SWOT and fine scale biophysical processes

Motivation 1: Vertical velocities and the biological carbon pump
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Mahadevan, Ann. Rev. of M. Science 2017

The key role of the fine scales in modulating the intensity of the biological carbon pump is
now well established. SWOT will not measure vertical velocities, but should help in
determining vertical velocities when paired with in situ observations.



SWOT and fine scale biophysical processes
Motivation 2: Biodiversity (phytoplankton)
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Ecological models exist, which provide an
emergent planktonic biodiversity.



_ FIne scale model studies
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An important part of biodiversity appears to be driven by the fine scales in model
studies: fronts enhance biodiversity, retentive eddies suppress it.

Validation from observation and empirical details are lackin d'Ovidio. et al.. PNAS 2010
Lévy, et al., J. R. Soc. 2015




IMEDEA L

Mediterranean sea May 2018 cruise

A synergy among three programs:
1. PRE-SWOT (A. Pascual: SWOT-ST, CSIC, IMEDEA, SOCIB)
2. PROTEVS_SWOT (F. Dumas, P. Garreau SHOM)

3. BIOSWOT (SWOT-ST; A. Doglioli, G. Gregori, F. d’Ovidio: MIO, LOCEAN-IPSL;
L. Froideval, U. Caen; F. Cyr NAFC, St John’s)

BIO



Objectives

One common objective..

Evaluate the interest of the west Med SWOT crossover

Provide feedback on a “multisatellite package”.

Gain experience in multi-platform, multi-lateral
campaign coordination.

Explore the dynamics present in this region.

Test airborne lidar for SWOT CalVal.
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.. and three separate ones

SHOM: hydrography of mesoscale features in the Mediterranean
PRE-SWOT: vertical velocities (omega equation) and altimetry (nadir) CalVval

BIOSWOT: Plankton biodiversity at the fine scale



Platforms and instruments (1/2)

Airplane
R/V Garcia del Cid BHO Beautemps-Beaupré LIDAR + Hiperspectral camera
(CSIC, Spain) (SHOM France) (Univ. Caen)
5-16 May 2018 28 April - 14 May 2018
Slocum glider
(SOCIB, Spain) Drifters

(CSIC, SOCIB, SHOM)

SeaExplorer glider
(MIO, France)
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Platforms and instruments (2/2)

SeaSoar (SHOM)

Flux cytometry (MIO)

|dentification of microbes from
size, color, and shape.

One point every 20 minutes @ 9
Knot = 5.5 km

~3 km resolution

300 m depth

Multisatellite support




Cruise plan
Altimeter maps

ADT from NRT merged altimetry — 20180425
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Effects on tracer
dispersion






Cruise plan
SST Modis



Cruise plan
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Ragvale SEASOAR 8-F
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PRE-SWOT (A. Pascual)



PRE-SWOT preliminary results (Leg 1)

60 km




Quasi-geostrophic vertical velocity

Down

* Consistent with QG theory

Maximum up & down
upstream/downstream meander Poster B. Barcel6-Llull






Phytoplankton biodiversity

Cytometry from 08-May-2018 13:02:00 UTC to 12-May-2018 14:02:00 UTC

0.95

0.9

0.85
L |
¥
=
: :
- 0.75 C
- ©
£
n
0.7
0.65

0.6

Longtitude

Preliminary results show a nice biodiversity contrast, with higher diversity along the front.
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Lessons learned

(+) The west Med SWOT crossover presents contrasts of Mediterranean and Atlantic
water giving rise to an interesting fine-scale activity for both physics and biology, even
outside of the Algerian current.

(+) Proximity to major ports and airports, small Rossby radius and low internal wave
activity, make of this region a very good candidate for testing SWOT detection of
balanced motion at “sub-nadir” resolution with a flexible campaign.

(+) High resolution multisatellite package extremely useful, but all current technology is
unpredictable. SAR is no exception.

(W) Avoid international and Algerian waters, whose accessibility is unpredictable.

(W) If airplane operations are a priority, window of opportunity should be of several weeks
(e.g., multi-leg campaign).
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Pre-BIOSWOT: South-Baleares glider SeaExplorer (SEA003) mission

> Glider SeaExplorer (MIO , Marseille) equipped with 1
GPCTD, 1 Wetlabs triplet puck (Chla, CDOM, BB.,,,)

& 2 two-optical pathways MiniFluos (MFL-UV1 &
MFL-UV2).

» SEA003 (FR) & SDEEPPOO (Spain) gliders
deployed in parallel.

85> Gliders and Sentinnel 3
tracks

» Sea003 tracks : Transit - Transect 1
(N-S), Transect 2 (S-N), Transect 3 ( %4
transect N-S)
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Calval LiDAR
Project: BIOSWOT

LiDAR / Hyperspectral flight over the Mediterranean
Flights

- 2 flights
- scientific calval: hyperspectral measure coupled with LiDAR
data over area of interest
- Flight plan in a “comb” shape over the boat sampling
area
- technical calval: flight over altimeter track
- Sentinel 3A, Jason 3 or Cryosat 2
- Flight plan
- 150 km straight line over altimeter track flown 4
times (2 round trips)
- Originally planned for beginning of May 2018, these flights were
canceled due to weather forecast conditions (overcast) not
compatible with LiDAR / Hyperspectral sensors

Team involves

Josias Lefevre (Research Engineer, IETR), Kacem Chedhi (Professor, IETR),
Christophe Conessa (Engineer, CNRS), Laurent Benoit (Assistant Engineer,
CNRS), Pixair Survey (2 pilots), Laurent Froideval (Research Engineer,
CNRS)

Examples of groundtracks selection

In green: possible altimeter tracks for
Cryosat 2 in the airport range (Port Mahon,
Minorca)

Blue circle: Possible range for the local
transit depending on the total flight time
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Calval LiDAR

Project: BIOSWOT

LiDAR / Hyperspectral flight over the Mediterranean

Objectives
- SSH: evaluate the capacity of in-situ LiDAR data to measure
SSH . o Top Left
- Improve 3D current modeling through in-situ sea surface Piper Navajo used for the
topogra phy LiDAR/Hyperspectral test flight on April
24,2018
- Hyperspectral measure of the phytoplankton
Top Right

LiDAR + Hyperspectral camera

Bottom Right
Sensors installed on the plane

Flight

- Sensors:
LiDAR (Leica ALS60) coupled with a Hyperspectral camera
Collaboration with the Hyperspectral team SHINE-TSI2M of IETR laboratory
- Sensor: SPECIM AISA Eagle 1K/ VNIR (400-970 nm, 3.3 nm spectral res.)
- First test flight of this coupled system in April 24, 2018
- flight was successful
- fine processing of the coupled data still in progress
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