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Context

NC

Area:
Northwestern Mediterranean Sea: complex coastal and mesoscale dynamics with meanders, recirculations, eddies

North Current (NC): slope current flowing along the continental shelf of Gulf of Lion
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Context

NC 

intrusion

Area:
Northwestern Mediterranean Sea: complex coastal and mesoscale dynamics with meanders, recirculations, eddies

North Current (NC): slope current flowing along the continental shelf of Gulf of Lion

North current intrusions: short terms events, strongly impact the local circulation and biogeochemistry of the GoL

➢ Monitoring these intrusions is important for its impacts on primary production
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Objectives

⮚ Validate and analyse SWOT data in a coastal ocean area, on a very dynamical phenomenon

⮚ Study the complementarity of SWOT with other datasets for coastal applications
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Study period and Datasets

in situ Julio mooring (MIO): semi-hourly ADCP current observations (U, V) between 11 and 80m-deep

Lion buoy (Météo France): hourly 10-m wind observations

satellite SWOT (track 3): L3 LR products v2.0.1 (2 km)

Sentinel-3A&B: 2 instantaneous outputs per day (SST) at a resolution of 2 km

model ECMWF: operational 10m wind used to force the simulation

Symphonie simulation: daily-averaged outputs (SSH, U, V, T, S…) at a resolution of about 2 km, 60 vertical levels

Study period: 

SWOT Fast Sampling Phase 

(28/03/2023-10/07/2023)



Model geostrophic currents

Stats computed over the SWOT Calval phase (28/03/2023 to 10/07/2023)



Stats computed over the SWOT Calval phase (28/03/2023 to 10/07/2023)

SWOT versus model geostrophic currents



Extraction of mean currents along 4 SWOT transects
Stats computed over the SWOT Calval phase (28/03/2023 to 10/07/2023)

⦁ Very good consistency between 

the model and SWOT on the North 

Current mean, between about 

42.5°N and 43°N

SWOT versus model geostrophic currents
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Extraction of std currents along 4 SWOT transects
Stats computed over the SWOT Calval phase (28/03/2023 to 10/07/2023)
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C D
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⦁ Quite good agreement between 

the model and SWOT on the 

variability of the North Current

B

C D

SWOT versus model geostrophic currents



Extraction of std currents along 4 SWOT transects
Stats computed over the SWOT Calval phase (28/03/2023 to 10/07/2023)

SWOT and model quite consistent 

along the North Current path and 

on the continental shelf: we can 

keep using the model

A

⦁ Quite good agreement between 

the model and SWOT on the 

variability of the North Current

B

C D

SWOT versus model geostrophic currents
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Currents comparisons with JULIO station

● Time series of zonal and meridional currents (SWOT, JULIO) 

r² = 0.274, rmse = 0.21 m/s

r² = 0.535, rmse = 0.12 m/s U

V
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Currents comparisons with JULIO station

● Time series of zonal and meridional currents (SWOT, JULIO) 

r² = 0.274, rmse = 0.21 m/s

r² = 0.535, rmse = 0.12 m/s U

V

Correlations are quite low between SWOT 

and JULIO, especially for the meridional 

component

! Possible explanations:

● comparison of total current 

(JULIO) with geostrophic current 

(SWOT), in a coastal area with 

very fast and complex dynamics

● comparisons made on the edge 

of the swath
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Currents comparisons with JULIO station

● Time series of zonal and meridional currents (SWOT, JULIO, Symphonie) 

r² = 0.274, rmse = 0.21 m/s

r² = 0.535, rmse = 0.12 m/s U

V

We seem to capture two intrusions

(June 22 and July 10 2023)

Let’s move on to a 2D approach 

to see if and how SWOT can capture 

these intrusions
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Case study: NC intrusion of the 10/07/2023

SWOT and model both see an 

intrusion of the North Current 

starting on July 9

North Current directions and 

intensities are really similar 

between SWOT and the model

SWOT Model

SWOT geostrophic and Symphonie total currents from 1st to 10th July 2023
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ECMWF wind is quite 

consistent with Lion buoy on 

this period

Strong mistral conditions 

(northwesterly wind)

from 1 to 5 July 2023

Wind reversal starting 

from July 7

Case study: NC intrusion of the 10/07/2023
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SST S3 : Mistral driven 

upwelling from 1 to 7 July 

2023

Upwelling relaxation on July 

8, as soon as the Mistral stops

Warm water intrusion starting 

on July 9, consistent with 

SWOT intrusion

ECMWF wind is quite 

consistent with Lion buoy on 

this period

Strong mistral conditions 

(northwesterly wind)

from 1 to 5 July 2023

Wind reversal starting 

from July 7

Case study: NC intrusion of the 10/07/2023
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SST S3 : Mistral driven 

upwelling from 1 to 7 July 

2023

Upwelling relaxation on July 

8, as soon as the Mistral stops

Warm water intrusion starting 

on July 9, consistent with 

SWOT intrusion

ECMWF wind is quite 

consistent with Lion buoy on 

this period

Strong mistral conditions 

(northwesterly wind)

from 1 to 5 July 2023

Wind reversal starting 

from July 7
We recognise a classic intrusion mechanism in 

stratified conditions
(Barrier et al. 2016)

Case study: NC intrusion of the 10/07/2023
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The NC intrusions seen by nadir altimetry

Very good consistency 

between SWOT nadir, 

SWOT KaRIn and JULIO 

currents on this 

intrusion case

● Intrusion case of June 22 2023: cross-track currents computed with nadir 20 Hz SLA

JULIO (current)

1 m/s (SWOT current)
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The NC intrusions seen by nadir altimetry

● With a temporal resolution of 1 day (currents derived from nadir 20Hz SLA)

(m/s)

NC
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The NC intrusions seen by nadir altimetry

(m/s)

● With a temporal resolution of 1 day (currents derived from nadir 20Hz SLA)

We identify current 

patterns near the coast, 

that remain for several 

consecutive days

NC
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The NC intrusions seen by nadir altimetry

We identify current 

patterns near the coast, 

that remain for several 

consecutive days

Among these events, we 

recognize the intrusion 

case of June 22 2023

SWOT nadir is able to 

detect signal very close to 

the coast, and even to see 

NC intrusions

(m/s)

● With a temporal resolution of 1 day (currents derived from nadir 20Hz SLA)

NC



(m/s)
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The NC intrusions seen by nadir altimetry

● With a temporal resolution of 1 day (currents derived from nadir 20Hz SLA)

What about the 

intrusion case of July 10 

2023 ?

NC
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The NC intrusions seen by nadir altimetry

What about the 

intrusion case of July 10 

2023 ?

there is no clear signal 

in the nadir alone

what can we learn by 

combining KaRIn and nadir 

on this intrusion case ?

● With a temporal resolution of 1 day (currents derived from nadir 20Hz SLA)

(m/s)

NC
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The NC intrusions seen by nadir altimetry

● Intrusion case of July 10 2023: cross-track currents computed with nadir 20 Hz SLA

Good consistency between KaRIn and nadir currents:

nadir clearly sees the intrusion

July 9 July 10

Difficulty to find a pattern in the nadir alone because 

the intrusion is deviated toward the south at nadir 

position
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The NC intrusions seen by nadir altimetry

● With a temporal resolution of 1 day (currents derived from nadir 20Hz SLA)

(m/s)

NC
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● With a temporal resolution of 10 days (currents derived from nadir 20Hz SLA)

The NC intrusions seen by nadir altimetry

(m/s)

NC
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The NC intrusions seen by nadir altimetry

Alternation of positive 

and negative currents 

near the coast : 

is it signal or noise ?

Very difficult to   

detect intrusions

● With a temporal resolution of 10 days (currents derived from nadir 20Hz SLA)

(m/s)

NC
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Take home messages

● For the first time, we observed the coastal intrusions of the NC and their evolutions with 2D 

altimetry

● We observed a good consistency between SWOT and the other datasets on the NC features

● The 1-day repeat Calval phase provided unprecedented opportunity to analyse rapidly changing 
processes, and better discriminate noise from signal in the nadir altimetry

● A comparison between nadir and KaRIn allowed us to better understand some intrusions seen by the 
nadir
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Perspectives

• Analyse intrusion events with good, fair or bad consistency between datasets, and impacts of 
geostrophy/ageostrophy through Symphonie simulations

• Analyse why some intrusion events have good, fair or bad consistency between datasets

• Analyse impacts of geostrophy/ageostrophy through Symphonie simulations

• Revisit 30 years of nadir coastal altimetry in the light of SWOT data

Next, we would like to: 
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Thank you for your attention!

lena.tolu@utoulouse.fr


