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Abstract. This study focuses on the historical analysis of satellite imagery in 
order to assess the occurrence of pit lakes in the Po River Basin. The primary aim 
is to quantify the number, distribution, and major morphometric characteristics 
of these lakes/waterbodies in order to assess under what conditions they can 
provide ecosystem services previously supplied by natural lakes and waterbodies 
which were lost due anthropogenic pressures. 
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1 Introduction 

In Italy, about 68×106 tons of sand and gravel were extracted in 2014, of which ca. 60% 
was mined in the Po River basin, corresponding to approximately 300 m3 km-2 y-1 [1]. 
The quarrying activity determines the formation of depressions that modify the 
morphology and the drainage system in the hydrographic basins. In general, these 
artificial ecosystems can have both positive and negative impacts on the territory, 
depending on morphology and morphometry, location and anthropogenic pressures in 
the watershed. In the last decade, a renewed interest has been growing on quarry lakes 
as tools for restoring rivers and their floodplains, in order to exploit their ecological 
functions compared to pristine riverine wetlands and small lakes which were lost due 
to anthropogenic pressures. In this regard, the primary aim of this study is to quantify 
the number, distribution, and major morphometric characteristics of these aquatic 
environments, in order to assess their relevance and suitability for ecological restoration 
purposes. 

2 Material & Methods and future aims 

The first step was to find information related to all aquatic environments in the Po River 
basin through regional geographic information systems [2,3,4,5] and medium-
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resolution satellite imagery [6]. This analysis provided an initial screening of the area 
of interest and allowed the identification of more than 10'000 lentic ecosystems of 
anthropogenic origin. Of these, more than 2050 have been identified as pit lakes. The 
classification of active pit lakes was based on the presence of quarry yards and piles of 
sand and gravel visible from satellite imagery, while the identification of ceased pit 
lakes was based on their regular morphology, proximity to a watercourse, and the 
presence of clear residuals of artificial land transformations. Once identified, shapefiles 
were created in order to obtain information such as perimeter and area. Finally, thanks 
to an archive of Landsat images from the 1980s to the present day [6], it was possible 
to establish the beginning and end of the mining activity. Approximately, 430 active pit 
lakes and 1620 ceased pit lakes have been identified (Fig. 1). Future aims of this study 
will focus on identifying a subsample of pit lakes on which the analysis of remotely 
sensed data will be integrated/complemented with data on land use changes and 
concurrent on site monitoring. Medium-high spatial resolution satellite images will be 
analysed: Landsat constellation (30 m), Sentinel-2 (10 m) and PRISMA (5 m using the 
panchromatic band). The images will be atmospherically corrected and the color of the 
water will be analyzed through Forel-Ule index [7]. After that, neural networks 
(ACOLITE) [8] and bio-optical modeling (BOMBER) [9] will be applied to the satellite 
images, in order to obtain water quality parameters (chlorophyll-a and total suspended 
solids) and information such as bathymetry and type of bottom coverage. Finally, the 
possible relationships between the color of the water and the different chemical-
physical and morphological parameters of the pit lakes and surrounding areas (e.g. land 
use) will be evaluated. 

 
Fig. 1. Po River basin (blue line) from satellite image (Google Earth). Red and green dots 
represent ceased and active pit lakes, respectively.  
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