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performance of the ecological library AED2 in a
natural ecosystem
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Champs-sur-Marne, France
francesco.piccioni@enpc.fr

Abstract—This work aims to test the performance of the coupled
models TELEMAC-3D / AED2 for reproducing over a seasonal
time-horizon the complete phytoplankton growth-cycle. The
study site is a small and shallow urban lake that suffers from
repeated and severe harmful algal blooms, located in the east of
the Great Paris metropolitan area. The lake is equipped with
sensors recording data at high-frequency (every 10 minutes) of
water temperature, pH, as well as concentrations of dissolved
oxygen, nitrate total chlorophyll and phycocyanin. Such an
extensive data set allows to test the model thoroughly against
multiple variables and at different time scales. In particular,
simulation results were evaluated in terms water temperature at
different depths to test the ability of the coupled models to
simulate thermal stratification in a shallow water body. High-
frequency observations of total chlorophyll, phycocyanin,
nitrate, dissolved oxygen concentrations, were used to calibrate
the biogeochemical model and evaluate its performance. The
analysis of model results highlights a feedback between the
coupled models, that can be linked to the dynamic calculation of
the light extinction coefficient done in the biogeochemical model.
The coupled models AED2 and TELEMAC-3D allow to
correctly reproduce the overall seasonal phytoplankton growth
in a water body, correctly dispatching biomass among the
different phytoplankton groups in particular during summer.
Furthermore, the model reproduces correctly the overall
dynamics recorded in the study site in terms of dissolved oxygen
and nitrate. This corroborates the robustness of the coupled
models and of the configuration set up for this study.

L INTRODUCTION

Water resources are highly impacted by anthropogenic
stressors. Urbanization can lead to an increase of pollutant
and nutrient input to aquatic ecosystems, enhancing
eutrophication [1]. Furthermore, their thermal dynamics are
also affected by climate change. Warmer water temperatures
and accelerated eutrophication are thought to be the main
causes of the expansion of harmful algal blooms observed
worldwide during the last decades [2]-[4]. In particular,
because of their potential toxicity, cyanobacteria blooms are
an ever increasing concern in the management of water
resources and represent a serious threat for the balance of
aquatic ecosystems [3], [5]. For these reasons, an ever-
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increasing interest grows around modelling tools capable of
simulating the ecological evolution of aquatic ecosystems
under different meteorological or eutrophication scenarios, in
order to provide stakeholders with reliable projections for
decision making [6]. In this context, TELEMAC-3D has
recently been coupled by EDF R&D with the well-known
ecological library Aquatic EcoDynamics (AED2). Aquatic
ecological models often have a complex structure with a high
number of parameters to be defined and their calibration is
challenging: data deriving from traditional periodic field
surveys are sparse in space and time and do not allow for a
thorough validation of processes occurring at a time-scale
lower than the monitoring frequency.

The aim of our work is to test the performance of the coupled
model TELEMAC-3D / AED2 on a full scale experimental
site over a seasonal time-horizon with the objective of
reproducing the phytoplankton succession. The study site is a
small and shallow urban lake located in the east of Great Paris
metropolitan area, which suffers from repeated and severe
harmful algal blooms during spring, summer and autumn.
Aside from the traditional monitoring via field campaigns and
water sampling, the study site is equipped with specific
sensors recording data at high-frequency (every 10 minutes)
of water temperature as well as concentrations of dissolved
oxygen, nitrate, total chlorophyll and phycocyanin, which is
considered a proxy for cyanobacteria biomass. Such an
extensive data set allows to test the model thoroughly against
multiple variables and at different time scales.

II.  MATERIALS AND METHODS

A.  Study site and measuring instrumentation

The study site is Lake Champs-sur-Marne. It is a sand-pit
lake located in the East of Paris (latitude: 48°51'50" N,
longitude: 2°35'52" E), next to the Marne River. It is a small
and shallow water body with a surface of 0.12 km?, mean
depth of 2.5 m and maximum depth of around 3.5 m. As shown
in Fig. 1, the lake is deeper in the southern part, while depth
decreases to under 2 m in the northern part of the lake. The
lake is fed primarily by groundwater, and has no inflows nor
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Figure 1: Satellite picture of Lake Champs-sur-Marne and computational
domain used for the present study. The colour chart shows the elevation of
each point of the grid in meters above sea level and the white dot indicates
the measuring site.

outflows. Its water level is influenced by the Marne River that
flows from east to west right north of the lake. The lake level
varies weakly during the year, with monthly oscillations lower
than 0.2 m on average.

Given its shallowness, Lake Champs-sur-Marne is
polymyctic and its thermal behaviour is strongly influenced by
the meteorological conditions. Between Spring and Autumn,
periods of stable thermal stratification that can last up to two
or three continuous weeks alternate with complete mixing and
overturn of the water column. The lake suffers from strong
eutrophic conditions and experiences severe harmful algal
blooms, especially between early spring and autumn. These
blooms are often dominated by potentially toxic species of
cyanobacteria.

For these reasons, the lake is monitored through periodical
field surveys during which water samples, profiles and Secchi
depth measurements are collected, as well as continuous in
situ measurements that record data at high-frequency (every
10 min) of relevant physical, biological and chemical
variables. In particular, measuring site B (see figure 1) is
equipped with two SP2T10 (nke INSTRUMENT®) water
temperature sensors at the surface (0.5 m depth) and bottom
(2.5 m depth) layers, while at the middle of the water column
(1.5 m depth), the MPx multi-parameter sensor (nke
INSTRUMENT®) records data in terms of water temperature
and total chlorophyll, dissolved oxygen and phycocyanin
concentrations. A detailed description of the automated
measuring system can be found in [7]. Eventually, high-
frequency observations of nitrate concentration are also
recorded at 1.5 m depth at site B, through the OPUS UV
spectral sensor (OPUS instrumentation). Such data are used
in this work to calibrate the model parameters and evaluate
the its performance.

B. Model configuration

TELEMAC3D (release 8.1.2) coupled with the ecological
library Aquatic EcoDynamics is used to run 3D simulations of
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the thermal dynamics and of the biogeochemical cycle in Lake
Champs-sur-Marne. The simulated period covers the season of
phytoplankton growth observed on the study site during the
year 2019 and goes from the month of February to the end of
October.

In the coupled model, TELEMAC3D handles the
hydrodynamics, while AED2, through a set of partial
differential equations, simulates the biogeochemical cycle [8].
Namely, the AED?2 library is called at each time step in order
to update the concentration of the variables simulated in the
biogeochemical cycle, which are then treated as active tracers
by TELEMAC3D. When TELEMAC3D is coupled with
AED2, the light extinction coefficient is dynamically
calculated at each iteration by AED2 as a function of tracers
concentrations and the corresponding specific light extinction
coefficients that can be set by the user [8]. This way, AED2
can have a feedback on the TELAMACS3D results in particular
in terms of vertical distribution of water temperature and
thermal stratification.

The computational domain used to run the coupled models
is shown in Fig. 1. It was built with the open-source software
BlueKenue™ [9]. It consists of a triangular grid with an
average distance between the nodes of 20 m, and a refined
zone around the narrower portion of the water body.
Bathymetric data were obtained via an echo-sounder. The
mesh is composed of 404 nodes (661 elements), with 10 o-
layers for the discretization on the vertical axis and a uniform
water level set at an elevation of 40 m a.s.1..

Hydrodynamic model

The Nezu and Nakagawa's formulation of the mixing
length model with Viollet's damping function was
implemented for vertical turbulence closure. The molecular
diffusivity of water is used on the vertical as a background
value and was set to 10® m?s”!, while horizontal diffusivity
was set to 0.01 m?s™! after similar applications ([10], [11]) and
according to the grid size [12]. The model is forced with six
meteorological variables: relative humidity [-], air
temperature [°C], cloud cover [-], net solar radiation [J s"'m"
2], wind speed [m s!] and direction [°N]. Their values were
downloaded from the closest Meteo France meteorological
station, located at the Orly airport roughly 40 km south-west
of the study site. In the heat budget, the contribution of
precipitation was neglected both in terms of energy and mass,
while for evaporation only the mass flux was neglected.
Finally, the model was run with a 60 s time step, and its
outputs were saved with a four-hours time step.

Biogeochemical model

Aquatic EcoDynamics (AED2) was recently coupled with
the TELEMAC system. AED2 is a modular biogeochemical
library, that potentially allows the user to simulate all the
processes playing a role in the biogeochemical cycle in
aquatic ecosystems, from benthic fluxes and microbial
decomposition to primary production, grazing, and
macrophytes growth [8]. The model configuration can be
customized by the wuser through the activation and
deactivation of its modules. For the present work, focused on
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phytoplankton growth, five modules were activated, which
are listed in Table 1 together with the relative variables
simulated by AED2 and their initial conditions. In the table,
particulate (dissolved) fractions of organic carbon, nitrogen
and phosphorus are respectively indicated as POC, PON and
POP (DOC, DON and DOP). Four phytoplankton groups
typically observed on the study site are activated in this
configuration: cyanobacteria, green algae, flagellates and
diatoms.

TABLE 1: MODULES AND VARIABLES ACTIVATED IN AED2, ALONG WITH
THEIR INITIAL CONDITIONS.

Module Simulated variables Initial value
Oxygen Dissolved oxygen 180 mmol O m*
Phosphorus Ortho-phosphate 2.6 mmol P m™
Nitrogen Ammonium 40 mmol N m?
Nitrate 45 mmol N m*
Organic matter POC 310 mmol C m?
PON 37 mmol N m*
POP 1.5 mmol P m™
DOC 600 mmol C m?
DON 37 mmol N m™
DOP 1.5 mmol P m?
Phytoplankton Cyanobacteria 1 mmol C m*
Green algae 1 mmol C m*
Flagellates 1 mmol C m*
Diatoms 6 mmol C m™

C. Initialization and calibration of the model

Data measured at site B were used to initialize the model,
uniformly over the study site. High frequency observations
allowed to directly set the initial conditions in terms of water
temperature, total phytoplankton concentration, dissolved
oxygen concentration and nitrate concentration. Water
samples collected during two field campaigns carried out in
January and February of 2019 granted data to initialize the
remaining variables listed in Table 1. Eventually, no data were
available to set the initial velocity field, and the model was
therefore initialized with water at rest.

The coupled models were calibrated against high-
frequency observations recorded at site B in terms of water
temperature (at three different layers) and total chlorophyll,
cyanobacteria and dissolved oxygen concentration at the
middle layer. The calibration of the coupled models was done
by trial and error and involved three parameters from the
TELEMAC3D hydrodynamic model, deputed to tune the heat-
transfer model at the air-water interface, and around 40
parameters proper of the AED?2 library. Such parameters were
selected as the most sensitive from previous sensitivity
analysis. The AED2 parameters were initially set and
calibrated based on values found in similar applications in
scientific literature (e.g. [8], [13], [14]). The main parameters
included in the calibration of the coupled TELEMAC3D and
AED2 models are listed in table 2.
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In this study, the coupled models were calibrated focusing
on the months from February to July of 2019, while they were
run for validation until the end of October. In order to evaluate
the model performances, the root mean square error (RMSE)
between model results and observations was calculated. High-
frequency observations were therefore averaged in order to
match the model output time step.

TABLE 2: CALIBRATED VALUES OF THE MOST RELEVANT PARAMETERS
INCLUDED IN THE PRESENT TELEMAC3D / AED2 CONFIGURATION.

Model | Parameter Value Unit
T3D Coeff. for 0.89 )
atm. rad.
Coeft. for
surf. Water 0.93 -
rad.
Coeff. for
atm.-wat. 0.0017 -
heat exc.
AED Light ext. m’
coeff. 0.002 mmol
(DOC) C!
Light ext. m?
coeff. 0.002 mmol
(POC) c!
Phytoplankton
Green | Cyano. | Falg. | Diat. | Unit
Growth rate 1
(20°C) 14 1.2 1.6 3.7 d
Temp.
coeff. for 1.08 1.08 1.08 1.05 -
growth
Std. wat. 20 20 18 4 °C
temp.
Opt. wat. 25 28 23 9 °C
temp.
Max. wat. 35 36 30 18 °C
temp.
. m?
Lightext- 16005 | 0005 | 0.01 | 0.005 | mmol
coeff. !
Half sat. Em
const. for 28 25 28 10 “2 &
light
III. RESULTS

Model results at site B in terms of water temperature and
concentration of total chlorophyll, cyanobacteria, dissolved
oxygen and nitrate are gathered in figures 2 and 3, together
with the corresponding observations from high-frequency
measurements. The performance of the coupled models is
here analysed over the whole simulation period in two
separate sections: one concerning the thermal and
stratification dynamics, and the second one dealing with the
biogeochemical cycle.
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Figure 2: Model results for the seasonal simulation in 2019 in terms of
water temperature and Secchi depth. Panels a, b and c: parity diagrams for
water temperature at the surface, middle and bottom layers respectively.
Panel d: observations and simulation results in terms of water temperature
for the middle layer. Panel e: observed and simulated water temperature
difference between the surface and bottom layers. Eventually, panel f
shows the simulated and observed values for Secchi depth, and panel g
shows the comparison between observed and simulated bottom water
temperature and the air temperature series used to force the model. All
figures are referred to measuring site B.

D. Thermal dynamics

Model results in terms of water temperature are compared
with high-frequency observations at site B in figure 2. The
parity diagrams in panels a, b and ¢ show a very good
agreement between simulated and observed water temperature
for all the three layers, with only a small overestimation by the
model of the highest temperatures recorded on the study site
(in particular for the surface layer) and a slight
underestimation of lower water temperatures. Figure 2d
shows, as an example for the middle layer, that the evolution
of water temperature over the simulation period is correctly
reproduced by the coupled models. This is confirmed by the
low RMSE values between simulated and observed water
temperature at all three layers: respectively of 1.09°C, 1.16°C
and 1.20°C for the surface, middle and bottom layers relatively
to the whole simulation period.

Figure 2d shows particularly good model performances in
terms of water temperature until the end of the month of
September. Afterwards, however, a deterioration of the model
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performance is detectable with an underestimation of water
temperature by the model. Similar results were obtained for
the surface and bottom layers. Such behaviour was further
analysed by comparing the simulated water temperature at site
B with the air temperature values used to force the model.
Such comparison (Figure 2g) showed how, between the
months of October and November, simulated water
temperature follows closely the data of air temperature used to
force the model. This might be linked with some of the
processes neglected in the present configuration, such as water
level variations or interactions with groundwater, that might
influence the real system.

Between spring and autumn, numerous thermal
stratification events are observed on the study site. Such
stratification events can last up to two or three consecutive
weeks and might reach water temperature differences between
the surface and bottom layers around 6°C [11], as shown by
panel e of Figure 2. The analyses of the differences between
surface and bottom water temperature showed that the model
correctly reproduced the stratification events observed on the
study site, in particular during the spring season. However,
during the months of June and July, when the highest water
temperatures are reached, the simulated bottom water
temperature is slightly overestimated by the model, causing
simulated stratification to be somewhat weaker than the
observed one. This could be caused by an underestimation of
the light extinction dynamically computed by AED2. To test
this hypothesis, the simulated light extinction coefficient (Kq)
was calculated over the whole simulation period following
equation [8]:

NpHy

Ks =Ky, + K. pocDOC + K, pocPOC + z K. ;PHY( ;
i

where K, is the base light extinction coefficient associated
with water, and K¢ poc, Kepoc and K. ; represent respectively
the specific light extinction coefficient for dissolved organic
carbon, particulate organic carbon and for the phytoplankton
group i, whose values were known parameters of the model.
The concentration of POC, DOC and phytoplankton (PHY ¢i)
were known as output of the model simulation. Eventually, the
light extinction coefficient could be converted into its
corresponding simulated Secchi depth S through the Poole and
Atkins equation (S=1.7/Kg, [15]).

The simulated and measured Secchi depth at site B are
shown in figure 2f. The simulated values match closely with
the observations, with only four main exceptions (namely in
the months of April, June and October). Ultimately, therefore,
the slight underestimation of summer thermal stratification
found in model results could be partly linked with some
simplifications made in the model configuration, such as the
constant water level or the absence of exchanges with
groundwater. Furthermore, an excess of numerical diffusion
might also be introduced by the computational schemes of the
hydrodynamic model and could have an impact on model
results in terms of thermal stratification, especially on such a
shallow water body.
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E. Biogeochemical model

The calibration of the model was done by trial and error,
comparing its results with high-frequency observations of total
chlorophyll, cyanobacteria, dissolved oxygen and nitrate
concentration. The analysis of such observations data set,
represented through the dotted grey lines in figure 3, shows the
presence of a first strong peak of phytoplankton biomass
around the beginning of March that surpasses 100 pg I of
total chlorophyll concentration. It constitutes the strongest
bloom of the simulated period and completely consumes the
stock of nitrate present in the water column, influencing the
subsequent availability of nutrients (and nitrate in particular)
to sustain phytoplankton growth during the remaining
growing season.

Model results are also shown in figure 3 (coloured solid
lines), in terms of total chlorophyll (panel a), cyanobacteria
(panel b), dissolved oxygen (panel c¢) and nitrate concentration
(panel d). In terms of total chlorophyll (Fig. 2a), the model
reproduces correctly the overall behaviour recorded by the
high-frequency sensor. The first algal bloom is correctly
simulated, both in terms of timing and intensity. Following,
the model correctly reproduces the decrease of phytoplankton
biomass, as well as the span and overall concentration
magnitude of the phytoplankton during the summer months.
Eventually, the end of the growing season is also well captured
by the model around the end of October.

The year 2019 was not characterized by particularly strong
cyanobacterial blooms. As shown by Fig. 3b, their maximal
concentration reaches roughly 40 ug Chl I'! in four separate
occasions: once during the late winter bloom, and the
remaining times during sudden growth peaks between the end
of August and the beginning of October. However, in the
present configuration, the group representing cyanobacteria is
adapted to warm water temperatures (i.e. optimum
temperature of 28°C), and is therefore not capable to
reproduce their winter growth. In this configuration in fact,
winter growth completely deputed to the diatoms group, which
are here parameterized with the lowest optimum temperature
(i.e. 9°C). Similarly to what was discussed for total
chlorophyll, during Summer the model manages to correctly
simulate the span of the growing season for the group of
cyanobacteria, as well as their overall concentration
magnitude. However, the model fails to reproduce the
succession of short term peaks detected by the high-frequency
observations.

The dynamics of dissolved oxygen simulated by the model
fits very closely that recorded by the high-frequency
measurements. Figure 3¢ shows that the model overestimates
slightly the concentration of dissolved oxygen, in particular
during the colder months of the simulation: during the strong
late winter phytoplankton bloom, as well as during the month
of October. In the remaining months of simulation dissolved
oxygen concentration is correctly reproduced.

Figure 3d shows the comparison between high-frequency
observations and model results at site B in terms of nitrate
concentration. The model correctly reproduces the observed
nitrate dynamics before and during the late-winter algal
bloom. The initial increase in nitrate concentration is modelled
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here solely through the processes of mineralization of organic
matter and nitrification of ammonium. The rapid consumption
of all the available nitrate during the late winter algal bloom is
also correctly simulated.

Right after the late-winter bloom, during the months of
April and May, the phytoplankton observations are very low
and correspond to an increase in the observed nitrate
concentrations. The nitrate accumulated in the water column
during this period is then quickly consumed at the beginning
of the second blooming period around the month of June. The
lake appears to be nitrogen limited from this point until the end
of the growing season. These dynamics are not fully
reproduced by the model. At the end of the late-winter bloom
the simulated phytoplankton concentration is higher than the
observed one, causing, in the model, a stronger consumption
of nitrate by the phytoplankton, and ultimately delaying the
simulated accumulation of nitrate. Such accumulation of
nitrate is necessary to the model in order to sustain
phytoplankton growth during the subsequent summer and
autumn months. Eventually, at the end of the growing season,
in the last portion of the simulation around the end of October,
a strong increase of nitrate concentration is recorded in the
study site. The model also simulates an increase of nitrate
concentration during the month of October, but with a
considerably lower rate. In the present model configuration,
no external input of nutrients are present, and such nitrate
increase is obtained solely through the processes of organic
matter mineralization and nitrification. The underestimation of
nitrate increase by the model suggests the existence of
nitrogen sources into the ecosystem that are not taken into
account in the present configuration.

IV. DISCUSSION

In this work, the coupled models TELEMAC3D and
AED2 were implemented on Lake Champs-sur-Marne, and
were used to simulate the biogeochemical cycle in the study
site during the complete phytoplankton growth season
recorded in the year 2019, i.e. from February to October.

In their own fields of application, the two models are both
well-established tools that, separately, have been employed in
various contexts (e.g., for TELEMAC3D: [16]-[18], and [14],
[19], [20] for AED2). The coupling of the two models
introduces the possibility of modelling the biogeochemical
cycle directly through the TELEMAC modelling system. In
this work, it was possible to test the behaviour of the coupled
models in a natural lake ecosystem and the use of high-
frequency observations allowed to evaluate the performance
of the models continuously over the simulation period.

During the seasonal simulation of 2019, the coupled
models reproduced well the overall water temperature
dynamics at all three layers. The underestimation of water
temperature found at the end of the simulation for the month
of October, as well as the slight overestimation of summer
water temperature, could be linked with some of the
simplifications introduced in the present configuration, such
as a constant water level and the absence of exchanges with
groundwater. The latter in particular could somewhat
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Figure 3: Model results and high-frequency observations in terms of: total
chlorophyll (panel a), cyanobacteria concentration (panel b), dissolved
oxygen concentration (panel ¢), and nitrate concentration (panel d).
Coloured lines represent model results and grey dotted lines the observation
series; all figures are referred to site B.

moderate the seasonal variations of water temperature in the
real system. Despite some differences with the measured water
temperature series, the overall RMSE values between model
and observations were lower than 1.2°C. Similar values are
usually considered as good model performances in scientific
literature (e.g. [11], [21], [22]). Furthermore, starting in
particular from the month of October until the end of January,
very low phytoplankton biomass is usually detected on the
study site. In this respect, the bias found for water temperature
during early autumn should have a reduced impact on the
outcomes of the coupled biogeochemical model. Water
temperature is a key variable for the simulation of the
biogeochemical cycle and in particular for phytoplankton
growth. Despite some slight biases, water temperature was
overall very well simulated by the coupled models over the
simulated period.

This study is focused on phytoplankton growth and on
cyanobacteria growth in particular, and the modules activated
in the configuration of AED2 (see Table 1) reflect this general
objective. Furthermore, the availability of an extensive high-
frequency data set allowed to test the model thoroughly,

against multiple variables that characterize the
biogeochemical cycle exhaustively: in terms of total
phytoplankton, cyanobacteria and dissolved oxygen

concentration, as well as in terms of an important nutrient such
as nitrate.

The biogeochemical cycle was correctly reproduced over
the eight months of the simulation. Total phytoplankton
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concentration was analysed here through phytoplankton
chlorophyll content. The four algal groups activated in the
present configuration (diatoms, flagellates, green algae and
cyanobacteria) are typically related to different optimum water
temperatures. Among them, diatoms are usually linked with
the lowest optimum water temperatures, while cyanobacteria
are typically linked with the highest ones [3]. Following this
general assumption, they were here parameterized to respond
different optimum water temperatures. This choice allowed
the model to correctly reproduce the overall magnitude of total
chlorophyll concentration over the simulated period.

The observed late winter phytoplankton bloom showed a
considerable presence of cyanobacteria. However, due to the
parameterization of their optimum water temperature,
cyanobacteria growth is inhibited at low water temperatures.
This shows the need to introduce various genera of the same
algal group with different parameterizations, in order to mimic
the complexity of a natural ecosystem.

Also the remaining variables recorded in situ (i.e.
dissolved oxygen, nitrate, Secchi depth) were well reproduced
by the model for 2019. However, some discrepancies were
indeed detected when comparing model results to high-
frequency observations. Notably, the model did not fully
reproduce the sudden peaks of growth and mortlity observed
during spring and summer. This could be explained by the
absence, in the models configuration, of: (i) nitrogen-fixing
cyanobacteria such as Aphanizomenon, present on the study
site, that should be advantaged under nitrogen-limited
conditions, (ii) predation by zooplankton or competition for
nutrients and light with other organisms, such as macrophytes,
and (iii) by the absence in the model configuration of external
nutrient sources, that might locally boost phytoplankton
growth over a short period of time. Furthermore, the
underestimation of nitrate accumulation during early autumn
could be simply originated by an underestimation of the
mineralization rate of organic matter implemented in the
present configuration.

V. CONCLUSION

In this work, the recent coupling between TELEMAC3D
and the biogeochemical library AED2 was tested in a natural
ecosystem, Lake Champs-sur-Marne, for which an extensive
data set is available. In particular, the availability of high-
frequency in situ data of variables particularly relevant to the
biogeochemical cycle, such as water temperature, dissolved
oxygen total chlorophyll, cyanobacteria and nitrate
concentrations, allowed to thoroughly test the performance of
the coupled models all along the simulation period. In
particular, the results show a correct simulation of the light
extinction coefficient and highlight the feedback of its
dynamic calculation, computed through AED2, on the
hydrodynamic model. Furthermore, results show how the
mineralization of organic matter can suffice to sustain
phytoplankton growth over an annual cycle in the simulation
of an ecosystem without direct surface inlets. Through the
coupling with AED2, the TELEMAC system is capable of
correctly simulating the main features of the biogeochemical
cycle and, in particular, phytoplankton growth over a complete
growth season.
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