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Introduction  

Overabundance of nutrients in freshwater systems is a cause of concern due to adverse health and ecological effects. In 

Denmark, despite, a nearly 50% reduction in nitrate leaching from the root zone, additional reductions are required to 

meet the objective of the EU Water Framework Directive. Therefore, prompted by the Danish Commission on Nature 

and Agriculture, new regulation strategies are currently being developed based on spatially differentiated N fertilizer 

application. The aim of this new regulation is to allow higher N-applications for areas with high natural reduction capacity 

of nitrate in the groundwater and riparian zones. Riparian zones are considered critical interfaces between streams and 

upland systems acting as natural filters protecting surface water from agricultural pollutants, hence reducing the risk of 

eutrophication. 

The removal of nitrate in riparian lowlands is often controlled by denitrification. Typologies for flow paths [1, 2] and N 

removal [2] have been developed based on field studies indicating that the connectivity to upland aquifers, thickness and 

permeability of aquifers, and general reactivity control flow paths and N seepage. However, the generality of this for a 

catchment and for the net export of N is not known. Here we choose a simulation approach to address the question of how 

riparian lowlands are hydrologically connected to regional uplands aquifers and how spatial variability in landscape 

(topography, geomorphology, stream network) and hydrogeology affect the spatial variability in flow paths through 

riparian lowlands. 

HydroGeoSphere model and simulation approach 

A 3D model using HydroGeoSphere (HGS) is being developed for a sub-catchment covering an area of 28 km2 in Holtum 

catchment, located in the western part of Denmark. Holtum stream is characterized as a perennial groundwater dominated 

headwater stream and the catchment is dominated by sandy outwash deposits and proglacial materials, such as moraine 

and clay materials. An existing 3D geological model was incorporated into HGS. HGS will simulate where surface flow 

is generated (upwelling/springs, overland and stream flow) allowing us to inspect how landscape and geological 

characteristics affect such features. We focus on the effect surficial aquifer thickness and hydraulic conductivity has on 

this through a series of scenarios, where uncertainty in these two catchment characteristics is addressed by simulating; (i) 

how ‘wetness’ and overland flow changes along the stream network and (ii) how flow paths and residence times changes 

along the stream network. These have direct implications for N removal. 

Relevant parameters (and uncertainty) for the model are all based on field monitoring at three lowland sites in the 

catchment. Thus, (iii) we also include artificial drainage of lowlands by pipe drains and ditches, as observed in the field, 

and evaluate with HGS, how this have changed the wetness of the riparian zones and, not the least, flow paths and 

residence times. 
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