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National Institute of Marine Sciences and 

Technologies

INSTM is one of the largest and

widespread research center in

Tunisia, founded in 1924 for the

marine sciences and technologies.
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The Central Mediterranean Sea
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Introduction

Key region
Exchange heat and salt between the Eastern Mediterranean Basin and the 

Western Mediterranean Basin

Distinct surface, intermediate & deep water masses circulating between west 

and east

Useful for climate change studies 

▪ documenting changes within it →

anticipate similar changes in the global 

ocean

▪ understanding the role of key processes

involved in climate change → inferences

on those processes on the global scale

define a realistic survey

strategy and capitalize

existing time series, to

understand the time scales of 

variability and to provide

elements of comparison and 

verification to models.



Approaches

Continuous 

monitoring of the Central 

Mediterranean circulation and 

biogeochemical observation is 

necessary to detect possible 

changes when they happen and to 

understand their time scales. 

• Long-term monitoring of Tunisia-Sicily  and Tunisia -Sardinia straits, 
to define the main interbasin exchanges 

• Repeated observations in sites of special interest, to maintain a 
deep-basin monitoring with repeated CTD casts at fixed stations

• Large-scale monitoring, through basin wide hydrographic surveys 
with closed transect, a necessary tool for budget calculation,to
initialize and validate general circulation models, and to be 
assimilated in models to improve their forecast capability

Mooring Time series

Long term evolution of 

Temperature an Salinity



Oceanographic cruises on board R/V Hannibal

Implementation



FerryBox System Western 
Mediterranean Sea
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FerryBox system installed on board C/f 
Carthage of the Tunisian Navigation 
Company (CTN) 

ROUTES

Two zonal transects Tunis-Marseilles 
and Tunis-Genoa, crossing the Algero
Provinçal basin, the Tyrrhenian Sea 
and the Ligurian Sea.

Parameters

T, S, Chla, Turbidity, dissolved Oxygen , pH 

and Cytometry
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Satellite for Oceanographic studies

COPERNICUS Website



Research Projects



Implementation

Since winter 2003 new water masses was identified in the 
Tunisia- Sicily Channel and important physical changes abrupt 
increase in the deep heat and salt contents in 2008, 

It has been visited in 2003, 2005, 
2006, 2007, 2009 by INSTM.

This section permitted to assess 
the exchange between the EMED 
and WMED

Ben Ismail et al., 2014



Implementation

Seasonal deployement
from 2005 to 2007 

[Gerin et al., 2009]

Project 

Egypt/EGITOO



(CIESM HYDROCHANGES 
& JERICO)

Implementation

1 mooring the Tunisie -Sardiania Channel since 2003 , to monitor the 
exchanges between  the WMED and Tyrrhenian Sea

17 years of T and S at 1900 m in the Tunisia-Sardinia Channel, 

Ben Ismail et al., 2021, Copernicus Marine Service OSR 5.



Implementation

The periodically visited transects and stations are planned in order to be useful

for:

(i) Transport computations (of mass, heat, salt, biogeochemical

components), i.e. with transects defining closed volumes of water

(ii) Long-term evaluation of anomalies of physical and biogeochemical

properties, i.e. intercepting the main flow of water masses

(iii) Quasi-synoptic view of the circulation along the Tunisian Coasts
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(e) August
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(f) October
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Geostrphic

velocities

Ben Ismail et al., 2012

Computation of  geostrophic velocities show a 

recirculation of the ATC which was also

evidenced by high resolution model



In 2003 the WIW is colder up to 0.55

C. In 2005 the WIW is colder up to

0.85 ° C. This could be due to the

unusual extension of the DWF in

WMED during winter 2005 [Lopez-

Jurado et al 2005, Salat et al, 2006]

Cold-water intrusions in 1995, 2000-2003 2005-2006

and 2009.

Ben Ismail et al., 2014

Ben Ismail et al., 2014



Deep waters in the Siculo-Tunisian

Channel have become saltier and

warmer during the last 20 years

0.007 et 0.03 per year within LIW

0.0047 et 0.0169 per year within tEMDW

Ben Ismail et al., 2014



FerryBox system sur c/f Carthage INSTM

Combox

FerryBox installed on board c/f Carthage since February 2016



Parameters INSTM

• Temperature, 

• Salinity, 

• Dissolved 
oxygen, 

• Turbidity, 

• ph

In water at 5m depth, 

sampling frequency is evry 1 minutes  for most parametre



Routes INSTM

Planned routes Reality



Salinity INSTM
2016 2017



Temperature INSTM 
2016 2017



Oxygen saturation        INSTM 
2016 2017



Chlorophyll a INSTM
2016 2017



TM :
✓ M1 (lat <=37.5) : Les B. Alg et

Sou-Aeg ;

✓ M2 (37.5 < lat <=38.5) : Nor-
Aeg ;

✓ M3 (38.5 < lat <=40.85) : Le
front Nord-Baléares ;

✓ M4 (40.85 < lat <=42) : B.
Provençal ;

✓ M5 (lat >42)) : Le Golf de Lion.
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DATA ANALYSIS

➢ Interannual data analysis FB :

TG :

✓ M1 (lat <=37.5) : Les B.Alg et

Tyr ;

✓ M2 (37.5< latitude <=39.1) : Le

B.Tyr et les côtes de Sardaigne ;

✓ M3 (39.1 < lat <=40.5) : Tyr et

passe par les côtes de Sar et

celle de la Corse ;

✓ M4 (40.5 < lat <=42) : Tyr et les

côtes de la Cor ;

✓ M5 (42 < lat <=43.1) : Les côtes

de la Cor et traverse le B.Lig ;

✓ M6 (lat>43.1) : Lig.



DATA ANALYSIS

➢ Validation of sattelite data and  FB data

✓Comparison of : Chlorophyll and surface temperature

from FerryBox data and Satellite data.

✓ [Chl-a] and SST compared at the bloom days during

2017.

✓To verify the seasonal distribution of Blooms observed

from FB data, a daily Chrolophyll satellite dataset

(MODIS) was generated to identify the seasonal

distribution of [Chl-a] for each bloom event along 2017.
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16/03/2017

~ 0,11 µg/l

(Marshall and Schott [1999])

[Chl-a] = 1,89µg/l  ∈
M5

Nord MO    Deep Convection

TMValidation of [Chl-a] and FB data.
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17/02/2017

[Chl-a] = 1,38µg/l  ∈
M1&M4

T

G

~ 0,28 

µg/l

Validation of [Chl-a] and FB data.
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Validation of [Chl-a] and FB data.

11/03/2017

[Chl-a] = 1,34µg/l  ∈
M4&M6

T

G

~ 0,23 

µg/l
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17/02/2017

~ 0,41 

°C

~ 0,5 

°C

T

M

T

G

Validation of SST and FB data .
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Validation of SST and FB data .

11/03/2017

T

G

~0,15 

°C
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16/03/2017

T

M

~ 0,1 °C

Validation of SST and FB data .





Marseille - Tunis Genova - Tunis

Bonifacio

Strait

Bonifacio

Strait

Marrec et al, 2021
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♦ Analysis of Glider data for 2018

♦ Inter-seasonal comparison of 
Glider data (2014-2018)

♦ Eddies characterization from 
detection methods

♦ Chlorophyll-a CHL satellite 
data

♦ Horizontal distribution of SST

♦ Horizontal distribution of Sea 
Surface Salinity 

♦ Eddy Detection and Tracking 
Using Remote Sensing Products
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Eddies Characterization from detection methods

Comparison along glider tracks for 2018 (GETSCh)
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Eddies Characterization from detection methods

Comparison along glider tracks for 2014 (MUSICS)
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Analysis of Satellite 

Data
CHL satellite data in 

STC

Comparison between CHLA Satellite data & Glider 

data

• unavailability of satellite data during the 14th
and 16th of March 2018. 

• We notice that Glider > Satellite ones, NO 
number of coincidence points between both of 
sources.

• 1st peak in 15/03/2018 (Glider)=1.69 mg/m3 & 

Satellite=0.47 mg/m3. 

2nd peak in 23/03/2018 (Glider)=1.09 mg/m3 -

satellite data = 0.13 mg/m3.

• We calculated the average gap between both 
of data sources and obtained 0.32 mg/m3.

Comparison between CHLA Satellite data & Glider 

data

Horizontal distribution of CHL before GETSCh mission

CHL distribution in 

10/03/2018
CHL distribution in 

12/03/2018

•through  we were interested to dig in deeper 
satellite when & where the bloom started to 
develop

• CHL was spectacular in this study area especially 
near the Tunisian coasts with a peak in the 10th 
March. 

• after examining the CHL dynamics that occurred 
since 10/03/2018 during the period previous to the 
Glider mission, we can validate and deduce the 
trajectory of this CHL concentration migration 
through mesoscale eddies.
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CHL satellite data in 

STC
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Inter-seasonal comparison between CHL Satellite products in Spring 2018 & Summer 2018

•We detected the shape of an eddy in the North 
of STC during March 2018. 
We have compared this eddy to two chlorophyll 
eddies during Summer 2018 in the same period of 
MUSICS mission.

•The northernmost one in 19/03/2018 characterized by a 
CHL bloom, after 15days, we noticed another mesoscale
eddy appeared in 02/04/2018 in the southern part of STC, 
this same eddy was detected in Leg#3 which is confirmed 
by Glider data !

•In Summer 2018, an eddy that was generated 
and advected by the meandering of the AC, 
associated to CHL in the Sardinian coasts. 

•This eddy appeared in 28/08/2018. Progressively, another cell of 
relatively higher CHL was created and observed at the sea surface, in 
the same area. The variability can change from a season to another in 
terms of mesoscale eddies generation and disappearance.
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Horizontal distribution of SST in STC

Comparison between SST Satellite data & Glider data
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Horizontal distribution of SST in STC
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Horizontal distribution of SSS in STC

•The corresponding average sea surface salinity maps 
(in psu) are obtained from Mediterranean Sea Physics 
Analysis Model in CMEMS website.

•We can confirm through the Glider hydrologic 
vertical distributions, that Sea Surface Salinity is higher 
in Sardinian coasts compared to Tunisian coasts.

•We can deduce from 15/03/2018 till 02/04/2018 the 
nature of SSS dynamics near the Tunisian coasts.
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Eddy Detection and Tracking 

Using Remote Sensing Products

•To investigate the temporal behaviour of the 
Mesoscale eddies in the STC, we used the 
geostrophic velocity fields in order to follow the 
trajectory of the surveyed cyclone & anticyclone 
eddies as well as their interaction with neighbouring 
eddies. 

•Eddy tracking revealed that eddy-eddy interactions
play a role in north-south mass exchanges. 
The high-resolution in situ Glider observations highlight 
small-scale processes embedded in Mesoscale eddy 
dynamics. 
We will show that these in situ data are in good 
agreement with the analysis of the geostrophic velocity 
field given by CMEMS. 
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Conclusion and perspectives
→Achieve quantitative understanding of the key biogeochemical-
physical interactions and feedbacks between the ocean and
atmosphere, and of how this coupled system affects and is affected by
climate and environmental change

→an internationally coordinated action should aim at document and
understand the interactions between physics, biogeochemistry and
biology, the interactions between the WMED and EMED, thus improving
the interpretation and synthesis capability of new observations to assess
feedbacks of Mediterranean dynamics on the global climatic system.

→a closer interaction with models is an important task able to improve
both the model results and interpretation of observational data
permitting to provide more confident scenarios of the Mediterranean
conditions for the next decades.
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