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Preface

e This Is a big-picture talk about SWOT’s oceanographic
science goal of measuring ocean eddies at scales of 10-100
km. (Why do we have it and what do we want to learn?)

* S0 let’s start with why satellite altimetry Is useful for
studying ocean eddies: “geostrophic balance”



Sea surface height and ocean currents

SWOT
 High SSH = high pressure

* In our everyday experience water flows from high to low
pressure

Photo by Pixabay: https://www.pexels.com/photo/water-drop-40784/ Image: Quick Response Fire Suply



Sea surface height and ocean currents

e High SSH = high pressure

* In our everyday experience water flows from high to low
pressure

At long time and space scales, Earth’s rotation Is important
(Coriolis force)

/,,* }\ L “Geostrophic” approximation
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Eras of understanding ocean “fine scales”

« ~1970’s: Photographs from space hinted that the ocean has a
complex flow field. The MODE and POLYMODE field programs hinted
that the ocean was full of eddies.

« 1980’s: Around the time of the launch of SEASAT, we started to have
"mesoscale resolving" numerical models (like Cox, 1980, resolving
1000 km eddies!). GEOSAT altimeter, satellite sea surface
temperature

e 1990’s: US-French TOPEX/Poseidon altimeter

 With satellite altimetry and AVISO/DUACS, we finally fully appreciated
that the oceans are full of eddies, and we have spent decades
understanding what they do.
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DUACS sea surface height anomaly product




ConVenthnaI ‘i All-weather, global Sea Surface Height,
A|t|metry resolution down to ~100km, ~2 weeks

Jason-type constellation

a Scales <~100km, <~1 week

a Ageostrophic dynamics

a Coastal areas



Ocean eddies in the Earth system

The ocean absorbs heat and moves It around the planet

Net surface heat flux to ocean
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heat a 10-m layer
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In 1 year! (The
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Ocean eddies in the Earth system

Ocean currents and eddies transport the heat (horizontally and verticall




Ocean eddies in the Earth system

1. Planetary-scale currents are so strongly energized by the wind that
they become unstable

2. This makes mesoscale eddies that stir the large-scale temperature
gradients

3. The mesoscale stirring doesn’t mix the water: it intensifies gradients
at small scales, causing ocean fronts

4. These fronts with km-scale gradients produce smaller-scale
instabilities



Ocean eddies in the Earth system

Sea surface temperature

SWOT
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Ocean eddies in the Earth system

SWOT
SST, 2022-10-23 21:30
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The fine scale is recognised as a key structuring regime for biogeochemistry and
ecology

Passive Active

Reactive

y (hundreds of km)
Depth
Depth
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Cross-front distance (tens of km)

O Mesoscale flows

Isopycnals

Submesoscale cross-frontal
circulation

— Euphotic depth
mmm Nutrients

mmmmm Chlorophyll patch
——— Background chlorophyll

m= Surface chlorophyll

Il B Chlorophyll patches

Depth

Shallow front
Cross-front distance (tens of km) I—eVy et al. 2018

The blurred vision of conventional altimetry has limited our knowledge to large and energetic
features, which in many oceanic regions are not common.



ConVenthnaI ‘i All-weather, global Sea Surface Height,
A|t|metry resolution down to ~100km, ~2 weeks

Jason-type constellation

a Scales <~100km, <~1 week

a Ageostrophic dynamics

a Coastal areas



ConVenthnaI ‘i All-weather, global Sea Surface Height,
A|t|metry resolution down to ~100km, ~2 weeks

Jason-type constellation

‘) Scales 10-100km : « small mesoscale » and‘some
submesoscale

a Scales 1-10 kim, <=1 week

N
Ageostrophic dynamics
- SWOT

‘) Coastal areas
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SWOT’s Primary ocean objective: resolving ocean currents and eddies

Improving the resolution of ocean topography (sea level) and 3D ocean circulation
Conventional altimetry > 200 km, with SWOT > 10 km

Ocean topography / Sea level

DUACS + SWOT
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Ten days worth of Level-3 SWOT SSHA in November 2023
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SWOT inspired the International Adopt-a-Crossover program
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Ocean eddies in the Earth system

SWOT
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SWOT (2023-04-21T15:58)/SST (2023 04-21T09: 50)
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SWOT (2023 04 27T15 02)/SST (2023 04 27T09 30)

vertical motion. (
aSWOT provides a wealth of | <.
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Conclusions: Ocean finescale dynamics and SWOT

« SWOT is providing a firenose of new dynamical information about ocean
variability on 10-100 km scales
 We’re entering a new era for understanding the dynamics of the
variability at these scales
« Our models will be tested and challenged with these new global
observations.
 We will learn a lot about ageostrophic dynamics as we compare
SWOT to other data at these newly accessible spatial scales






E. Verger-Miralles, L. Gbmez-Navarro, B. Mourre, A. Pascual

Example: FaSt-SWOT project
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2 high-resolution multi-platform experiments

e In-situ sampling of a small-scale eddy

EE 00 during the SWOT fast sampling phase;

15.71 16.12 16.53 16.93 17.34 17.75 Repeat sampling after 10 days to track the
SST (°C) evolution.




Observation of a small anticyclonic mesoscale eddy

SST (°C) NRT L3 - CMEMS
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(Credits: E. Verger-Miralles, FaSt-SWOT project)

@ Sea level signature of the small mesoscale eddy observed in
SST represented with a much higher level of detail by SWOT compared
to the gridded altimeter product.



Observation of a small anticyclonic mesoscale eddy

2023-04-27 SWOT
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Comparisons with ADCP

SWOT

Eddy cross-
section horizontal velocities

@ Encouraging
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Biogeochemistry

Annual variations in phytoplankton biomass driven by
small-scale physical processes

M. G. Keerthi®, C. J. Prend, O. Aumont & M. Lévy

Nature Geoscience 15, 1027-1033 (2022) | Cite this article
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explain less than 30% of the
total SChl variance is
masked.
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Marine resources

Fishermen Follow Fine-Scale
Physical Ocean Features for Finance

James R. Watson "**, Emma C. Fuller®, Frederic 5. Castruccio® and Jameal F. Samhouri
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Fisheries bycatch risk to marine megafauna
is intensified in Lagrangian coherent
structures

Kylie L. Scales ® B, Elliott L. Hazen, Michael G. Jacox, | +3 |, and Steven |. Bograd Authors Info & Affiliations

Lagrangian fronts and saury catch locations
in the Northwestern Pacific in 2004-2019
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Accurate fine-scale information for the open ocean is urgently needed for conservation
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Geostrophy versus total surface currents

X-component of momentum equation:

Viscous/turbulent

Acceleration " scitrfess_ )

' : : Coriolis P wind forcin
(time dependence) Nonlinearity ressure g
force gradient T

ou 1 OT

Fu - Vu — fuv=—p,
ot \ y  p 0z

Geostrophic balance
of Coriolis force and
pressure gradient—
Requires all other
terms be negligible



anal component [mis]

Valocitly: 2

Geostrophy versus total surface currents
(Data from SPURS-1 central mooring)

30-day average velocity is similar to

geostrophic velocity, but can differ by ~50%
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The difference at low frequencies is probably
mostly due to wind-driven currents
(which could be demonstrated)

Instantaneous velocity is not approximately geostrophic
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Sea Surface Temperature in S-MODE I0P1

55T, 2022-10-23 21:30

30'\

37°N

30'

30" 125°W 30" 124°W 30’ [ 30

S-MODE Midterm Review
January 19, 2023

NNASN



Sea Surface Temperature in S-MODE I0P1

SST, 2022-10-23 21:30
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Sea Surface Temperature in S-MODE I0P1

SST, 2022-10-24 05:54
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Sea Surface Temperature in S-MODE I0P1

SST, 2022-10-24 05:54
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Geostrophy versus total surface currents

X-component of momentum equation:

Viscous/turbulent

Acceleration " scitrfess_ )

' : : Coriolis P wind forcin
(time dependence) Nonlinearity ressure g
force gradient T

ou 1 OT

Fu - Vu — fuv=—p,
ot \ y  p 0z

Geostrophic balance
of Coriolis force and
pressure gradient—
Requires all other
terms be negligible
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1Laboratoire de Météorologie Dynamique (IPSL), Ecole Normale Supérieure (PSL), Paris, France
2Department of Marine Sciences, University of Gothenburg, Sweden

In collab with the QUICCHE project: Lisa Beal, Kathy Donohue, Yueng Lenn, Chris Roman, Gui Novelli, et al.



M arine ecok)gy Research Article | @ OpenAccess | @ @ @ @

The Impact of a Southern Ocean Cyclonic Eddy on Mesopelagic
Micronekton
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A rare oasis effect for forage fauna in oceanic
eddies at the global scale
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