
VU Research Portal

Quantification of nitrogen deposition and its uncertainty with respect to critical load
exceedances
Bleeker, A.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Bleeker, A. (2018). Quantification of nitrogen deposition and its uncertainty with respect to critical load
exceedances. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/bb71bf1c-662a-4656-bad5-7b557161e3e6


1
Introduction



2

In our search for a higher standard of living, humanity has developed different 
technologies enabling a higher rate of crop production in agriculture by means 
of mineral fertilizer (Erisman et al., 2008). This was the result of the availability 
of fossil fuels, which at the same time increased industrial production. However, 
over the last century these developments led to a dramatic increase in environ-
mental pollution, including the emission of reactive nitrogen (Nr – defined as all 
the nitrogen fixed in compounds other than gaseous N2) (Holland et al., 1999; 
Galloway et al., 2008).

Although these increases provided a higher standard of living, they also caused 
considerable environmental and human health impacts (Vitousek et al., 1997; 
Townsend et al., 2003; Johnson et al., 2010). Effects of N emissions to the envi-
ronment are numerous and evidence is available that the different human activ-
ities disturb the global natural N cycle in a serious way (Galloway et al., 2004). 
Policy has come into force addressing these negative effects in some regions of 
the world, mainly in Europe and USA, but it is expected that the growing human 
demand for food and energy at a global scale will result in an increasing input of 
Nr into the environment (Galloway et al., 2008; Erisman et al., 2013).

It was this paradox between the need for nitrogen in agriculture and industry 
and the effects of excess of nitrogen on e.g. climate and human and ecosystem 
health, that was the subject of a wide range of research from European scien-
tists. The state of knowledge on nitrogen in Europe was synthesised in 2011 in 
the publication of the European Nitrogen Assessment (ENA), which presents a 
full overview of the nitrogen cycle in Europe including all its relevant pathways 
(Sutton et al., 2011). 

One of these pathways is through the air: nitrogen compounds are emitted into 
the air and eventually will be deposited onto the earth’s surface again. Transport 
and conversion in the atmosphere causes large scale deposition via rain water 
and/or dry deposition. After emission, the subsequent deposition results in an 
enrichment of the biosphere with effects on climate, human health and eco-
systems, such as e.g.: eutrophication and acidification of terrestrial or aquatic 
systems (Moldanova et al., 2011). At large distances from the sources, this nitro-
gen deposition may even be the only input of nitrogen in remote ecosystems, 
disturbing the local nitrogen cycle. 

The ENA showed that in Europe these past decades much knowledge was gained 
on these nitrogen issues. Reduction measures of nitrogen emissions were im-
plemented a few decades ago with mostly positive results. However, problems 
related to excess nitrogen do still exist in various hotspots in Europe. Further-
more, the challenges related to nitrogen on the global scale are becoming even 
more prominent. An increase of the nitrogen emissions is projected, mainly re-
lated to an increasing population and a change in lifestyle (Erisman et al., 2013). 
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In the Netherlands, large reductions in different nitrogen emissions have been 
achieved in the recent past. These reductions have not been enough to reach 
the targeted no-effect levels for nitrogen: surface water still receives high loads 
of nutrients, the air quality in large parts of the country is still above the limit 
values, nature areas still receive high loads of nitrogen exceeding the critical 
loads (PBL, 2016). For the implementation of the Habitats Directive the relation 
between local scale nitrogen deposition estimates and empirical critical loads 
for designated ecosystems is key to our understanding (Sutton et al., 2009). It 
has become clear that a good insight in the uncertainties in the overall deposi-
tion chain is of great importance, especially since this will greatly influence the 
legal validity of this information for describing the relation between nitrogen 
and protection and increase of the quality of Natura 2000 areas. The legal va-
lidity is affected because the demand for high resolution deposition estimates is 
increasing, while it is not clear to what extend the underlying information (mea-
surements, models, input data) is keeping up with that demand.

The way deposition is estimated builds on models and a limited set of experi-
ments which are used to both feed and evaluate the models. In the Netherlands, 
policies to protect Natura2000 areas (Program to Abate Nitrogen – ‘Programma 
Aanpak Stikstof’ in Dutch) use deposition information which is estimated on a 
grid scale of 100x100 m2 to determine critical load exceedances. Based on those 
high resolution estimates, the effectiveness of measures to abate nitrogen emis-
sion is evaluated. The question is if the uncertainties in the deposition estimates 
are adequately known to merit expensive measures taken by farmers and indus-
tries. 

Identifying these uncertainties in the quantification of the deposition is the 
main topic of this thesis. What is the uncertainty in the deposition estimates? 
Do we, taking everything into account, know enough about the uncertainties in 
nitrogen deposition? Do these uncertainties justify extensive emission reduction 
measures based on (in this case) exceedances of critical loads? More specifically, 
the following questions will be answered in this thesis: how can we determine 
nitrogen deposition levels and their spatial and temporal variation? (Chapters 2, 
3, 4 and 5). What is the uncertainty in nitrogen deposition on different spatial 
scales and what are the factors influencing it (Chapter 2, 3 and 4)? How does the 
uncertainty in nitrogen deposition affect the relationship with effects on biodi-
versity and exceedance of critical loads (Chapter 6 and 7)? 

Next to these questions, a general description of the different nitrogen depo-
sition processes and effects will be given in Chapter 2. The final chapter of this 
thesis (Chapter 8) will give an overview of the uncertainties in measuring and 
modelling nitrogen deposition and draw conclusions about the their relation 
with critical load exceedances.
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