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Observation: CALYPSO field campaign in 2018

d

SP56

Strong lateral salinity gradients, cold filament 
and frontal regions are observed in satellite 
images, UCTD and glider data.
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WMOP Simulation

WMOP free-run simulation over 2018 CALYPSO field campaign:

● 2-km horizontal spatial resolution,
● 2-month free-run simulation initialized from WMOP data-assimilative 

real-time forecast on 23 May 2018,
● Surface boundary from the hourly and 5-km spatial resolution HIRLAM 

atmospheric model (AEMET),
● Boundary condition from the CMEMS Mediterranean model.
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CALYPSO 2018 vs WMOP model
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Temporal variability of vertical velocities on 
WAGF and EAGF (daily averages)
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Motivation: Why are vertical velocities 
development different on WAGF and EAGF?
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Theoretical Background 
Frontogenesis induced by Ekman 

transport
Nonlinear Ekman transport

Ekman pumping velocity

From Thomas, L. N., & Lee, C. 
M. (2005).

Vertical velocities are developed by:

● Frontogenesis mechanism, ● Instabilities processes,

● Ekman pumping front winds, ● Front intensification by cold filament.

Frontogenesis vs Filamentogenesis

From McWilliams, J. C., Colas, 
F., & Molemaker, M. J. (2009).
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WAGF more intense than 
EAGF:Intense buoyancy 
gradient ⇒  large 
convergence, horizontal 
strain, and cyclonic vorticity.

Vertical velocities cell:

● WAGF ⇒ ageostrophic 
secondary circulation,  

● EAGF ⇒ complex 
structure. 

Frontogenesis 
mechanism
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WAGF stronger and deeper signal 
of instabilities processes and ML 
deeper than EAGF:

● WAGF: Ri small and instabilities 
processes until 30 m (EPV < 0),

● Symmetric instability (0<Ri <1),
● Unbalanced ageostrophic 

instability (A-S < 0),
● No evidence of gravitational 

instabilities (N2 > 0),
● EAGF shallow ML and 

increased stratification.

Instabilities 
processes
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Frontogenesis & Instabilities processes in the 
Gliders

● EAGF’s intensification period 
(according to WMOP)

● Increase of frontogenesis 
diagnostic values up to 100 m

● No evidence of instabilities 
due to the strong summer 
stratification.

⎪∇b2⎮ ξ/f N2 EPV

SP56

SP59

10



Nonlinear Ekman transport & pumping velocity at differents days

WAGF: 
down-front 
winds ⇒  
destruction of 
EPV and 
stratification. 
Ekman 
transport: water 
from the dense 
side over the 
light side

EAGF: 
intermittent 
winds regime
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● Along front velocity contour  →  
two regions centered in the 
filament.

● TU
adv > 0 at pointy isopycnals.

● W-velocities: ageostrophic 
secondary circulation →  2 
re-circulation cells.

● EAGF intensification by a cold mesoscale 
filament & coherent submesoscale 
structures.

● Advective frontal tendency term  
(TU

adv >0) ⇒ filamentogenesis.
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Filamentogenesis process 
in EAGF snapshot (18/07/02-06h)
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Dense  side
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Summary

Deeper, longer, and stronger front → intense frontogenesis Shallower, shorter, and weaker front → weak frontogenesis

Weaker stratification, deeper ML → instabilities processes Stronger stratification, shallower ML → weak instabilities processes 

Down-front winds → Ekman transport → pumping velocities Intermittent winds → no destruction stratification & EPV → weak 
pumping velocities

Horizontal strain and convergence flow mechanisms → high 
cyclonic vorticity → single cell ageostrophic secondary 
circulation

Cold filament mechanisms → advective frontal tendency term → 
2 cells ageostrophic secondary circulation 13

WAGF → Frontogenesis EAGF → Filamentogenesis
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Thanks and Questions?
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