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A 3-compartment model of phytoplankton growth dynamics has been coupled with a primitive-equation
circulation model to better understand and quantify physical and biological processes in the Adriatic Sea.
This paper presents the development and application of a data assimilation procedure based on optimal
control theory. The aim of the procedure is to identify a set of model coefficient values that ensures the
best fit between data and model results by minimizing a function that measures model and data
discrepancies. In this sense, twin experiments have been successfully implemented in order to have a
better estimation of biological model parameters and biological initial conditions.

1. Introduction
Our understanding of ocean dynamics and its role in
the global carbon cycle has progressed significantly
during the last decade, using both numerical modeling
and measurements. Numerical models require the
specification of parameters as initial and boundary
conditions, coefficients arising from turbulence or
biological modeling. Since these different parameters
present an important variability, approximate values
are used. One prerequisite is to estimate the model
validity by comparing its solution with available observations on the simulation period. Therefore,
oceanic circulation and biological process studies
should combine observations and numerical modeling,
an approach known as inverse methods (Menke 1984,
Bennett 1992). Since the first work of Sasaki (1958,
1970), systematic data assimilation techniques, based
on mathematical methods of optimal control, have
been developed, particularly in meteorology (Le
Dimet and Talagrand 1986). Recently, variational
methods appeared in physical and biological oceanography (Bennett and McIntosh 1982, Schr
oter 1989,
Devenon 1990, Oschlies and Garçon 1998, Gunson et al
1999), for large-scale and mesoscale as well as for
coastal studies. The data assimilation method by
optimal control consists in minimizing the misfit

between the solution of the numerical model and the
observations by fitting some of the model parameters.
With the CZCS data and the new sea surface colour
datasets issued from sensors as POLDER and
SeaWiFS, the use of data assimilation methods with
coupled physical-biological models becomes an important field in oceanography. Better numerical simulations are possible when real information is taken into
account. In section 1, we describe the physical model
used for this study. It was optimally applied to the
permanent upwelling region on the coasts of Mauritania and for the Atlantic Ocean (Ouberdous et al
1998), assimilating sea surface temperature (SST)
data. The coupled biological model is described in
section 2 with some results of application for the
Adriatic Sea. In section 3, a general description of the
applied variational method is presented. As a preliminary step, before using the currently available satellite color data, twin experiments are performed using
simulated data and the obtained results are discussed.
Conclusions and perspectives end this study.

2. The physical model
The physical oceanographic model is the ISPRAMIX
three-dimensional model developed at the Marine
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Environment Unit of the Space Applications Institute
(Eifler and Schrimpf 1992, Demirov et al 1998a) and
includes the facility of 4D variational data assimilation (Ouberdous et al 1998). It is a free-surface
primitive equation model using the hydrostatic
approximation and the Boussinesq assumption, which
includes a vertical mixing parametrization using a k-l
turbulence model and a specific parametrization of
vertical transport in the model layers adjacent to the
sea surface and the bottom topography. The main
equations of the model are the well known (Bryan
1969) primitive equations of ocean hydrodynamics
and, are written in a spherical coordinates system
with a fixed vertical z-coordinate increasing upward
with zero at the mean ocean surface.
At the bottom and at the lateral boundaries, no-slip
boundary conditions for velocities and no-flux condition for temperature and salinity are prescribed. At
the surface, the model is forced by wind stress and
heat flux deduced from ECMWF analyses. Open
boundary conditions are prescribed depending on the
specific model run.
Turbulent processes in ISPRAMIX are prescribed
in terms of Laplacian mixing. The coefficients of horizontal diffusivity and viscosity are constant in time
and space and their values are defined depending on
the specific run. The coefficients of vertical turbulent
viscosity and diffusivity are parameterized in terms of
a k-l turbulence model. The variability of turbulent
mixing in time and space depends on the buoyancy
and momentum fluxes at both the surface and bottom
interfaces and the vertical stratification. Additionally,
a parameterization of the turbulent exchange near the
surface layers is introduced based on the universal
distributions of temperature and velocity suggested
by Nijsing (1969) and modified by Eifler (1993). This
parametrization is applied in ISPRAMIX for the near
surface and near bottom areas. The effect on the
integral vertical transport in the near interface model
layers is represented by introducing equivalent
viscosities and diffusivities. They are defined as the
vertical turbulent viscosity and diffusivity of an
equivalent constant flux layer with linear profiles of
temperature and velocity components.
The time integration scheme uses the mode-splitting approach with a smaller time step for integrating
the fast barotropic modes than for the integration of
the slow baroclinic ones. In addition, a rotation matrix
connection of the momentum equations is used to
improve the stability with respect to the computation
of the Coriolis term, based on a partial analytical
solution of the momentum equations, using a procedure similar to that applied by Backhaus (1985).
The space discretization uses a finite-volume
approach with a staggered Arakawa C grid and a
depth vertical coordinate. The upper part of the
surface numerical cell coincides with the evolving sea
surface and all the numerical cells of the water column

have a variable thickness determined by the seasurface elevation. The vertical grid layer interfaces
zkþ1=2 are defined as


 0
z
ð1Þ
zkþ1=2 ¼  þ 1 þ
H kþ1=2
where  is the sea-surface elevation, z ¼ ÿH ðx; yÞ is
0
are the positions of
the bottom topography and zkþ1=2
the interfaces corresponding to the mean ocean
surface ( ¼ 0). In addition, to prevent numerical instability associated with the mode-splitting approach
used (Demirov et al 1998b), this ensures that the mass
balance is preserved in the water column (Eifler and
Schrimpf 1992).
The model uses different advection schemes.
Momentum and tracer advective fluxes are computed
in ISPRAMIX by using a second order central
difference scheme. A known feature of this scheme is
that it can produce oscillations in areas of high values
of tracer and velocity gradients. In order to avoid
noise in the solution for frontal areas, as an alternative
the second order Quadratic Upstream Interpolation
for Convective Kinematics (QUICK) (Leonard 1979)
is used for computing advection of temperature and
salinity. This scheme is obtained by a third order
upstream interpolation of the transported quantity at
the position of the numerical cell walls, resulting in a
smoothing out of the high frequency oscillations in the
tracers fields. This is a helpful property for modeling
coastal areas, where often the horizontal scale of some
local features is smaller than the grid resolution.

3. The biological model
The biological model is a simple 3-compartment
model of phytoplankton growth dynamics which is
usually called NPZ model.
3:1 Governing equations
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where
 P, Z and N are respectively the phytoplankton
biomass, the herbivorous zooplankton biomass and
one limiting nutrient.
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 ðu; v; wÞ are the three components of the velocity
vector.
 "h and "v are the horizontal and vertical eddy
diffusivities.
 r is the horizontal gradient operator.
About the interactions terms for phytoplankton,
herbivorous zooplankton and nutrient, we adopt the
formulation of Dippner (1993):
ÿP ¼ RP minðrN ; rL ÞP ÿ RP ½rB þ rP minðrN ; rL ÞP
ÿ RZ Z ÿ mP P ;

ð5Þ

ð6Þ
ÿZ ¼ ð1 ÿ ÞRZ Z ÿ mZ Z;
1
ÿN ¼ RZ Z þ mZ Z þ mP P ÿ fRP minðrN ; rL ÞP
c
ð7Þ
ÿ RP ½rB þ rP minðrN ; rL ÞP g:
The source of phytoplankton growth is primary
production by photosynthesis which depends on light,
nutrient and an optimal photosynthesis rate RP . The
sink terms consider linear mortality mP , grazing by
herbivorous zooplankton and respiration which is split
into dark respiration rB and photo respiration rP . The
source of herbivorous zooplankton growth is the
grazing of phytoplankton and the sink is the mortality
mZ of zooplankton. The coefficient represents the
unassimilated fraction of herbivorous grazing.
For the herbivorous grazing the functional response
of Ivlev (1945) is used with the modification of
Parsons et al (1967):
RZ ¼ rZ ð1 ÿ eÿðP ÿP0 Þ Þ:

the Ivlev constant for herbivorous grazing. The
nutrient sink is the nutrient uptake by the phytoplankton, which is primary production minus respiration. The uptake of nutrient is considered only if the
difference in curly brackets in equation (7) is positive.
The source of nutrient, besides the local sources in the
model, is the regeneration of nutrient which is
proportional to the mortality of phytoplankton and
zooplankton and the unassimilated fraction of herbivorous grazing. The proportionality factor c represents the nutrient: carbon ratio in algae.
The source for phytoplankton growth is the photosynthesis rate which depends upon the water temperature, the limiting factors for light rL and nutrient
rN and a constant optimum photosynthesis rate. For
the optimal photosynthesis rate RP the temperature
dependent approach of Chapelle (1990) is used:
R P ¼ r0 e

T

ð9Þ

where T is the water temperature, an augmentation
rate and r0 the maximum photosynthesis rate.
The nutrient limitation rN is given by the Michaelis
Menten uptake kinetics (Dugdale 1977):
rN ¼

N
ðN þ ks Þ

ð10Þ

where ks is a half saturation constant.
According to Steele (1962) the limitation factor for
the light is:
rL ¼

ð8Þ

P0 is the threshold concentration below which the
grazing behavior of herbivorous zooplankton ceases.
rZ is the maximum herbivorous ingestion rate and 
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I ðzÞ 1ÿIðzÞ
e I0 :
I0

ð11Þ

Here I0 represents the light intensity corresponding to
optimal photosynthesis and
I ðzÞ ¼ IE eÿkz

ð12Þ

Table 1.
Parameter

Symbol

Time step
x-space step
y-space step
Number of x-subdivisions
Number of y-subdivisions
Number of layers

t
x
y
IM
JM
KM

3600 s
0:055 to 0:137
0:0531 to 0:1
83
83
48

Optimum photosynthesis rate constant
Optimum photosynthesis rate constant
Half saturation constant
Optimum light intensity for photosynthesis
Light extinction coefficient
Basis part
Photorespiration part
Maximum herbivore ingestion rate
Ivlev constant for herbivore grazing
Threshold phytoplankton concentration
Mortality rate of phytoplankton
Mortality rate of zooplankton
Unassimilated fraction of herbivore grazing
Phosphate: carbon ratio in algae

r0

5:787  10ÿ6 sÿ1
ÿ1
0:069 ð CÞ
0:06 mmolP:mÿ3
47 W:mÿ2
0:1 mÿ1
0:1
0:05
1:157  10ÿ6 sÿ1
0:1 ðgC:mÿ3 Þÿ1
0:04 gC:mÿ3
5:787  10ÿ7 sÿ1
5:787  10ÿ7 sÿ1
0:3
0:774 mmolPðgCÞÿ1

ks
I0
kðP Þ ¼ k
rB
rP
rZ

P0
mP
mZ
c

Value

494

J M Lellouche et al

where IE is the effective solar radiation for photosynthesis in the blue-green spectrum at the sea surface
and k an extinction coefficient.
3:2 Results obtained on the Adriatic Sea with the
coupled model
Generally, the coupling is carried out in an off-line
mode with subsampling and averaging of the velocity,
temperature and salinity at a given time interval
(Tusseau-Vuillemin et al 1998). We chose to do a
simultaneous integration of the physical and biological models. Although this integration is computationally expensive, it takes the effect of small-scale
motions better into account.
A 1-year simulation on the Adriatic Sea has been
performed with the coupled model described pre-

viously and with the physical and biological parameters fixed in table 1. It has been pointed out that
the limiting nutrient for the Adriatic Sea is phosphate
(Marchetti et al 1988, Zavatarelli et al 1998), which
was chosen as nutrient for the simulation. The
Adriatic Sea model domain extends between latitudes
39:1 N and 45:7 N and between longitudes 12:2 E and
20:1 E. It is covered by a numerical grid with a variable horizontal resolution, which increases northwards
from 0:1 to 0:0531 and westwards from 0:137 to
0:055 (table 1). The horizontal resolution is adapted
to the basin characteristics and allows to take into
account the Po river discharge and the plume in the
northern Adriatic Sea. The vertical resolution is also
variable and increases from the surface (1 meter) to
the bottom (90 meters) with a total depth of 1577
meters divided in 48 layers. The integration of the

Figure 1. Seasonal maps of surface velocity fields (m/s).
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coupled model was initialised by potential temperature and salinity issued from the Mediterranean
Oceanic Data Base (MODB) (Brasseur and Brankart
1995). The physical initial conditions for this simulation are obtained from a preliminary 2-year run and
the biological ones are constant values. These values
are 0:02gC=m3 for the zooplankton, 0:15gC=m3 for the
phytoplankton and 0:15mmolP=m3 for the phosphate.
For the phosphate:carbon ratio in algae a value of
0:774mmolPðgC Þÿ1 is used (Dippner 1993). Only the
discharge of the Po river is taken into account because
this river is the dominant source of nutrient input.
This discharge is divided in four inflows at the points
(12:43 E,44:72 N) , (12:55 E,44:85 N), (12:55 E,
44:92 N), (12:55 E,44:98 N) and over a depth of 10
meters. At the southern open boundary, temperature
and salinity are restored to the MODB and a
radiation condition is used for the velocity (Orlansky
1976, Miller and Thorpe 1981).
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The obtained results are in good agreement with the
Adriatic Sea baroclinic circulation found by Artegiani
et al (1997a, 1997b). We have drawn the seasonal
velocity fields at the surface (figure 1) and at a depth
of 75 meters (figure 2) which corresponds to the
seasonal thermocline. The surface baroclinic circulation is generally cyclonic. We can observe two main
cyclonic gyres in the middle and the southern Adriatic
Sea in all seasons except for winter. In the autumn a
little cyclonic gyre appears in the northern Adriatic.
Figure 1 shows the currents along the western and
eastern coastlines, with a more intense one on the
western side of the Adriatic Sea. At the depth of the
seasonal thermocline (75 meters), we have the presence of two cyclonic gyres, one in the south and the
other less evident in the middle of the basin.
On this hydrodynamic basis, which is in good agreement with the literature, results with the coupled
model are obtained. Phytoplankton abundance is

Figure 2. Seasonal maps of velocity fields (m/s) at the depth of the seasonal thermocline (75m).
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Figure 3. Seasonal maps of surface chlorophyll-a concentration.

usually expressed in chlorophyll-a concentration. To
compare our model results with data or previous
studies, w e use the following conversion:
1g carbon  mm 20mg chlorophyll (Tusseau-Vuillemin et al 1998). Figure 3 shows the results of the
simulation of the surface chlorophyll-a concentrations
averaged over every season. The model results agree,
at least qualitatively, with the satellite observations of
spring blooming (figure 4) and autumn eutrophication
(figure 5) occurring more particularly in the northern
Adriatic Sea. The model chlorophyll-a concentrations
compared to satellite data show similar spatial and
temporal distribution. Differences between simulated
concentrations and observations are related to the
combination of relative observations errors and model
set up conditions (initialization of the biological fields,
parametrization of the biological interactions, etc).
Optimal simulation can be made using observations to
improve parameters and initial conditions values. It is

the aim of variational data assimilation method
presented in the next section.

4. 4D-Var data assimilation application
4:1 General description of the method
The four-dimensional variational (4D-Var) data
assimilation, that is, a fully 3D-space varying and
1D-time-evolving dataset, consists of determining a
model trajectory that best fits the observations and
takes into account some additional a priori information over a given period of time. This can be done by
minimizing a function of the model parameters, that is
the sum of the distance to the observations along the
time assimilation period and of the distance to a
‘‘background’’ field at the beginning of the assimilation period (Courtier 1997). This background field can

Data assimilation in a bio-physical model
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Figure 4. Averaged spring surface chlorophyll-a concentration from CZCS between the years 1979 and 1985.

be a climatological field, a first guess of the initial
parameters and/or an a priori knowledge of the
parameters properties. This function is called a ‘‘cost
function’’ (Le Dimet and Talagrand 1986, Ide et al
1997) and expressed by:
JðXÞ ¼ Jo ðXÞ þ Jb ðXÞ

ð13Þ

or more precisely by:
Jo ðXÞ ¼

K
1X
ðHi ðMi ðXÞÞ ÿ Yio ÞT Ri ÿ1
2 i¼1

 ðHi ðMi ðXÞÞ ÿ Yio Þ

ð14Þ

and
1
Jb ðXÞ ¼ ðfðXÞ ÿ Xb ÞT Bÿ1 ðfðXÞ ÿ Xb Þ
2
where

ð15Þ

 Jo and Jb are the observation and background cost
functions respectively.
 X is the control parameter (the model variable to be
adjusted through the minimization procedure).
 X b is the background field.
 B is the background error covariance matrix.
 Mi ðXÞ is the model state at time ti predicted using
X as control parameter.
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 Hi ðMi ðXÞÞ is the model equivalent-observation
vector at time ti (Hi is the so-called ‘‘model
counterpart to observations’’ at time ti ).
 Yio is the observation vector at time ti .
 Ri is the observation error covariance matrix at
time ti , which accounts for instrumental and
representativeness error (see e.g. Lorenc 1986).
 f is a transform operator from variable model space
to background variable space.
 K is the observation time number.
 T and ÿ1 denote the transposition and the inversion
respectively.

each iteration step, an improved vector of control
variables is determined through a minimization search
procedure. The search direction is computed from the
gradient rX J of the cost function with respect to the
control variables. The adjoint model based on the
adjoint operators forming the physical model, computes this gradient vector. The minimization of the
cost function becomes then possible using descent
minimization algorithms such as a conjugate gradient,
Newton or BFGS method (Liu and Nocedal 1989).

The cost function is minimized by the use of an
iterative algorithm. Starting with an initial control, in

The applied data assimilation technique uses the
coupled model described in sections 1 and 2, the

4:2 Twin experiments

Figure 5. Averaged autumn surface chlorophyll-a concentration from CZCS between the years 1979 and 1985.

Data assimilation in a bio-physical model

499

Table 2.
Before assimilation
J
krX Jk

After assimilation

ÿ2

6:81  10ÿ8
2:03  10ÿ5

5:49  10
5:14  104

twin experiments was made for a 24 hours time
period, corresponding to the satellite observations
(SeaWiFS) availability on the considered region. This
short time period allows the assessment of the method
results and an acceptable computation cost. The set of
observations is issued from a simulation of the coupled
model and the area covered by these observations is
the surface layer of the Adriatic Sea. The physical and
biological initial conditions for this simulation are the
final results obtained for the previous 1-year run.
Figure 6. Gradient validation.

adjoint of the biological model and a minimization
procedure. The adjoint code of the biological model
has been developed on the same scheme as the physical one, which was already programmed and validated
(Ouberdous et al 1998). To validate this data
assimilation system, twin experiments are performed.
4:2a Description of the numerical twin experiments
The aim is to check the assimilation procedure ability,
on the one hand to estimate some biological parameters, and on the other hand to identify biological
initial conditions for the time assimilation period.
Usually, 4D-Var data assimilation is performed on a
successive short time periods. A scenario for these

Experiment 1: For the first twin experiment, the cost
function considered is reduced to the term Jo of
section 3.1 with K ¼ 1 (only a final observation) and
without background term. Furthermore, the matrices
Hi and Ri are taken to be the identity matrix. The
cost function can then be expressed by:
1
ð16Þ
JðXÞ ¼ ðMf ðXÞ ÿ Pfo ÞT ðMf ðXÞ ÿ Pfo Þ
2
where index f indicates the final state of the
simulation.
The chosen control vector X is composed of three
scalar coefficients that are the maximum ingestion
rate for herbivorous grazing rZ , the mortality rate of
phytoplankton mP and the mortality rate of zooplankton mZ . This choice was made on the basis of a
sensitivity analysis study done on the biological model
(see Dippner 1991). These three coefficients have an
important effect on the phytoplankton growth and
correspond to poorly known biological model parameters. Several other parameters in table 1 are also
poorly known in reality, but we want to verify here, if
the control of the three chosen coefficients is
sufficient to force the model to get closer to a surface
chlorophyll observation.
Experiment 2: For the second twin experiment, the
considered cost function is expressed by:
1
JðXÞ ¼ ðMf ðXÞ ÿ Pfo ÞT ðMf ðXÞ ÿ Pfo Þ
2
1
ð17Þ
þ ðX ÿ X b ÞT ðX ÿ X b Þ
2
where X is the biological initial condition and X b the
first guess.
Table 3.
Reference values

Figure 7. Variations of the scaled cost function J (decimal
logarithmic scale) and of the norm of its gradient krX J k
(decimal logarithmic scale) with the iterations number of the
minimization algorithm, in the case of experiment mn  1:

rZ
mP
mZ

ÿ6

1:157  10
5:787  10ÿ7
5:787  10ÿ7

Initial values
ÿ6

5:785  10
6:944  10ÿ7
6:944  10ÿ7

Optimal values
1:143  10ÿ6
5:703  10ÿ7
5:659  10ÿ7
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4:2c Results
In this study, we used the optimizer fortran programme N1QN3 which is based on a variable storage
quasi-Newton method (Gilbert and Lemarechal 1989)
and the BFGS formula (Fletcher and Powell 1963).
The stopping criterion for convergence is based on the
norm of the gradient.

Figure 8. Variations of the scaled cost functions J; Jo (decimal
logarithmic scale) and Jb with the iterations number of the
minimization algorithm, in the case of experiment n  2.

4:2b The gradient test
To assert the validity of the method, the accuracy of
the obtained gradient must be verified. A test that is
often recommended by several authors (e.g. Courtier
and Talagrand 1990) consists of checking the Taylor
formula in the direction computed by the adjoint
model. More precisely, it consists in a verification of
the equality
lim!0 RðÞ ¼ 1

ð18Þ

where
RðÞ ¼

JðX þ rX JðXÞÞ ÿ JðXÞ
hrX JðXÞ; rX JðXÞi

ð19Þ

and h; i is the chosen inner product.
Although this gradient test has been conducted for
the two twin experiments, it is presented here only for
the case of the first one. The variations of the ratio
RðÞ have been plotted against the decimal logarithm
of  in figure 6. The quantity defined by equation (19)
tends actually toward 1, except for   10ÿ12 . The
ratio then becomes more and more meaningless as the
rounding errors increase. For   10ÿ3 the ratio is
another time less close to 1 because  is not in a
neighbourhood enough of zero. For safety, we have
also checked that the quantity 1 ÿ lim!0 RðÞ exhibits a convergence to zero in a linear manner, at least
according to the computer accuracy.

Experiment 1: The starting point of the minimizing
procedure is obtained by a perturbation of the
biological model parameters that have been used to
generate the field serving as observations. An optimal
control set has been found after 3 iterations of the
quasi-Newton algorithm. The cost function and its
gradient are reduced respectively by a factor of almost
106 and 109 (see figure 7 and table 2). The results
shown in table 3 underline the high efficiency of the
method to recover the biological coefficients and, as
expected, the solution of the direct model corresponding to the starting control set of the minimization
algorithm has been improved so as to retrieve the
observed phytoplankton field to a high degree of
precision.
Experiment 2: The starting point of the minimizing
procedure is obtained by a perturbation of 10% of the
biological initial conditions that have been used to
generate the field serving as observation. An optimal
control set has been found after 52 iterations. The cost
function and its gradient are reduced respectively by a
factor of almost 104 and 103 (see figure 8 and table 4).
The increase of Jb (background part of the cost
function J ) and the decrease of Jo (observational part
of J ) show the adjustment of the model simulation to
the considered observations through a better initial
condition retrieval.
The previous experiments deal with the same
minimization approach. The differences remain in
the size of the control parameter. For the first
experiment, the limited number of biological parameters to be estimated allows a fast and accurate
convergence of the method, where initial conditions
are supposed to be free from errors. For the second
experiment the large size of the problem leads to an
extended number of iterations. However the significant decrease of the cost function occurs in the first
iterations. A reliable state is retrieved in the beginning
of the minimization procedure, allowing to consider a
limited number of iterations. For both experiments,
an encouraging result is the ability to recover
biological parameter values and initial conditions
when observations are available only at the surface.

Table 4.

J
krX Jk

Before assimilation

After assimilation

1:04
2:09

5:62  10ÿ4
3:05  10ÿ3

5. Conclusion
In this article we have used a coupled physicalbiological model to give some results on the Adriatic
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Sea. Contrary to the physical model based on
elaborated concepts, the biological one is a very
simple NPZ model. There may be a case for more
elaborated models, once one has demonstrated that
this simplest one was inadequate for some purpose.
Even then, a simple model is an important tool for
exploring elaborations of biological structures (Evans
and Garçon 1997).
Using this simple NPZ model we have studied the
control by biological parameters and initial conditions. To do so, preliminary simulation of physical and
biological processes were performed to provide
balanced fields and realistic frame. Variational data
assimilation method was applied through twin experiments, using simulated observations. Knowledge of
the biological interactions parameter values is usually
based on laboratory and some validation experiments
including uncertainties. The same uncertainty problem occurs with initial conditions for state variables
when applying the model. For both cases, the twin
experiments performed show the ability of the assimilation method to better estimate poorly known
biological model parameters, like the zooplankton
grazing rate or the mortality rates of phytoplankton
and zooplankton, and to retrieve an initial biological
state. This efficiency is shown by the strong decrease
of the cost function over the minimization iterations.
This performence has a limitation and relies on a good
first guess of the parameters to be adjusted. This work
is a preliminary and necessary step of assimilation
experiments before using real satellite ocean color
data. But the success of this one allows to be optimistic to future real case studies.
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