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Motivation
• Transport by ocean currents.
• Adriatic Sea
• Calculation of residence and transit times for the Adriatic surface circulation 

from real data and tracks of numerical particles integrated with a statistical 
Lagrangian model

• Near-surface transport properties (mixing properties) in the Adriatic Sea. 
 Importance of Finite Time/ Size Lyapunov Exponent (FTLE/ FSLE)
• Lagrangian Coherent Structures (ridges of maxima in the FTLE fields).



  Transit and Residence Times in the Surface Adriatic Sea  

• Experimental Data
• In total 358 satellite-tracked drifters were operated in the Adriatic 

basin, between 25 August 1990 and 1 January 2007 during Dolcevita, 
Dart, Med and Egitto projects (Poulain, 2001 and references therein; 
Ursella et al., 2006).

• Two major problems:
• The finite lifetime “mortality”
• Affected directly by the winds and waves.

Schematic diagram of a modified CODE drifter 
(http://nettuno.ogs.trieste.it/doga/sire/dolcevita

/database_dolcevita/html/pictgallery.html)

http://nettuno.ogs.trieste.it/doga/sire/dolcevita/database_dolcevita/html/pictgallery.html
http://nettuno.ogs.trieste.it/doga/sire/dolcevita/database_dolcevita/html/pictgallery.html
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• Methods
• Mean surface flow (averaging all the drifter velocities in circular bins of 

10 km radius )
• Lagrangian statistical model

• Transport of a particle can be separated into two processes
• The advection due to the mean velocity field (U)
• The turbulent transport (u’) that is characterized from the 

diffusivity (K)
• The model is a “random flight model”

•      ,       and         are  velocity variance, the Lagrangian integral time 
scale  and random increment from a normal distribution .

• For t >> TLx, TLx =             .
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Results 
Poulain, P.-M., and Hariri, S., Transit and Residence Times in the Adriatic Sea Surface as Derived from Drifter Data and Lagrangian Numerical 
Simulations, Ocean Sci., 9, 713-720, doi: 10.5194/os-9-713-2013.
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Drifter trajectories in the Adriatic 
Sea for the period August 1990 – 

January 2007.

The mean flow obtained by 
averaging the drifter data in circular 

bins of 10 km radius.



• Results

Transit and Residence Times in the Surface Adriatic Sea

•   Example of transit time 
pdf’s computed from 
numerical and real particles 
starting in the selected areas 
in the northern, central and 
southern Adriatic leaving the 
Adriatic Sea through the 
western Otranto Channel.



• Results

Transit and Residence Times in the Surface Adriatic Sea

•  For the real drifters, T* 
was calculated using only 
the 83 drifters.

•  Saturation occurs after 
150 days and the residence 
time T is about 70 days.

• With numerical particles, 
T* reaches 168 days.

• The percentage of particle 
remaining in the basin, i.e., 
(1000-986) / 1000 = 1.4%.

• The half life of the 
numerical particles in the 
Adriatic basin is about 120 
days

 Residence time T* versus time estimated 
from the real drifters and the numerical 

particles.



• Results
• Sensitivity of the transit and residence time results to Lagrangian 

integral time scale (TLx ) and the velocity variance       .
•   = 106 cm2s-2,        = 70 cm2s-2, TLx = TLy = 1.6 days (Poulain, 2001). 

•   = 77 cm2s-2,           = 51 cm2s-2, TLx = TLy = 1.3 days (Ursella et al., 2006). 
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x

Cases Integration time T* Transit Time 
(Trieste-Otranto)

Transit Time 
(Otranto-
Otranto)

Number of 
particles exiting 

Adriatic

No turbulence 750 days 250 days 100 days 130 days 678

Turbulence 
(Poulain, 2001)

750 days 166 days 250 days 180 days 986

Turbulence 
(Poulain, 2001)

1000 days 168 days 260 days 185 days 998

Turbulence 
(Ursella et al., 

2006)

750days 150 days 216 days 170 days 995

x 2
y

2
x 2

y

Table  : Summary of transit and residence time statistics using numerical particles
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          Transport Barriers and Mixing Structures of Oceanic Flows (the Adriatic Sea)

 Methods and data :
 The OGCM: MITgcm (Massachusetts Institute of Technology General Circulation Model) 

http://mitgcm.org/public/r2_manual/latest/online_documents/manual.pdf
 Atmospherric heat and mass fluxes computed by the MFS.
 High-resolution wind fields provided by the model ALADIN.

 The resolution of the grid spacing in both the zonal and meridional directions was 0.03125°.

 The Lagrangian model:

 

U is average velocity field.     

http://mitgcm.org/public/r2_manual/latest/online_documents/manual.pdf
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Hariri, S., Querin, S., Detecting Transport Barriers and Mixing Structures in the Adriatic Sea Using Finite-Size Lyapunov Exponents, Submitted 
and revised, Journal of Oceanography, Springer, 2018
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• Statistics of transit times along the Italian coastline
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• The Adriatic mean surface circulation

 Transport Barriers and Mixing Structures of Oceanic Flows
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• FTLE fields during the same time period in 2007 and 2008
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Time average of the FSLEs from forward integrations in time during 
A)June 2007 B) September 2008, C) March 2011 (1/day). 

A) B)

C)



                                    

                                                     (a)                                                                                       (b)

  

Figure : Wind speed distribution (m/s)  in the northern Adriatic Sea during 2007 
winter (a) and 2008 winter (b)  (the colors in box show the selected range for the wind 

speed (m/s))
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• Conclusions
• We simulated and studied passive tracer dispersion by statistical properties of the 

currents in the Adriatic Sea.
• Two kinds of mean velocity field were used:

• The mean surface flow in the Adriatic Sea which was computed by averaging all the 
drifter velocities. 

• The mean daily surface velocity field generated by the MITgcm in two contrasting years 
(2007 with mild winter and cold autumn, 2008 with normal winter and hot summer).

● Statistics of transport properties in the Adriatic Sea
● Drifters:

• Drifters in the Adriatic Sea have a typical mean half-life of 35-40 days.
• Transit time pdfs are significantly biased or skewed towards low values.
• Statistical results can also be dependent on the specific deployment locations. 
• Due to the limited operating period of the drifters the results obtained with the real 

drifters are systematically underestimated.
• Numerical Particles:

• By numerical particles we have obtained more accurate and robust results.
• Controlling the deployment array (e.g, uniform throughout the basin), the lifetime (750 

days with no mortality and no stranding), and the number (1000) of particles. 
• The residence time in the Adriatic stays for numerical particles is 150-180 days .
• FTLE/ FSLE are powerful methods to describe the future of flow field. 



• Transit times for numerical particles to go from the tip of Istria to the S3 Section 

(Strait of Otranto)

                             
• The pdf’s of the transit times of numerical particles between areas selected in the 

Adriatic Sea show that the distributions are not Gaussian.
• Synthetic trajectories in 2007 and 2008 confirm most of the results obtained before 

from drifter observations.
• Real drifters move so faster than numerical particles to cross three selected 

sections located along the Italian coast.
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 Solutions to several important problems in the marine environment require the knowledge of connectivity 
of from one site to another through the advection of water parcels.

 The issue of connectivity is better addressed in a Lagrangian framework. 
 The objective of this study is to assess how the connectivity properties of typical oceanic flows are affected 

by the (sub)-mesoscale.
 We compare different estimates of connectivity using submesoscale permitting Eulerian ocean velocities 

of the circulation in subtropical and subpolar oceanic gyres, typical of the North Atlantic and North 
Pacific basins.

 In this work we examine the “Lagrangian Probability Density Function” (Mitarai et al., 2009), the 
“Graph theory” (Rossi et al., 2014), “Betweenness” (Costa et al., 2017) and characteristic time scales 
associated with surface ocean connectivity (Jonsson and Watson, 2016).

 The ocean circulation used in this study was generated with the state-of-the-art ocean general circulation 
model NEMO. The model domain features a rectangle of dimensions 2000*3000 km, of 4 km depth, 
rotated by 45° , with closed boundaries. The model was forced at the surface with prescribed seasonal 
buoyancy fluxes and wind (Lévy et al., 2012a). The model equations were solved on a grid which has a 
resolution of 1/54° on the horizontal.

 Off-line Lagrangian mass-preserving scheme, ARIANE http://stockage.univ-brest.fr/~grima/Ariane/  
(Doos; 1995 and Blanke and Raynaud ;1997)

Connectivity analysis of oceanic flows (North Atlantic)

http://stockage.univ-brest.fr/~grima/Ariane/


Saeed Hariri,, Sabrina Speich , Bruno Blanke, Marina Lévy, Daniele Iudicone , Laurent Bopp
Tara Oceans Project  www.embl.de/tara-oceans/start/index.html
Darwin Project  http://darwinproject.mit.edu

    Connectivity Analysis of Oceanic Flows using 3D Lagrangian Approach

http://www.embl.de/tara-oceans/start/index.html
http://darwinproject.mit.edu/




Connectivity Analysis of Oceanic Flows using 3D Lagrangian Approach

PDF plots: (Left Panel: section 1-16, Right Panel: section 16-1) ; colors: (3D: Black, 2D surface layer: Red, 2D 100 M Depth: Yellow, 3D low resolution: White)

PDF plots: (Left Panel: section 10-2, Right Panel: section 2-10) ; colors: (3D: Black, 2D surface layer: Red, 2D 100 M Depth: Yellow, 3D low resolution: White)



Mean Transit Time
or

Minimum Transit Time
 ???



Betweenness :
Costa et al. (2017) & Dijkstra (1959)

*Here, instead of raw transfer probability matrices (edge weight)      (Dijkstra., 1959),  Costa et al. (2017) 
suggested  implementing 

a ij

d ij=log( 1
aij

)





Conclusions :

 Emphasis has been placed on connectivity analysis of numerical particles deployed between different stations 
in the specified ocean domain using a Lagrangian approach. 16 stations were specified and in each station 
100,000 particles (arbitrarily values) were used for numerical analysis.

 The results indicate that the concentration of numerical particles during the first week of deployment is 
around the starting position, which is logical, but one of the main observations is that regardless of the 
initial deployment position of particles, 3 years after their departure, almost all particles concentrate along 
the two powerful jets.

 we clearly distinguished the relations between Lagrangian transport properties and betweenness as a method 
which has been applied in marine studies to identify portions of sea that reinforce the connectivity of whole 
marine networks (Costa et al., 2017).

 We highlighted that ocean dynamics is turbulent and it is not useful to assess the connectivity properties by 
using climatologies or low resolution velocity fields.

 Our results prove that submesoscale eddies (with a diameter of less than 10–20 km) and mesoscale eddies 
(with larger diameters) can carry water parcels for thousands of kilometers (at both high and low latitudes in 
the middle of the ocean) while they can exist for several years.

 Except the methods we applied for studying the connectivity properties of ocean, the other Lagrangian 
approaches such as FTLE and FSLE also can be used in parallel to (or improve)  the network theory to 
identify the limits of  submesoscale or mesoscale turbulence in a given velocity field.



Final remarks:
We are going to develop explicit hypotheses regarding the role of ocean dynamics and plankton biology and ecology in setting the 
ocean’s biogeography using Lagrangian methods.

we designed the new and modern Lagrangian tools to examine the dispersion properties of numerical pair particles, through the 
calculation of time-averaged finite-size/ time Lyapunov exponents (FSLEs, STLEs), representing a Lagrangian technique for 
detecting hyperbolic Lagrangian coherent structures (LCSs). 

The Lagrangian Approach aims to provide the extensive and comparative analysis of the different movement patterns on some 
real test cases. The obtained results will be as a guide to identify what would be the best numerical method for local applications 
of environmental quality management in the specified basins.

Lagrangian technique helps us for :

Better management of water quality;

Better management of fishing activities;

Emergency response plans for phenomena of discharge of pollutants;

Better tracking of sediments near river or stream mouth, to prevent mouth clogging;

Ability to provide detailed predictions for the evolution of different scenarios of intervention for exceptional phenomena such as 
"oil spilling";

Management and development of fish farms with low environmental impact;

Prevention and mitigation of adverse effects of marine dredging and sediment handling on adjoining meadows;

Better management of water recycling and discharges within ports;

Better management of activities related to the protection of the marine ecosystem;

In simple words, it assists us to find a precise way for the protection of the marine ecosystem and 
Make Our Planet Great Again



 Thanks for your attentions 



 Questions ?
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