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This proposal covers the planned activities for ocean studies with SWOT data at the French National Data Service, the SNO CTOH (ctoh.legos.obs-mip.fr). The Service Nationale d’Observation CTOH has been dedicated to satellite altimetry studies for 30 years (starting in 1989 with Geosat data). We work on understanding and improving the altimetric measurements over open ocean, coastal, continental surface waters and the cryosphere. Our mission is to develop new altimetric applications and demonstration products, to accompany scientific users in the use of satellite altimetry, and to provide expertise to the space agencies. 

This proposal continues our work using satellite altimetry over the open-ocean and coastal regions and extends it based on the new SWOT SAR-interferometric measurements. We believe our ongoing science investigations will greatly benefit from having the SWOT 2D fine-scale observations, in understanding the ocean’s energy cascade, in understanding the scales and regions where unbalanced high-frequency motions impact on SSH, in exploring the 2D ocean anisotropy and eddy fluxes, in understanding the fine-scale vertical structure and the spatial offsets between surface tracer fronts and the eddies and sub-surface fronts detected via SSH.  SWOT will also be used to extend our understanding of SSH observations in the coastal zone, where the ocean variations are strongly anisotropic. 

Furthermore, as we move to finer-scale ocean dynamics, the amplitude of the SSH signal is weak, and we need to pay careful attention to how the altimetric corrections and errors impact on the SSH. We have confidence that SWOT will reach its global error budget and meet its mission requirements, but users still need to understand how the errors impact the local SSH – in regions and in the coastal zone. Our studies will help quantify this.

We are a « Service » and we aim with this proposal to provide a service to the SWOT Science community, by accompanying them with this new large-volume data set, using new technology, new observations (eg SAR images colocated with 2D SSH data), and helping them to best utilize the new data. For this Service, we will work in close relation with the scientific users, the SWOT Project and the CNES/CLS SWOT data groups. The expertise brought to the mission, from the CTOH in general and from the SWOT Ocean Lead in particular, is also part of our Service.

Our work plan over 2020-2024 is during a critical period for SWOT, covering the pre-launch preparation, the launch (nominally in February 2022), the validation phase during the first 6 months in the SWOT Fast-sampling 1-day orbit, and then continuing into the nominal 21-day repeat orbit from August 2022 onward.  The SNO CTOH plans to contribute to the SWOT exploitation and validation in different ways :

A) Open-ocean processes 
By extending our scientific understanding of the open ocean’s 2D sea surface height (SSH) structure, its observation with alongtrack and SWOT 2D altimetry and the impact of SWOT errors and corrections on the restitution of SSH fields. 

1) Wavenumber spectral analyses.
We will continue our studies to analyse the alongtrack SSH wavenumber spectra from today’s conventional missions (Jason-class), in Ka-band (Saral) and in SAR mode (Sentinel-3). Our aim is to investigate how the ocean’s energy cascade is modified in the presence of balanced and unbalanced motions, in different regions having different dynamical regimes and error levels. We will continue our global wavenumber spectral analyses and calculations of the transition scales (the length scale at which the spectral energy from unbalanced motions dominates those of balanced motions). We also aim to perform a closer investigation in different dynamical regimes where LEGOS has expertise : in the tropics (New Caledonia, Gulf of Guinea, Amazon) ; in mid latitude regions (Bay of Biscay, Mediterranean Sea, South China Sea) and in high latitudes (Southern Ocean south of Tasmania).
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Figure. Transition Scale (Lt) estimates from (a) AltiKa and (b) Jason-2. (c) Zonal averages of (a) and (b). after Vergara et al., in preparation.


2) Eddy diagnostics
We plan to investigate metrics on the ocean’s anisotropic structure, velocity, vorticity and strain, 2D energy and momentum fluxes, across the SWOT swaths, and for the multi-mission reconstructed SSH fields.   A key component of calculating eddy statistics will be to choose the spatial scales where the balanced motions dominate (see 1), whether a phase-locked internal tide correction has been applied or not. We will investigate the choice of the best smoothing scales for regional analyses of the surface velocity field within the swaths, often above the local error level for SWOT. 

3) Detection of Fronts and Eddies in SWOT & multi-altimeter data
We aim to explore how the surface expression of fine-scale tracer fronts (SST, ocean color) co-incide or not with the subsurface position and strength of fronts and eddies detected by altimetric SSH. For this, we will perform statistical comparisons in different key regions (including the SWOT CalVal sites and coastal current sites). 


B) Regional/Coastal analyses

1) Alongtrack coastal signal and errors
LEGOS / CTOH already develops, validates and distributes a new alongtrack high resolution coastal altimetry product (20/40 Hz) in certain regions defined in the ESA CCI Sea Level projects (3 zones today on the European coast, the Mediterranean Sea, and in the eastern tropical Atlantic Ocean; 6 in 2020 extending into the north Indian Ocean, SE Asia and Australia). This project is accompanied by studies to define the best possible set of corrections for coastal studies in each region, their uncertainties, and their impact on coastal applications. Today these regions do not include the main areas of SWOT CAL / VAL. We propose to extend these analyses to investigate the alongtrack (and then SWOT) corrections/noise at high resolution in the different SWOT CalVal sites (California, W Mediterranean, New Caledonia, South Tasmania), as part of this project. Although JPL & CNES/CLS will perform these error analyses globally, we will concentrate our activities on the regions where LEGOS has local expertise, and where the errors in certain corrections may vary (eg waves/swell on eastern boundaries ;  wet tropospheric corrections in humid tropics or foggy upwelling regions). 

2) SSH fine-scale coastal composites
In parallel, we will also study the 2D SSH structure in coastal regions and investigate what the new 2D SWOT view should bring, in comparison to the historical 1D alongtrack analyses.  SWOT’s 2D swath data can quantify the small-scale spatial SSH patterns of coastal flow around bathymetric or coastline changes, or in response to orographic wind forcing. SWOT’s temporal revisits during the Fast Sampling Phase will allow 3 months of local space-time analysis of the small, rapid coastal processes under the swaths. During the nominal phase of SWOT, the weak temporal sampling will not allow us to fully monitor the evolution of the small, rapid coastal processes, but composites can help us charcterise the local coastal structures (mean or seasonal composites of small-scale structures; wind-orientated composites of eddy generation, etc).  We plan to investigate how SWOT can be used in an integrated way with other observation platforms (other altimetry missions, satellite tracer data, and in-situ data) or HR models.

3) Coral Reefs
The circulation in and around coral reefs, including the flushing over a tidal cycle, is critical for many biological and chemical applications. We propose a final study on the ability of today’s alongtrack altimeter data (particularly Saral and S3) to observe the SSH changes across coral reefs, and eventually the geostrophic currents close to these reefs. The standard radar signal will be strongly perturbed by the exposed coral at low tide, but will be potentially undisturbed at high tide. This pre-study will be continued with SWOT data in specific regions (New Caledonia, Great Barrier Reef).

C) SWOT science user support

The CTOH, with the support of CNES, aims to provide SWOT science user support and contribute to the SWOT Ocean scientific management and administration. 
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