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Background 
Coral reef ecosystems are facing increasing environmental pressures and 
anthropogenic disturbances, leading to a worldwide degradation of their health (e.g., 
bleaching events caused by episodic warming of the sea waters). This situation 
generates an urgent need to improve methods used to study reef ecosystems and 
understand their resilience to different stressors. Such a knowledge requires suitable 
and reliable data characterizing various physical characteristics of coastal waters. 
 
For many years, optical remote sensing has been used to study coastal ecosystems, 
helping acquire environmental data (e.g., sea surface temperature, water depth) and 
map benthic habitats. Because of constraints linked to water characteristics (e.g., 
surface reflections, water column absorption, turbidity), analyses of remote sensing 
images remain limited to the first meters below the sea surface, where the lighting 
conditions are the most favorable. Also, poor environmental conditions (e.g., presence 
of waves or sun glare) can challenge the analysis of remotely sensed images. Due to 
the growing image archives resulting from image acquisition over long time-series, we 
now have the ability to develop methods not based on the analysis of single images but 
series of images collected for a same location. Such approach could help extract 
information that is less sensitive to specific environmental conditions, in addition to help 
extract information for deeper waters that could enhance global knowledge of reef 
ecosystems.  
 
Methods  
Sentinel-2 is a constellation of two polar-orbiting satellites (S2A-B) from the European 
Space Agency (ESA), acquiring optical images of the Earth since 2015 at high spatial 
(10 meters) and temporal (every 5 days) resolutions. These data are freely available 
online a few hours after their acquisition. 
 
Processing chains were developed, allowing for an automated processing of the 
imagery, from the downloading of raw data, to their pre-processing (atmospheric 
corrections and cloud detection and masking), and the production of remote sensing 
indices (Sen2Chain tool). Given the large amount of data processed, such an 



automation of the image processing was necessary to reduce computing time when 
extracting seafloor information over wide regions. 
 
The computing of statistical data (e.g., mean, percentiles) derived from the time series 
of cloud-free image pixels is used to extract information about the seafloor, which is less 
sensitive to disturbances related to water characteristics (e.g., surface states and water 
quality). By improving signal to noise ratio (SNR), this method has been used to 
generate images revealing details in deeper waters than previously explored usi in 

marine image annotation ng remote sensing images (Sen2Deep tool). The processing 
chains (Sen2Chain and Sen2Deep) have been developed in Python and are open-
source tools freely accessible and reusable online, available on Github repositories. 
 
Results 
The processing of a long time series (6 years) of Sentinel-2 imagery, representing more 
than 200 images, revealed seafloor features in waters that can be difficult to map using 
single images (e.g., between 20 and 60 m of water depth). Comparisons with more 
costly data derived from aerial hyperspectral imagery suggest a similar ability to 
discriminate the different types of benthic habitats (e.g., deep meadows of Glorieuses, 
beyond 30m depth), in particular in the blue and green spectral bands, least absorbed 
by the water column. 
 
This novel method has been applied over deep and remote areas of several islands of 
the SWIO region (Reunion Island, Madagascar or Seychelles deep banks), often poorly 
mapped until now. Resulting images are being archived and will be made available in 
the SIMM-OI data catalog.  
 
 
Conclusion 
With the rapid improvements in remote sensing sensors and the acquisition of images 
over longer time series at high spatial and temporal resolutions, sets of images acquired 
at a same site can be processed together to improve the ability to extract useful 
information on marine environments.  
 
The image processing tools and methods developed here, by revealing information on 
the seabed at greater depths, make it possible to generate important baseline data at 
locations that could not be mapped using traditional image analyses. Such an approach 
has already proved its importance by improving reef mapping at different locations in 
the SWIO, such as at Reunion, Mayotte and the Scattered Islands, based on 
hyperspectral images collected during the Litto3D-OI campaign of 2009 and 2010. 
Despite their lower spatial resolution, these new images from the Sentinel-2 time series 
help map large areas using freely available images. 
 
With the guarantee offered by ESA that the Sentinel satellites will be maintained for 
many years to come, long time series will make it possible to carry out diachronic 
analyses to highlight and quantify spatial and temporal changes in benthic habitats. This 
kind of analysis can greatly help to suggest suitable management and conservation 



strategies for coral reef degradation mitigation and promote reef resilience, in the light of 
rapid environmental changes. 
 
 


