
The modelling and assimilation of remote sensed optical properties can improve the representation of shelf-sea dynamics, resulting in promising

useful tools to support the estimation of carbon fluxes through shelf-seas ecosystems.

This work was carried out in the framework of the Carbon Theme of the National Centre of Earth Observation 

and Oceans 2025, the marine core programme of the UK Natural Environment Research Council
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The shelf-sea domain: the Western English Channel
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The physical and biogeochemical processes in coastal areas are key components of the global carbon budget and that justifies the efforts of 

quantitatively investigating  shelf-seas ecosystems (Borges et al., Coast Shelf Sci, 2006). Both satellite data and mathematical models can be 

usefully applied for quantitative investigations (Moisan et al, 2005)

Satellite observations of marine waters (e.g. sea surface temperature, fields of chlorophyll concentrations, optical properties of the upper 

water column) allow one to quantify the spatial distribution and temporal evolution of key variables characterizing the ecosystem status. 

Nevertheless, in coastal areas such observations are highly uncertain due to energy and material fluxes from the land (Moisan et al., 2005).

Mathematical models of shelf-seas are useful tools for  testing and exploiting our hypothesis  on the ecosystem functioning. Nevertheless, 

they results contains errors due to the uncertainty in the knowledge and formulation of the physical and biogeochemical processes.

Satellite observation and mathematical models of shelf seas can be reciprocally valued by using Data Assimilation (DA). Indeed, DA provide a 

means to systematically meld the uncertain information provided by theoretical models with the uncertain information present in data, leading 

in potential improvements in both the model and the observing system. That, in turn, can lead to an improved quantitative characterization of 

shelf-seas dynamics.

In the following, we present the results of the first application of a DA method to the assimilation of optical satellite data with a coupled 

three-dimensional physical-ecosystem model of a complex shelf-sea domain characterized by frontal regions, stratification and upwelling.
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The model The assimilated satellite dataThe Data Assimilation (DA)  method

We applied the ecosystem model ERSEM

coupled with the hydrodynamic model POLCOMS to 

describe the temporal evolution and spatial distribution 

of 50 state variables in the Western English channel. An 

optical module describe the dynamics of absorption and 

backscattering at three spectral bands. 

The Ensemble Kalman filter (EnKF) was applied to 

weekly correct the forecasts of all  the model 

variables, by using 5 days means of satellite 

observations collected in the Western English 

Channel. 

Satellite observations of Chlorophyll (Chl, Fig a) and  

diffuse light attenuation coefficient (Kd, Fig b) at three 

spectral bands (450, 550, 667 nm) collected by MODIS in 

2006 were assimilated into the coupled model by means 

of the EnKF

Motivation

Hindcasting Chlorophyll fields

Data
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DA of chl

The free model output (Fig a) underestimates the 

satellite chlorophyll concentrations  (Fig b). The 

hindacast of the data was improved by applying the 

Ensemble Kalman filter (Fig c) to the assimilation of 

the chlorophyll fields.
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Comparison with in situ time series Improving the results through the DA of optical properties

The time evolutions of chlorophyll and nutrient 

concentrations furnished by the DA analysis were 

compared with independent time series of in situ

observations.

The DA improved the model representation of the short 

term evolution of chlorophyll (Fig. a) and silicate (Fig b), 

despite the latest was in some cases overestimated.
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In a test experiment, the hindcasting of chlorophyll data 

(Fig a)  obtained through the assimilation of chlorophyll 

(chl, Fig. b) was improved through the assimilation of 

remote sensed data of diffuse light attenuation (Kd, Fig. c)
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