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The Netherlands addresses the 
issues around nitrogen and nature 
through the so-called Integrated 
Approach to Nitrogen (PAS). The 
PAS guarantees that Natura 2000 
objectives will be met, while crea-
ting room for economic develop-
ment.  AERIUS is the calculation 
tool of the PAS and supports the 
permit issuing process around 
Nature 2000 areas – scienti�cally 
founded and practically oriented.

For the Netherlands, high nitrogen deposition levels form 
one of the main barriers to achieving European nature 
conservation targets. To solve the issues around nitrogen 
and nature, the Netherlands is developing new policy. The 
Integrated Approach to Nitrogen (PAS) will help to achieve 
the Natura 2000 objectives, while kick-starting the 
deadlocked permit issuing process for new economic 
activities – using an inter-governance approach, across all 
sectors and areas. The PAS is expected to be implemented in 
mid 2014.

AERIUS is the online calculation tool of the PAS. It calculates 
both emissions and deposition levels for nature areas, 
caused by new or expanding economic activity. Once the PAS 
has been implemented, project initiators will be legally 
obligated to use AERIUS to calculate the nitrogen impact of 
their projects. The calculation results then serve as the 
foundation for permit applications, to comply with the 
Nature Conservation Act 1998. This applies to all nitrogen 
emi�ing sectors: agriculture, industry, and tra�c & 
transport. 

The development of such a calculation tool is a challenging 
task. There are important preconditions a�ached to AERIUS. 
The tool not only has to represent the scienti�c state of the 
art, it should also be user-friendly. This article introduces 
AERIUS and describes how it uses science and ICT to serve 
policy and actual practice. The focus here is on AERIUS 
Calculator, the AERIUS product used for nitrogen 
calculations, within the context of the PAS. 

The PAS and room for the 
development of economic activity

There are two cornerstones that support the PAS to achieve 
the Natura 2000 nature conservation targets. In the �rst 
place, the PAS is intended to realise a continued reduction in 
nitrogen deposition under current nitrogen policy. Moreover, 
in order to achieve further emission reductions, an 
additional package of agricultural measures has been agreed 
on for the PAS. The second cornerstone to achieving the 
nature conservation targets is that of ecological restoration 
measures in Natura 2000 areas. This may consist of applying 
sods or hydrological measures to increase the general 
resilience of local habitats. 
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The philosophy behind the PAS is that of using part of the 
deposition reduction for the development of new or the 
expansion of existing economic activities for which permits 
are required. This part of the reduction is what is referred to 
as room for development. However, this room for 
development  only will be made available a�er ecological
experts have determined that the projected reduction in 
deposition in combination with restoration measures will 
not put the achievement of the Natura 2000 targets at risk. 
The room for development is calculated per type of habitat, 
per Natura 2000 area, and expressed in mole per year.

Development for and together with 
users 

An important issue for the initiators of projects involving 
nitrogen emissions is that of obtaining a permit for their 
planned activities. In other words: how they could use the 
available room for development. This question remains the 
central issue in the development of AERIUS Calculator. For a 
100% correlation with user needs and in order to arrive at a 
true practical tool, the AERIUS development team chose the 
UCD (user-centered design) approach.

According to the UCD design philosophy, a product is 
optimised around the way users wish, can or must use that 
product. This in contrast to approaches that force users to 
adjust their behaviour to suit the product. In user-centered 
design, ICT is maximally applied to provide solutions and 
serve the users’ wishes and needs. This approach means that 
AERIUS development goes much further than merely 
addressing a ‘modelling issue’ around nitrogen dispersion.
 
A working group of around 15 future users was set up, 
consisting of business community representatives, permit 
issuing o�cials and competent authority experts. This 
working group formulates the desired functionality of the 
model and its preconditions. Each month, the AERIUS 
development team demonstrates a working version of the 
calculation tool to the working group. The users check the 
progress and provide feedback. During these sessions, users 
also identify and prioritise the development team’s 
workload for the following month. They therefore not only 
participate in the discussions, but also share in 
responsibilities related to the development of AERIUS.

The main result of this approach is that data is transformed 
into information. The particular information to be entered 

into the calculation tool matches the user’s knowledge and 
everyday reality. This also applies to results and the way in 
which these are presented, in relation to the user’s �nal 
questions. The tool not only presents data, it also provides 
meaning. Initiators could for example use AERIUS to explore 
whether and in which variant their projects would be eligible 
to receive a permit related to nitrogen.

Calculating with AERIUS 

Users may start a calculation in AERIUS by entering one or 
more emission sources onto a map, or upload a �le 
containing the sources. Sources may be in the shape of 
points, lines or planes. The user also enters a number of 
source characteristics. For example, for the construction of a 
new pigsty, the user may specify the animal category, the 
number of animals it will house, the type of sty, as well as 
some sty characteristics, such as the height of the ventilation 
holes. AERIUS, on the basis of this information, 
subsequently calculates the expected ammonia (NH3) and 
nitrogen oxide (NOx) emissions. In the above example of the 
pigsty, NH3 emission levels are calculated on the basis of 
animal category and the numbers of animals within the 
housing system. For this calculation, AERIUS uses the 
emission factors for animal housing systems derived from 
the Ammonia and Livestock Farming Regulation (Rav). 

The AERIUS calculation centre OPS (Operational Priority 
Substances model; Van Jaarsveld 2012), subsequently, 
calculates the spatial dispersion of the emissions and the 
deposition locations. Dispersion and deposition largely 
depend on meteorological factors and land use in the 
dispersion area. Nitrogen, for example, is more easily 
deposited in forests than on grassland. In addition, source 
characteristics, such as the position of ventilation holes, also 
play a role. Calculations are conducted in widening circles 
around the source or sources. On the screen, users can 
follow the expanding calculations. Calculation times mostly 
span a few seconds but may take up to several minutes for 
the more complex issues.

For its calculations on nitrogen dispersion from road tra�c, 
the version of AERIUS that will become available following 
the implementation of the PAS will be using the Standard 
calculation method 2 (SRM2) of the Dutch Air quality 
assessment regulation. This means that AERIUS calculations 
for roads will be in line with the national air quality plan. 
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Meaningful results

Calculations subsequently result in a map of nitrogen 
deposition, which is then combined with the map of Natura 
2000 areas as available in AERIUS and the nitrogen-sensitive 
habitats within them. This immediately shows the areas and 
habitats a�ected by a particular project. 

AERIUS also contains data on background deposition, based 
on emission data derived from the Pollutant Release and 
Transfer Register which is also used for drawing the RIVM 
map on long-range transboundary air pollution in the 
Netherlands. AERIUS also contains data on critical loads of 
deposition (see text box below) for each type of habitat. 
AERIUS adds together the calculated amount of 
project-related deposition and the background deposition, 
and subsequently shows, per location, the total deposition 
in relation to the critical load. For ecologists, this is crucial 
information to assess the situation.

Critical loads of deposition
The critical load of nitrogen deposition is 
the limit above which there is a risk of 
signi�cant reduction in habitat quality due 
to the acidifying and/or eutrophying 
impacts from atmospheric nitrogen 
deposition. This critical load level has been 
determined for all Natura 2000 habitat 
types and other nitrogen-sensitive 
habitats of species protected in Natura 
2000 sites (Van Dobben et al. 2012). 
The values were based on the critical load 
values as set by the UNECE within a 
European context. 
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At the request of users, AERIUS has introduced a number of 
‘markers’ on the resulting maps (see also the example of 
EMO). These markers point to locations where the 
possibilities of problems related to nitrogen and nature are 
likely to be the largest. This may concern a marker that 
indicates the location of a project’s largest nitrogen 
contribution, or one that shows the location with the highest 
relative critical load exceedance. Another functionality of the 
Calculator is that it enables comparison of nitrogen e�ects
between any variants of a certain project. Results 
subsequently are all presented in a pdf overview which can 
immediately be a�ached to the permit application. This pdf 
�le also states the version number of AERIUS and the basic 
maps and standard data used in the calculation. This ensures 
that calculations can always be reproduced when necessary.

A beta version of AERIUS is now �nished and available for 
calculating a project's deposition contribution. As soon as 
the PAS has been implemented, AERIUS may also set the 
amount of deposition that is projected to be contributed 
(the required room for development) against the amount of 
room available. 

Science under the hood

As indicated above, the core of the AERIUS calculation tool 
consists of the Operational Priority Substances (OPS) model. 
Since the 1990s, the OPS model has been leading, in the 
Netherlands, in modelling large-scale dispersion of nitrogen 
from various individual sources. The model is owned by the 
Dutch National Institute for Public Health and the 
Environment (RIVM) and PBL Netherlands Environmental 
Assessment Agency.

OPS uses what is known as a Gaussian plume model to 
calculate local-scale dispersion of NH3 and NOx. For 
dispersion over relatively larger distances (more than 20 
kilometres), OPS operates as a trajectory model. In this way, 
contributions from local, regional and foreign sources may 
be combined within one calculation.

Each year, OPS is validated and calibrated on the basis of 
�eld measurement results obtained through the Dutch 
National Air Quality Monitoring Network. In the near future, 
measurement results from the Ammonia Monitoring 
Network in Nature (MAN) will also be included in the 
calibration. Within the MAN, ammonia concentrations in the 

air are being measured at 300 measurement locations, 
spread over 60 Natura 2000 areas. At a later stage, results 
from dry deposition measurements in the Natura 2000 areas 
of Bargerveen and Binnenveld, which are currently being 
carried out by RIVM at the request of the Ministry of 
Economic A�airs, will also be included in the OPS validation. 
A third location will be added to these two, in 2014. The 
validation is part of the formal, annual process of 
management and further development of the OPS model. 

Quality and the quality process

AERIUS has been subject to several external review 
processes. International scientists concluded that both OPS, 
the core of the calculation tool, and the emission factors 
were well-founded, and they considered the method used 
for calculating local-scale deposition levels to be state of the 
art (Su�on 2013). In its review, TNO (Netherlands 
Organisation for Applied Scienti�c Research) considers the 
AERIUS functionality to be �t for purpose, i.e. well suited to 
perform calculations within the context of the permit issuing 
process (Duyzer 2013). Following a User Acceptance Test, 
future users at provincial authorities indicated AERIUS to be 
very user-friendly (Hanzon 2013).

AERIUS is under continuous further development and is 
being improved on the basis of progressive scienti�c 
insights, user experience in pilot projects, and 
recommendations from reviews. The objective is always to 
further minimise uncertainties and to be in line with new or 
evolving user needs. An example of this is the international 
review recommendation to further optimise OPS in such a 
way that it will also be state of the art in its calculations of 
dispersions over relatively larger distances (more than 20 
km). RIVM currently is addressing this recommendation by 
including it in the further development of OPS. The desired 
additional functionalities that emerged from the User 
Acceptance Test, meanwhile, have been addressed by the 
AERIUS development team.

Looking back and looking ahead

The PAS is a complete programme that encompasses 
governance levels, nature areas and economic sectors. 
This, therefore, called for a completely new and truly integral 
support tool. The development of this tool set many things 
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in motion. In the �rst place, AERIUS was the catalyst in 
the development of one national map of habitats for 
Natura 2000 areas. In addition, a new, standard 
calculation method was developed for nitrogen 
emissions from mobile sources. Furthermore, the 
development of AERIUS also led to the 
standardisation of emission factors, such as for sea 
shipping (see the EMO example). Information on land 
use, which is important in dispersion calculations, 
could be made more location-speci�c than before, 
using new more powerful calculation technology. All 
this was united within one tool which will be made 
available, online, to everyone. With the introduction 
of this tool it is clear to all entrepreneurs how to 
substantiate their permit applications. 

Parallel to the development of AERIUS Calculator, 
other AERIUS products are being developed in support 
of the PAS. This concerns AERIUS Register, the room 
for development balance sheet; AERIUS Monitor, 
providing overviews of deposition developments, 
implementation and e�ectivity of restoration 
measures, and the granted amount of development; 
AERIUS Scenario, for calculations of nitrogen e�ects 
related to spatial plans; and, �nally, AERIUS Connect, 
enabling the exchange of information with 
programmes such as the Dutch National SDI (SDOK) 
(Space Data Infrastructure), the Dutch air quality plan, 
and the Pollutant Release and Transfer Register. The 
AERIUS products, together, form a cohesive set of 
tools to map and monitor the room for development 
in relation to nitrogen deposition in Natura 2000 
areas, on national, regional and local scales. Thus, 
AERIUS is not only a calculation tool, but also 
functions as a conceptual framework that was 
developed according to an innovative approach.
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Try AERIUS 
Calculator 
yourself

To become a user of AERIUS 
Calculator beta, please register 
your name via www.AERIUS.nl/en
The AERIUS team is looking 
forward to receiving your 
feedback.

More information at
www.AERIUS.nl/en

CALCULATOR
AERIUS
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EMO, transshipment company for charcoal 
and iron ore, is actively participating in the 
working group that provides direction to 
the AERIUS development. The EMO 
participation has strongly contributed to 
the AERIUS vision on user-friendliness.

EMO is the largest transshipment terminal for dry bulk 
goods in Western Europe, located on the Maasvlakte, near 
Ro�erdam. The company is frequently confronted with the 
issues of nitrogen and nature. Nitrogen oxide is emi�ed 
from the large numbers of mobile heavy-duty machinery 
(e.g. mechanical shovels, bulldozers, �oating cranes), related 
sea and inland shipping, and rail and road transport. 
Bordering on the Maasvlakte are the nitrogen-sensitive 

Natura 2000 areas of Voornes Duin en Solleveld & 
Kapi�elduinen.

EMO, as a future user of AERIUS, is actively participating in 
the working group that provides direction for the AERIUS 
development team. The company represents an important 
case for the development of the methodology of calculating 
the emissions from sea and inland shipping. EMO is also 
closely collaborating on the development of a methodology 
for calculating emissions from mobile sources. The EMO 
participation has strongly contributed to the AERIUS vision 
on user-friendliness.

Arend Vrijma, EMO sta� member on environment: 'Around 
two years ago, we indicated that we would like to contribute 
to the development of AERIUS. At the time, we had just 
�nished a major exercise of calculating the nitrogen e�ects 
of bringing a new piece of land into use. Those calculations 
were needed for the permit application, to comply with the

Developing AERIUS together with users 3

Bird’s eye view of the EMO terminal 
at the Maasvlakte, Ro�erdam

Users and developers de�ning the scope 



4 EMO company and AERIUS

Nature Conservation Act. A large number of manual 
calculations were required to work out the emissions 
and deposition related to the project and to assess the 
results from an ecological perspective. We like to 
contribute our knowledge and experience in these 
areas to the development of a new tool that would 
make life easier for us and deliver more meaningful 
results. The AERIUS working group has steered 
developments into the direction of an explorative 
tool, with data that can be shi�ed around and variants 
that can be compared. What would be the impact of 
increasing the sustainability of our pool of mobile 
machinery? And would the exact spot of a particular 
development along our three-kilometre grounds 
make a di�erence to our nitrogen impact? The 
answers to these types of questions lead to 
information that is valuable for taking investment 
decisions. Another important issue the working group 
is focusing on is that of standardisation of the 
emission calculations. At the moment, it is o�en 
unclear how calculations should be done. Certainty 
about methodology is very important to our company, 
and this will be embedded in AERIUS once it is 
�nished.

EMO feels it is important and of strategic signi�cance 
to participate in the development of AERIUS and, thus, 
indirectly also of the PAS. It is vital that we achieve fast 
and clear insights into project-related nitrogen e�ects; 
not only for our own company, but also for the Dutch 
corporate community as a whole.'

 View from Natura 2000 area Voornes Duin on 
the EMO terminal at the Maasvlakte, Ro�erdam



Developing AERIUS together with users

Step 1: As primary emission source the area is 
speci�ed where mobile machinery is used, e.g. 
Caterpillars to move coal or iron ore.

Step 2: Also other emission sources are added to 
the situation. The source types include rail and 
road transportation, a �oating crane and of 
course the shipping to and from the facility.
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Step 3: When all emssions sources are added, using a 
atmospheric dispersion model, the cumulative deposition on 
nitrogen sensitive Natura 2000 sites is calculated. To help 
the user, markers are placed on the map. The pink markers 
represent the locations where the contribution of nitrogen 
deposition from the emission sources reaches the highest 
level.

Step 4: In case of a permit request or spatial planning 
evaluation, two situations can be calculated and viewed side 
by side. Thus enabling the user to compare emissions and 
depositions with a single click.
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Step 5: In most cases ecologists focus on speci�c habitats 
when assessing the impacts of the nitrogen deposition. They 
can put a �lter on the calculation results of deposition levels 
per Natura 2000 area per habitat type.

Step 6: All data and calculations can be exported as GML, for 
further processing in a Geographic Information System or as 
a pdf �le to serve as an appendix to a formal permit request.
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