary downwelling will be investigated, through
observation if possible, and via the analysis of high-resolution models that have reached a satisfactory degree of
realism to study the local dynamics of the boundary currents and their variability (Katsman et al., 2018). The
description of net downwelling in the SPG will be complemented by a separate analysis on the water mass
transformation in the SPG, ie by estimates of the full diapycnal volume flux (including its horizontal component)
computed using well-established theory (Walin, 1982). This thesis will therefore aim to increase our knowledge
of the MOC in two different coordinate systems (depth and density) and will enable us to hypothesize their
respective evolutions in the current context of global warming, a problem at the heart of the discussions in the
"North Atlantic" international community.

Figure 1. The circulation of the North Atlantic Figure 2. Argo profiles along the continental slope
subpolar gyre, with major current branches of the SPG (depth < 2000 m).
following the continental slopes of the basins. This
thesis focuses on the vertical fluxes of properties
within these large boundary currents (blue lines).
Daniault et al (2016)

Main objectives
• Map the properties of the SPG boundary currents (temperature, salinity, density) and deduce the intensity of
the local downwelling connecting the upper and lower branches of the MOC.
• Identify the dynamic mechanisms associated with this "downwelling" (e.g., large-scale circulation, local airsea fluxes, eddy-driven fluxes).
• Contrast estimates of net downwelling with estimates of water mass transformation within the SPG and
contextualize their respective mechanisms (e.g. natural and anthropogenic change).
Timeline
• Months 1 to 3: Bibliography, tools in hand, and work on the scientific issues to be addressed.
• Month 4 to 15: Argo data interpolation along the SPG boundary. Comparison / validation with GO-SHIP
hydrographic data. Estimation of the associated vertical volume flow and comparison with the "total" water
mass transformation in the SPG.
• Months 16 to 18: Disseminate results in a first publication.
• Months 19 to 30: Study of the mechanisms controlling the vertical volume flow (e.g. air-sea flux, average
current, mesoscale activity) via the combined analysis of hydrographic data, altimetry, and atmospheric
reanalysis. Investigation of temporal variability from numerical simulations.
• Months 31 to 36: Disseminate results in a second publication and redaction of the thesis manuscript.

Applicant
Master degree in physical oceanography, dynamic meteorology, or related discipline. Good knowledge of
computer programming for environmental data analysis (Matlab, Python, ...). Good knowledge of English
language (written and spoken).
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