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Abstract

The aim of this thesis is to explore the consequences on nitrogen policy for agriculture in the Netherlands
of the Dutch Council of State’s ruling that the policy ‘Programma Aanpak Stikstof’ (PAS) is null and void.
Nitrogen emissions are high in the Netherlands and have a negative effect on biodiversity. The Natura
2000 network, a EU wide conservation initiative, is the reason the nitrogen emissions have to decrease.
The PAS was the policy meant to reduce nitrogen emission while creating room for new economic
activity. It succeeded at the latter objective but failed at the first. The failure was due to the policy being
too flexible and lacking a clear timeframe combined with the reasons the Council of State used. Namely,
that the PAS used future anticipated reduction emissions to grant permits and that it also gives permits
based on the deposition space that is available due to measures that are meant to prevent the
deterioration of Natura 2000 areas. The fundamental problem of the PAS is that it has two objectives
that cannot be reconciled. Tradable or non-tradable emission rights could be used in the new nitrogen
policy. Non-tradable emission rights have the disadvantage that it is not economically efficient and
incentivises rent-seeking behaviour. Tradable emission rights are economically efficient but could
counteract other policy goals that can be implemented with emission rights like preferring young or
organic farmers or protecting the processing industry in a region. If inter-sector tradable nitrogen
emission rights were introduced in the agricultural sector the animal sectors that will buy them are the
organic laying hens, organic dairy cattle and conventional dairy farming since they have the highest
shadow prices of emission rights.

Keywords: Nitrogen, PAS, Natura 2000, Agriculture, Emission rights, Netherlands
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1. Introduction

On the 29t of May 2019 the Dutch Council of State (i.e. Raad van State) ruled that the policy regulation
‘Progamma Aanpak Stikstof’ (PAS) concerning nitrogen® emissions was null and void (Raad van State,
2019). The ruling followed a ruling by the European Court of Justice. PAS was deemed null and void since
it gave permits under the assumption that future plans would reduce the nitrogen levels in Natura 2000
areas. However, according to European law the permits can only be given after these measures to reduce
nitrogen in Natura 2000 have already been taken (EU Court of Justice, 2018). PAS was implemented in
2015 after a long debate on how to curb nitrogen emissions while at the same time continuing economic
activities like construction and agriculture (Julen, 2019). The nitrogen emissions had to be cut due to
negative consequences to the biodiversity of vulnerable nature habitats (Remkes et al. 2019; Bobbink et
al. 2010) in Natura 2000 areas. Additionally, nitrogen emissions can also have adverse effects on public
health (Remkes et al., 2019; Aneja, Schlesinger & Erisman, 2009).

The ruling from the Council of State led to great uncertainty about the validity of permits given out for
big infrastructural projects and other construction projects for which still appeal possibilities exist
(Niewold & Segaar, 2019). Moreover, this is the case for permits for the expansion of farms (Niewold &
Segaar, 2019). The ruling combined with comments from a member of parliament who said that the total
Dutch livestock should be halved let to large famers’ protests. The first farmers’ protest led to the largest
morning rush hour ever in the Netherlands (Kos, 2019). The protests at provincial governments
succeeded at convincing politicians to stop new plans they had drawn up to reduce nitrogen emissions
(The Economist, 2019). The protests in the provincial capital of Groningen even got out of hand when
one tractor smashed in the door of the provincial legislature (The Economist, 2019) According The
Economist (2019) many politicians worry that the protests undermines the Dutch tradition of political
compromise by showing that extreme gesturers work.

The Dutch government now has to create a new policy concerning nitrogen emissions. This new policy
will be controversial no matter what the policy will be. The different actors appear to have different ideas
of what policy should be implemented. The Dutch farners’ organisation LTO and the Dutch employers’
organisation VNO-NCW called for more centralised and bigger Natura 2000 areas which they state are
now often too small and to dispersed (VNO-NCW, 2019). On other other hand, an environmental
protection organisation called for all intensive farming around Natura 2000 areas to be halted (De
Gelderlander, 2019). The advisory group that was asked by the Dutch government to give an advise for
short term solutions advised that farms that produced relatively large amounts of nitrogen emissions and
were close to Natura 2000 areas should be bought up by the Dutch government (Remkes et al., 2019).
There has been a case study done for the Natura 2000 area Nieuwkoopse Plassen which concluded that
policy aimed specifically at reducing nitrogen emissions by farms that are in the near vicinity of this area
is effective and cost effective (Joosten et al. 2019). An overview of the different effects of the
abolishment of the PAS seems to be missing from literature.

1.1 Main research objective and research questions

The objective of this research is to explore the consequences on nitrogen policy for agriculture in the
Netherlands of the Dutch Council of State’s ruling that the policy ‘Programma Aanpak Stikstof’ is null and
void. To reach this objective the following research questions have been formulated:

e What are the different technical aspects of the nitrogen emission problem in the Netherlands?

e What did the policy ‘Programma Aanpak Stikstof’ entail and why was rejected by the Council of
State?

e What the pros and cons and effects of an introduction of nitrogen emission rights for agriculture
are?



1.2 Theoretical framework

This research will review the old nitrogen policy and analyse and compare new alternative policies. The
comparison will be, in part, based on the economic efficiency of the policies. The theoretical framework
that will be used is the economic theory of regulation. The term refers to taxes and subsidies of all sorts
as well as to explicit legislative and administrative controls over rates, entry, and other facets of
economic activity (Posner, 1974). This theory has two distinct schools of thought the first is ‘public
interest theories of regulation’. This school entails that regulators are benevolent, have sufficient
information and aim to pursue the public interest (Den Hertog, 2010). The second school is ‘private
interest theories of regulation’, which says that regulators do not have sufficient information. They can
therefore only imperfectly, if at all, promote the public interest when controlling firms or societal
activities (Den Hertog, 2010). This thesis will look at policies concerning nitrogen emissions through the
lenses of both schools.

1.3 Methodology

This research will be conducted by a literature review (research questions 1, 2, and 3) combined with
descriptive statistics (research question 1). The descriptive statistics will give insights into the size of the
nitrogen emission problem in the Netherlands. Furthermore, it will give insight into the extent that
nitrogen emissions can be realistically reduced in the near future. Additionally, for the third research
question I will calculate the different shadow prices in agriculture per animal sector to give an insight into
what sector could buy emission rights and what sector will sell emission rights. This will indicate the
effects of an introduction of tradable nitrogen emission rights.

1.4 Content overview

After the introduction in chapter 1, the different technical aspects of the nitrogen problem in the
Netherlands will be discussed in chapter 2. The chapter gives an explanation of what Natura 2000 areas
are and what the policy of protecting them entails. It also includes an overview of nitrogen emissions in
the Netherlands and an overview of the effect of these emissions. Next in chapter 3, the old policy
regarding nitrogen emissions will be described. First a broad overview of the historical development of
nitrogen policy will be given. An overview of what the PAS entails will be given next and an economic
assessment of this policy. The last section will explain why the PAS was declared null and void. In
chapter 4 the theory of emission rights will be analysed. The subsequent chapter will use data to predict
the effects of introducing tradable nitrogen emission rights. The last chapter provides a general
conclusion and discussion.



2. Natura 2000 and nitrogen

This chapter discusses the technical aspects of nitrogen emissions. The aim is to provide an insight into
why nitrogen emissions are a problem and how big the problem is. First, an overview of the amount and
concentration of nitrogen emissions in the Netherlands will give insight into the size of the emissions
problem. Thereafter, the effect of these emissions on nature, biodiversity and public health is explained.
Lastly, an explanation of Natura 2000 areas and what the policy of protecting them entails. This is a key
aspect of nitrogen emissions since the protection of Natura 2000 areas is the reason that PAS was
declared null and void.

2.1 Nitrogen emissions

This section provides further insights on nitrogen emissions. First I discuss what I actually mean by
nitrogen emissions in this thesis. Subsequently, the different sources of nitrogen emissions are briefly
discussed. Lastly, the concentration of nitrogen emissions in the Netherlands is reviewed to give an
indication of the size of the problem.

2.1.1 Definition of nitrogen emissions

In Dutch public discourse the terms used to describe the emissions that are a problem are ‘stikstof’ and
‘stikstofuitstoot’ meaning respectively ‘nitrogen’ and ‘nitrogen emissions’ (Julen, 2019; Niewold &
Segaar, 2019; Remkes et al., 2019). However, the emissions that were referred to in the Council of
State verdict were not nitrogen emissions but rather nitrogen oxide (NOx) and ammonia (NH3) emissions.
Both do contain the nitrogen as chemical element and therefore the catch-all term nitrogen is used in
public discourse to describe these emissions. Nitrogen emissions in this thesis are also nitrogen oxide
(NOx) and ammonia (NH3) emissions. Nitrogen oxides is actually a catch-all term itself for 7 compounds,
all of them are some sort of combinations between the chemical element of nitrogen (N) and oxygen (O)
(EPA, 1999). However, in this thesis, for simplicity’s sake, nitrogen oxides will be treated as one type of
emission.

2.1.2 Sources of nitrogen emissions

In Figure 2.1 the nitrogen oxide emissions in the Netherlands are shown. Two things stand out. First, the
total emissions have consistently decreased over the past 2 decades. Second, ‘Road transport’ as a
sector emits most nitrogen oxides. However, this sector has also been most responsible for the decrease
in emissions. Another sector that has reduced its emissions considerably over the last two decades is the
‘Energy production and distribution’ sector. An important note on Figure 2.1 is that emissions from
abroad are not taken into account while they do affect the soil in the Netherlands (Remkes et al., 2019).
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Figure 2.1 Nitrogen oxides (NOx) emissions in the Netherlands divided per sector
Source: Author based on European Environmental Agency, 2017

In Figure 2.2 the ammonia emissions in the Netherlands are shown. The sector that emits most ammonia
is by far the agricultural sector. The difference between agriculture and other sectors is so stark that in
an effort to make Figure 2.2 legible the other sectors had to be aggregated. The amount of ammonia
emitted declined in the nineties but the decline lessened at the start of the new century. Actually, from
2013 onwards the trend seems to be upwards. Figure 2.2 also does not include emissions from abroad.
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Figure 2.2 Ammonia (NH3) emissions in the Netherlands divided per sector
Source: Author based on European Environmental Agency, 2017

Note: 'Other’ is a combination of all sectors in Figure 2.1 other than 'Agriculture’

2.1.3 Concentration of nitrogen emissions

The nitrogen emissions are different from greenhouse gas emissions in the sense that the effects of
these emissions are local. In other words, if a farm emits nitrogen, it mainly affects nature areas close
by. This means that not just the amount of nitrogen emissions is relevant but also the location where
they are emitted. In Figure 2.3 the nitrogen oxides emissions in the Netherlands in 2017 are mapped.
The emissions are most prevalent in de ‘Randstad’ which is the most urbanized part of the Netherlands.
Furthermore, the highways in the figure are clearly visible. This is in line with Figure 2.1 since it shows
that the sector with the largest nitrogen oxides emissions in ‘Road transport’. The emissions are smallest
in the north of the Netherlands. The emissions for the most part stayed below EU norms of 40 pug/m3,
only some small areas in Amsterdam and Rotterdam exceeded the norms in 2017, shown in red on the
map.
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Figure 2.3 Average nitrogen oxides concentration emissions in 2017 in the Netherlands
Source: CLO, 2018

Figure 2.4 shows that ammonia emissions in contrast to nitrogen oxides are mainly emitted in the Dutch
countryside instead of urbanized areas. The areas with the largest emissions are the areas with the most
intensive agriculture (CLO, 2013). This is in line with Figure 2.2 which shows that agriculture is the
sector with the highest emissions. The figure is for 2012 but it is not expected that large changes have
occurred in recent years.
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2.2 Effects of nitrogen emissions

Now that the nitrogen emissions are defined, the sources are clear and the concentration within the
Netherlands is shown, the effects of nitrogen emissions can be discussed. Even though the verdict of the
Council of State was about the emissions that affected the biodiversity in the Natura 2000 areas, public
health effects are also discussed since it shows the additional relevance of reducing nitrogen emissions.

2.2.1 Biodiversity

It is clear from the verdict of the Council of State that nitrogen emissions affect biodiversity. In this
section the way nitrogen emissions affect biodiversity are discussed. According to Brink et al. (2011), the
total costs to ecosystems in the EU-27 countries was between €25 billion and €115 billion per year. The
wide range indicates that it is difficult to value these costs. According to Bobbink et al. (2010) there are
five ways in which nitrogen emissions affect biodiversity.

The first way is direct toxicity of nitrogen gases and aerosols. This only happens with high concentrations
in the air and it affects the aboveground plant parts (Bobbink et al., 1998). To reach the level needed for
such toxicity the plants need to be in the direct vicinity of sources that emit large amounts of nitrogen
(Bobbink et al., 2010). Since this is a local problem, it does not affect regional biodiversity (Bobbink et
al., 1998).

Secondly, the accumulation of nitrogen compounds. The amount of nitrogen available for plants
increases gradually due to higher nitrogen emissions (Bobbink et al., 1998). This increase in nitrogen
available to plants can lead to plants that have adapted to low nitrogen conditions to be outclassed by
plants that make use of the higher nitrogen availability (Bobbink et al., 1998). As a consequence, some
species of plants become dominant and other species disappear from the area. This then reduces the
amount of species and therefore biodiversity. The term to describe such a process is competitive
exclusion (Bobbink et al., 1998). Regarding a soil that is extremely nutrient poor, the biodiversity can
actually increase due to nitrogen emissions because only a few species of plants can grow under such
extreme conditions (Bobbink et al., 1998). An increase in nutrients would then lead to more species
being able to grow and thus a higher biodiversity. Still, this negatively affects the native vegetation that
is used to the extreme nutrient poor soil. Vitousek et al., (1997) gives an example for water, namely
eutrophication. Eutrophication is when too many nutrients gets added to a body of water (Vitousek et al.,
1997). It has negative consequences for biodiversity because certain algae can outcompete other
organisms in water. Furthermore, it can negatively affect the amount of oxygen in water (Vitousek et al.,
1997).

A third way in which nitrogen emissions affect biodiversity is the long-term toxic effects of ammonia
emissions. Ammonia, or when it is deposited in soil ammonium (NHa4), can be toxic to plants (Bobbink et
al., 2010). This is especially true for plants in an ecosystem that originally had nitrate as its dominant
form of nitrogen (Bobbink et al., 2010). The toxicity manifests in poor root and shoot development, this
is especially true for plants that are sensitive to ammonia/ammonium (Bobbink et al., 2010).

Also, soil acidification can affect biodiversity. Nitrogen deposition causes nitrogen saturation, meaning
that the availability of nitrogen exceeds the aggregated nutritional demand of plants and microbes (De
Vries et al., 2007). The nitrogen saturation in turn leads to nitrate leaching, meaning that nitrate leaks
into soil water (De Vries et al., 2007). If this persists over a long period it leads to a lower pH of the soil
or, in other words, the acidification of the soil (De Vries et al., 2007). Higher soil acidity will cause plant
species that are acid resistant to become dominant and plants that are used to a more neutral pH will
disappear (Bobbink et al., 1998). Furthermore, it also leads to accelerated leaching of base cations and,
under specific circumstances, increased dissolution of aluminium, which can damage fine root
development and mycorrhiza (Bobbink et al., 2003).

Lastly, susceptibly to secondary stress and disturbance factors increases. The increase of this
susceptibility can be explained by the impacts of nitrogen emissions described above. Plants experience



stress due to these impacts of nitrogen emissions. If more stress, unrelated to nitrogen emissions, is
added it can be detrimental to these plants. For example, plants can get a reduced resistance to plant
pathogens and insects pests and increased herbivory (Bobbink et al., 2010). Furthermore, changes in
plant physiology, biomass allocation (root/shoot ratios) and mycorrhizal infection can also influence the
susceptibility of plant species to drought or frost (Bobbink et al., 2010).

2.2.2 Public health

Nitrogen emissions do not just affect biodiversity but also public health. According to Brink et al. (2011)
the total costs to human health in the EU-27 countries was between €40 billion and €190 billion per year.
Similar to biodiversity it is true that the wide range indicates that it is difficult to value these costs. The
health effects are listed by Brink et al. (2011) as follows; asthma, respiratory disorder, inflammation of
airways, reduced lung functions, bronchitis and cancers. These effects are true for both nitrogen oxides
and ammonia. Ammonia has the extra disadvantage that it contributes to the odour problem.
Additionally, ammonia has higher damage costs per kg emitted namely €9.5 instead of €5.6 with
nitrogen oxides (Brink et al., 2011). Furthermore, increasing amounts of nitrate in drinking water, which
is an effect of nitrogen deposition, can also affect public health. Cancers and effects on reproductive
systems are mentioned as health effects by Brink et al. (2011). The costs of nitrate per kg is €0.7 (Brink
et al.,, 2011). The effect on public health indicates that a reduction in nitrogen emissions is not just
relevant for the environment but also for the society in general.

2.3 Natura 2000

In this section the Natura 2000 network is discussed. First the aim of the network is explained.
Subsequently, the designation process of Natura 2000 areas is discussed. Thereafter, an assessment will
be made of the Natura 2000 network to find out how effective it has been in reaching its aim. Lastly, the
Natura 2000 network in the Netherlands and the Dutch designation process is discussed.

2.3.1 The aim of Natura 2000

The Natura 2000 network is not a policy of its own but rather a combination of the Birds Directive
(79/409/EEC) introduced in 1979 and the Habitats Directive (92/43/EEC) introduced in 1992 (Beunen,
Van Assche & Duineveld, 2013). These directives were introduced after growing awareness of
environmental problems in the second half of the 20™ Century (Evans, 2012). The directives forced
member states (MS) to change their policy concerning biodiversity and conservation (Beunen, Van
Assche & Duineveld, 2013). The MS had to select specific areas that together are called the Natura 2000
network or sometimes the Natura 2000 policy (Beunen, Van Assche & Duineveld, 2013). Weber and
Christophersen (2002) state that it is presumably the most ambitious supranational initiative for nature
conversation in the world.

The Natura 2000 network aims to protect habitats and species in the EU (Rosa & Da Silva, 2005). The
Natura 2000 areas are important for species since they are core breeding and resting sites (European
Commission, 2019a). Some of these habitats themselves are rare and unique, not because of the
species, and are therefore protected (European Commission, 2019a). The network tries to achieve its
aim by designating areas throughout the EU as Natura 2000 areas, developing conservation objectives
and establishing management measures (Fock, 2011). If an area is designated as a Natura 2000 area,
policy must be made by MS ensuring that these unique features of an area are protected (Beunen, Van
Assche & Duineveld, 2013).

The network now stretches over 18% of the EU’s land mass and almost 9.5% of its marine territory
(European Commission, 2019a). In Figure 2.5 you can see the total hectares designated as Natura 2000
per country. In this figure you can see that the total of hectares is not necessarily divided equally among



MS. For example, the Netherlands and Belgium although relatively equal in size differ in hectares
designated as Natura 2000. This is likely due to the bigger coast line of the Netherlands but can also be
due to the difference in designating Natura 2000 areas.
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Source: Author based on European Commission (2019a)

2.3.2 Designation of Natura 2000 areas by the EU

According to the European Commission (2019b), a Natura 2000 area is chosen according to ecological
criteria which must be based on scientific methods. The selection procedure is different for areas that are
designated under the Birds Directive and areas that are designated under the Habitats Directive
(European Committee of the Regions, 2015). Natura 2000 areas can also be allocated based on both
directives.

Under the Birds Directive MS designate areas as Special Protection Areas (SPAs) (European Commission,
2019b). The specific ecological criteria used for designating these areas are left to MS, but the MS must
make sure that ‘most suitable territories’ are designated (European Commission, 2019b). This demand
can regarded as an ‘in good faith’ clause which makes sure that MS do not designate areas that are
economically or politically convenient, but designate areas for their ecological value. The threatened birds
species that have to be protected are listed in Annex I of the Birds Directive (European Committee of the
Regions, 2015). After the MS provide their gathered information to the European Commission it decides
if the SPAs from a coherent ecological network and if so they become Natura 2000 areas (European
Commission, 2019b).

Under the Habitats Directive MS designate areas as proposed Sites of Community Importance (pSCIs)
after they made an overview of species and habitats present (European Commission, 2019b). A ‘good
faith clause similar to that of the Birds Directive is also present under the Habitats Directive (European
Committee of the Regions, 2015). Natural habitat types that need protecting are listed in the directive's
Annex I. The species that need protecting are listed in its Annex II (European Committee of the Regions,
2015). The European Commission gathers all information. The commission then organizes seminars for
every biogeographical region where experts decide if enough ‘high quality’ areas have been assigned
(European Commission, 2019b). If the areas are accepted they are classified as Sites of Community
Importance (SClIs). MS are then obligated to re-designate these areas as Special Areas of Conservation
(SACs) within six years (European Commission, 2019b). Areas designated as SACs have to abide all rules
and regulations of the Habitats Directive.



2.3.3 Assessment of Natura 2000

One of the critiques on the Natura 2000 network is that the criteria used to designate areas vary
between MS (Alphandéry & Fortier 2001; Apostolopoulou & Pantis, 2008; Gaston et al., 2008). Trochet
and Schmeller (2012) support this critique by finding explanatory factors in their model that are not
ecological criteria like the EU specifies. These include total national surface, national proportion of urban
population, national population density, gross domestic product and weighted emissions of greenhouse
gas emissions. Another critique is that the network is not managed in a harmonized way, every country
effectively manages their part of the network independently (Trochet & Schmeller, 2012). Despite these
criticisms the Natura 2000 network and programs like it bring measurable benefits to wildlife (Donald et
al, 2007)

Gruber et al. (2012) preformed an analysis on how well the threatened species listed in Annex II of the
Habitats Directive were included by the network. They concluded that the Natura 2000 network was
successful in including areas so that every listed species is represented in at least one area. However,
the selection of areas led to relative underrepresentation of certain species in the network (Gruber et al.,
2012). Species with a smaller spatial area where these species are found were better represented than
species with a larger area. Trochet and Schmeller (2012) reach a similar conclusion when they look at
300 threatened red listed species, namely that most species are covered by the Natura 2000 network,
but some are underrepresented, especially fish species. Both Trochet and Schmeller (2012) and Gruber
et al. (2012) conclude that the Natura 2000 is beneficial for the protection of species.

2.3.4 Natura 2000 in the Netherlands

In the Netherlands the government has designated 163 areas as Natura 2000 areas (Rijksoverheid,
2019). Figure 2.6 and Annex I show the distribution of the Natura 2000 areas in the Netherlands. The
areas on land and along the coast were designated in 2003 and the areas in the North Sea in 2008
(Ministerie LNV, 2019). The areas on land are relatively equally distributed but the areas in the west do
appear to be smaller than the east. By far the biggest area on land is de Veluwe. However, the biggest
areas are maritime areas. These areas also largely explain the disparity in the hectares designated in the
Netherlands compared to Belgium, as you can see in Figure 2.5. Belgium is roughly equal in size but due
to its smaller coastline has less hectares designated as Natura 2000. Figure 2.6 also show the percentage
of nitrogen deposition above the norm in each area.

The designation procedure for Natura 2000 areas in the Netherlands is based on the Dutch ‘Wet
natuurbescherming’, which protects nature reserves, species and plants (Ministerie LNV, 2019). The
minister responsible designates an area for Natura 2000 (Ministerie LNV, 2019). A designation plan is
made where the border of the area and the species and habitats that are to be protected in an area are
specified (Ministerie LNV, 2019). The designation process is open to public participation (Ministerie LNV,
2019). Thereafter, a management plan is made with measures to ensure the protection of the area
(Ministerie LNV, 2019). Permits then have to be granted for any activity in and around this area that can
impact nature (Ministerie LNV, 2019). As a comparison, the designation procedure in the UK is similar to
that of the Netherlands (Natural England, 2019). A difference is that in the UK independent
governmental advisory groups give recommendations for what areas should be designated as Natura
2000, but the minister still makes the eventual decision (Natural England, 2019).
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3. The PAS in perspective

The Council of State’s verdict on the policy regulation ‘Progamma Aanpak Stikstof’ (PAS) concerning
nitrogen emissions led to the end of that policy. To understand why the PAS ended, it needs to be seen
in context. In this chapter, the PAS and the context will be explained. First, a brief overview of the
history of the nitrogen policy in the Netherlands follows. This history can explain choices that were made
in the formulation of PAS. Thereafter, the PAS itself is explained. Subsequently, the PAS will be assessed
on how well it did to achieve its goals. Lastly, the arguments justifying the verdict of the Council of State
and European Court of Justice are reviewed.

3.1 Historical development of nitrogen policy

The verdict of the Council of State in 2019 was not the first time a verdict of the Council of State affected
nitrogen policy. In 2008 it ruled on the policy regarding ammonia (Julen, 2019). This policy, called
‘Toetsingskader ammoniak en Natura 2000’, was declared null and void since it did not offer enough
guarantees that it would prevent negative consequences of extra ammonia emissions (Boerderij, 2008).

‘Toetsingskader ammoniak en Natura 2000’ affected the entire country and had two aims (Overheid.nl,
n.d.). The first aim was to ensure that ammonia deposition in Natura 2000, in the long run, did not
increase. The second aim was that economic activity could continue. The policy tried to achieve both
goals by making one generic policy. Namely, if a company has a permit and wants to expand its business
it can do so by producing 5% or less of the total ammonia deposition norm of the Natura 2000 areas it
affects (Overheid.nl, n.d.). A company is also allowed to expand if the deposition is the same or lower
compared to the deposition before the expansion (Overheid.nl, n.d.). The policy solved the problem that
for every change of a permit, the impact on Natura 2000 areas had to be assessed (Provincie Drenthe,
2007). Another reason for the policy was that the management plans for the Natura 2000 areas were not
finished yet (Provincie Drenthe, 2007). Therefore, it was unclear how much ammonia could be emitted
(Provincie Drenthe, 2007). Important to note is that this policy is only relevant for changes in existing
permits, new permits still had to be reviewed individually (Overheid.nl, n.d.).

The ruling of the Council of State critiqued the core of this policy. Namely that the 5% norm was not
adequate in preventing increased ammonia deposition (Raad van State, 2008). The Council of State
argued that this norm did not take into account that ammonia emissions are a local problem. Therefore,
the norm can help to lessen the total ammonia emissions but not the ammonia deposition in certain
Natura 2000 areas (Raad van State, 2008).

When the policy was no longer in place after the verdict, a backlog for permits and permit changes
formed (Julen, 2019). For every permit that would result in nitrogen emissions an impact assessment on
Natura 2000 areas had to be made. The backlog jeopardised the second goal of the original policy.
Namely that economic activity is not negatively affected. An alternative policy was needed to solve this
backlog.

3.2 The PAS

Huys et al. (2009), in their advice to the government, argued that a way in which nitrogen depositions
can be reduced by one programmatic policy was still possible. Their argumentation was that a
programmatic approach worked for permits concerning air pollution, so it can also work for nitrogen
emissions. The programmatic policy for air pollution was based on recording measures (generic and
specific) aimed at improving the air quality and recording activities that worsen the air quality (Huys et
al., 2009). The entire policy is aimed at reaching the targets on time. The policy tries to achieve this by
making relevant governing bodies responsible for implementing reduction measures (Huys et al., 2009).

The government took the advice of Huys et al. (2009) and drafted a new programmatic policy for
nitrogen emissions. The draft policy was called ‘voorlopig Programma Aanpak Stikstof’ (vPAS). The policy
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is based on the ‘Crisis- en herstelwet’ or the crisis and recovery law which was implemented in 2010
which amended the previously mentioned ‘Wet natuurbescherming’ from 1998 (Ministerie LNV, 2010).
The ‘Wet natuurbescherming’ was amended to make vPAS and later PAS possible.

The goals of vVPAS and PAS were the same as ‘Toetsingskader ammoniak en Natura 2000’. Namely, to
ensure that the habitats and species that are covered by the Birds Directive and the Habitats Directive
are protected while economic activity is not negatively affected (Ministerie LNV, 2010). Schoukens
(2018) calls the PAS an example of a shift towards adaptive management strategies. Schoukens (2018,
p. 171) defines adaptive management as a ‘flexible decision-making process that can be adjusted in the
face of uncertainties as outcomes of management actions and other events become better understood’.
Adaptive managing strategies have become more popular, in part, to overcome deadlock situations like
the Dutch permit deadlock. To achieve both goals of the PAS specific measures are included (Ministerie
LNV, 2017). These measures can be categorised in two categories: source measures and restoration
measures.

3.2.1 Source measures

The first category of measures is measures aimed at the sources of nitrogen deposition (Ministerie LNV,
2017). The PAS only included generic measures since specific measures are already included in policy
plans for specific Natura 2000 areas (Ministerie LNV, 2017).

The first goal for agriculture is to reduce the ammonia emissions from stables. The measure achieves this
by changing the rules for stables (Ministerie LNV, 2017). The maximum emissions norms of ammonia are
lowered or introduced for chickens, pigs, dairy cattle and veal calves (Ministerie LNV, 2017). The
measure is only relevant for newly build stables, expanded stables and stables with a new floor
(Ministerie LNV, 2017). The measure is planned to reduce the ammonia emissions with 5000 tonne of
ammonia in 2030 with 2013 as base year (Ministerie LNV, 2017).

The second goal is to use manure in a way that it will reduce ammonia emissions (Ministerie LNV, 2017).
The fist measure to achieve this goal is to ban the ‘sleepvoettechniek’ on grassland, and clay and moor
grounds (Ministerie LNV, 2017). The method deposits the manure in small ditches of 5 cm that are 15 to
30 cm apart (Water Over Mest, 2019).The farmers do not inject the manure, because that can be difficult
on moor and clay grounds (Water Over Mest, 2019). However, injecting manure into the ground reduces
the ammonia emissions (Water Over Mest, 2019). One alternative is to dilute the manure with water and
otherwise use essentially the same method (Water Over Mest, 2019). This reduces ammonia emissions
since ammonia dilutes in water and therefore it does not end up in the air (Water Over Mest, 2019).
Another alternative is the ‘pulse-trackbemester’ method, which deposits the manure in small holes
(Schoukens, 2018). The measure was scheduled to go into effect on the first of January 2018, but it was
later postponed for one year (Schoukens, 2018). The measure is planned to reduce the ammonia
emissions with 1500 tonne of ammonia in 2019 with 2013 as base year (Ministerie LNV, 2017).

The second measure comprises that on construction sites and non-cultivated land liquid manure and
liquid sewage sludge must be directly injected into the ground, reducing ammonia emissions (Ministerie
LNV, 2017). This measure has gone into effect on the first of January 2015 (Ministerie LNV, 2017). The
measure planned to reduce the ammonia emissions with 500 tonne of ammonia in 2015 with 2013 as
base year (Ministerie LNV, 2017). The total reduction until 2030 is shown in Table 1.

The final goal for agriculture is to reduce ammonia emissions with the help of feed and management
measures. These measures are, in contrast with the other measures, non-binding (Ministerie LNV, 2017).
Organisations that represent the agricultural sector signed a covenant with the Ministry of Economic
Affairs for these measures (Ministerie LNV, 2017). The measures are aimed at providing more efficient
management for minerals and thereby reducing the total amount of external minerals being brought in
(Dijksma et al., 2014). The total reduction, despite the measure being non-binding, of ammonia
emissions in 2030 is 3000 tonnes. The projected reduction of ammonia is also shown in Table 1.
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Table 3.1 The projected reduction in ammonia emissions in tonnes from generic measures in
agriculture with 2013 as base year

2015 2018 2021 2024 2027 2030

Stables 100 500 1,400 2,600 3,800 5,000
Manure 500 2,000 2,000 2,000 2,000 2,000
Feed and management 500 2,000 3,000 3,000 3,000 3,000
Total 1,100 4,500 6,400 7,600 8,800 10,000

Source: Author based on Ministerie LNV, 2017

In addition to these measures additional funds are available to several projects (Ministerie LNV, 2017).
These projects are all aimed at reducing ammonia emissions in agriculture. The projects can be divided
in two categories. The first category consists of projects that stimulate innovation from farmers and
agricultural firms. Furthermore, the projects also aim to improve farmers’ agricultural knowledge. The
second category involves projects that focus on research (Ministerie LNV, 2017). These projects include a
project that looks at the effectiveness of PAS measures and it also includes two case studies on low
emissions farming (Ministerie LNV, 2017).

The PAS only briefly mentions generic measures that are aimed at sources outside the agricultural
sector. It refers to the national air quality partnership program where agreements have been made to
reduce emissions (Ministerie LNV, 2017). Furthermore, the PAS also refers to new EU standards for cars
that will lead to less emission over time (Ministerie LNV, 2017). The PAS is therefore clearly more
focussed on ammonia emissions compared to nitrogen oxide emissions since generic measures aimed at
reducing emissions from the source in the PAS target agriculture, which mainly produces ammonia as
seen in Figure 2.2.

3.2.2 Restoration measures

The second category of measures consists of measures aimed at recovering Natura 2000 areas from high
nitrogen deposition. The goal of these measures is to make these areas more resistant to the effects of
high nitrogen deposition (Ministerie LNV, 2017). The measures target areas with a nitrogen deposition
that is too high (Ministerie LNV, 2017). The number of these areas is planned to diminish over time after
the measures aimed at the source have an effect. These measures do not affect the amount of
emissions. The effects of these restoration measures are reviewed by scientists in the documents
‘Herstelstrategieén Stikstofgevoelige Habitats, deel I, II en III’ (Ministerie LNV, 2017). Examples of
restoration measures are increasing the ground water level, stripping the top layer of high nitrogen soil,
dredging and the removal of nitrogen heavy materials by mowing, grazing or periodically burning it
(Ministerie LNV, 2017; Smits & Bal, 2012).

3.2.3 Room for economic activity

As mentioned before an aim of the PAS is to facilitate economic activity. The PAS assumes that the
nitrogen deposition in Natura 2000 areas will decline. Partly because of the ongoing trend and partly
because of the measures in the PAS that are aimed at the sources (Ministerie LNV, 2017). The trend of
diminishing nitrogen emissions is calculated twice with either no economic growth or with 2.5% yearly
growth. In both cases the trend of diminishing nitrogen emissions continues (Ministerie LNV, 2017). The
difference between the no growth scenario and the 2.5% scenario is allocated for economic activity
(Ministerie LNV, 2017). 50% of the reduction of nitrogen emissions caused by the generic measures
aimed at the source can be used for economic activity (Ministerie LNV, 2017). According to the PAS, this
leads to the preservation goals of the Natura 2000 areas being met in the long term while also not
worsening the nitrogen deposition in the short term (Ministerie LNV, 2017). The deposition ‘space’ that is
available for extra economic activity is included in the analysis of every Natura 2000 area. Therefore, the
amount of deposition ‘space’ can be different for every Natura 2000 area (Ministerie LNV, 2017).
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A part of this deposition ‘space’ is used for activities that are part of a general societal movement where
no explicit permission is given (Ministerie LNV, 2017). An example of a broad general societal movement
is population growth, which can mean that more houses are build and more cars are on the road.
Another part is reserved for activities that have very low nitrogen emissions (Ministerie LNV, 2017). The
emissions are so low that one project, in and of itself, will hardly affect Natura 2000 areas. There is some
deposition ‘space’ reserved for this part since all these activities together can have some effect on Natura
2000 areas (Ministerie LNV, 2017).

Lastly, a part of the deposition ‘space’ is used for new economic activity which requires a permit
(Ministerie LNV, 2017). Examples of activities are expansion of a dairy cattle farm, a new highway or new
industrial activity. Some projects get preferential treatment when it comes to the deciding who gets what
amount of the deposition ‘space’. The projects that are included in this preferential treatment are
infrastructural projects from the national government and projects from the defence ministry (Ministerie
LNV, 2017). Additionally, it also can include projects for which it can be proven that they are of national
or provincial importance (Ministerie LNV, 2017). These projects will be put forward by the provinces
(Ministerie LNV, 2017). The list of projects that receive preferential treatment is updated every year
(Ministerie LNV, 2017).

The agricultural sector is promised, on average, at least 56% of the effect of the generic measures that
are aimed at the source in agriculture (Dijksma et al., 2014). Almost all the generic measures aimed at
the source are aimed at agriculture as discussed previously. Only 50% of the reduction caused by all
generic measures is used for economic activity, as mentioned previously. Therefore, an obvious
conclusion is that most, if not all, of that 50% that is used as deposition ‘space’ has to be used for
agriculture to reach the 56%. Another factor for the deposition ‘space’ for the agricultural sector is that
the reduction of nitrogen emissions caused by farmers stopping can be used by the agricultural sector
(Ministerie LNV, 2017).

Two other ways to facilitate economic activity are in internal and external offsetting (intern en extern
salderen). Internal offsetting means that an actor scales back it nitrogen emissions in one part of their
operations to allow more nitrogen emissions in another part of their operation (Bij12, 2019). Internal
offsetting has the benefit that the actor can accommodate the reduction of nitrogen emissions inside its
own operation and is not dependent on another actor. External offsetting does not have this benefit.
External offsetting means that one actor, or emission receiver, convinces another actor, or emission
giver, to lessen its emissions. The emission receiver can ‘use’ the emissions from the emission giver to
emit more nitrogen (Bij12, 2019). However, external offsetting is, in principle, illegal when the PAS is
introduced (Ministerie LNV, 2017). Still, external offsetting is possible despite this ban. Certain conditions
have to be met to be allowed to use external offsetting (Ministerie LNV, 2017).

3.2.4 Neighbouring countries

As mentioned in chapter 2, nitrogen emissions from abroad affects Dutch Natura 2000 areas and vice
versa. If a Dutch actor emits nitrogen that affects Natura 2000 areas abroad it must be taken into
account for permits (Ministerie LNV, 2017). However, the deposition ‘space’ created by reducing
deposition on these areas cannot be used for economic activity (Ministerie LNV, 2017). The deposition
‘space’ cannot be used since this deposition ‘space’ is specifically aimed at the Netherlands (Ministerie
LNV, 2017). Nitrogen that get emitted by actors abroad and which affects Dutch Natura 2000 areas fall
under the jurisdiction of that country. Therefore, the PAS has no influence on these emissions (Ministerie
LNV, 2017). All neighbouring countries do have to adhere to the Bird and Habitats directives since they
are all part of the EU. The deposition from abroad is included in the calculations of deposition ‘space’ and
it is expected that the declining trend in emissions will also be present in neighbouring countries
(Ministerie LNV, 2017). If this would not be the case, the Dutch national government will point that out
to the country in question (Ministerie LNV, 2017).
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3.3 Assessment of PAS

After describing the PAS, it can now be assessed. The assessment will look into the effectiveness of the
PAS. Furthermore, it will look into the efficiency of the program and the problems the program
encountered.

Firstly, the assessment of the effectiveness that was done ex ante is discussed. The ‘Commissie voor
milieueffectrapportage’ or MER gives advice to the Dutch government on the effect of policies on the
environment. MER provided its final advice for the PAS in 2015. MER (2015) wrote in their advice to the
Dutch government that it understood why the two objectives were chosen. It argued that both goals are
useful for creating a broad support for the PAS (MER, 2015). A point of critique the MER (2015) has is
that although the PAS strives towards the norms of nitrogen emissions within the foreseeable future, the
PAS has no strict deadline for reaching this goal. MER (2015) also notes that the PAS focuses on generic
measures for reduction of nitrogen emissions and less on measures specifically aimed at a Natura 2000
areas. The PAS has an analysis included for every Natura 2000 area, but the policy focuses more on
general measures as opposed to specific measures. Another point made by MER (2015) is that
permission granted for economic activity in the first period of the PAS could be counterproductive to
measures taken in later periods of the PAS. By giving permission for economic activity in phases instead
of all at once reduces this risk but does not eliminate it (MER, 2015). MER (2015) concludes that if the
PAS takes all these points into consideration and the commission approves the PAS.

In the advice from MER in 2011 and 2013 the critique was harsher. In their first advise MER (2011),
amongst other things, critiqued the legal basis for the PAS under European law. One reason given for the
doubt about the legal basis is that projects where nitrogen emissions appears to be the same or less
compared to the old situation, there could still be a need for a new permit (MER, 2011). Something that
the PAS did not view as necessary (MER, 2011). The same is true for external offsetting, which was
taken out of the PAS as discussed previously (MER, 2011). The advice of MER in 2013 contained the
critique that was also present in the advice of 2015. Namely that no clear time limit was present.

Secondly, the assessment of the PAS ex post is discussed. Regarding the economic objective of the PAS,
it appears that the PAS was successful (Schoukens, 2018). As mentioned before, the main problem for
economic activity was the large permit backlog (Julen, 2019). According to Julen (2019), this backlog
was mostly resolved between 2015 and 2019. The MER (2013) already predicted in their advice that the
PAS would be successful with regard to providing necessary room for economic activity. One objective of
the PAS is clearly met.

Regarding the second objective, Schoukens (2018) notes that the PAS is not primarily aimed at achieving
nitrogen deposition loads below critical levels. Rather in the PAS it is assumed that resilient Natura 2000
areas can still thrive under higher levels of nitrogen deposition (Schoukens, 2018). Schoukens (2018)
claims that the aim was not set at reaching the critical levels, since that would have led to societal
resistance to the measures. Schoukens (2018) concludes that integrated and adaptive management
should be preferred above ‘business as usual’ regulation. However, the PAS is not a perfect solution. In
some cases it can worsen existing environmental conditions (Schoukens, 2018). The PAS seems to miss
the size of the problem stemming from intensive livestock farming (Schoukens, 2018). Moreover, the
PAS does not take enough uncertainty into account and lacks transparency (Schoukens, 2018). An
adaptive management strategy and the flexibility that comes with this approach is exactly what makes
the PAS vulnerable for legal challenges regarding the ecological protection of the Natura 2000 areas
(Schoukens, 2018). The PAS having two objectives while the European directives are only focussed on
conservation appears to put the two at odds. Schoukens (2018) has a similar conclusion when stating
that the ultimate flaw of the PAS is that recovery of Natura 2000 areas can be reconciled with further
economic expansion. He goes on to state that adaptive managing tools like the PAS can be used to hide
fundamental policy choices by claiming that both objectives can be met at the same time. This conclusion
is the opposite of what MER concluded (2015).

The nitrogen emissions since the introduction of the PAS appears to be stable. In Figure 2.1 it is shown
that the emissions of nitrogen oxides has reduced somewhat after 2015. However, in Figure 2.2
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ammonia emissions appear to have risen after 2015. Since nitrogen emissions have not reduced, one can
argue that the PAS did not reach its second objective of protecting habitats and species that are covered
by the Birds Directive and the Habitats Directive. To realize the second objective, nitrogen emissions
should have been lowered (Schoukens, 2017). The rise of ammonia emissions means that today’s
situation is even worse than before the PAS.

3.4 Legal trouble

To conclude chapter 3, after ‘Toetsingskader ammoniak en Natura 2000’ was declared null and void the
PAS was created. The PAS was a policy with two distinct objectives: to ensure that the habitats and
species that are covered by the Birds Directive and the Habitats Directive are protected while economic
activity is not negatively affected. The PAS tries to achieve these objectives mainly by generic measures
and expecting the ongoing trend of diminishing nitrogen emissions to continue. The generic measures
can be categorised in two categories: source measures and restoration measures. The assessment of the
PAS ex post by MER was critical on the PAS citing multiple reasons. Assessment of the PAS ex ante was
also critical regarding the environmental objective of the PAS. Schoukens (2018) states that the
fundamental problem of the PAS is that it has two objectives that cannot be reconciled. Regarding the
end of the PAS, the Council of State used two arguments in their ruling (Raad van State, 2019). The first
argument is that the PAS used future anticipated reduction of nitrogen emissions caused by the
measures in the PAS to grant permits (Raad van State, 2019). The Council of State ruled that the
reduction of nitrogen needs to be achieved before granting such a permit (Raad van State, 2019). The
second argument used is that the PAS also gives permits based on the deposition space that is available
due to measures that are meant to prevent the deterioration of Natura 2000 areas (Raad van State,
2019). The Council of State ruled that this was also not allowed (Raad van State, 2019).
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4. Policy tools

Since the PAS was declared null and void a new policy for nitrogen emissions is needed. To prevent a
permit backlog that emerged before the PAS was introduced a new policy should be introduced as soon
as possible. Furthermore, to prevent such a backlog the new policy has not only to be implemented as
soon as possible but it has to be implemented nationwide. The policy needs to be implemented
nationwide since evaluating each new permit individually has proved time consuming. An example of this
is the period before the introduction ‘Toetsingskader ammoniak en Natura 2000’ in 2008 as discussed in
chapter 3. In this chapter the theory emission rights as a policy tool that can be used for a new nitrogen
policy is discussed.

4.1 Emission rights

In this section, the goals that can be achieved by emission rights or supply quota are discussed. The
economic effects of introducing emission rights are explained. How emission rights compare, as a policy
tool, with other policy tools like taxes is also explained. Furthermore, considerations that need to be
made when implementing emission rights, like tradability of rights and the distribution of rights are
discussed. Additionally, the difficulties with implementing emission rights are discussed. Lastly, a short
summary and conclusion is given.

Supply quotas or emission rights is a policy tool that can be used to put an upper limit on the production
of a good or a pollutant (Peerlings, 2003). In agriculture, the policy tool can be used to achieve several
goals. First, it can be used to control the amount spend on agricultural subsidies (Peerlings, 2003;
Alvarez et al., 2006). Furthermore, the subsidies given to the agricultural sector can lead to excess
supply that can also be prevented by a quota (Alvarez et al., 2006). Additionally, a quota can support
agricultural prices since it will limit the supply that drives up prices. Lastly, it can be used to limit
pollutants that are directly linked to production (Peerlings, 2003).

A supply quota is an upper limit, set on the production of a good or a pollutant. Meaning that in a closed
economy, the supply function is completely inelastic when the cap set by the government is reached
(Peerlings, 2003). The supply is inelastic since the supply cannot increase as the price increases. Figure
4.1 shows an introduction of a supply quota in a closed economy in a market with perfect competition.
The quantity supplied and demanded before the introduction was yo with P, as the market price. The
quota was introduced with yn set as the maximum supply. The market price that corresponds with this
supply quantity is Pn. The price does not necessarily rise as indicated in Figure 4.1. If the supply is small
compared to the demand, the price increase is small or non-existent. Another scenario where the price
does not change is when the market price is equal to the price support set by the government (Peerlings,
2003). The shadow price is indicated by Ps. The shadow price is the price where producers are willing to
produce the supply quantity (yn) (Peerlings, 2003). The shadow price is equal to the marginal costs of
production. The difference between Ps and Pn is known as the shadow price of the quota (Peerlings,
2003). In other words, the difference between Ps and Pn is the amount a producer is willing to pay for
one unit of quota. Logically, a producer will not pay more than shadow price of the quota.

The effect of introducing a supply quota as shown in Figure 4.1 on consumer’s surplus is a loss of area A
and B. The loss comes from the fact that the consumers have to pay a higher price and being able to buy
less since the quantity produced is lower. The effect of introducing a supply quota on the producer’s
surplus increases, when the market price actually goes up, by area A but at the same time decreases by
area D. Assuming that area A is bigger than D, this is a gain in producer’s surplus. The total welfare
effect of a supply quota therefore is a loss of area B and D. Area A and C in Figure 4.1, after the
introduction of the quota, represents the quota rent. Meaning, the extra earnings, compared to the initial
situation, of producers that have acquired the right for production.
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Figure 4.1 Supply quota in a closed economy
Source: Peerlings, 2003

A tax could also be used for diminishing production just like a quota. If in Figure 4.1 the policy maker
wants to reduce the production from y. to yn, the same as the quota, the tax has to equal (Pn-Ps)
(Peerlings, 2003). However, a tax has different economic effects compared to a quota. Namely, with a
quota area A and C are part of the producer’s surplus, with a tax this changes. With a tax levied, area A
and C are now government income instead of producer’'s surplus. The total welfare effect remains the
same compared to a quota. The disadvantage of a tax is that it needs constant adjustment to keep the
production on the desired amount (Peerlings, 2003). With a supply quota this amount is fixed. The
constant adjustment is due to technological developments, price changes of inputs, changes in demand
and other factors (Peerlings, 2003). The constant adjustment is most likely politically difficult to
implement (Peerlings, 2003).

4.1.1 Tradability and distribution of quotas

An aspect that was not taken into account in Figure 4.1 is the tradability of production rights. Tradable
production or emission rights have been hailed by economists as being the most efficient for production
or emission/pollutant reduction (e.g. Borghesi et al., 2016). The efficiency of tradable quota rights can
be logically explained. Namely, the producers that have the lowest marginal cost of production, or
highest shadow price of the quota rights, will be able to pay the most for quota rights (Peerlings, 2003).
This is illustrated in Figure 4.2. Figure 4.2 indicates the effect of one producer, and therefore, the
demand curve is completely elastic. Meaning that one producer cannot influence the market price, the
producer is a price-taker. As an example producer A has an initial endowment of quota rights of yo, which
corresponds with a shadow price of production of Ps. The quotas are tradable and the market price of a
quota is (Pm-Ps1). The shadow price for quotas of producer A is (Pm —Ps). Meaning that Producer A is
willing to pay more for a quota then the quota market price. Therefore, producer A will try to acquire
quotas for the amount of (yi-yo). The increase in surplus for this producer are the areas E and F.
However, producer A has to pay area E so the net increase in surplus is area F. In another scenario, the
market price of a quota is (Pm-Ps2). The shadow price of the producer remains the same at (Pm-Ps). The
producer now has an incentive to sell part of its quota, namely (yo-y2). The producer surplus drops by
the areas A+B+C. However, the gains from selling the quota rights is (yo-y2) times (Pm-Ps2) which are the
areas A+B+C+D. Therefore, the net change in profit for the producer is equal to area D. This shows that
tradability of rights increase profits for producers that have a higher shadow price of a quota compared
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to the market price but also for producers that have a lower shadow price of a quota. Therefore, this
shows that tradability increases total economic efficiency.

price supply
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B P.:  average shadow price of supply 2
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Figure 4.2 Supply quota in a closed economy with tradable rights

Source: Peerlings, 2003

Logically, with tradability of quota rights the supply of quota rights is price dependent. However, the
supply, in part, is also price independent. The part of the supply of quota rights that is price independent
stems from reasons such as retiring producers, think of farmers, or producers that stop for other reasons
(Peerlings, 2003). The introduction of a quota would be beneficial for the structural development of a
sector since it gives an extra monetary incentive for quitting to high-cost producers (Boots, Lansink and
Peerlings, 1997; Peerlings, 2003). Moreover low-cost or efficient producers can expand (Peerlings,
2003). Furthermore, technological developments can lead to excess capacity, tradability can reduce this
and lead to more efficient production (Peerlings, 2003).

The bid prices on quota rights are yearly prices (Peerlings, 2003). The extra profit gained from the quota
rights are therefore the extra profit created in one year. The bid prices, in this case, are thus the same
as the prices for leasing quota rights (Peerlings, 2003). If the quota rights are bought for in perpetuity,
the bid prices will be the present value of all future income gained by the acquisition of the quota rights
(Peerlings, 2003). The present value not only depends on discounting but also on the expectations on
how long the quota will be in place, possible policy reforms, technological developments, fiscal treatment
of quotas and other influencing factors (Peerlings, 2003).

The distribution of quota rights is an important aspect to take into account. The European Emission
Trading System (EU ETS), which is probably the best-known scheme for emission rights, uses
‘grandfathering’” as a way of initial distribution of rights (Borghesi et al., 2016). Grandfathering means
that the rights are distributed according to historical production or emission levels. For example, if 2018
is chosen as the base year and producer Y produced amount X in 2018, it will receive production rights
equal to the X amount. Grandfathering could be seen as a protection of the status quo since the big
producers get the largest amount of production rights. Economists often hail auctioning as the most
economically efficient way of distributing since it is viewed as more simple and transparent compared to
other methods (Burtraw & Evans, 2008). Auctioning protects the status quo somewhat since capital rich
producers can offer the most on rights. However, as opposed to grandfathering new producers have a
fair chance of getting rights at the initial distribution. Distribution of rights being fair and transparent
prevents rent-seeking behaviour (Burtraw & Evans, 2008). Meaning that groups of producers will lobby
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to the governmental agency responsible for distributing quota rights. Rent-seeking behaviour is also a
disadvantage of non-tradable rights (Peerlings, 2003).

Government distribution of rights can also be used in order to reach certain policy goals. An example,
regarding agriculture, is to maintain production in areas that are less suitable for agriculture and
therefore have a higher cost of production (Peerlings, 2003). There are multiple reasons for maintaining
agriculture in these regions, keeping regions economically viable, specific cultural or social reasons or
indirect economical value like tourism (Peerlings, 2003). Another example of distribution of quota rights
used to achieve policy goals is redistributing of income or assets (Peerlings, 2003). This can be used to
favour a group of producers over another. An potential example, in agriculture, could be the preference
for young farmers or organic farmers. Lastly, an example of specific distribution of quota rights in
agriculture is to prevent large disinvestment in processing plants (Peerlings, 2003).

However, tradability of quota rights would negate the effect of distributing the quota rights to these
specific groups, a disadvantage of tradable rights (Peerlings, 2003). There are other disadvantages to
having quota rights be tradable. Namely, that the quota rights have to be financed which can lead to
quota rights becoming a sizable part of the total costs (Peerlings, 2003). Moreover, tradability will make
quotas harder to abolish since it would entail large capital losses (Peerlings, 2003).

4.1.2 Quota for pollutants

After having discussed the economic theory of a supply quota and quota rights I now discuss the specific
situation for pollutants. Pollutants are a by-product of production. In the case of this thesis, the nitrogen
pollutants are a by-product of the production of, amongst other things, milk, eggs and meat. Since
pollutants are a by-product of production a simple supply quota is not relevant, simply because the
pollutant is not what a producer wants to produce. If the example of milk production is followed, a supply
quota will be simply implemented for milk, an X amount is set as a max and the logic of the market as
described in 4.1 is followed. The only difficulties regarding policy would be distribution and tradability as
discussed in 4.1.1. With a pollutant several other difficulties regarding policy come up. One difficulty is
that, unlike the scenario with milk, there is not one market that is affected. A new market of quota rights
will be created. To solve this issue, taking agriculture is as an example, the amount milk produced and
the amount of the nitrogen emitted, caused by the milk production, can be used to calculate the amount
of nitrogen per litre milk produced. The price of a litre of milk can then be used to calculate the price of
nitrogen emissions for this sector. This can be done for all the sectors and with that showing the different
price for nitrogen per sector.

The previous makes that a policy maker has to consider whether or not to allow for tradability. More
specifically, if different sectors are allowed to trade the pollutant permits amongst each other or not. The
advantage of this would be economic efficiency. Meaning that with inter sector tradability one or a few
sectors are able to buy up all of the emissions rights. The dominance of one or a few sectors can be
against other policy goals than efficiency. For example, it can be politically disadvantageous to help only
a couple of industries with the introduction of a quota for a pollutant. Additionally, the problem of
clustering of the emission rights is also possible region wise. Meaning that one or a few regions are able
to buy up all emission rights. The problem this can create with certain pollutants is that if the producers
of a pollutant are geographically close, the emissions will be concentrated which can be detrimental to
the environment. A similar situation is true for inter country tradability of emission rights. In short, the
trade-off between economic efficiency and concentration of emission rights that comes with tradability or
preventing a concentration but without the economic benefits of tradable permits seems to be important
for quotas regarding pollutants.

Another difficulty regarding a tradable quota for a pollutant is what kind of system a policy maker uses to
minimize the amount of pollutant emitted. A common method used is the cap-and-trade system, like is
used with the EU ETS (Borghesi et al., 2016). Cap-and-trade systems distribute permits with one of the
methods mentioned in 4.1.1 and the permits add up to the total amount that may be emitted, the cap
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(Borghesi et al., 2016). To reach the policy goals for emissions, the governing body lowers the cap over
time (Borghesi et al., 2016).

There are other ways to reduce emissions. The syphoning system (afromen in Dutch), which holds back a
part of permits when trading is also used. Syphoning is illustrated inFigure 4.3. Without a syphoning
system the demand equals the supply of quotas. The corresponding price is P1 and the corresponding
quantity is Y2. In this initial situation there is no reduction in the emission of pollutants since all the
quotas offered at price P1 are bought up. With the introduction of a syphoning system this changes. With
syphoning, a permit is supplied but only Z percent goes to the demander while the rest is taken out of
the market e.g. it is given to a deposition bank. This means that for the same amount of quotas a
demander now has to pay more. This is indicated in the shift in prices from P1 to P2. At this new price
level the quantity demanded is Y1 while the quantity supplied is Y3. The difference is indicated with an X
in Figure 4.3. Since the amount diminished from Y2 to Y1 this shows that a syphoning system reduces
quotas and thus the emission of pollutants.

For example, take phosphate (PO4) rights in the Netherlands. After the milk quota was abolished in the
EU in 2015 the total Dutch dairy livestock increased substantially (Samson et al., 2016). Cows produce
phosphorus. Logically, the total phosphate emissions rose. The Dutch government wanted to prevent a
further rise in phosphate emissions. Therefore, the government introduced phosphate emission rights in
2018 (Rijksoverheid, 2020). The scheme includes syphoning. If farmers want to trade their permits 10%
of the traded quantity is withheld and kept in a so-called phosphate bank (European Commission, 2017).
The phosphate bank will provide these permits to so-called land-based farms, which are farms that can
fully apply their emitted phosphate on their own land (European Commission, 2017). The land-based
permits are non-tradable (European Commission, 2017). The approach for phosphate appears to work.
The total phosphate emissions from manure in the Netherlands in 2018 declined compared to the
emissions in 2017 (CBS, 2019).
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Figure 4.3 Stylized version of a quota market for a pollutant

Source: Author based on Guyomard et al., 1994
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5. Empirical results

In this chapter the nitrogen emission rights as a policy tool is discussed and assessed using data. Using
this data the effect of the introduction of emission rights can be estimated. It will focus on emission
rights that are tradable between sectors. The assessment will indicate to policy makers if nitrogen
emission rights as a policy tools have the desired effect or other policy tools should be considered.

5.1 Tradable of emission rights between sectors

In chapter 4 the considerations regarding the tradability of emission rights are discussed. In that chapter
it is discussed that emission rights that are tradable between sectors will lead to a welfare gain for
everybody trading. However, it will also imply a shift of emission rights from one sector to the other. So,
some sectors will shrink and other will expand. This can be politically difficult to accept for the
stakeholders in the shrinking sector. Moreover, it can contradict other policy goals such as the ones
discussed in chapter 4. In this section the different shadow prices for emission rights per sector within
agriculture will be derived and discussed. This will identify the sectors that will be shrink or expand after
free tradability between sectors is made possible.

Table 5.1 shows all nitrogen emissions per animal sectors. Some minor sectors are excluded for
simplicity’s sake. The sectors that are excluded are veal, breeding chickens for broilers, ducks, turkeys,
horses, goats, sheep, rabbits and fur animals. What is obvious is that dairy cattle emit the most nitrogen.
The amount of nitrogen this sector emits is considerably higher than any other sector especially if the
young cattle are included. Some other sectors that are big emitters are fattening pigs, breeding pigs and
laying hens.

Table 5.1 Nitrogen emissions per agricultural sector in 2018

Sector Nitrogen emitted (1000kg)
Total dairy cattle 289,900

Dairy cattle 234,000

Young dairy cattle 55,900

Female beef cattle 10,900

Beef bulls 3 900

Breeding pigs 31,400

Fattening pigs 65 400

Laying hens 31,700

Broilers 17,100

Source: Calculations from the author based on data from CBS (2020)

Table 5.2 shows the shadow prices per animal sector for 1 kg of nitrogen. The calculation of the shadow
prices consists of a few steps. First, the total nitrogen emissions per agricultural sector are taken from
the literature. Second, the gross margin per sector is also taken from literature. The gross margin is
available per animal or sometimes unit of produce. For example, the gross margin for the dairy cattle is
available per 100 kg of milk while the gross margin of breeding pigs is available per sow. Third, the
amount of animals or the amount of produce in the relevant unit is taken from literature. Lastly, using
this data the shadow price per 1 kg of nitrogen is calculated. Since describing the calculations in detail
are too extensive to show in this section, they are available in Annex II. Annex II also shows the gross
margins for every animal sector. Adding up all the shadow prices and diving that number by the total
amount of sectors gives the average shadow price.

The animal sector with the highest shadow price is the organic laying hens. Followed up by the organic
dairy cattle sector and thereafter the conventional dairy cattle sector. The sector with the lowest shadow
price is the female beef cattle industry. The second lowest sector is another beef cattle industry, namely
the beef bull sector. The dairy cattle sector and the meat cattle sector clearly have a different value
regarding the emission of nitrogen despite them both using cattle. To explain the difference between the
meat and dairy cattle sector is difficult since the gross margin of dairy cattle is available per 100 kg milk
and the gross margins of the female beef cattle and the beef bull sector are available per cow. However,
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the amount of nitrogen per cow can be compared. For one cow in the female beef cattle sector 381.12 kg
of nitrogen is emitted, as explained in Annex II. The amount of nitrogen per cow in the dairy sector is
178.74 kg of nitrogen. Young dairy cattle and young beef cattle are both not included in the total number
of dairy cattle and female beef cattle. So the difference in shadow prices can partly be explained by the
nitrogen emission per cow. The other explanation is the likely the higher gross margin.

Another difference between shadow prices that is noteworthy are the differences between conventional
production and organic production. The organic dairy cattle sector has a higher shadow price compared
to the conventional production. It is assumed that the amount of nitrogen per kg of milk is the same for
both sectors as described in Annex II. Tuomisto et al. (2012) did a meta-analysis of published studies
that compare environmental impacts of organic and conventional farming in Europe. According to
Tuomisto et al. (2012), organic farming generally has positive impacts on the environment per unit of
area, but not necessarily per product unit. Tuomisto et al. (2012) states that nitrogen leaching, ammonia
emissions and nitrous oxide emissions per unit of field area is lower with organic farming. In this thesis it
is assumed that the nitrogen emission per product unit is the same for organic and conventional farming.
Tuomisto et al. (2012) did not find a significant difference in nitrogen emissions per product unit.
Therefore the assumption can be true.

The difference in shadow prices is explained by the higher gross margin of the organic sector compared
to the conventional sector. For the laying hens sectors it is also assumed that the nitrogen per hen is
equal across all laying hen sectors, as described in Annex II. Therefore, the differences between the
laying hens sectors are also explained by the differences in the gross margin. Similar to the dairy cattle
sectors the organic laying hens sector has the highest shadow price and the cage laying hens sector the
lowest. It appears that organic sectors are willing to pay more to emit nitrogen since their gross margins
are higher.

The difference between the breeding pigs sector and the fattening pigs is substantial, breeding pig
farmers are willing to pay almost double for 1 kg of nitrogen emissions compared to the fattening pigs
farmers. Fattening pigs and sows are not perfectly comparable since the animals have different
purposes. However, to give some indication where the difference in shadow prices comes from the
amount of nitrogen per animal can be useful. The amount of nitrogen emitted per fattening pig is 11.61
kg and the amount of nitrogen emitted per sow is 34.03 kg, as is described in Annex II. So the difference
comes from the difference in gross margins, which is relatively high for breeding pigs.

The difference between the shadow prices of the broiler sector and the laying hens sectors are not as big
compared to the differences of between the pig sectors. Actually, the shadow price of broilers and free-
range laying hens are nearly the same. The amount of nitrogen emitted per chicken in the broiler sector
is 0.35 kg while the amount of nitrogen emitted in the lying hens sector is 0,67 kg, as described in Annex
II. Laying hens emit almost double the amount of nitrogen per chicken compared to the broiler sector.
This implies that the gross margin of laying hens compared to the gross margin of broilers is relatively
high.
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Table 5.2 Shadow prices per animal sector in 2018

Sector Shadow price for 1 kg nitrogen in euros
Average shadow price 8.26
Dairy cattle (conventional) 13.13
Dairy cattle (organic) 18.88
Female beef cattle 0.08
Beef bulls 0.65
Breeding pigs 10.25
Fattening pigs 5.68
Laying hens (cage) 3.34
Laying hens (free-range) 5.05
Laying hens (free-range plus) 9.28
Laying hens (organic) 19.53
Broilers 5.03

Source: Calculations from author based on data from CBS (2020) and KWIN (2019)

In the case of inter sector trade of nitrogen emission rights, it is expected that dairy cattle farms and the
organic lay hens farms will buy these rights. As explained in section 4.1 this will lead to more efficient
production compared to a situation where no inter sector trade is allowed. However, there are also clear
drawbacks in allowing inter sector trade, as described in section 4.1. Furthermore, the introduction is
politically difficult to implement, as farmers are opposed to it for fear that they may be forced to sell
their farm (Peelen, 2020).

Some remarks regarding the validity of the figures in Table 5.2 should be made. First, the assumption
that a few sectors with the highest shadow prices are able to buy the emissions rights relies on the
assumption that the shadow prices remain constant regardless of the production of a sector. Economic
theory assumes that a change in production also means a change in marginal costs. If the marginal costs
change, the gross margin of a sector also changes. Consequently, if the gross margin of a sector
changes, the shadow price of nitrogen emissions also changes. To use the dairy cattle sector as an
example again, according to the figures in Table 5.2 this sector will buy up nitrogen emission rights. As
this sector acquires more emissions rights the production of this sector will increase. If the assumption of
constant shadow prices is followed, the dairy cattle sector will keep trying to acquire emission rights
since this sector still is willing to pay more for these rights then most sectors. If economic theory is
followed, as production increases marginal costs will eventually rise. As marginal costs rise the gross
margin will decrease. As the gross margin decreases the shadow price of the sector also decreases.
Therefore, following economic theory, the shadow price of the dairy cattle sector will decrease after the
production has increased. The shadow price will decrease till it equals the shadow prices of the other
sectors. Meaning that the dairy cattle sector stops buying emission rights. The change in gross margins
as the production increases could be due a farm reaching their stable capacity. If they then want to keep
increasing their production they would need to make an investment into a bigger stable driving up costs
and thus reducing the gross margin The assumption of constant marginal costs is made because of the
limited scope of this thesis.

Second, is that the figures in Table 5.2 do not include a syphoning system that could be implemented
simultaneously with the introduction of nitrogen emission rights. Syphoning means that a part of the
traded emission rights is taken out of the market, as described in section 4.1.2. Meaning that the prices
of emission rights will rise and the demand will decrease. This has an effect on trade of emission rights
since a syphoning system will drive up prices. Meaning that less emission rights are traded. Notice that
after trade, the shadow price between the different sectors will be equal.

Third, the shadow price of the emission rights depends on the gross margins. In agriculture these can
change over time due to the output price volatility. Therefore, the shadow prices will also vary over time.
It is to be expected that farmers will base their decision whether or not to trade on the expected shadow
prices en these could be different form the calculated prices. The predictions of average gross margin per
animal sector of the KWIN are only relevant for the period 2019-2020.
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Fourth, the shadow prices are based upon gross margins that are average. The size and specifics of
farms within the same animal sector can vary widely. Therefore, the gross margins and consequently the
shadow prices can differ between farms within the same animal sector. Large farms might have higher
gross margins because of economies of scale and therefore are willing to offer more for emission rights
then small farms.

Lastly, as described in chapter 4, there are downsides to introducing tradable emission rights other then
the concentration of emission rights by a few animal sectors. One downside of tradable emission rights is
that if there is a concentration of emission rights in a few animal sectors, the processing industry of the
animal sectors that sell their emission rights will have nothing to process anymore. If the processing
industry fails, a large amount of capital and employment is lost. This is true for the downstream part of
the value chain but also the upstream part. Tradable emissions would also make it impossible for the
government to favour any group of farmers or a specific region by handing more emission rights to
them. Emission rights will also become a big part of the total costs of a farm. This will also mean that
emission rights will complicate taking-over of farms. Another disadvantage of emission rights is that an
abolishment of such a system would be hard since it will involve large capital loss.
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6. Conclusion and discussion

The decision of the Dutch Council of State (Raad van State in Dutch) to declare the nitrogen policy
‘Progamma Aanpak Stikstof’ (PAS) null and void had an impact on Dutch agriculture and agricultural
policy making. The PAS was deemed null and void since it gave permits under the assumption that future
plans would reduce the nitrogen levels in Natura 2000 areas. However, according to European law the
permits can only be given after these measures to reduce nitrogen in Natura 2000 have already been
taken (EU Court of Justice, 2018). The ruling from the Council of State led to great uncertainty about the
validity of permits given out for big infrastructural projects and other construction projects for which still
appeal possibilities exist (Niewold & Segaar, 2019). Moreover, this is the case for permits for the
expansion of farms (Niewold & Segaar, 2019). The ruling combined with comments from a member of
parliament who said that the total Dutch livestock should be halved let to large famers’ protests. The first
farmers’ protest led to the largest morning rush hour ever in the Netherlands (Kos, 2019).

A new national policy regarding nitrogen has to be created. The ideas from the different stakeholder on
what this new policy should look like are different. The Dutch framers’ organisation LTO and the Dutch
employers’ organisation VNO-NCW called for more centralised and bigger Natura 2000 areas which they
state are now often too small and to dispersed (VNO-NCW, 2019). While an environmental protection
organisation called for all intensive farming around Natura 2000 areas to be halted (De Gelderlander,
2019). The advisory group asked by the Dutch government to give an advise for short term solutions
advised that farms that produced relatively large amounts of nitrogen emissions and were close to
Natura 2000 areas should be bought up by the Dutch government (Remkes et al., 2019). The literature
lacks the effects of different policy tools that can be used in a new policy. This thesis has tried to analyse
the effects the introduction of a national system for tradable nitrogen emission rights. It has done this by
first giving an overview of the effects of nitrogen emissions. Furthermore, this thesis explained what the
PAS entailed and why it was declared null and void. Thereafter the economic theory regarding emission
rights was analysed. Lastly, the different shadow prices per animal sector were calculated. Shadow prices
show which animal sectors are able to buy emission rights if these rights are introduced.

The first research question of this thesis aims to find out what the different technical aspects of the
nitrogen emission problem in the Netherlands are. The aim is to provide an insight into why nitrogen
emissions are a problem and how big the problem is. In this paper nitrogen refers to nitrogen oxide
(NOx) and ammonia (NH3). Where nitrogen oxide is actually a catch-all term itself for 7 compounds, all
of them are some sort of combinations between the chemical element of nitrogen (N) and oxygen (O)
(EPA, 1999). The total emission of nitrogen oxide has been steadily declining since 1990 (European
Environmental Agency, 2017). The sector that emits the most nitrogen oxide is ‘road transport’
(European Environmental Agency, 2017). The concentration of nitrogen oxide is mainly in the urban west
of the Netherlands (CLO, 2018). The ammonia emission was declining between 1990 and 2013 but since
2013 the decline levelled off. The agricultural sector is a bigger ammonia producer then all other sectors
combined (European Environmental Agency, 2017). The ammonia emission is concentrated in the more
rural parts of the Netherlands (CLO, 2013). The costs of these emissions for biodiversity are estimated
between €25 billion and €115 billion per year in the Netherlands (Brink et al., 2011). Nitrogen emissions
affect the biodiversity in five ways (Bobbink et al., 2010). The first way is direct toxicity of nitrogen
gases and aerosols. The second is the accumulation of nitrogen compounds, which can lead to
competitive exclusion (Bobbink et al., 1998). The third way is long-term toxic effects of ammonia. The
fourth is soil acidification can affect biodiversity. Lastly, susceptibly to secondary stress and disturbance
factors increases. The costs for public health are estimated between €40 billion and €190 billion per year
in the EU-27 countries (Bobbink et al., 2011). The effects on public health are an increased chance on
getting a wide range of diseases.

The protection of the Natura 2000 areas is the reason the PAS was declared null and void. The Natura
2000 project is an initiative from the EU to protect habitats, species and biodiversity. The network
includes over 18% of the EU’s land mass and almost 9.5% of its marine territory (European Commission,
2019a). A Natura 2000 area is proposed by a member state (MS) and has to be chosen according to
ecological criteria that must be based on scientific methods (European Commission, 2019b). These
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criteria can differ vastly depending on the MS and these criteria are not always based on the protection
of biodiversity, habitats and species (Alphandéry & Fortier 2001; Apostolopoulou & Pantis, 2008; Gaston
et al., 2008; Trochet & Schmeller, 2012). Despite these criticisms the Natura 2000 network bring
measurable benefits to wildlife and cover most of the endangered species it tries to cover (Donald et al,
2007; Trochet & Schmeller, 2012; Gruber et al., 2012).

The second research question was what did the policy ‘Programma Aanpak Stikstof’ (PAS) entail and why
the Council of State rejected it. The PAS was implemented to deal with the backlog for permits and
permit changes formed after the previous policy was declared null and void (Julen, 2019). The PAS had
two objectives, to ensure that the habitats and species that are covered by Natura 2000 program are
protected while economic activity is not negatively affected (Ministerie LNV, 2010). To reduce the
nitrogen emissions the PAS used two types of measures, source measures and restoration measures. The
source measures had three goals; reduce the nitrogen emissions from stables and from manure and to
use feed and management to reduce emissions. Additionally it also includes projects aimed at facilitating
innovation and research. The restoration measures were aimed at recovering Natura 2000 areas from
high nitrogen deposition. The goal of these measures was to make these areas more resistant to the
effects of high nitrogen deposition (Ministerie LNV, 2017). To ensure that economic activity is not
harmed, the PAS dedicated a part of the reduction in nitrogen emission to economic activity.

The ex ante assessment by the ‘Commissie voor milieueffectrapportage’ or MER at the first inception of
the PAS was critical, with doubts about legal basis for the PAS under European law and a lack of time
limit for the reduction targets. The eventual advice by the MER, after the revisions of the initial PAS, also
included critique on the lack a time limit. However, the MER, in their final advice, did understand the
choice by the government of the two objectives of the PAS and did approve of the PAS. The ex post
assessment of the PAS was positive regarding the economic activity objective (Schoukens, 2018). The
PAS solved the permit backlog problem that existed before the introduction of the PAS (Julen, 2019). The
assessment regarding the second objective of the PAS was not positive. Schoukens (2018) critiques the
PAS on the notion that it assumed that resilient Natura 2000 areas were capable of thriving under high
nitrogen emissions. Schoukens (2018) claims that the PAS did not reduce the nitrogen emission by
enough, since that would have led to societal resistance to the measures. Furthermore, Schoukens
(2018) critiques the PAS for not taking enough uncertainty into account, the lack of transparency and
underestimating the size of the problem stemming from intensive livestock farming. The PAS is an
example of an adaptive management strategy (Schoukens, 2018). The flexibility that comes with an
adaptive management strategy is exactly what made it vulnerable for legal challenges (Schoukens,
2018). Additionally, the PAS having two objectives while the European directives are only focussed on
conservation appears to put the two at odds. Schoukens (2018) notes that adaptive managing tools like
the PAS can be used to hide fundamental policy choices by claiming that both objectives can be met at
the same time. This is reflected in the nitrogen emission since the introduction of the PAS, nitrogen
oxides emissions are stable while ammonia emissions have slightly risen (European Environmental
Agency, 2017).

Lastly, the third research question of this thesis is about the emission rights and its pros and cons for
agriculture, which could be implemented to curb nitrogen emissions. Supply quotas or emission rights is
a policy tool that can be used to put an upper limit on the production of a good or a pollutant (Peerlings,
2003). A tax could also be used for diminishing production just like a quota but a tax will need constant
adjustments for the desired upper limit to be present (Peerlings, 2003). Emission rights can be non-
tradable or tradable. If the emission rights are non-tradable the introduction will mean a welfare loss for
the society. Only for the producers that have managed to obtain emission rights the introduction of
emission rights will mean a welfare gain. Additionally, non-tradable emission rights incentivise rent-
seeking behaviour. If the emission rights are tradable it will increase welfare for producers that buy
emission rights but also for producers that sell their emission rights. Additionally, the tradability of
emission rights can be beneficial for the structural development of a sector since it gives an extra
monetary incentive for quitting to high-cost producers and efficient producers can expand (Boots,
Lansink and Peerlings, 1997; Peerlings, 2003). The initial distribution of quota rights is an important
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aspect to take into account. The two most popular systems for distribution of rights are ‘grandfathering’
and auctioning. Grandfathering means that the distribution of rights is based upon the historical
production. Auctioning means that the rights are sold to the highest bidder. Auctioning is often hailed as
the most economically efficient way of distributing (Burtraw & Evans, 2008). Government distribution of
rights can also be used in order to reach certain policy goals. However, if rights are tradable, it can
negate these effects (Peerlings, 2003). Other disadvantages of tradability of rights are the costs of rights
and it is difficult to abolish due to these high costs (Peerlings, 2003). Since pollutants like nitrogen are
emitted by several sectors the question is not only of rights should be tradable but also if the rights
should be tradable between sectors. The advantage of this would be economic efficiency. However, the
trading of emission rights between sectors will mean that the sectors that are willing to pay the most for
emission rights will do so. The dominance of one or a few sectors can be against certain policy goals.
There are several systems that are used to minimize the amount of pollutants. The two common
methods are cap-and-trade method, which is used by the EU ETS, and the syphoning method used for
Dutch phosphate rights.

To predict the effects of an introduction of nitrogen emission rights that are tradable between all
agricultural animal sectors I calculated the shadow prices of nitrogen for each sector. The animal sector
with the highest shadow price is the organic laying hens. Followed up by the organic dairy cattle sector
and thereafter the conventional dairy cattle sector. The sector with the lowest shadow price is the female
beef cattle industry. The second lowest sector is another beef cattle industry, namely the beef bull
sector. Meaning that if these rights were introduced the sectors with the highest shadow prices, like the
organic hen sectors, will buy nitrogen emission rights and sectors with low shadow prices, like female
beef cattle, will sell its rights.

To come back to my overall research objective of this research, which was to explore the consequences
on nitrogen policy for agriculture in the Netherlands of the Dutch Council of State’s ruling that the policy
‘Programma Aanpak Stikstof’ is null and void. The nitrogen emissions in the Netherlands were to high
before the implementation of the PAS and are still too high. This clashes with the European Natura 2000
program that requires the Dutch Natura 2000 areas to be protected from excessive nitrogen deposition
due to the negative effects on biodiversity. Still, there are many new economic activities that require a
permit that will emit nitrogen. Before the PAS this demand for permits with limited room for more
nitrogen emissions led to a permit backlog. The PAS was a national policy aimed at reducing nitrogen
emissions while creating room for new economic activity. It succeeded in the second objective but failed
with the first objective since it designated room for economic activity based on future emission reduction.
The Pas being declared null and void led to a situation similar to that before the PAS and thus a permit
backlog. To remedy this new backlog emission rights as a policy tool can be used. Emission rights are
often hailed as the economically most efficient way to reduce emissions. If emission rights are introduced
choices have to be made regarding the distribution of rights, methods of reducing emissions, tradability
within sectors and tradability between sectors. All with different effects some opposed to other policy
goals. If emission rights with inter sector tradability was introduced for the Dutch agricultural sector the
shadow prices calculated in this thesis show the animal sectors that will buy these rights and the sectors
that will sell them.

Research on PAS has also been critical on the policy. Schoukens (2018) states that adaptive managing
tools like the PAS can be used to hide fundamental policy choices by claiming that both objectives can be
met at the same time. Beunen and Turnhout (2019) also stated, after the abolishment of the PAS, that
the PAS had been used to postpone decisions that eventually have to be made. The new Dutch policy
regarding nitrogen has not yet been finalised. Therefore no research has been done on the new policy or
policy tools that will be used. Tradable emission rights as a tool to reduce have been widely propagated
by economists as the most efficient way to reduce emissions (e.g. Borghesi et al., 2016; Peerlings,
2003). To my knowledge there has been no research done on the shadow prices of nitrogen for the
different animal sectors in Dutch agriculture.

Regarding the validity of empirical research in this thesis, it is assumed that shadow prices will remain
constant regardless of the production of a sector. Economic theory assumes that a change in production
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also means a change in marginal costs. If the marginal costs change, the gross margin of a sector also
changes. Consequently, if the gross margin of a sector changes, the shadow price of nitrogen emissions
also changes. The assumption of constant marginal costs is made because of the limited scope of this
thesis. Another assumption is that the shadow prices do not include a syphoning system that could be
implemented simultaneously with the introduction of nitrogen emission rights. Syphoning means that a
part of the traded emission rights is taken out of the market. Meaning that the prices of emission rights
will rise and the demand will decrease. Additionally, the gross margins on which the shadow prices are
based are an average and can significantly change over time.

Further research on this topic could look at estimated shadow prices of other non-agricultural sectors
that emit nitrogen. Additionally, the view of different stakeholders on emission rights and the different
choices that have to be made when implementing emission rights could be researched. Furthermore,
additional research could look at other policy tools that can be used for the new nitrogen policy.
Regarding the PAS, more research could be done on why the policy was implemented while it turned out
that it did not reduce nitrogen emissions by enough and therefore did not comply with European law.
Lastly, when the new nitrogen policy will be published by the Dutch government research could be done
on the expected results of this new policy.
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Annex Il Calculations regarding chapter 5

This annex will show all the calculations regarding the figures used in chapter 5. The calculations are split
between the different animal sectors.

Dairy cattle (conventional)

The goal of chapter 5 is to compare the different shadow prices for the emission of nitrogen. To calculate
this, the total nitrogen emission per animal sector is needed. For dairy cattle this is 289,900,000 kg in
2018 (CBS, 2020). The total amount of milk produced in the Netherlands equals 13,880,920,000 kg in
2018 (CBS, 2020). It is assumed that the dairy sector only produces milk for simplicity’s sake. The kg of
nitrogen emitted per kg milk produced is equal to 289,900,000/13,880,920,000 = 0.020884783 kg.
Meaning that for every kg of milk produced 0.021 kg of nitrogen is emitted. I assume that 1.6% of both
the nitrogen emissions and the milk production is organic. This does not change the 0.021 kg since the
ratio between nitrogen and milk productions stays the same. To calculate the shadow price of nitrogen
emission the gross margin is needed. The gross margin for every 100 kg of milk produced is 27.43 euros
(KWIN, 2019, p.154). The gross margin per kg milk is 0.2743 euro. Meaning that for 0.020884783 kg N
the shadow price is 0.2743 euro. For 1 kg nitrogen the shadow price is 0.2743/0.020884783 =
13.13396457 euros.

Dairy cattle (organic)

The gross margin for organic dairy production is 39.44 euros per 100kg of milk, which is 0.3944 euros
per kg milk (KWIN, 2019, p.154). The amount of nitrogen emissions per kg of milk production is
assumed to be the same as with conventional production, 0.020884783 kg. Meaning that the shadow
price for 1 kg nitrogen is 0.3944/0.020884783 = 18.88456299 euros.

Laying hens (cage)

The gross margins for different types of laying hens are available per 100 hens. Therefore, the nitrogen
emitted per hen is needed. In the Netherlands, there are 4 types of eggs produced. They are cage, free-
range (scharrel in Dutch), free-range plus (vrij-uitloop in Dutch) and organic. Since there are no figures
on the amount of hens or the amount of nitrogen per type of eggs I assume that the amount of nitrogen
per hen emitted is the same for all 4 types. The total amount of laying hens in the Netherlands is
47,302,100 (CBS, 2020). The amount of nitrogen emitted by the total laying hen sector is 31,700,000 kg
(CBS, 2020). Meaning that the amount of nitrogen emitted per hen is 31,700,000/47,302,100 =
0.670160521 kg. The gross margin for cage-produced eggs is 224 euros per 100 hens (KWIN, 2019,
p.309). So the gross margin is 2.24 euros per hen. The shadow price for 1 kg nitrogen is
2.24/0.670160521 = 3.342482778 euros.

Laying hens (free-range)

The amount of nitrogen emitted per hen is assumed to be the same as the cage type, namely
0.670160521 kg. The gross margin for 100 free-range hens is 339 euros (KWIN, 2019, p.309). The gross
margin for free-range hens that produce white eggs is taken since KWIN (2019) it the standard. The
gross margin for 1 free-range hen is 3.39 euros. The shadow price for 1 kg nitrogen is 3.39/0.670160521
= 5.058489561 euros.
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Laying hens (free-range plus)

The amount of nitrogen emitted per hen is assumed to be the same as the cage type, namely
0.670160521 kg. The gross margin for 100 free-range plus hens is 622 euros (KWIN, 2019, p.309). The
gross margin for free-range hens that produce white eggs is taken. The gross margin for 1 free-range
hen is 6.22 euros. The shadow price for 1 kg nitrogen is 6.22/0.670160521 = 9.281358428 euros.

Laying hens (organic)

The amount of nitrogen emitted per hen is assumed to be the same as the cage type, namely
0.670160521 kg. The gross margin for 100 organic hens is 1309 euros (KWIN, 2019, p.309). The gross
margin for 1 free-range hen is 13.09 euros. The shadow price for 1 kg nitrogen is 13.09/0.670160521 =
19.53263373 euros.

Broilers

The gross margin for the broiler industry is 175.6 euros per 100 broilers (KWIN, 2019, p.344). The gross
margin per broiler is 1.756 euros. The total amount of broilers in 2018 is 48,971,100 (CBS, 2020). The
total nitrogen emission of this sector is 17,100,000 kg in 2018 (CBS, 2020). The amount of nitrogen per
broiler is 17,100,000/48,971,100 = 0.34918554 kg. Meaning that the shadow price of 1 kg nitrogen for
broilers is 1.756/0.34918554 = 5.028845123 euros.

Fattening pigs

The gross margin for the fattening pig industry is 66 euros per pig (KWIN, 2019, p.265). The total
amount of pigs in 2018 is 5,630,910 (CBS, 2020). The total nitrogen emission of this sector is
65,400,000 kg in 2018 (CBS, 2020). The amount of nitrogen per pig is 65,400,000/5,630,910
11.61446374 kg. Meaning that the shadow price of 1 kg nitrogen for fattening pigs is 66/11,61446374
5,682569723 euros.

Breeding pigs

The gross margin for the breeding pig industry is 349 euros per sow (KWIN, 2019, p.255). The total
amount of sows in 2018 is 922,610 (CBS, 2020). The piglets are not included in this figure. The total
nitrogen emission of this sector is 31,400,000 kg in 2018 (CBS, 2020). The amount of nitrogen per sow
is 31,400,000/922,610 = 34.03388214 kg. Meaning that the shadow price of 1 kg nitrogen for breeding
pigs is 349/34,03388214= 10,25448694 euros.

Female beef cattle

The gross margin for the female beef cattle industry is 31 euros per cow (KWIN, 2019, p.185). The total
amount of female beef cows in 2012 is 28,600 (CBS, 2020). 2012 is the most recent available year. For
this thesis it assumed that the amount of cows has remained constant since. Furthermore, the young
cattle bred to become female beef cattle are not included. The total nitrogen emission of this sector is
10,900,000 kg in 2018 (CBS, 2020). The amount of nitrogen per cow is 10,900,000/28,600 =
381.1188811 kg. Meaning that the shadow price of 1 kg nitrogen for female beef cattle is
31/381.1188811 = 0.08133945 euros.
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Beef bulls

The gross margin for the beef bull industry is 171 euros per bull (KWIN, 2019, p.179). The total amount
of beef bulls in 2018 is 14,770 (CBS, 2020). The total nitrogen emission of this sector is 3,900,000 kg in
2018 (CBS, 2020). The amount of nitrogen per cow is 3,900,000/14,770 = 264.0487475 kg. Meaning
that the shadow price of 1 kg nitrogen for female beef cattle is 171/264.0487475 = 0.647607692 euros.
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