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Research focus

• Within NuReDrain filter systems for nutrient reduction (N, P) from 

agricultural waters will be develop.

• University of Rostock estimates the effect of filter systems at 

catchment scale for two watersheds.

Focus on Phosphorus in the German catchment



The Warnow river basin

• Please give information on:
Size: ca. 3000 km² 

Land use: Arable land (57%), 

Forest (21%), Pasture (15%)

Soils: Cambisols, Luvisols

Tile-drained areas: 19%

Point sources: 82 waste 

water treatment plants
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P concentrations

• Good ecological status: 

0.07 mg DRP/L and 0.1 

mg TP/L (OGewV)

• Strong concentration 

decrease since the early 

1990s

• Good ecological status 

regarding P is achieved 

for Warnow and most of 

its tributaries

• Is it perfect now?
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Reduction Requirements for a clean sea

• The Warnow river basin must reduce 13 tons of Phosphorus annually.

• No decrease compared to the reference period so far.
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The model

P-Modeling using the Soil and

Water Assessment Tool

1. Constructing the model (weather

data, land use, DEM, soils, 

streamflow and P data etc.)

2. Calibration and validation of

streamflow

3. Calibration and validation of P-

loads

4. Deriving scenarios

• 8 gauging stations
• Daily streamflow data
• Monthly P-loads

1992 - 2011
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Digital Elevation model,

Weather data

Streamflow (daily)

P (bi-weekly to monthly)

Land use,

Soil data

Vegetation: Leaf area index, Rooting depth, Base temperature etc.

Management: Seeding and harvesting dates, crop rotation, fertilization etc. 

The model
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1. Calibration (1992-2001) und validation (2002-2011) 

of stream flow for each subbasin on a daily basis.

2. Calibration and validation of P loadings for each 

subbasin on a monthly basis.

3. Implementation of scenarios (P reduction strategies)

The model



Observed (black) and modeled (red) daily streamflow in the River Warnow (Rostock)

• At least satisfactory model 

performances

• Good or very good model performance 

for 4 out of 8 subbasins

• Only minor differences between 

calibration and validation

• Valid and robust model for streamflow

Model performance - streamflow

Results – Hydrology
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• Discharge is dominated by groundwater 

and tile-drainage water depending on the 

subbasin.

• Surface runoff plays only a minor role.

Results – Hydrology

• 18% of basin is tile-
drained

• Large variation between 
subbasins



• SWAT-P performed 

considerably better than 

SWAT

• DRP dynamics were 

reproduced quite well for five 

subbasins

• Simulating DRP loadings 

failed for three subbasins

Observed (black) and modeled monthly DRP loads in the River Warnow 

(Rostock) using SWAT (red) and SWAT-P (blue)

Results – Phosphorus



• Good fit for measured and simulated values

• P transported via subsurface flow (groundwater, drainage water) 

dominates

• Contribution of point sources (WWTP) ca. 10%

Results – Sources of P



P modelling – further reading



P filters

Rostock University (DE)

Aarhus University (DK)

Ghent University (BE)
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P filter at a drainage outlet

P filters
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Efficiency of the P Filter Box (P-concentrations)

• No effect for DRP, concentrations of inflow and outflow are nearly identical

• Clear effect for TP, concentrations at the outlet are lower compared to the inlet

• Efficiency of the Filter Box increases with rising TP-concentrations

• 27% of TP load could be retained

Inlet Filter Box

Total Phosphorus (mg/L)
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Inlet Filter Box

Dissolved Reactive Phosphorus (mg/L)

Increase Increase

Decrease Decrease

P filters
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P filters – further reading

Korrespondenz Wasserwirtschaft · 2019 (12) · Nr. 3
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P reduction scenarios

Evaluation of P filters in tile-drained fields at different spatial scales
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Reduction measures - Phosphorus

5.7 t reduction P/a

• Good fit of measured 

and modeled values 

at different spatial 

scales.

• Effect of P filters on a 

catchment scale 

dependent on 

proportion of tile-

drained areas.

• P filters could 

contribute to reduce 

P losses in the 

Warnow river basin.
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Conclusions

• The P concentrations in the Warnow river basin have drastically 

decreased after the political change and remain at a low level for 

several years.

• Further reductions are required for a clean sea.

• With the help of an eco-hydrological model, streamflow and P-loads 

could be reproduced satisfactory.

• P is mainly transported via subsurface flow (groundwater, drainage 

water).

• Through the installation of P filters, the P loads can be further reduced.

• However, enormous efforts will be required to achieve environmental 

targets.
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