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THE HBV-N MODEL
The HBV-N model is a process-based, semi-distributed conceptual model, which has recently been used by national authorities in large-scale estimates of Swedish nitrogen (N) load, retention and source apportionment for the Baltic Sea. When applying the model the river basin may be divided into several coupled subbasins, for which the calculations are made seperately, and this gives the spatial distribution of the model results. The hydrological part (i.e. HBV-96) consists of a routine for accumulation and melt of snow, a routine for accounting of soil moisture, and a routine for lake routing and runoff response. The model includes a number of free parameters, which are calibrated against observed time-series of water runoff and N concentrations. For large-scale catchment applications, the calibration procedure is made step-wise with simoulaneous consideration to several monitoring sites in a region. 

In the N routine, leakage concentrations are assigned to the water percolating from the unsaturated zone of the soil to the response reservoir of the hydrological HBV model (Fig. 1). Different concentrations are applied to water originating from the land use categories forest, urban, arable and other land. The arable land may be further divided into a variety of crops and management practices, for which the N leaching is achieved by using the field-scale model SOIL-N. In addition to the diffuse soil-leaching, N is also added from point-sources, such as rural households, industries, and wastewater treatment plants. Atmospheric deposition is added to lake surfaces, while deposition on land is implicitly included in the soil-leaching. The model simulates residence, transformation and transport of N in groundwater, rivers and lakes. The equations used to account for the N turnover processes are based on empirical relations between physical parameters and concentration dynamics. Inorganic N and organic N are treated separately in the simulations and the calculations are made with a daily time-step. 
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Figure 1
The HBV-N model.

HBV-N INPUT DATA DEMANDS

· Subbasin characteristics; size and hydrological coupling. Can be achieved from digitalized subbasin boundaries (water divides). Size of the subbasins depends on what is available, but the smaller the better.

· Daily precipitation from all available climate stations

· Daily air temperature from all available climate stations

· Potential evapotranspiration (if possible, monthly mean values is OK)

· Land use for each subbasin (forest or open land, lake surface)

· Elevation zones in each subbasin, e.g., from DEM or maps

· Approximate depths of larger lakes

· (Soil type for arable land in each subbasin, if this influences leaching concentrations) – if load is not available!

·  (Statistics of the crop distribution of the arable land , if this influences leaching concentrations) – if load is not available!

· (Leakage concentrations of N from arable land (for different crops and soil types) and forest (from field studies or from literature). Mean annual concentrations is OK) – if load is not available!

· Atmospheric N-deposition on lake surfaces

· Point-source N (for instance wastewater treatment plants, industries. A yearly value is desired, and if possible split into inorganic-N and organic N)

· Communicipal statistics of rural households and treatment level. – if load is not available!

· Observed time-series of N in the river (preferably total N and inorganic N). The more stations and years, the better! 

· Observed time-series of runoff in the river (preferably daily values). The more stations and years, the better! 
For further information, please contact: Dr. Berit Arheimer, Swedish Meteorological and Hydrological Institute, SE-601 76 Norrköping, Sweden. Email: Berit.Arheimer@smhi.se
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