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Altimetry : toward high resolution (mesoscale)

Main objective of Alti-ETAO OSTST project: study of thedynamics
of the Eastern Tropical Atlantic Ocean at mesoscale from
Intraseasonal to interannual timescales using the altimetry Atimety
missions(single mission: along track data BB
and gridded products)

combined with other satellite (SST, ocean
colour, SSS, wind) and in situ (tide gauge,_
cruises, mooring, floats) data and L
high-resolution models.
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4 issues in the AltI-ETAO OSTST project

|- Main characteristics of thmesoscale activity (especially
eddies)andnew diagnostics °hD thesis 2018-2021
(IRD/SCAC) Result summary + 4 Slides

Ny

lI- Influence ofthe large scale current variability

(equatorial, tropical), the equatorial wavesand the
coastal dynamicqcoastal currents, transient and
permanent upwelling systems, trapped waves and
internal tides)Result summary — 4 Slides

llI-Investigate the role of mesoscale on the oviady
atmosphere, biogeochemistry and the regional ocean *
circulation, in particular for theeansport from coastal

regions to the open ocearResult summary — 4 slides

I\V- Improve coastal altimetry data with new high
frequency/space corrections for ETAQ(tides, dynamic
atmospheric correctiorijesult summary - 1 slide

g 0 b .
from Stramma (2014)



ﬂ General characteristics of mesoscale dynamics\

and eddy detectability using satellite data
(Aguedjou et al., 2019; Morel et al., 2019; Assene et al.,
2020)

Result summary - 1 slide

Seasonal cycle from altimetry (AVISO+)
K and vertical structure from altimetry/ARGO J

4 slides




Main results ]

1) 60% more eddies are found in the tropics compared to thateqal zone;

2) Vortices (eddies) form in the eastern part of the basinpaogagation westward (faster
speed at the equator) with vortex lifetimes of up to 140 daysapical areas;

3) Waves represent 10% of the structures detected by agywortex/wave criterion

4) Eddy seasonal cycle amplitude can reach up to = 50% of tlmmalue for the eddy
properties (radius, EKE) and linked to the ocean circutasieasonal cycle

5) Vortices are generated mainly by barotropic instabtiitythe east of the North Brazil
current retroflexion, along the North Equatorial Cour@errent, according to a newly
defined criterion based on altimetry and validated by asadenodeling;

6) Vortices present Temperature/salinity eddy anomalidkeasurface in the equatorial
zone and in subsurface in the tropical zones;

7) In equatorial zone (beta plane), vortices are much edsidollow with potential
vorticity (PV) rather than with SSH (realistic and academideling);

8) Based on PV, vortices were classified in 3 types in the GllfGuinea: surface
vortices detectable by SSH and subsurface eddies withresi@t or long lifetime
without detectable signature in satellite data.

l:;‘.r'&:
LEGOS)

</




1/4- DATA & METHODS

Sea IeveI anomaly (cm) . Eddy centers ~ One eddy edge
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_ . Eddy detection and tracking algorythms
Daily SLA (0.25°x0.25°) from 199310 2015  (Chaigneau et al. 2008 e 2000 ; Pegliasco e al. 2015)

https: marine.copernicus.eu/
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214 - Seasonal cycle of eddy properties
NECC

NBC
retroflection

EKE (cm?3s2)

/ . amplltudes
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Amplltude of the seasonal cycle of the Seasonal cycle of EKE (cn¥/s?) in NECC and
eddy amplitudes (cm) NBC boxes

Eddy seasonal cycle amplitude can reach up to = 50%¢ the mean value for the eddy
properties in the North Brazil Current retroflectio n and North Equatorial Counter
Current and are linked to the NBC and NECC seasonadycle
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3/4 - Eddy generation mechanism

= — Charney-Stern’s (1962)
_V(f + ()Tl Drazin and Howard (1966)
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4/4- Mean vertical eddy properties
T anomaly (°C)

Temperature anomalies induced by eddies
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Temperature/salinity eddy anomalies at the surface in the equat@

zone and Iin subsurface In the troplcal zones
PR M NN e ' ‘ = Aguedjou et al., 2020

B




-~

(Awo et al., 2018;Assene et al., 2020)
Result summary - 1 slide
PV diagnostics and different types de vortices

(open ocean and coastal ocean)
4 slides

~

I/ Currents, equatorial waves and coastal
dynamics variability and mesoscale dynamics




[ Main results: ]

1) Sea Surface Salinity signature of the tropical Atlamierannual modes of variability
In the equatorial band and around the plumes of large rivesshle by SMOS, and
identified driving processes (satellite data and realistndeling).

2) A theoretical model of the dynamics of equatorial Kelviawgs successfully applied to
the Atlantic to explain the SLA and SST anomalies observetllg-October 2009, with
strong consequence on the African Monsoon

3) Close to the Equator, the strong zonal surface curremtsuadercurrents stirred and
destroyed vortical structures but presence of long-lifeaggrial subsurface vortices
(especially anticyclonic eddies) without satellite sityma (realistic modeling and PV
diagnostics);

4) The inter-annual variability of eddies lower than thesssel cycle and linked to large-
scale ocean circulation (altimetry data).




1/4 Tropical Atlantic ocean realistic modeling : configuration

NEMO / configuration Jouanno et al, 2016-2017, Hernandez et al, 2017
Initial+ C.L. : MERCATOR — GLORYS2V4 reanalysis

Atm forcing DFS5.2: ERAInterim reanalysis + CheapAMDeremble 2013)

2w = SSH au 01/01/2015 =
Resol: 1/12° o om0

pat
12°N ke

75 vertical levels

Mixing : GLS ~ K-
Years: spinup +1995-2015
PV diagnostics for the year 2015 -

River discharge(Dai et Trenberth;2

Internship M2 2019 : F. Assen
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2/4 Tropical Atlantic ocean realistic modeling : PV diagnostics

Isopycnal PV, layer 1, May 10t ﬁ 10°
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3/4 Tropical Atlantic ocean realistic modeling : PV diagnostics

Depth (m)
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4/4 Tropical Atlantic ocean realistic modeling : structure and
open ocean vortices

Potential Vorticity

. mer.sect. at -6.0417°E
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lll- Coastal dynamics, coastal-open ocean
transport and mesoscale dynamics in the ETAO
(Alory et al., 2020; Le Goff et al., 2020; Assene et
al., 2020)

Result summary - 1 slide

Upwelling and river discharge areas
4 slides
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[ Main results: ]

1) Coastal upwelling in the northern Gulf of Guinea:
- weakened by about 50% due to onshore geostrojomvar its eastern part
- surface geostrophic flow due to coastline cunetand equally controlled by
steric effects related to temperature and salinity
- Niger river enhances geostrophic currents andfstedion with no net effect
on onshore flow, but warms by 1°C the upwellinggo®

2) Congo river and coastal circulation:

- Validation of the eOdyn (AIS data) with in situ datiad reconstruction of the
courant (Geostrophy + Ageostrophy).

- Inertial current and secondary circulation — higdamnthe river mouth

- Geostrophy stronger in austral summer (JFM) witximam of the Congo
discharge

-Ageostrophy stronger in austral winter (JAS) whk maximum of wind
intensity

-3) Vortices in the coastal area of the Gulf of Guiea:

Small vortices in the surface layer close to the coast withlsmdius (~ 50
km) and short lifespan (~ 1 month) in relation with the colshgnamics
(currents, upwelllng ect.) in the northern part of the GJIiIGumea

e
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1/4 Coastal upwelling in the northern Gulf of Guinea:
Mean summer (JAS) conditions in NEMO 1/12°

SST + wind

NEMO vs MURSST
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2/4 Coastal upwelling : geostrophic compensation

, Coastal W (REF)
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MLD reduced by river plume
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(c) Alongshore AH contributions
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o
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Alongshore SSH slope contributions
50% thermosteric
50% halosteric

River : 60% of halosteric but only 20% overall

Upwelling indices:
WEkman + Wgeos: Wtotal VS\NNEMO

- Can explain upwelling variations (r = 0,72)

- Small river contribution (in transport)

- 50%geostrophic compensatiamthe east
triggered bycoastline curvature

- River-induced warming : horizontal advection?




3/4 Impact of Congo river on the coastal circulation
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Oceanic Surface Current (AIS)

Le Goff et al. (2020)... NPy
using AISand 7
satellite data €

Geostrophic current (Aviso)

e P s =

Wind (ECMWF Reanalysis)

- Inertial current and secondary cross-shelf circulation — high neaivgrenouth, stronger in JFM
- Geostrophy stronger in austral summer (JFM) with maximum of dmg&discharge (30-50% of
the total current instead of 20-30% for the other months)

- Ageostrophy stronger in austral winter (JAS) with the maximumind wtensity (60-80% of the
total current instead of 50-60% in JFM).

\:&! Internship M2 2019: A. Bourgeois (using AlS/in situ/satellite data and
Wy realistic modeling with and Wlthout Congo river discharge)
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4/4 \Jortices In the coastal area of the Gulf of Guinea: realistic
modeling
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Small vortices exist in the surface layer close to the eafissmall radius (~ 50 km) and
short lifespan (~ 1 month) in relation with the coastal dynangosrgnts, upwelling, ect.)

in the northern part of the Gulf of Guinea
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IV- Coastal Altimetry in the ETAO region
(Dieng et al., 2019)

1 slide
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Main results: ]

Sea Level Anomalies from X-Track (June 2009)
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1) Coastal altimetry validation XTRACK — comparison
with in situ data, AVISO, model : 1) XTRACK version
2017 (SLA,SSH, courant?) : XTRACK 20Hz v2019 &
ALES+XTRACK 20Hz v2019 & NEMO Model (1/4
1/12) & CMEMS DT2018 v2018 1/4

2) Valorization of validated XTRACK data with
frequency content study and coastal processesee
Dieng et al., 2019)

3) Tests for improvement of corrections : Tides and
DAC (Dynamic Atmospheric Correction) with the T-
UGOm model (Benguela area020)

4) Multi-sensor analyzes and multi-sensor product
development (HR) : SST, ocean color, SSS, wind+
altimetry (XTRACK, AVISO+) and new mesoscale
dlagnostlcs 2020)
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