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Introduction

 Climate change effects must be taken into account in 
investigating future nitrate (NO3

-) concentrations

 Climate projections forecasts for the different climate 
scenarios permit simulating the future water balances 

 The evolution of NO3
- concentration is simulated based 

on the expected climate scenarios, RCP 2.6, RCP 4.5, and 
RCP 8.5
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Methodology

 Study area is divided into 
1000 x 1000 m cells

 Each cell is assigned a 
specific NO3

- input and a NO3
-

degradation capacity

 Land use factors are
determined according to the 
crop types (Allen et al., 1998), 
urbanized areas after Zhang et 
al. (2001)

Fig. 1: Study area
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Fig. 2: One-dimensional scheme of the hydrological setup

 ET is  
calculated after 
Thornthwaite
(1948) 

 Nitrate 
concentration is 
calculated 
based on 
Thomann and 
Mueller (1987)
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Fig. 3: Evolution of the water balance components for the distinct climatic RCP scenarios

 RCP 4.5 presents a 
very positive scenario

 RCP 8.5 shows a 
strong decrease in 
groundwater 
recharge

 RCP 2.6 decreases 
similarly but 
increases in the last 
period

Results
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Fig. 5: Groundwater NO3
- concentration projections for the years 2050, 2075 and 2099 for the three climate scenarios

Fig. 4: Present groundwater NO3
- concentration

Fig. 6: Total NO3
- mass of the whole study area 
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Fig. 7: Groundwater NO3
- concentration projections with 20% reduced NO3

- input 

Fig. 8:Total NO3
- mass of the whole study area with 20% reduced NO3

- input   



8

Institute of Geology, Mineralogy & Geophysics

Applied Geology

Hydrogeology | M.Sc. Felix Ortmeyer

Conclusions

 Analysis of the downscaled climate projections shows a 
large variability of potential effects on the future water 
balance

 A rising NO3
- mass in the water catchment Lodshof by a 

factor between1.50 to 1.89 is expected as a result of 
climate change

 It is not expected that a 20% reduction in NO3
- input will 

ensure that the limit value of 50 mg/l is not exceeded

 Uniform measures for entire regions or countries are not 
the strategy to solve the NO3

- problem, aquifer-/site-
specific solutions are required



9

Institute of Geology, Mineralogy & Geophysics

Applied Geology

Hydrogeology | M.Sc. Felix Ortmeyer

Thank you for your attention

Financial support by:



10

Institute of Geology, Mineralogy & Geophysics

Applied Geology

Hydrogeology | M.Sc. Felix Ortmeyer

References

Allen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop Evapotranspiration - guidelines for computing crop water requirements, 
FAO Irrigation and Drainage Paper. 56

Bundesministerium für Ernährung und Landwirtschaft, 2020. Verordnung zur Änderung der Düngeverordnung und anderer 
Vorschriften [Regulation changing the fertiliser regulation and other regulations], Verordnung des Bundesministeriums für 
Ernährung und Landwirtschaft, p. 64

Carroll, K.C., Jordan, F.L., Glenn, E.P., Waugh, W.J., Brusseau, M.L., 2009. Comparison of nitrate attenuation characterization 
methods at the Uranium mill tailing site in Monument Valley, Arizona, Journal of Hydrology. 378, 72–81. 
https://doi.org/10.1016/j.jhydrol.2009.09.006

Mas-Pla, J., Menció, A., 2019. Groundwater nitrate pollution and climate change: learnings from a water balance-based analysis of 
several aquifers in a western Mediterranean region (Catalonia), Environmental Science and Pollution Research. 26, 2184–2202. 
https://doi.org/10.1007/s11356-018-1859-8.

Thomann, R.V., Mueller, J.A., 1987. Principles of surface water quality modeling and control. New York.

Thornthwaite, C. W., 1948. An approach toward a rational classification of climate, Geographical Review. 38, 55–94. 
https://doi.org/10.2307/210739.

Zhang, L., Dawes, W.R., Walker, G.R., 2001. Response of mean annual evapotranspiration to vegetation changes at catchment scale.
Water Resources Research. 37, 701–708. https://doi.org/10.1029/2000WR900325.



11

Institute of Geology, Mineralogy & Geophysics

Applied Geology

Hydrogeology | M.Sc. Felix Ortmeyer

𝐸𝑇

𝑃
=

1 + 𝑤
𝐸𝑇𝑜
𝑃

1 + 𝑤
𝐸𝑇𝑜
𝑃

+
𝐸𝑇𝑜
𝑃

−1

Thornthwaite (1948):
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𝑑𝑡
= 𝑊(𝑡) − 𝑄(𝑡)𝑐 − 𝐾𝑉𝑐

Thomann and Mueller (1987):

𝐸𝑇 = Actual evapotranspiration
𝑃 = Precipitation
𝐸𝑇𝑜 = Potential evapotranspiration 
𝑤 = Land use factors 

𝑉 = Water volume  
𝑊 = Nitrogen inputs
𝑐 = Concentration 
𝑡 = Time
𝑄 = Water flow
𝐾 = First-order decay factor


