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Sentinel-2 Red-Edge Bands Capabilities on Retrieving Chlorophyll-a in Turbid Water, Case Study: Lake Burullus, Egypt
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Using earth observations to detect water quality parameters, among which is the chlorophyll-a (chl-a), in water bodies constitutes a great benefit, especially when this
water body is an almost closed lake. Lake Burullus is Egypt is considered as a natural protection area. The lake suffers from deterioration of the water quality and
ecological services. In addition, eutrophication affects the Lake biodiversity that urges consideration of regular monitoring for better understanding and detection of
the hotspot.

It was confirmed that the red-edge bands reflected the variations in both chlorophyll content and leaf structure. Lower absorption by chlorophyll in the red-edge region
makes the use of such a band reduce the saturation effect, and the reflectance is still sensitive to chlorophyll absorption at its moderate-to-high values. Sentinel-2,
which will be launched in 2015, is equipped with the Multi Spectral Instrument (MSI) incorporating two spectral bands in the red-edge region.

 The two indices Normalized Difference Chlorophyll Index (NDCI) and Normalized Difference Vegetation Index (NDVI) were examined in retrieving chl-a over lake
Burullus. MERIS and Rapideye red-edge bands were substituted in NDCI and NDVI indices formula. The objective of this paper is to examine the significance of the
red-edge bands on Sentinel-2 for retrieving chlorophyll in turbid inland water.

 The developed model calibrated using field measurements simultaneous with MERIS images acquisition dates and validated on another dataset using Rapideye

image. A quadratic function accurately explained the variance in the simulated data for a chl-a range of 8.0–105.0 mgm−3. The results showed that NDCI  could

retrieve chl-a concentration with accuracy higher than NDVI where R2 for the developed function was 0.89 and 0.81, P < 0.005, respectively. This proved the
effectiveness of red-edge bands in detecting chl-a in turbid water, and confirms the ability of Sentinel-2 for the detection chlorophyll in productive inland water bodies
with a relatively high phytoplankton content.
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Mapping estuarine turbidity using high and medium resolution time series imagery

Virginie Lafon1, Arthur Robinet1, Tatiana Donnay2, David Doxaran2, Bertrand Lubac3, Eric Maneux1, Aldo Sottolichio3, Olivier Hagolle4, Alexandra

Coynel3

1GEO-Transfert, ADERA, Université de Bordeaux, France; 2Laboratoire d'Océanographie de Villefranche, UMR 7093 - CNRS / UPMC, France; 3UMR EPOC,

Université de Bordeaux-CNRS, France; 4CESBIO, CNRS,UPS, CNES, IRD, France

Water quality and river inputs to oceans (water, sediment, organic matter, organic and inorganic pollutants) are major causes of concern for coastal managers.  The
Water Framework Directive, the Marine Directive Framework Strategy and the Grenelle of the Sea are many tools that set ambitious objectives in terms of water
quality, especially concerning large estuaries. To guaranty the achievement of the established commitments, operational monitoring networks are multiplied over such
complex, dynamic and fragile environments.

For instance, in the Gironde and Loire estuaries, the MAGEST and SYVEL continuous measurement networks allow to watch the high-frequency dynamics of the
temperature,  salinity,  oxygenation  and  turbidity  of  the  water.  Thus,  these  networks  have  the  capacity  to  start  addressing  the  major  upstream-downstream
physicochemical gradients occurring in the estuaries. On the other hand, with such tools, the appreciation of the spatiotemporal dynamics of estuarine water masses
remains incomplete, although the large estuaries exhibit a strong maximum turbidity zone (MTZ) that has a dominating impacts on sediment budget, biogeochemical
processes and biological quality of the environment (oxygenation). Water color space observations, due to their large footprint and frequent revisit cycle, can provide
solutions to better understand the estuaries, particularly their MTZ.

The objective of RIVERCOLOR (CNES) project is to exploit this potential, by acquiring numerical processing means of long term time series of high and medium
space resolution satellite imagery in order to provide a set of maps of the suspended particulate matter concentrations (SPM) in the Gironde and Garonne.

This contribution describes the method developed to define the SPM detection algorithms together with the main steps of the image processing chain. Also, it
presents the statistics about exploitable LANDSAT, SPOT4 (Take 5) and MODIS images and the derived maps over the Garonne and the Gironde.

In particular, we derived, sensor by sensor, the spectral bands the most sensitive to the water turbidity. The combinations of the most relevant wavebands have been
correlated to in situ SPM measurements. With this aim, hyperspectral field measurements have been used to simulate various satellite wavebands. Sentinel-2 bands
have been simulated in order to focus on future space missions, and complete a study based on Landsat and SPOT 4 imagery. Then, simulated radiometry was
correlated to simultaneous field SPM measurements. An algorithm able to derive total SPM was deduced from this analysis, on a sensor base.

The algorithms were applied to image databases, and space SPM compared with MAGEST buoy continuous measurements. The correlation between field and space
data is significant (R²>0.8) and the variations of SPM observed from space match correctly the ones observed with field sensors. However, the calculated values
differ from field ones by about 25% in average. This difference can be explained by several factors. The validation process is one of them. It  consists in the
comparison between punctual measurements realized on the estuary side and pixels which size vary from 400 to more than 60 000 m². The approach is discussed
and improvements are proposed to achieve accurate space measurements. In addition to these encouraging results, derived maps are delivered every 3 days, whilst
monthly high resolution coverage is achievable either from LANDSAT or future Sentinel-2, as demonstrated the SPOT4(Take 5) experiment carried out in 2013.

Thus, the RIVERCOLOR processing chain and the use of space imagery constitutes a major issue to improve the spatiotemporal dynamics knowledge of estuarine
SPM. In addition, this study prefigures the interest of integrating Sentinel-2 data for inland water monitoring to complete Sentinel-3 observations useful in the inlets
and plumes of estuaries. Finally it demonstrates the emergence of a Copernicus user service.
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Use of Sentinel-2 for inland waters quality monitoring – preparatory activities and first results
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