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The degradation of surface water quality due to nitrogen and phosphorus pollution is a major concern for drinking
water quality and ecosystems health. Numerous studies have demonstrated that headwater catchments are large
contributors of nutrient loads to downstream waters bodies. In terms of scientific understanding of the processes
controlling nutrient transfers, headwater catchments are relevant spatial units to study the role of landscape
features because of the relatively low contribution of point sources and in-stream processes compared to larger
river networks.
This paper presents an analysis of the variability in space and time of observed N and P loads for a dataset
of 160 headwater catchments at a national level (France). A multivariate statistical analysis was performed to relate observed N and P loads to spatial attributes describing agricultural landscapes and the physical characteristics
of the catchments: climate, topography, soils, etc. We identified factors controlling N and P loads and N:P:Si ratios
in freshwaters; and specifically spatially described factors, by considering river corridors and interaction between
soils and land use attributes.
The same catchment dataset is used to calibrate the Nutting model, i.e. a statistical model developed to estimate nutrient emission to surface water, using readily available data in France (Dupas et al., 2013). Nutting
is a statistical model linking N/P sources and catchment land and river attributes to estimate mean interannual
nitrate-N, total-N, dissolved-P and total-P loads. It allows to extrapolate nutrient loads in unmonitored catchments
at a national level and to estimate the risk of eutrophication in freshwaters considering Redfield’s (1963) N:P:Si
ratios.
Results show that N is in excess over silica in 93% of French headwater bodies, and that phosphorus is in excess
over silica in 26%-65% of French headwater catchments. This means that between 26% and 63% of French
headwaters are at risk of eutrophication considering the Redfield’s ratios, and that phosphorus is the limiting factor
in 55%-61% of the headwater bodies at risk of eutrophication.
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