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ABSTRACT  

 

River plumes play a fundamental role in coastal areas affecting both the morphology and the ecology. 
In this study, the geomorphological efficiency of the Po River, the main Italian river flowing into the 
northern Adriatic Sea, is investigated. To this end, a statistical analysis of high spatial resolution 
turbidity maps obtained from Sentinel-2 (S2) images was performed to evaluate the spatio-temporal 
variability of river plume morphologies. River plume images captured by S2 were then linked to the 
main environmental forcings that affect the dispersal of suspended sediments in the study area. In this 
regard, river discharge and wind data were used in the attempt to assess how streamflow and meteo-
marine conditions affect the overall structure of river plumes. The analysis showed plume morphologies 
with a moderate spatio-temporal variability and confirmed the major role of wind and river discharge in 
affecting their overall structure. 
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1 INTRODUCTION   

River plumes are generated by river freshwater flowing into the coastal zone where they significantly affect 

circulation, water properties and morphology of coastal areas. The analysis of the main processes affecting their 
dispersal into the coastal waters is therefore of strong scientific interest and practical importance. River plumes 
show characteristic patterns based largely on coastal morphology and on the magnitude of the river discharge, 
however, external forcings, such as wind and wave action, may strongly modify the overall structure of the 
plume and therefore their influence on coastal areas (Horner-Devine et al., 2015; Falcini et al., 2012).  

The analysis of phenomena occurring in a highly dynamic and complex environment, such as that of coastal 

waters, requires monitoring techniques that provide data with a spatio-temporal resolution consistent with the 
characteristic scales of the phenomena examined. The most direct method of deriving such information involves 
satellite imagery. Specifically, in this study, the potential of high spatial resolution satellite data to investigate 
the coastal geomorphological efficiency of the Po River, the main Italian river flowing into the northern Adriatic 
Sea, was examined through a statistical analysis of high-resolution turbidity maps obtained by processing 
Sentinel-2 images. Moreover, river discharge and wind data in the area of interest were used for assessing how 
river discharge and meteo-marine conditions affect river plume dynamics in northern Adriatic Sea and, therefore, 
their coastal sediment supply. 

 
2 MATERILAS AND METHODS  

In this study, a time series of Level-1C Sentinel-2 images for the area of the northern Adriatic Sea was collected 
and processed to investigate the geomorphological efficiency of Po River. The images were collected for the 
period June 2015 - April 2018, excluding those with a remarkable cloudiness and sun glint and those not 
showing any clearly visible river plume. The images so selected were later processed using an automatic 
processor developed for atmospheric correction of Landsat (5/7/8) and Sentinel-2 (A/B) imagery on coastal and 
inland waters (Vanhellemont and Ruddick, 2014, 2015): ACOLITE (Atmospheric Correction for OLI ‘lite’). The 
processor allows, furthermore, the calculation of many reflectance-derived parameters. In this study, the 
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ACOLITE-derived water leaving reflectance was converted in turbidity (FNU) using the algorithm developed by 
Dogliotti et al. (2015).  

The time series of turbidity images were used to investigate the spatio-temporal variability of the plume 
morphologies of the analyzed river. In this regard, for each available satellite image, the overall coastal area 
affected by the dispersal of the river plume was identified comparing the satellite-derived turbidity data with a 
threshold value established by considering the Adriatic Sea background turbidity (approximately 6 FNU). In the 
end, the geomorphological efficiency of the river plumes was evaluated considering the frequency of the 
suspended sediments dispersal in the alongshore direction.  

River plumes images were furthermore linked to the main environmental forcings that affect the dispersal of 
suspended sediments in the northern Adriatic Sea: wind and river discharge. In this regard, considering that the 
dynamic observed through a satellite image depends on the evolution of the environmental forcings in the 
antecedent period, discharge and wind data referred to a temporal window of 72 hours before the satellite 
acquisition were considered, as suggested by Braga et al. (2017). 

 

3 RESULTS AND CONCLUSIONS 

The analysis showed plumes morphologies with a moderate spatio-temporal variability. The dispersal of 

suspended sediments in the alongshore direction occurred, indeed, just a few times, consequently impacting 
the geomorphological efficiency of the river (Figure 1). 

 

Figure 1. Relative frequency maps of turbidity values: Po River. 

The results obtained were confirmed by the qualitative analysis of true color images. Indeed, many different 
plume structures were identified and the major role of river discharge and wind in affecting their overall structure 
was confirmed. In particular, the role of wind forcing strictly depends on wind direction with respect to the coastal 
orientation. For instance, long-lasting northerly winds tend to generate narrow coastal plume patterns that 
facilitate sediment supply along the coast.  
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