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Nitrate pollution of drinking water 
sources /reservoirs

Overall goal: 
to estimate the health effects and unit prices of
drinking nitrate polluted water 

Specific goal:
➢ to evaluate the impact of agriculture on 

nitrate concentration of surface water (CZ) 
and groundwater (DK) 

➢ to assess the single and combined effects of 
mitigation measures on nitrate pollution of 
drinking water sources



Why focusing on agriculture? 

Various nitrogen sources

• Atmospheric deposition 

(problem at larger scales, other WPs)

• Point sources

(industry, wastewater treatment plants)

• Diffuse sources 

(manure, mineral fertilizers …. ) 

” Along with gradually controlled point source discharges, diffuse nitrogen pollution has become an important 
cause of  eutrophication” and water pollution. (Wang et al., Journal of Hydrology, 585:124833)



Why focusing on agriculture? 

Various nitrogen sources

• Atmospheric deposition 

(problem at larger scales, other WPs)

• Point sources

(industry, wastewater treatment plants)

• Diffuse sources

• Identification of sources

• Determining the main pathways

• Developing retention / removal methods

• Region- and site specific 

• Depend on several natural and antrophogenic factors

• Require complex assessment 

” Along with gradually controlled point source discharges, diffuse nitrogen pollution has become an important 
cause of  eutrophication” and water pollution. (Wang et al., Journal of Hydrology, 585:124833)



Impact of agriculture on water quality  

• Local field-scale experiments

• Data mining and analyses 

• Catchment and sub-catchment scale 

assessments 

WE KNOW MUCH

• Impact of soil tillage practices

• Impact of crop management

• Effects of mitigation measures 

• Impact of ongoing climate change 



Some examples of practical experience / knowledge

Sources: NICRA, FreePic

Conventional Reduced 

soil compaction

water retention

carbon sequestration

1. Soil tillage: from intensive to extensive systems  - increase in water retention and reduction of N losses



Some examples of practical experience / knowledge

Sources: NICRA, FreePic

1. Soil tillage: from intensive to extensive systems  - increase in water retention and reduction of N losses

2. Land use change: from arable to grassland

www.frontiersin.org/articles/10.3389/fsufs.2021.706142/full



Some examples of practical experience / knowledge – in-field measures

Sources: NICRA, FreePic

1. Soil tillage: from intensive to extensive systems  - increase in water retention and reduction of N losses

2. Land use change: from arable to grassland 

3. Winter cropping / stubble Bare soil Soil coverage

soil structure

water retention

soil loss

N- and P-loss



Some examples of practical experience / knowledge – structural measures



Mitigation measure applicability in the landscape 

(after Mette Vodder Carstensen, PhD thesis)
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Impact of agriculture on water quality  

• Local field-scale experiments

• Data mining and analyses 

• Catchment and sub-catchment scale 

assessments 

WE KNOW MUCH

• Impact of soil tillage practices

• Impact of crop management

• Effects of mitigation measures 

• Impact of ongoing climate change 

• Soil- and site specific 

• Crop-, soil- and site-specific

• Strongly depends on the local conditions

• Cannot be interpreted for future climate conditions 

BUT NOT ENOUGH

• Our knowledge is region-, crop-, soil etc. specific

• Limited knowledge on the effects of mitigation measures 

on groundwater nitrate input / concentration

• Can not be extrapolated for so far unknown conditions 



➢ Integrate the existing data, expertise and knowledge

➢ Incorporate physically based description of various processes

➢Capable to describe complex systems and relationships

Can be used for

➢ Improving our knowledge about the systems and processes in focus and process-understanding

➢Spatio-temporal extension of knowledge gained

➢Extrapolating our knowledge for conditions that we have not experienced before

➢Optimising various solutions for planning and decision-making

Tools for establishing linkages between farm nitrogen inputs and nitrogen concentrations in subsurface water

BUT!!! Should be used following the principles of „good modelling practice” 

Process-based environmental models



Hydro-geochemical models in their respective spatio-temporal scale 



Advantages  of using SWAT+  in MARCHES – WHY?

• Capable to simulate the processes in focus

• Accounts for connectivity

• Free software

• Widely used and tested

• Good support team and support group

• Spatial aspects of representing a catchment

• Implementation of structural measures 

• Agriculture-oriented (field management schemes, in-field measures) 



Particularities of SWAT+ / disadvantages

• Extremely robust model

• Extremely data demanding model

• Data scarcity problems

• Time consuming to set it up and calibrate

• Bugs found all the time, newer versions come out

• Different version, not easy to find support

• Relatively new model (developed from SWAT2012) – documentation is not yet complete



➢ Model setup and parameterisation

• Available data from the study catchment(s) and reach(es) 

• Literature review

• Expert assumptions (qualitative information)

➢ Verification 

➢ Soft calibration – verifying the modelling results against expert knowledge, experience 

➢ Hard calibration (minimizing the difference between measured and modelled discharge and nitrate values)

➢ Validation 

➢ Scenario analyses (evaluating the effects of NBSs on water quality under present and future conditions)

Management scenarios

Implementation of measures 

Climate change scenarios

Modelling workflow



1. Information about typical crop rotation and crop yields 

Detailed information is available, but extremely time consuming to implement in the SWAT+ model

2. Characteristic crop- and soil management information

Type and timing of tillage; fertilization amount and timing; winter crops, cover crops, stubble .. 

3. Mitigation measures applied and their effects on water and N fluxes and crop yield

➢Used for model setup (refining, adjusting the current setup)

➢Would be important to use for evaluating the results of soft-calibration

➢Would be important to use for evaluating the first results on the effects of measures

Local expert knowledge useful for successful soft- and hard calibration 



Data-model fusion – an advanced approach 
for studying complex systems 

models

data-

model 

fusion

Model developers

„Modeller”

input data, parameters

reference data 

expert estimates

expert evaluation 

Modelling is TEAM work



Stakeholders involvement from modelling prespective

➢ Spring 2024

• Introduce the modelling concept

• Introduce the data implemented in the SWAT+ model

• Show the steps where expert / stakeholder knowledge is highly welcome 

➢ Summer 2025

• Joint evaluation of the model soft-calibration results

• Evaluation of the calibration / validation results

• Evaluation of the first results on the effects of mitigation measures

➢ Undefined in 2026

• Presenting and discussing the modelling results (strengths, uncertainty etc.)

• Presenting and discussing the results on mitigation measures 

• Discussing the opportunities of reducing nitrate leaching to groundwater systems 



SWAT+ data requirement

• Digital Elevation Model
• Soil data
• Land use data
• Watershed information

o Catchment boundaries
o Stream network
o Ponds, lakes etc. 

• Meteorological data
• Crop data
• Management data
• Data on point sources

• Reference data for model calibration



Digital elevation model

➢ Copernicus Digital Elevation Model (DEM)

➢ 30 m resolution

https://spacedata.copernicus.eu/collections/copernicus-digital-elevation-model.

➢ CORINE Land Use data (v. 2018)

➢ 100 m resolution, raster

Code land use type

1 Continuous urban fabric

2 Discontinuous urban fabric

3 Industrial or commercial units

12 Non-irrigated arable land

18 Pastures

19
Annual crops associated with 

permanent crops

20 Complex cultivation patterns

21

Land principally occupied by 

agriculture with significant 

areas of natural vegetation

23 Broad-leaved forest

24 Coniferous forest

25 Mixed forest

27 Moors and heathland

29 Transitional woodland-shrub

35 Inland marshes

41 Water bodies

Land use



Soil map

➢ European Soil Database v2.0 (EUSD) 

➢ Soil metadata; shape file

(https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-

data#tabs-0-description=0) 

Soil class Information

1 Medium AWC at both top and sub layer. Also contains peat.

2 Medium AWC at top layer, low AWC at sublayer.

3 High AWC at both top and sub layer.

4 Medium AWC at top layer, high AWC at sublayer.

5 Medium AWC at top layer, low AWC at sublayer.

No. Parameter Code

1
Soil texture (in terms of clay, silt, and sand content in percentage 

of soil weight)
Texture

2 Depth of the soil layer in mm SOL_Z

3 The number of layers present in the soil profile. N-layer

4 Maximum rooting depth of the soil profile SOL_ZMX

5 Bulk density in gm/cm3 SOL_BD

6 Saturated hydraulic conductivity in mm/hr SOL_K

7 Organic carbon content in percentage of soil weight SOL_CBN

8
Rock fragment content in percentage of the total weight of that 

layer
ROCK

9 Available water capacity of the soil layer in mm H20/mm soil SOL_AWC

10 Moist soil albedo only for the topsoil layer SOL_ALB

11 Soil hydrologic group (A, B, C or D) -

12
Soil erodibility factor K in (metric ton m2 hr)/(m3 metric ton cm) 

estimated using the Universal Soil Loss Equation
USLE_K

Soil data

https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-data
https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-data


Crop rotation and management

➢ Google Earth Engine platform

➢ Uses the EU LUCAS database based on Sentinel data

➢ https://zenodo.org/records/6669644

https://ec.europa.eu/eurostat/web/lucas



Želivka watershed Himmerland watershed

Crop rotation and management

➢ EUROHARP project deliverable

➢ Splitting the AGRL and AGRR CORINE land use 

categories into crop communities

CORINE land use categories



Crop rotation and management

➢ Google Earth Engine platform

➢ Uses the EU LUCAS database based on Sentinel data

➢ https://zenodo.org/records/6669644

https://ec.europa.eu/eurostat/web/lucas

Area (% of AGRL)
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Canola Barley Corn wwht
wwht15

0
wwht17

0 barl100 barl105

2015 RAPE SBARL CORN WCER WCER WCER SBARL SBARL

2016 SBARL RAPE SBARL SBARL CORN WCER WCER WCER

2017 SBARL SBARL RAPE SBARL WCER CORN WCER WCER

2018 SBARL SBARL SBARL SBARL SBARL RAPE CORN WCER

2019 WCER CORN SBARL RAPE SBARL SBARL SBARL SBARL

2020 SBARL SBARL SBARL SBARL WCER CORN RAPE SBARL

2021 SBARL SBARL SBARL SBARL SBARL WCER CORN RAPE





Meteorological input data

➢ ECMWF ERA5 Re-analyses data

➢ Produced by the Copernicus Climate Service

➢ Approx. 31 km resolution

➢ 16 grid points within the catchment

https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5.

• Maximum air temperature

• Minimum air temperature

• Daily precipitation sum

• Air humidity

• Solar radiation

• Wind speed https://moritzshore.github.io/miljotools/articles/metno_reanal
.html

➢ Danish Meteorological Institute (5 km)

➢ MetNordic data from MetNorway (1 km)



Himmerland watershed

Reference data

➢ Surface water database of  the Danish Ministry of  

Environment

➢ Accessible via Aarhus University weebsite

➢ 6 stations in total

• Daily average flow

• Nitrate concentration data (bi-weekly)



➢ Model setup and parameterisation

• Available data from the study catchment(s) and reach(es) 

• Literature review

• Expert assumptions (qualitative information)

➢ Verification 

➢ Soft calibration

➢ Hard calibration (minimizing the difference between 

measured and modelled discharge and nitrate values)

➢ Validation 

➢ Scenario analyses (evaluating the effects of NBSs on water quality under present and future conditions)

Management scenarios

Implementation of measures 

Climate change scenarios

Modelling workflow



Model verification (highlights)

Himmerland



Želivka watershed Himmerland watershed

Reference data

➢ ECMWF RE-analyses data (first trial)

(https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=form) Himmerland

https://cds.climate.copernicus.eu/cdsapp


Himmerland



Conclusions

➢ Our modelling results are as good as good is our data implemented in the model

➢ Local knowledge, information (quantitative and qualitative) is very important

➢ EU-level available data for the „cooking book” is being tested, BUT so far the results show that data 

from local authorities, experts etc. are essential for successful model calibration 

➢ Plans for improving model performance:

• Using DEM available at national scale (1, 5, 10 m resolution instead of 30 m)  - HRU number?

• Applying national datasets for land use and soil

• Using the Google Earth Engine output in a more sophisticated way (SWATfarmR)

BUT! The catchments are large; trade-off of detailness and robustness 



Želivka watershed Himmerland watershed

Soil map 

➢ European Soil Database v2.0 (EUSD) ➢ Copernicus Digital Elevation Model (DEM)

➢ 30 m resolution

(https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-

data#tabs-0-description=0) 

https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-data
https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-data


Endringer i hydrologiske parameterne i forhold til basisperioden (%) 

– tiltakseffekter ved maksimalt implementeringsnivå 
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Demonstrasjon av usikkerhet i modelleringsresultater
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Kilder av usikkerhet:

➢ Usikkerhet i inngangsdata

➢ Tidsmessige endringer i parametere (f.eks. 

jordegenskaper etc.)

➢ Romlig variabilitet av parametere

➢ Forenklinger i modellstruktur/ligninger

➢ Forutsetninger som ble gjort under oppsett 

av modellen

➢ Usikkerhet i referansedata
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Thank you for the attention! 
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