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Since the implementation of the EU Nitrates 

Directive, in-stream nitrate concentration 

have decreased by 0.02% per year in the 

period 1992-2018, while no appreciable 

changes have been measured in groundwater 

(EEA, 2020).

Motivation – Nitrogen (N) Problem

https://www.eea.europa.eu/data-and-maps/indicators/nutrients-in-freshwater/nutrients-in-freshwater-assessment-published-10
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Nitratkonzentration im Grundwasser in Europa (1992-2018) (EEA, 2020) (EEA, 2020) 

Motivation – Nitrogen (N) Problem

https://www.eea.europa.eu/data-and-maps/daviz/groundwater-nitrate-4/#tab-googlechartid_chart_21_filters=%7B%22rowFilters%22%3A%7B%7D%3B%22columnFilters%22%3A%7B%22pre_config_country%22%3A%5B%22Europe%22%5D%7D%7D
https://www.eea.europa.eu/data-and-maps/daviz/nitrate-in-groundwater-2#tab-chart_1
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N transport and retention at the catchment scale 

Biogeochemcal and hydrologic legacies (Basu et al., 2022)

Motivation – Nitrogen (N) Problem
Mississippi River Basin (Van Meter et al., 2016, 2017):  

• 53% N surplus was accumulated in the soil in form of 

organic N (ON)  => takes 35 years to deplete 99% of 

this soil ON

• 55% of recent annual riverine N > 10 years

New Zealand (McDowel et al., 2021)

• Lag times between soil N leaching & riverine N 

export: 1 to 12 years

Europe (Dupas et al., 2020; Ehrhardt et al., 2021): 

• Time lags between N surplus and peak riverine N 

export: 2-14 years

• „missing N“ (fraction of N surplus stored in catchment 

+ removed by denitrification) is higher in catchments 

with deeper aquifers and lower in catchments with 

higher fraction of consolidated and porous aquifers

→ Research objectives: to unravel different components of ‘missing N’ across Central European catchments, Germany

to understand the linkages between long-term N dynamics to catchment attributes

https://www.nature.com/articles/s41561-021-00889-9
https://iopscience.iop.org/article/10.1088/1748-9326/11/3/035014
https://doi.org/10.1002/2016GB005498
https://www.nature.com/articles/s41598-021-95302-1
https://iopscience.iop.org/article/10.1088/1748-9326/abbe47/meta
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020WR029469
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Methodology

Conceptual model for N transport (adapted from Nguyen et al., 2022)

• Spatially lumped model

• Yearly time step (from 1950-2014)

• Input data: N suprlus + effective precipitation,...

• Calibration data: instream nitrate concentrations

89 catchments in 

Germany with 

diverse settings

→ k-means clustering → find the underlying long-term N characteristics → relate to the catchment attributes 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021WR030797
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Results: Long-term N balance (1950-2014)

Average N balance during the 1950-2014 

period (%N surplus) across 89 catchments

(mean transit times = 7.1 years)
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accumulation, 1%

riverine N export, 
27%

Simulated soil N, subsurface N accumulation, and riverine N export 

from each of 89 catchments during the 1950-2014 period

Mean of all catchments

Median of all catchments
Individual catchment

1988
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Results: N clusters vs. catchment characteristics

Variables used for the k-means clustering and 

boxplots of each clusters

Spatial distribution of  four catchment clusters

Some catchment attributes in 

each cluster

P_mm: annual average precipitation (mm)

dem.median: median elevation (m)

slo.median: median topographic slope

f_forest: areal fraction of forest land cover

f_agric: areal fraction of agriculture land cover

dtb.median: median aquifer depth (cm)

∆soil_stor: soil N accumulation (% N surplus)

soil_deni: soil N denitrification (% N surplus)

soil_leach: soil N leaching to the subsurface (%N surplus)

∆sub_stor: soil N accumulation (% N surplus)

sub_deni: subsurface denitrification (% N surplus)

n_export: riverine N export (% N surplus)

t_time: subsurface transit times (years)

Long-term average (1950-2014) N characteristics for clustering:
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Conclusions

 A significant amount of N was accumulated in the root zone, which could 

continue to affect groundwater and river water quality in the coming years.

 Subsurface N accumulation is low, but it is dissolved form and the transit 

time might be long => a consistently high subsurface nitrate concentration 

is expected

 Based on the long-term N-dynamics, four catchment area clusters can be 

distinguished, which can be explained by catchment area attributes.

 Management and evaluation program should take into account N 

accumulation in the root zone and subsurface transit times
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Thank you for your attention


