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  POM   hydrodynamic model
        Princeton Ocean Model 
                               Blumberg & Mellor, 1987

      LAMP3D  dispersion model 
          Lagrangian Assessment for Marine Pollution  
          3D model
                                    Doglioli, 2000

           FOAM  degradation module
                     Finite Organic Accumulation Module 
                                          De Gaetano et al., 2008
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LAMP3D
Single particle lagrangian model:

Imaginary 
particles with
 pollutant 
concentration 
and settling 
velocity

Particle
position

from ocean
model

Random
jump

time step

Input:
  depthaveraged velocity

Output:
3D velocity
3D concentration  
  in water column

Princeton Ocean Model
http://www.aos.princeton.edu/WWW
PUBLIC/
htdocs.pom/index.html
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  Index of impact
   (Findlay and Watling, 1997)

FOAM

Bottom 
velocity

Carbon Flux
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Lagrangian Assessment for Marine 

Pollution 3D model
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FOAM

 Output:   Organic Carbon concentration at 
the bottom

Rate of mineralization
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De Gaetano et al.  (2008)  Aquac. Res., 39:1229-1242 
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FOAM
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Measures of  O2 consumption and C flux toward the sediment

Two sampling campaign, July and October 2006, in 
a typical Mediterranean fish farm
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Depend on season

Benthic metabolism

C = 1.1   FW97

C = 1.4   Warm 
season

C = 0.4   Cold 
season
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Benthic State

Measures of rate of CO2 production and O2 
consumption 

Warm season Cold season

Application 

Conclusion

Model Setup

Results

 Introduction

Patrizia De GaetanoPatrizia De Gaetano  EGU 2009



12

Benthic State
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AQUA fish farm 

Conclusion

Model Setup

Results

 Introduction

Application 

Patrizia De GaetanoPatrizia De Gaetano  EGU 2009



14

AQUA fish farm 

 Productive target: 
200 ton year -1

 Reared species: 
 Sparus aurata and 
Dicentrarchus labrax

LavagnaLavagna
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Settling velocity 

Values measured in Mediterranean 
conditions

Vassallo et al.  (2006) 
 Aquac. Res., 37(2):119-126 

Magill et al.  (2006) 
Aquaculture 251(2-4):295-305
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  waste typology

Different scenarios

  settling velocity

  release conditions

 Indicators

  Impacted area extension

  Organic Carbon concentration

  I parameter

feed 
faeces

slowly 
quickly

continuous
periodical
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Impacted Area 

Feed in continuous release

Feed in periodical release

Faeces
slowly slowly 
quicklyquickly
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Impacted Area 

Feed in continuous release

Feed in periodical release
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Impacted Area 
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Impacted Area 

In De Gaetano et al. setup the impacted area was 
overestimated in all simulated scenarios

 Warm 
season

Cold 
season

always 
greatest area
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Carbon concentration 

Slow feed periodical

Quick feed 
continuous

Slow feed continuous

Quick faeces

Slow faeces

Quick feed 
periodical

<1

< 1

1590 ± 387

895 ±380

1490 ± 453

1450 ± 404

mean ± std  (gC m-2)

Time series

Time average
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Carbon concentration 
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Carbon concentration 

Cold season forms highest concentration, warm season lowest

Warm 
season

Cold 
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always 
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Index of impact 

current intensification  
 ⇔ 

low stress condition
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Index of impact 

No stress
High stress

Feed in continuous release

Feed in periodical release
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Index of impact 

No stress
High stress

Feed in continuous release

Feed in periodical release
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Current velocity
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Index of impact 

1slow feed continuous        2quick feed continuous        3slow feed periodical
4quick feed periodical        5slow faeces                         6quick faeces

Warm season: maximum occurrence of moderate and 
high stress conditions 

Warm season Cold season

High High High
Mod Mod Mod

No No No

De Gaetano et al. 2008
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Model Validation 

Cages

Chiavari

Lavagna

Portofino

x

Water and sediment sampling
4 stations

5 campaigns 2000 – 2005
(VIA Regione Liguria)
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Model Validation 

Warm setup

Cold setup

De Gaetano et al., 
setup

Measured data

Particulate matter flux toward the bottom
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ConclusionsConclusions

Max C concentration and high stress condition due to 
feed released in periodical mode

 Sampling campaign for benthic metabolism 
dependence on water temperature

       Improve reliability of hydrodynamic model

    Benthic metabolism  depends on season 

    Better prediction capability 

    Warm season:      maximum impact while minimum 
area and concentration 
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Fish farm
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May 2006 presurvey activity:  6 sampling stations

July and October 2006 
 measurements of:

• C flux toward the 
sediment

• O2 flux 

• total inorganic  C flux
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Ocean circulation model solves the hydrostatic primitive equations 

Vertical sigmacoordinate 

Curvilinear horizontal coordinates 

Timesplit scheme: 
 barotropic circulation 
   (external mode) slower time step

 baroclinic component 
      (internal mode) faster time step
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Start

End

Initial conditions

n, <U>, <V>
Internal

cycle

external 
cycle

U,V

Barocline pressure 
gradient, 

bottom friction, 
boundary conditions

Batimetry, initial surface 
elevation, 

current and wind
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Three level of organic enrichment based on 

RQ < 0.8

0.8 < RQ < 1.2

RQ > 1.2

limited organic load

moderate organic load

elevate organic load

Dilly,  2003
Hargrave, 2008

Respirator
y Quotient RQ =

| CO2 produced |

| O2 produced |
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X

20/03/’79

Currentmeter position

Circulation model - validation
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Circulation model - validation
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Current measurements Model output

5 linked simulation for simulate a longer period

neglect the first 2 cycles to reduce the sensitivity to initial conditions
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