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Nitrogen deposition and the way it is dealt with in terms of e.g. effect evaluation 
is subject to many aspects that influence, in one way or the other, the result of 
such an evaluation. The main question was: do we, taking everything into ac-
count, know enough about the uncertainties in nitrogen deposition estimates to 
justify extensive emission reduction measures like we do at present, based on (in 
this case) exceedances of critical loads? 

Before answering that question, let’s first look at the three more specific ques-
tions and some conclusions that can be drawn in relation to them:

How can we determine nitrogen deposition levels and their trends in time?
Nitrogen deposition can be determined using measurements and model calcu-
lations. Methods used for this are introduced in Chapters 2-5 of this thesis. For 
both methods, measurements and modelling, uncertainties are potentially in-
troduced through omission of relevant processes. The aim is to determine nitro-
gen deposition relevant for critical load exceedances and therefore be represen-
tative for an ecosystem scale on an annual basis. Potential sources of uncertainty 
are: not including all nitrogen species (e.g. organic N), not including bi-direction-
al NH3 transport, temporal and spatial variation, limitation of measuring meth-
ods and lacking validation. 

Both measurements and modelling may prove to be sub-optimal, because of 
several reasons related to e.g. logistics, financial possibilities, data availability. 
While the final setup of a measurements network is almost always a compro-
mise because of these issues, the effect of them on the modelled or measured 
deposition is not always clear. Prior to establishing a measurement network, the 
effect on the overall uncertainty needs to be investigated. 

When the aim is to detect and or follow the trend in time, changing chemistry in 
the atmosphere plays an important role. For the Dutch situation this resulted in 
e.g. a lower (10%) wet deposition of ammonium. A good understanding of the 
chemical interactions is required to understand the potential ‘masking effects’ of 
changing emissions of potential reaction agents.

What is the uncertainty in nitrogen deposition on different spatial scales and 
what are the factors influencing it?
At different spatial scales, different aspects play a role. Going from a low to high 
resolution, processes included in atmospheric transport and deposition models 
will need to describe the local scale in more detail. This obviously puts more 
pressure on data availability and their quality and may hamper eventually an 
optimal setup. Representativeness of the modelled results may then prove to be 
a real problem, potentially introducing large uncertainties. 

The representativeness issue also holds for nitrogen deposition measurements. 
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A potentially high density of measurement locations is needed to adequately 
capture steep gradients in air concentration/deposition of nitrogen. Financial re-
strictions are often limiting the effort, potentially resulting in a less dense mon-
itoring network. In that case, it needs to be clear beforehand what the effect 
of this restriction is on the capacity of the network to adequately capture the 
spatial and temporal distribution of concentration and/or deposition. 

In general, the uncertainty for the average deposition increases with an increas-
ing resolution. Uncertainties have been mentioned in Chapter 8 of at least +/- 
50%, varying for the different nitrogen species. When a larger  region is cov-
ered, the chance that the actual deposition is represented is relatively large. At 
a higher resolution, the representativeness issue becomes more important and 
introduces a higher uncertainty in the average deposition.  

High resolution calculations of nitrogen deposition are very well possible, but 
require high quality input data in order to prevent the increase of the uncertain-
ty in the modelling outcome. Acquiring these high-quality data may in turn be 
hampered by financial and/or privacy restrictions. 

How does the uncertainty in the nitrogen deposition affect the relation with 
effects like biodiversity and exceedance of critical loads?
In principle, every aspect of the mentioned relation has its own (sometimes con-
siderable) uncertainty, adding them all up is not a straightforward process. The 
way in which the errors propagate along the emission/deposition/critical load/
exceedance chain may give room for error compensation within the chain. Be-
cause of this it is not easy to tell what the overall uncertainty of such a system 
will be.    

Although not easy, the uncertainty can be determined for the situation where 
the items in the chain are known. But how does a missing item (e.g. nitrogen 
compound) play a role in this? When, for whatever reason (unknown species or 
omitted on purpose), a compound is not taken into account when determining 
an empirical critical load for a particular species, a problem may arise further 
along the chain. For determining the empirical critical load the total (known) 
input of nitrogen is related to an observed effect of the species. However, when 
there is also a contribution of an unknown species (e.g. organic N), relating the 
effect to the known species may eventually result in policy makers taking more 
drastic actions focussing on reducing a critical load exceedance based on the 
available information about the known compounds. Implementing measures 
could prove to be less efficient than expected, because something unknown may 
also play a significant role in the exceedance without even knowing it.   
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Is there evidence for the hypothesis of this thesis, or can it be falsified?
At the end of Chapter 2 of this thesis, the following hypothesis was postulated:

Nitrogen deposition contributes to negative societal effects on environment, 
biodiversity, climate and human health. Policy development to reduce nitrogen 
deposition and its effects requires reliable estimates at different spatial and tem-
poral scales based on measurements and models. Estimates like these are neces-
sary to determine cause-effect relationships, such as the estimates of critical load 
exceedances. Policy to reduce exceedances is associated with costs to sectors and 
society. Therefore, it is essential to know the uncertainty in deposition numbers. 
Nitrogen deposition is, however, still poorly understood and a full quantification 
of uncertainties is too limited to merit application of estimates for policy. With-
out identification of uncertainties, the estimates cannot be used, both for de-
scribing deposition trends and for absolute estimates at specific locations.

As described in the previous paragraphs, discussions about the extent of nitrogen 
deposition is not complete. Issues remain about both measured and modelled 
deposition (e.g. missing components, omission of processes, lack of measure-
ments, etc.). And, although attempts have been made to quantify uncertainties 
in these estimates, a full quantification can be hampered due to these issues. 
When such a quantification is not complete, a true answer about nitrogen depo-
sition amounts is not possible. 

However, is policy development not possible in such a situation? Is it acceptable 
that extensive emission reduction measures are implemented, based on (in this 
case) exceedances of critical loads? While the overall chain from emission to 
deposition and exceedance of critical loads has a long list of uncertainties associ-
ated with it, the general remark to make would be: no, these extensive measures 
are not justified, since there are simply too many (partly) unknowns with their 
(sometimes) large uncertainties involved. However, from a precautionary per-
spective it is not that easy. If no measures to reduce emissions are taken until all 
uncertainties are fully quantified, this leads to a lack of action to improve envi-
ronmental quality, so that a potentially endangered situation is likely to worsen.

Even when considering the wide range of uncertainties, implementing abate-
ment measures is still possible. Some general remarks can be made about that, 
based on the above-mentioned issues:

• Make sure everybody is ‘talking the same language’ (use the same defini-
tions);

• Make sure that everybody is aware of the ‘known unknowns’ (and their po-
tential role in the chain);

• Make a clear distinction between the ‘real world’ and the way policy inter-
prets it. In that way, uncertainties that play a role in the real world, do not 
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necessarily have to hamper the policy process;
• When increasing the resolution, make sure the input data is consistent with 

that resolution. Not only the resolution of the input data has to increase, 
but its quality at the same time (gradually, the need for the ‘real’ situation is 
required for the high-resolution calculations);

• Increasing resolutions also asks for a model that is capable of capturing the 
processes at that small scale (include processes that are not necessarily 
needed at a lower resolution);

• Representing concentration/deposition from a monitoring location may be 
better when using high resolution calculations, since they are likely to better 
capture the spatial distribution of sources around that location. However, it 
(again) requires good quality input data;

• Although the uncertainty in the average concentration/deposition decreas-
es with increasing scale, such an increase simultaneously results in a reduc-
tion of the range in deposition. This means that the spatial distribution of 
the deposition is not well represented. A good balance between uncertainty 
and representativeness depends largely on the purpose of the calculations.   
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