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1. Introduction 

1.1 Introduction of the topic 

The Netherlands is currently experiencing a nitrogen crisis. This is mainly a problem in 

Natura 2000 areas. There are 162 Natura 2000 areas in the Netherlands, and they are 

appointed as such under the European bird and habitat guidelines to maintain European 

biodiversity. High levels of nitrogen deposition are diminishing the biodiversity. A lower 

variety of high-level nitrogen thriving plants are overgrowing these areas, causing a change in 

landscape and disappearance of living organisms. The European parliament presented their 

biodiversity strategy 2030 in May 2020 to preserve 30% of Europe’s natural areas (European 

Parliament, 2021). In 2022 the Dutch government announced their plans to reduce the 

nitrogen emissions, meeting Europe’s biodiversity strategy 2030. These nitrogen reduction 

plans conclude a 50% nitrogen emission reduction by 2030. This means that 131 areas in 

proximity of Natura 2000 areas must reduce their emissions with 70%. Leading, amongst 

others, to a livestock reduction of 26% (NOS, 2022). The reduction of emissions for the 

agricultural sector is mainly a reduction in ammonia, which is a nitrogen compound. In this 

report ammonia and nitrogen are used interchangeably.  

The Dutch plans to reduce the nitrogen emissions are summed up in the Programme Nitrogen 

reduction and Nature recovery (PSN). The policies to achieve the needed nitrogen reduction 

are stated in this document. The policies focus on agriculture, industry, mobility, and 

construction. In table 1.1 the agricultural policies are summed up.  

Table 1.1 - Agricultural nitrogen policies (Ministerie van Landbouw, Natuur en Voedselkwaliteit, 2022) 

Nr. Measure  Prognoses of average 

expected effects in 2030 

(mol/hectare/year) 

1 Second raise in budgets for subsidy scheme: remediation of pig 

farms 

2.1 

2 Targeted buyout of high emitting livestock farms around N2000 

areas.  

9.1 

3 National cessation scheme high emitting livestock farming  31.7 

4 Lower Crude protein content in animal feed 1.9 – 6.7 

5 Increasing grazing hours  0.8 - 3.7 

6 Diluting manure with water for slurry injectors in sandy areas 2.3 – 9.2 
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7 Changeover programme (from current to biological dairy 

production) 

3.5 

8 Livestock measures: innovate, invest, and standardise low-

emission stables 

29 – 41 

9 Central manure processing (fertiliser replacement) - 

  

In figure 1.1 you can see that meat as well as milk prices are at an all time high. The meat 

prices are given as the prices the farms receive for every kilogram of meat they deliver from 

milk cows, and the milk prices as every 100 kilograms of milk. From this point the prices will 

be referred to as milk and meat prices. The data reflects the behaviour of the prices from 2013 

up until 2023. While the meat price has had a steady increase, the milk price has been 

fluctuating over the past ten years. The differences between their behaviour are mainly 

explained by fact that there are more substitutes for meat from milk cows. For example, cows 

which are raised for meat production, but also calves, pork and chicken. Milk on the other 

hand has little substitutes.  

1.2 Causes and relevance 

1.2.1 Causes 

In 2013 there were high prices for cow feed and little milk yield due to bad weather 

conditions. This resulted in an increase in milk price. Besides this, farmers would increase the 

number of cows due to uncertainties about how many cows a farm could hold in the 

upcoming years (Mons, 2014; Veldman, 2013). The increase of the amount of milk cow meat  

Figure 1.1 - Past farm meat and milk price 2013 - 2023 (Logatcheva, 2023) 
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this produces leaded to a decrease in meat price. From 2014 up until 2015 The milk prices 

decreased fast. This was mainly due to an increase in milk supply after the bad milk yield of 

2013 and a decrease in international demand (Luijmes, 2014). From 1984 up until 2015 there 

was a milk quota which did not allow a farmer to produce above a certain amount of milk. If 

they did so, they would have to pay a levy. This meant that from this point farmers would 

maintain their older cows to increase milk production. Leading to an increase in meat price 

(Stokkermans, 2016). The increase in milk production is also what stopped the decrease in 

milk price. Due to increasing improvement in selection methods of calves, farmers can select 

the cows which can give the most milk for the longest time (Gebrandy, 2017). This in 

combination with problems in the international meat market leads to a lasting increase in 

meat price. The milk price fluctuates between the €35 and €35,7 euros up until 2021, where it 

takes of and increases rapidly. This is due to the war in Ukraine which increases the price for 

grain and oil, which leads to higher costs for farmers. Furthermore, bad quality of cow feed, 

bad grass due to weather conditions, and insecurity involving the nitrogen policies all lead to 

this extreme increase in price. A small change in supply can have large effects in price 

(Nolles, 2022).  

The text above describes the reasons for the past increase. The second policy ‘Targeted 

buyout of high emitting livestock farms around Natura 2000 areas’ and the third policy 

‘National cessation scheme high emitting livestock farming’ will together cause a 3.5% 

decrease of all cows in the Netherlands, as described in table 1.2.  

 

Table  1.2 - Effects of policies (van den Born, et al., 2020) 
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1.2.2 Relevance 

The relevance of this study lies in the fact that it is a problem that the Netherlands is currently 

facing. The policies are planned to be put in place in 2023 and are expected to show their first 

effects in 2025. Furthermore, the meat and dairy prices have not been investigated yet. The 

increase of meat and dairy prices will not only unable people to afford meat and dairy 

products, but also have negative effects on the agricultural industry which, due to the policies 

itself, is already facing a lot of challenges.  

1.3 Problem in academic literature 

The problem as to the increasing meat and dairy prices due to the policies created by the 

Dutch government to decrease nitrogen deposition is not researched in academic literature. 

Some researchers in the Netherlands have done a quick scan about the policies or have 

analysed the policies to reduce nitrogen deposition in the Netherlands (Groenestein, et al., 

2017; van den Born, et al., 2020). The results of both reports show that there are possible 

negative side effects for the fourth and fifth policies such as a decrease in grass yield for the 

increase in grazing hours and a increase in feed price when lowering the crude protein 

content in animal feed.  

Besides the lack of academic research on effect the nitrogen policies on price, relevant 

acedemic research on the policies seperately also show gaps. The first three policies 

concerning lowering the total amount of livestock have an effect on the supply of meat and 

dairy products. Academic research such as Valin et al. (2014) and Komarek et al. (2021) have 

mainly focussed on the influence of a change in demand on the price, but lack a further 

investigation into the changes in supply.  

The combination of increasing grazing hours in relation to the crude protein intake has been 

investigated, mainly to estimate the herbage feed intake. In the article of Rombach et al. 

(2019) this exactly is done. They describe the high mearsuring costs for the needed data to 

create a good estimation of herbage intake, but do not describe the effects on price of the 

change in diet for the cows.  

1.4 Objective and research question 

The external goal of this research is to gain more theoretical insights in the consequences of 

the Dutch policies to reduce nitrogen deposition on the price of meat and dairy. By means of 

analysing the dynamics of the dairy farm industry and the policies imposed on them. As 

described in the previous paragraph there is academic literature on most of the policies, but 
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they mainly lack the effects on price. Furthermore, the interrelations and a total effect of the 

nitrogen policies have yet to be investigated.  

This research will limit itself to the dairy farm industry. Furthermore, only the effects of the 

second up to the fifth nitrogen policies will be assessed. This is because the first policy only 

concerns the pig industry. As well due to the unambiguousness of these policies in 

comparison with the final three. The final three policies contain a high number of small 

adaptations which are only concerning some farms and increase the complexity of the 

research. For these reasons and the limited timeframe of this research the focus has been put 

on policy two up till five. To meet the objective as stated above the following research 

question needs to be answered: 

How do the policies from the Dutch government to reduce nitrogen deposition, influence the 

price of meat and dairy? 

To answer this question the following sub-questions, need to be answered.  

1. How do the policies affect animal performance and production costs in terms of 

average yield, supply, and demand?  

2. What synergies or unintended consequences can be found between policies?  

3. How can the relationships between elements in the livestock system be represented?  

The first sub-question is chosen because it is expected that the policies will affect the price of 

meat and dairy. The second and the third policy will reduce supply and will therefore play a 

role in the supply and demand cycle. The fourth and fifth policy are expected to affect yield 

and therefore, needs to be investigated to know to what degree it does so. The second sub-

question is necessary due to the importance of the effects the policies might impose on the 

dairy farm industry. The final sub-question must answer how the effects will be analysed.   

1.5 thesis outline 

This research will describe how the policies from the Dutch government to reduce nitrogen 

deposition, influence the price of meat and dairy. It will do so by investigating the policies 

separately and looking at the interrelation between them, to finally build an overarching 

framework to see the expected change in price. The first chapter has already shed light on the 

problems in current media and academic literature. The second chapter will go further into 

the theoretical background and see what is already known about the policies from the Dutch 

government and the main effects they will have on prices. The third chapter will then discuss 
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and describe the methodology which shall be used to further analyse the effects of the 

policies from the Dutch government. The fourth chapter describes and explains the model 

which was built, and the fifth the tests used to assess its validity. The sixth chapter presents 

the analysis which was done. In the final chapter conclusions are drawn from the analysis and 

the limitations, as well as future research are presented.  
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2. Theoretical background 

In this chapter a theoretical framework will be introduced to present the problem at hand. 

Furthermore, the theoretical and technical background of the problem will be described. 

Relevant theories and perspectives regarding the increased prices of meat and dairy due to the 

Dutch policies to reduce nitrogen emissions will be investigated to consequently develop a 

conceptual model that reflects the problem at hand.  

2.1 Theoretical framework 

A theoretical framework answers the question “how does this theory shape the study?” 

(Varpio, Paradis, Uijtdehaage, & Young, 2020). The theory which will shape this study is 

that of policy analysis as described by Walker (2000). Policymakers often have a large 

number of policy alternatives with an even greater 

number of consequences that, due to complexity, are 

difficult to anticipate. The policy analysis approach is 

built on an integral system description of the policy field. 

At the heart is a system model that represents the domain 

over which the policies have influence. The model 

clarifies the boundaries and the structure. There are two 

types of external forces which act on the system, these are 

the external forces outside of control of the actors and the 

policy changes.  

The policy analysis as described by Walker (2000) will be 

used because it corresponds with the modelling process of 

Sterman (2000). Sterman’s modelling process gives you the opportunity to analyse and 

compare alternatives and therefore works very well with Walker’s framework. Sterman’s 

modelling process will be further elaborated upon in chapter 3.  

Walker (2000) described eight steps which are generally involved during the policy analysis 

process, as can be seen in figure 2.1. Most projects only use a subset of these steps. That is 

what will happen in this research as well. The steps taken in this research are step three, four, 

and five. They will from now on be referred to as step one, two, and three. The first step is to 

decide on which criteria will be used to measure the success of the policies. In this research 

the price for dairy and meat, and the nitrogen deposition will be used. Nitrogen deposition is 

added because this is the main premise of the policies. Nevertheless, Nitrogen deposition will 

Figure 2.  1 - Steps in a policy analysis study (Walker, 

2000) 
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only be used as the data presented in the PSN (2022). Here the effects on nitrogen deposition 

have already been investigated. Step two is about selecting alternatives. In this case the 

existing situation and the situation with the implementation of the second till fifth policies 

from the Dutch government. The final step is the analysis of alternatives. This is done by 

modelling the alternatives.  

2.2 Theories and perspectives regarding the problem 

To review relevant literature concerning the problem, the policies, depicted in table 1.1, will 

be split up and investigated separately. The second and third policies are, as described in 

paragraph 1.2.1. about lowering the number of livestock in the Netherlands. Therefore, these 

two policies will be categorized as ‘Lowering livestock’. The fourth and fifth policies will be 

investigated separately.  

2.2.1 Lowering livestock 

As described in paragraph 1.2.1. there will be a 3.5% reduction in dairy cows. To investigate 

the effects of these policies the theory of demand and supply will be used. Demand and 

supply are two forces who together determine the price and quantity of a product. The law of 

demand states that if the price of a product goes down, the quantity demanded increases. The 

law of supply states that when the price increases the quantity supplied does as well (Demand 

and Supply, 2016).  

Several researchers have investigated how livestock-derived food demand will evolve over 

the upcoming decades (Valin, et al., 2013; Komarek, et al., 2021), but have put little 

emphasis on the changes in supply. Komarek et al. (2021) used supply as a function of the 

previous year’s animal numbers and its exogenous growth trend. Valin et al. (2014) reviewed 

demand modelling approaches from ten global economic models and used climate change 

scenarios to illustrate the effect of pure supply shocks on food demand. For this research a 

combination of two dynamic models will be used. The first model is described in MIT 

System Dynamics education project. Whelan and Msefer (1996) prepared the project under 

supervision of Jay W. Forrester and described how inventory ratio and demand have an effect 

on price and how price affects demand and supply at the same time. The other model called 

livestock markets show how the supply of livestock interacts with inventory coverage 

(Sterman J. , 2000). Together both models describe the supply and demand structure of 

livestock markets.  
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2.2.2 Lower Crude protein content in animal feed 

The measures concerning animal feed are focused on lowering the crude protein content. For 

cows the Dutch government plans to reduce the average crude protein content within 

concentrate with 12% to the minimum of 120 gram crude protein per kilogram (g CP/kg). 

Cow feed exists, on average, for 25% of concentrate and 75% of roughage. The total crude 

protein content within cow feed must reduce from 167-170 to 150 g CP/kg (van den Born, et 

al., 2020). Crude protein in cow feed is required for maximal milk and protein production of 

dairy cows. Nevertheless, large amounts of crude protein will also lead to an increase in 

nitrogen production within the cow’s digestive system, which is absorbed into the blood, 

converted to the liver, and excreted in the urine. When the amount of crude protein in a cow’s 

diet exceeds microbial needs the large amounts of nitrogen are produced (Muck, 1982). 

Besides, when the amount of protein increases above 165 g CP/kg of a cow’s total diet, the 

yield of milk and protein do not increase, while urinary nitrogen excretion increases 

according to a study with forty Holstein cows by Colmenero and Broderick (2006). 

Katongole and Yan (2020) reported an increase in milk yield from 140 g CP/kg up till 177 g 

CP/kg and a decrease in milk yield with any higher amount of crude protein. The difference 

in results between Colmenero and Broderick (2006) and Katongole and Yan (2020) shows 

the difficulty of reporting effects of crude protein on milk yield. One of the reasons different 

effects are shown is the cow sample which is used in both research projects, they used 

respectively Holstein and Holstein-Friesian cows, which both have a different milk yield to 

begin with. Katongole and Yan (2020) also reported linear decline in nitrogen efficiency with 

any increase of g CP/kg. The reduction from 167-170 to 150 g CP/kg would thus in their case 

increase nitrogen efficiency but reduce milk yield.   

2.2.3 Increasing grazing hours  

This policy has two options. The first option aims to increase the number farms using grazing 

hours from 80 to 85% of all the farms in the Netherlands and increase the grazing hours per 

day with one hour leading to a total of 840 hours per year. The second option aims to only 

increase the grazing hours for the farms already using it, from 720 hours per year to 1220 

hours (van den Born, et al., 2020).  

Kennedy et al. (2009) studied the effects of increasing and decreasing grazing hours on milk 

yield to see if lower grazing hours would improve grazing behaviour and therefore improve 

milk yield. They studied 52 Holstein-Freisian cows with 22, 9, twice 4.5, and twice 3 hours 

of grazing time per day. Nonetheless, the study showed no relation between the number of 
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grazing hours and milk yield amongst dairy cows. Due to rising milk yield potential, the 

technical requirements of a properly balanced diet become increasingly important. The large 

fluctuations in the composition of herbage intake, due to increasing grazing hours, create 

difficulties for such a diet (Van den Pol-van Dasselaar, Vellinga , Johansen, & Kennedy, 

2008).  

2.3 Conceptual model  

In the text above the elements of the policies of the Dutch government to reduce nitrogen 

deposition have been elaborated upon with academic literature. The main effects of the 

policies are listed below, which give a theoretical answer to the first sub-question.  

- The decrease of livestock in the Netherlands will create a change in supply. 

- Lowering crude protein content in dairy cow feed below 150/160 g CP/kg will 

decrease milk yield. 

- The increase in grazing hours does not influence milk yield directly but makes a 

balanced diet for high milk yield cows difficult.  

- Depending on the number of cows per hectare the increase in grazing hours has either 

positive or negative financial effects.  

Synergies and unintended consequences will also affect the results of the policies. There was 

mainly one possible synergy founded between the above stated effects. This gives a 

preliminary answer on the second sub-question.  

- Increasing grazing hours makes it difficult to control the crude protein intake.  

Referring to the first paragraph of this chapter, it is thus expected that the policies will affect 

the system which consists of the elements that are stated in the previous paragraph. The 

elements and their relations described in the previous paragraph form a complex system. In 

the following chapter the methodology will be described, which will elaborate on the choice 

of modelling method. In figure 2.2 a conceptual model is depicted. It shows how milk price 

affects the number of cows and milk demand, and how it is affected by the amount of milk. 

The same goes for meat, only meat does not influence the number of cows, since it is not the 

farmers main source of income (J. Lohuis, personal communication, May 11 2023). 

Furthermore, it depicts how the grazing hours influence the control over crude protein and 

how crude protein influence the amount of milk. This is called the system domain, which in 

its turn is affected by the policies.  
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Figure 2.  2 - Conceptual model 
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3. Methodology  

This chapter will describe the methodology which will be used during the research. It will 

describe why modelling and simulating is used, which type of modelling, how the modelling 

will be approached, and which tests there will be done to assess the validity.  

3.1 Modelling and simulating 

A system is a group of interrelated or interacting variables that together form a unified whole, 

wherein the unified whole is greater than the sum of its parts (Meadows, 2008). An example 

of a system could be the school system or the housing market. In this case, the dairy farm 

industry in the Netherlands is the system which is investigated. Systems consist of feedback 

loops. These are variables within the system which affect each other in a loop, either 

reinforcing or balancing the effects (Senge, 2006). The multiloop nonlinear character of 

feedback systems is what makes the system complex (Sterman J. D., 2000). To create an 

understanding of a complex systems, such as the dairy farm industry in the Netherlands, 

modelling is used. They give you the opportunity to study problems which occur in the real 

world when prototyping or experimenting is impossible or to expensive (Borshchev & 

Filippov, 2004). Furthermore, models are used to study the influence of alternative policies 

on system behaviour (Forrester, 1992).  

A model helps you to understand a complex system. Once equations, parameters and initial 

conditions are put into the model, it can be simulated. Simulating is the act of tracing a 

specific variable for a time period under the rules and conditions of a model (Forrester, 

1965). In this case that means that we can see how meat and dairy prices are behaving over 

time. Due to the feedback mechanisms the systems model generates its own output over time 

(Forrester, 1992). By simulating the model multiple simulation runs can be made. This way 

the effects of the policies can be compared with the current situation. Due to the complexity 

of the dairy farm industry and the need to compare the results simulation modelling is used.  

3.2 System Dynamics 

Borshchev and Filippov (2004) have done a study in different modelling approach and have 

compared the three major approaches. These approaches are Agent Based modelling, 

Discrete Event modelling, and System dynamics modelling. In this research System 

Dynamics will be used to model the dairy farm industry. This is because it has the right level 

of abstraction and takes an aggregate view of the system. Discrete Event modelling mainly 

focusses on a micro-operational level of abstraction and is often used to study individual 
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objects in a system without feedback loops. This makes Discrete Event modelling unsuitable 

for this research. Agent Based modelling very detailed and difficult to simulate over a long 

period of time, due to the large number of parameters and rules for all the agents. 

Furthermore, it is sensitive to small variations and ignores the relation between agents and 

macro factors (Wang & DeisBoeck, 2009).  

Within System Dynamics modelling one can choose to use quantitative or qualitative 

modelling. Qualitative modelling is limited to gaining understanding of the problem, gain 

shared understanding, and foster consensus. This is due the limits of the human capacity. The 

human mind is not capable of understanding dynamic characteristics of complex structures 

with nonlinear relationships and feedback loops (Vennix, 1996). Quantitative models on the 

other hand can make it possible to precisely predict future behaviour (Lunze, 1998). 

Furthermore, to be able to simulate a model, it must be quantified. Due to the fact the model 

at hand must explain how the system reacts on the policies, a simulation will be necessary 

since the human mind is not capable of understanding the dynamic characteristics, and thus a 

quantitative modelling is used in this research.  

System Dynamics is a modelling approach which builds, tests, and evaluates a model. The 

five steps of the modelling process, as described by Sterman (2000) are the following:  

1. Problem articulation 

2. Formulation of Dynamic hypothesis 

3. Formulation of a simulation model  

4. Testing 

5. Policy Design and evaluation 

The problem formulation has been done in the first chapter and is thus the effects of the 

Dutch policies to reduce nitrogen deposition on the price of meat and dairy. The second step 

is about the formulation of a dynamic hypothesis. This is about building the model, which is 

not yet the simulation model. Building the model is done by mapping the structure based on 

available data, such as described in chapter 2.  

Mapping is done by using a variety of tools. The first is the model boundary chart which 

summarizes the scope of the model. This is done by stating which variables are endogenous, 

exogenous and which are completely excluded from the model. By doing this, the boundary 

of the model is communicated. Endogenous variables are variables which interact with other 
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variables or agents within the model. Exogenous variables can be seen as external forces 

working on the model, but which are not influenced by the model itself.  

Following the model boundary chart is the making of the actual diagram or model. Here there 

are three types of diagrams available. The causal loop diagram, stock and flow diagram and 

policy structure diagram. The causal loop diagram is a simple model which links causal 

relations between variables with arrows and emphasizes the feedback structure. Stock and 

flow diagrams track accumulations or decumulations of material, money, and information as 

it moves through the system. Policy structure diagrams focusses on the delays in a decision-

making process instead of feedback structures of an overall system. In this research stock and 

flow diagrams will be used because it seems relevant to map the decumulation of the animals 

in the agricultural system. In figure 2.3 an example of a stock and flow diagram is given.  

The third step is the formulation of the simulation model. In this step the equation writing and 

setting of initial values is being done. Following this are the fourth and the fifth steps, testing 

and evaluation of the model and policies which will be further elaborated upon later in this 

chapter. Summarizing this paragraph, to analyse this system the System Dynamics 

methodology will be used. Doing this, a model boundary chart and a stock and flow diagram 

will be made. The stock and flow diagram will be formalized to be able to generate 

simulations.  

3.3 Draw backs of System Dynamics 

During modelling with System Dynamics one can try to replicate the reality in as much detail 

as possible. This often takes more time than necessary and makes the model over complex. 

Repenning (2003) described how System Dynamics papers are often reviewed as having 

unnecessary complex models. Furthermore, System Dynamics is often criticized over the fact 

that statistical hypotheses testing is not directly applicable. Nevertheless, System Dynamics 

has adopted procedures for structure and behaviour validation (Barlas, 1989; 1996). Lastly, 

System Dynamics is often criticised due to its inability to mimic reality. However, a model 

cannot and is not designed to perfectly mimic the real world. The goal of the model is to 

understand the internal systemic structure of a system. This also leads to the question if it can 

be used as a predictor. System Dynamics can viewed as hard and soft. Hard System dynamics 

are system engineering which has low complexity and high problem visiblity, which leads 

ultimately to a beter prediction and is more deterministic. The more the system moves to the 

soft side the less deterministic it becomes and the harder it is to use it as a good predictor 
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(Featherston & Doolan, 2012). The problem at hand seems to lean more to the soft side of 

System Dynamics and should therefore be interpreted so. Predictions made are merely used 

to understand how the system behaves.  

3.4 Data collection 

The data to build the model has already been partially collected in chapter 2. Further data 

collection for the structuring of the model is done by investigating more academic literature, 

sector related newspapers, and governmental reports regarding the policies.  

The data for equation writing will be gathered similar to the data necessary to build the 

model. Not all the data will be available and therefore some equations must be written by 

doing estimates. An example of this could be the rate to which an increase in grazing hours 

affects the ability to control a cow’s diet.  

Initial values and historical data will be gathered from the CBS. The CBS has a free access 

database with all the import, export, prices, and change in prices for milk and meat from 

January 1996 up until November 2022. This data is measured per month and therefore gives 

us a sample size of 323. All the necessary data will thus be gathered from documents and 

online websites. 

3.5 Validity testing 

The tests which will be used to assess the validity of the model are described by Barlas 

(1996) and Sterman (2000). To assess the structural validity the following tests will be 

performed:  

- Extreme-conditions test 

- Behavioural sensitivity test 

- Boundary adequacy test 

- Dimensional consistency test 

- Integration Error test 

To assess the behavioural validity the behaviour reproduction test will be carried out. Not all 

the tests described by the aforementioned authors will be used due to their complexity and 

limited timeframe for this research. 
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3.6 Ethics 

The ethics of this research will be described by the three principles of research ethics as 

described by Denscombe (2019).  

No unnecessary harm 

The data which will be gathered comes from free access online sources, in which no 

participants are used nor harmed. No people will socially be harmed by ruining reputations or 

damaging relations.   

Voluntary consent 

There will be not participants in any form of this research. Furthermore, all the information 

will be derived from publicly available sources, meaning there is no need for consent.   

Scientific integrity 

All the methods described in this chapter are subtracted from books and articles from high 

standing people in the System Dynamics society, such as Barlas, Forrester, and Sterman. 

Furthermore, there will be no sponsorship of any kind that could be linked to this research.  
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4. The model 

In this chapter the model structure will be described and elaborated upon. Decision within the 

modelling process will be explained. Furthermore, a reasoning behind the exclusion of certain 

variables will be given.  

4.1 Model boundary 

As described in the previous chapter, first the model boundary chart is made. Here the 

endogenous, exogenous, and excluded variables are communicated. Table 4.1 below does not 

show the model boundary chart that was made at the early stage of the process, but the final 

one. Showing which endogenous and exogenous variables have been used and which 

purposely have been left out.  

Table 4.  1 - Model boundary chart 

Endogenous Exogenous Excluded 

Grazing hours Minimum grazing hours per 

year 

Bulls 

Previous month grazing 

hours 

Milk per gram of CP Veal 

Farm’s ability to control the 

cow’s diet 

Crude protein step Consumer price 

Milk production per cow Effect of milk discrepancy 

on price 

Meat cows 

Milk production rate Milk demand elasticity  

Milk inventory Step milk price  

Milk consumption rate Meat production per cow  

Discrepancy in milk 

production and demand 

Meat demand elasticity  

Change in milk price Effect of meat discrepancy 

on price 

 

Milk price Demand pulse meat  

Previous month milk price Capacity loss delay  

Difference in milk price Capacity reduction delay  

Indicated milk industry 

demand 

Maximum capacity step  

Milk demand Capacity increase delay  

Previous month milk 

demand 

Step capacity  

Breeding rate Milk supply elasticity  

Calves Breeding time  

Male calves and surplus Maturation to yearling time  
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Maturation to Yearling Maturation to cow time  

Yearlings Milk production years  

Maturation to Cow   

Cows   

Slaughter rate   

Meat production rate   

Meat inventory   

Meat consumption rate   

Discrepancy in meat 

production and demand 

  

Change in meat price   

Meat price   

Previous month meat price   

Difference in meat price   

Indicated meat industry 

demand 

  

Meat demand   

Previous month meat 

demand 

  

Change in capacity   

Maximum capacity   

Capacity increase   

Capacity of Dutch farming 

industry 

  

Capacity decrease   

 

Bulls and Meat cows are excluded since they are not present at a dairy farm. Yet, they do 

influence the price of meat and the breeding rate of calves. It was chosen to exclude these 

since it would over complicate the model.  

Veal is excluded since it is not an important product in the Netherlands. Less than ten percent 

of all the veal is consumed in the Netherlands while the other 90 percent is used for export 

(Berkhout, van der Meulen, & Ramaekers, 2021).  

Lastly, the consumer price is excluded. This is because there are a lot of actors in the supply 

chain before the consumer prices of meat and dairy are determined. This would increase the 

model to a level which did not fit in the time frame of this study and would surpass its goal. 

Since this would only increase the model but not generate a better understanding of how the 

policies of the Dutch government influence the dairy and meat price.  
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4.2 The model 

In this part the actual model will be described. To explain the model, it is divided into three 

parts, which afterwards are put back together and explained as a whole.  

Part 1 – Supply and demand 

Figure 4.1 depicts the model which is a part of the full model. It is a depiction of the supply 

and demand structure of milk. The full model also contains a structure for the supply and 

demand of meat. Both structures are the same, except for the effects and elasticities.  

As described in paragraph 2.2. the supply and demand structure is based on that of Whelan 

and Msefer (1996), and Sterman (2000). The discrepancy between supply and demand causes 

change in milk price. Which in it’s turn affects demand. This is the main premise of the 

structure, which is similar to the structures of the aforementioned authors. The differences are 

that Whelan and Msefer used lookup functions to utilize the supply and demand curves, and 

Sterman used reference values to calculate change in price, demand, and supply. In this 

research supply and demand curves are not used since they were not available, and this is not 

a study into the demand and supply curves. The reference values were replaced by fractional 

change based on previous price, demand, and supply. This is done because in a real-world 

situation people do not look back at data from 20 years ago and use this as their reference 

value to choose whether they are going to buy a product or not.  

A final important note in this model is the fact that milk production rate is used for 

calculating the discrepancy in milk production and demand. The reason for this is that their 

models do not use milk but another commodity product. Milk, as well as meat are perishable 
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products which are not stored for longer periods of time. Therefore, farmers look at their 

production rates to see if they can meet demand. 

Part 2 – Calves and cows 

The second part, depicted in figure 4.2, describes how cows are generated in the model. This, 

just as the previous part, has been previously described by Sterman (2000). In first instance 

the model only had calves and cows, but when simulating the model problems occurred. The 

yearlings phase does not contribute to the milk yield and therefore was left out since it would 

only overcomplicate the model. However, with milk production years of 3.5, in other words 

42 months the number of cows flowing out of the system would always be greater than the 

amount entering it. This is because the breeding rate and the maturation to cow time both take 

nine months, and half the calves are leaving the system since their male and will not produce 

milk. Therefore, the yearlings were added. Yearlings are calves which do not yet produce 

milk but already are carrying their first calf and thus increase the inflow of cows into the 

system. As described previously this was left out at first to prevent overcomplicating it but 

added later out of necessity.  

Figure 4.  1 - Supply and demand 
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The discrepancy between actual and capacity determines how much surplus of female calves 

are leaving the system. The number of calves will surpass the capacity of a farm when they 

become cows, the farm will sell the calves which later will be used for veal.  

Part 3 – Farming capacity  

The third part is a small part which looks more complicated than it is. The structure depicted 

in figure 4.3 shows that the capacity of the Dutch farming industry is used as a stock. This is 

done to have a delay in the in- and outflow, because when farms want to increase their 

livestock by 100 cows it is impossible to have this done in one day. Likewise, when a farm 

wants to decrease its capacity, it won’t sell its young cows for meat since they are still giving 

milk and it will therefore need a delay. However, the capacity reduction delay has a different 

time delay. This is because it is assumed that when the government demands a decrease in 

cows it is not going to wait until they have had their milking years. If this were the case 

farmers would keep their cows for the maximum time possible which is double of their 

current milk production years.  

The maximum capacity is added to the model but not in use for the first ten years. This is 

only to be able to put the policies from the Dutch government in place. Changes in capacity 

Figure 4.  2 - Calves and cows 
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are induced by changes in price. When the price of milk is high farmers will respond and 

increase their livestock to produce more milk.  

The full model  

The full model depicted in figure 4.4 shows all the parts put together. It also contains some 

variables which were not displayed in the parts yet. The supply side of the model can be seen 

in the bottom left of the structure. It has the same formulas as the change in milk price and 

uses the difference in milk price and the milk supply elasticity to induce change in capacity 

and a change in the need for control over cow’s diet. The need for control over a cow’s diet 

can move both ways since a farmer will also increase the number of grazing hours if it can, 

due to the public pressure to do so. Increasing the control over a cow’s diet can be done by 

lowering its grazing hours. More grazing hours makes the control over a cow’s diet more 

difficult as described in chapter 2 (Van den Pol-van Dasselaar, Vellinga , Johansen, & 

Kennedy, 2008). Lowering grazing hours thus increases control and therewith the milk 

production per cow. The milk production per cow is decided by the cow’s crude protein 

intake. If there is a low control over a cow’s diet it will not have the maximum milk yield. A 

full list of the formulas used for each variable can be found in appendix 1.   

Figure 4.  3 - Farming capacity 
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Figure 4.  4 - Full model 
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5. Model testing 

In this chapter the model tests are communicated. The tests described in chapter three will be 

used to test the model’s validity. The time horizon of the model starts at January 2013 (time 

step zero) up to January 2023 (time step 120) for the behavioural reproduction test. In all the 

other tests the final time step is 240 which is January 2033.  

5.1 Boundary adequacy test 
The purpose of this test is to see if the model endogenously can capture the behaviour it is 

aimed to display. In chapter 4, table 4.1 the boundary chart is displayed. Here the endogenous 

and exogenous variables are separated. The exogenous variables consist mostly of values 

which are fixed, such as breeding time, or milk demand elasticity. Other variables such as the 

crude protein step and maximum capacity step are merely used to induce the policies of the 

Dutch government and therefore must be in place. The only variables affecting the extend to 

which the model endogenously can behave in the way it is supposed to are step capacity, 

demand pulse meat, and step milk price. These variables are put in place to mimic external 

forces in the past.  

5.2 Dimensional consistency test 
The dimensional consistency test is used to see if all the variables have the right units in 

accordance with the formulas used. Within the modelling program there is a function to 

check if the units are correct. After checking this no unit errors occurred, only warnings 

occurred for using units in lookup equations. The reason for this is that the lookup functions 

are not normalized as is advised to do. In the model at hand this is not an issue. The lookup 

functions used are either in place to induce the policies or taken from a scientific article. Only 

the farm’s ability to control the cow’s diet could be argued to be normalized. To maintain one 

method of using lookup functions this is not done. This does not affect the validity of the 

model.   

5.3 Integration error test 
The integration error test is used to see if the model is sensitive to changes in time step. A 

change in time step should not result in significant changes in output data or behaviour. This 

model uses a time step of 0.0625. To see if changes occur the simulation is run with time 

steps of 0.03125 and 0.0078125. Neither time step generated different result  
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5.4 Behavioural reproduction test 
To test the behaviour reproduction historical data is compared with the model output. It is 

done to see if the model generates the behaviour that is produced in the real world. The 

variables which were used in the test are cows, meat price, milk demand, and milk price. In 

figure 5.1 the historical data is compared with the model output. There were three 

manipulations put into to model to mimic external forces. A reasoning behind putting these 

external forces into the model is presented in appendix two.  

Looking at the tests and starting with the cows, a similar shape is visible between the model 

output and the historical data. The milk price, after the manipulated spike till time step ten, 

follows a similar shape as well. Only the final spike is not visible in de model output, this is 

due to external forces as well. The final spike is not manipulated into the model since experts 

Figure 5.  1 - Behavioural reproduction test. The data for the meat prices are retrieved from Logatcheva  (2023). The milk 

demand and the number of cows data are retrieved from (Jongeneel, 2019).  
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expect the price to drop down again since it is mostly due to the war in Ukraine. The milk 

demand shows less than good results, the shape is somewhat similar, but it does not increase 

to the heights it does in the real world. The meat price cannot be interpreted because most of 

the data is manipulated. The fact that most of the data is manipulated does not cause 

problems to the rest of the model since meat price is not a cause for increasing supply. 

Overall, the data is less than perfect, nevertheless the cows and milk price show good results.  

5.5 Behavioural sensitivity test  
The use of the behavioural sensitivity test is to see how sensitive the model is to small 

changes in the variables. Small changes, in this case, are plus five and ten percent and minus 

five and ten percent. The variables which were chosen are milk demand elasticity, effect of 

milk discrepancy on price, milk supply elasticity, and capacity increase delay. The meat 

demand elasticity and effect of meat discrepancy on price are not displayed but have been 

checked and show similar results as the milk supply and demand structure.  
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Milk supply elasticity 

In figure 5.2 the output data can be seen. The model behaves in an expected way to minor 

changes of the milk supply elasticity variable. The meat price behave along a little bit since 

there will also be more cow meat available. Furthermore, there is little change in simulations 

visible after time step 120. This is because the policies are induced from that time step, which 

cause the model to be unable to increase the number of cows, and to decrease the number of 

grazing hours. This leads to no changes in supply even if the model discrepancy in price 

would suggest so.  

 

  

Figure 5.  2 - Sensitivity analysis of milk supply elasticity 
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Effect of milk discrepancy on price 

Similar effects are seen in figure 5.3 as were visible in figure 5.2. Minor changes between 

simulations were expected. After time step 120 there is a little more difference between runs 

visible in milk price than there is in milk supply elasticity. This is because the price is 

affected more when the supply is decreased due to the policies. It is furthermore logical that 

there is little to no differences in meat price.  

 

  

Figure 5.  3 - Sensitivity analysis of milk discrepancy on price 
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Milk demand elasticity 

The sensitivity of the model towards milk demand elasticity is a little bit greater than the 

previous variables. Figure 5.4 shows that, logically, the milk price is affected more when the 

milk demand elasticity is tested. This might not feel logical at first, but this is the only way 

the demand gets different values per simulation in comparison to the supply. In all the other 

simulations the supply and demand remain on the same level.  

  

Figure 5.  4 - Sensitivity analysis of milk demand elasticity 
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Capacity increase delay 

The capacity increase delay shows to have quite some more influence in the model, which 

can be seen in figure 5.5. The reason for this is that all the previously teste variables are used 

as coefficients of the fractional change, while this variable can be seen as a constant. 

Nevertheless, the differences between simulations are not too great and the model logically 

stops showing differences between simulations after time step 120. The differences stop at a 

later time step for the meat price, this also makes sense since the meat price will experience 

the effect later since it has the milk production years to wait for.   

  

Figure 5.  5 - Sensitivity analysis of capacity increase delay 
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5.6 Extreme conditions test 

The purpose of the extreme conditions test is the see how the system behaves when it is put 

under extreme stress. The values given to variables are zero and two for the coefficients, and 

one and 12 months for the capacity increase delay.  

Milk supply elasticity 

When the elasticity coefficient is zero there will be no changes in supply possible. 

Nevertheless, earlier in this chapter it is described that manipulations have been put in place 

up till time step 12. Therefore, there are still small changes in cows, demand, and price are 

visible. When the coefficient is set to two changes in supply respond a lot faster and therefore 

overshoots the supply in comparison to its demand. The capacity increase delay prevents it 

from getting even bigger.  

  

Figure 5.  6 - Extreme conditions test of milk supply elasticity 
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Effect of milk discrepancy on price 

When the effect of milk discrepancy on price is put to zero no changes take place in price and 

demand. Cows will rise to the point where the supply and demand are balanced again, and the 

meat price will drop down further since the number of cows rise longer as well. When the 

coefficient is put to two little differences from the normal situation is visible. This is because 

price responds faster to change in supply than in the normal situation. It will not overshoot 

more than the normal situation since it responds faster to an overshoot in supply.  

  

Figure 5.  7 - Extreme conditions test of milk discrepancy on price 
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Milk demand elasticity  

When the milk demand elasticity is put to zero supply will overshoot more since the two 

variables do not move towards each other. The milk and meat price will respond accordingly 

to the heavier changes in supply. The milk price will drop to zero since the policies for 

lowering the livestock lower it by 3.5 percent based on the value it had on time step 120 in 

the simulation model output (all policies). The number of cows at time step 120 is higher in 

the case of zero demand elasticity and with no response from the demand, the milk price will 

drop to zero. This can be considered as a fallacy of the model. When the coefficient is put to 

two, any minor change in price is responded to immediately by the demand. Therefore, price 

does not get the opportunity to have major changes and demand moves along with supply.  

  

Figure 5.  8 - Extreme conditions test of milk demand elasticity 



37 

 

Capacity increase delay 

When capacity delay is put to one the whole model responds to heavy. Every change in price 

is causing demand and cows to go up to fast. There is a limit in the model causing cows not 

to surpass the 2 million, therefore it flattens out at this point. When the capacity delay is put 

to 12 the model responds less, and the behaviour is more flatten out.  

  

Figure 5.  9 - Extreme conditions test of capacity increase delay 
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6. Analysis 

In this chapter the prediction model is displayed in figure 6.1. The model shows possible 

future scenarios which could occur when the policies are or are not put in place. Five 

simulation runs haven been executed. The model output (no policies) show what would 

happen if no policies were forced on the system. Here it is visible that the model will balance 

out and have smaller oscillations over time. The red line depicts what could happen if all 

policies were put in place. Here the demand drops very fast as a response to the high increase 

of milk price. Meat price will also rise due to the lower number of cows in the Netherlands. It 

is noteworthy that the behaviour of the meat price drops when only the minimum grazing 

hours and the crude protein content policies are put in place. This is because the number of 

cows will compensate the loss of milk yield and therefore increase the supply of meat.  

Figure 6.  1 - Prediction model 
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7. Conclusion and Discussion 

In this chapter the conclusion, limitations, and future research will be presented. By the end 

of this chapter a small reflection of the research is given as well.  

7.1. Conclusion 

The discussion about the nitrogen crisis in the Netherlands is still ongoing. The exact form of 

implementing and the starting date are still up for debate. Nevertheless, an attempt of 

understanding the effects of the policies on the milk and meat price has been done. After 

following the steps of Walker and Sterman, multiple scenarios have been analysed and 

compared. The goal of this study was to gain theoretical insights in the consequences of the 

Dutch policies to reduce nitrogen deposition on the price of meat and dairy. To do this the 

sub-questions in paragraph 1.4 needed to be answered. This is done throughout the research. 

Sub-question one is answered in chapter 2, describing the relations between the affected 

variables and what effect this will have on yield, supply, and demand. The second sub-

question is answered in the end of chapter 2, where synergies have been summed up. The 

third sub-question has been answered in chapter 3, here the choice for System Dynamics was 

made. Afterwards the dairy farm industry was modelled and tested by the means of System 

Dynamics. When policies two up until five are enacted upon the dairy farm industry prices 

will rise and demand of milk and meat will drop. The meat price will see less effect of the 

policies since it is only affected by the second and third policy which lower the number of 

livestock in the Netherlands. This partially answers the research question restated below. 

How do the policies from the Dutch government to reduce nitrogen deposition, influence the 

price of meat and dairy? 

The system show that the Dutch government is limiting the supply side of the dairy farm 

industry on three fronts. It is lowering the livestock, affecting meat and dairy supply. At the 

same time, it is lowering possible milk yield by inducing higher grazing hours and lower 

crude protein content. The supply side is not able to uphold its demand and prices will 

increase until a new equilibrium in supply, demand, and price is found.  

The theoretical insights from the model and its simulations are that the plans to reduce 

nitrogen deposition will only thrive if the number of livestock is reduced and thus policy two 

and three are put in place. If this is not the case the farmers will compensate the loss of milk 

yield due to increasing grazing hours and lower crude protein content by increasing their 
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livestock resulting in more nitrogen deposition overall. Withholding solely the fourth policy 

would decrease the number of grazing hours to a minimum due to the necessary extra control 

over the diet. This would not be favourable for the public opinion about animal welfare.  

Further theoretical contributions have been made in modelling the supply and demand system 

of livestock, in this case cows. As described in paragraph 1.3 academic research has mainly 

focussed on the influence of a change in demand of animal products such as dairy and meat. 

This research contributes to this by putting together a model based on dairy and meat, 

focussing on both the supply and demand side. Furthermore, the effects on dairy and meat 

price of neither lowering crude protein, nor increasing grazing hours have been academically 

investigated yet.  

7.2 Limitations 

The limitations of this research rest mostly in the assumptions made during the modelling 

process and the variables which were purposely left out. Starting with the assumptions, the 

capacity increase delay, elasticities, and Farm’s ability to control the cow’s diet have been 

estimated to match the historical data. Even though it is known that dairy and meat both have 

inelastic elasticities (van der Knaap, 2009), the actual elasticities are unknown and estimated 

as a number between zero and one.  

Furthermore, the number of grazing hours has been modelled as having a minimum of zero. 

Currently farmers are allowed to give cows zero grazing hours, yet there is a covenant which 

makes them hesitant to do so. This has not been included in the model. What the policy will 

exactly look like when it is put in place is also unknown and has been modelled as a 

minimum of 840 grazing hours per year.  

Another limitation is the validity of the current gram of crude protein per kilogram of cow 

feed. The governmental PSN (2022) describes that the current crude protein level is 167 to 

170 gram cp/kg. Yet 160 has been used in the model. This is because it is difficult to estimate 

the current amount of crude protein usage in the Netherlands ranges from less than 160 to 

over 170, mostly depending on the type of soil the cows graze on (Dijkstra & van Bruggen, 

2020).  

The model is leaning towards soft System Dynamics, due to its complexity and use of supply 

and demand structure. The supply and demand structure involve decisions to be made by 

either a famer or customer, whether it is on increasing their farm or buying a product at a 
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certain price. This makes the model imperfect for predictions and should not be treaded that 

way either.  

7.3 Recommendations & future research 

The greatest practical implications of the knowledge gained by this research is that without 

enrolling either one of policy two up to five, there is a great change the other policies will not 

work either as well or do more harm than good. This is described in the bottom of paragraph 

7.1. Furthermore, the impacts of the policies can be used by policy makers to generate 

mediating policies to prevent dairy and meat prices to increase as such.     

Future research could be going two directions. Either building a model on a more aggregate 

level in which import, and export are taken into consideration as well, focussing also on 

substitutes of the products in the supply and demand structure. This could lead to more 

insights in the effects of the Dutch policies on the GDP. Another direction could be moving 

the model further upstream of the supply chain. By doing this the effects of the changes in 

price could be translated to changes in consumer price instead of the price of farm.  

7.4 Reflection  

This research was done from a, as neutral as possible point of view. It is written by someone 

who lives amongst people regarding the policies as rubbish and assuming them to be bad for 

the Netherlands. Nevertheless, these opinions only increased the need, and motivation for 

unbiased research to proof that a not supported opinion is worthless.  

Looking back at the process of doing this research, there are a few things that can be reflected 

on. At the start of the research the depth of the model was unknown and therefore a lot of 

information was gathered about the technical/biological implications of the policies. This has 

led to a great understanding of the problem and relations of the situation. Nevertheless, it 

took a lot of time and made it difficult to decide what would make it to the model and what 

not. A more pre-defined idea of what you want to model would make this step in the process 

easier.  

Furthermore, the knowledge needed about the modelling process itself has put a real strain on 

the progress. To be able to create a quantitative model takes a lot of time and needs a lot of 

knowledge about modelling. When future research is conducted using this methodology, a 

greater level of knowledge is needed about quantitative system dynamics modelling, to 

prevent this part of the process from consuming to much valuable time.  
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Appendix 1 – Formulas per variable 
Here all the  

(01)    Breeding rate= 

        (Cows+Yearlings)/Breeding time 

    Units: cow/Month 

     

(02)    Breeding time= 

        9 

    Units: Month 

     

(03)    Calves= INTEG ( 

        Breeding rate-Male calves and surplus-Maturation to Yearling, 

            1.32502e+06) 

    Units: cow 

     

(04)    Capacity decrease= 

        IF THEN ELSE(Maximum capacity<0, (-Maximum capacity)/Capacity reduction delay 

     , IF THEN ELSE(Change in capacity<0, (-Change in capacity*Capacity of dutch farming 

industry 

        )/Capacity loss delay , 0 ) ) 

    Units: cow/Month 

     

(05)    Capacity increase= 

        IF THEN ELSE(Maximum capacity<0, 0 , IF THEN ELSE(Change in capacity>=0,  

    ((Change in capacity*Capacity of dutch farming industry)+Step capacity)/Capacity 

increase delay 

         , 0 )) 

    Units: cow/Month 

     

(06)    Capacity increase delay= 

        4 

    Units: Month 

     

(07)    Capacity loss delay= 

        4 

    Units: Month 

     

(08)    Capacity of dutch farming industry= INTEG ( 

        Capacity increase-Capacity decrease, 

            (1.6e+06)) 

    Units: cow 

     

(09)    Capacity reduction delay= 

        1 

    Units: Month 

     

(10)    Change in capacity= 

        -(Difference in milk price*Milk supply elasticity) 

    Units: Dmnl 
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(11)    Change in meat price= 

        Meat price*(Discrepancy in meat production and demand*Effect of meat discrepancy on 

price 

    ) 

    Units: Euros/kg meat/Month 

     

(12)    Change in milk price= 

        ((Milk price*(Discrepancy in milk production and demand*Effect of milk discrepancy 

on price 

    )))+Step milk price 

    Units: Euros/kg milk/Month 

     

(13)    Cows= INTEG ( 

        Maturation to Cow-Slaughter rate, 

            1.6e+06) 

    Units: cow 

    100 

 

(14)    Crude protein step = WITH LOOKUP ( 

        Time, 

            ([(0,0)-(240,200)],(0,160),(120,160),(204,150),(240,150) )) 

    Units: gram CP 

     

(15)    Demand pulse meat= 

        STEP(20000, 8 )+STEP(-20000, 120 ) 

    Units: kg meat/Month 

     

(16)    Difference in meat price= 

        -(Meat price-Previous month meat price)/Previous month meat price 

    Units: Dmnl 

     

(17)    Difference in milk price= 

        -(Milk price-Previous month milk price)/Previous month milk price 

    Units: Dmnl 

     

(18)    Discrepancy between actual and capacity= 

        Capacity of dutch farming industry-Cows 

    Units: cow 

     

(19)    Discrepancy in meat production and demand= 

        -(Meat production rate-Meat demand)/Meat production rate 

    Units: Dmnl 

     

(20)    Discrepancy in milk production and demand= 

        -(Milk production rate-Milk demand)/Milk production rate 

    Units: Dmnl 

     

(21)    Effect of meat discrepancy on price= 

        0.75 

    Units: 1/Month 
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(22)    Effect of milk discrepancy on price= 

        0.8 

    Units: 1/Month 

     

(23)    Farm's ability to control the cow's diet = WITH LOOKUP ( 

        Grazing hours, 

            ([(0,0)-(10000,1)],(0,0.6),(720,0.56),(900,0.55),(2000,0.55),(10000,0.55 

    ) )) 

    Units: Dmnl 

     

(24)    FINAL TIME  = 240 

    Units: Month 

    The final time for the simulation. 

 

(25)    Grazing hours= 

        MAX(Minimum grazing hours per year, Need for control over cow's diet*Previous 

month grazing hours 

     ) 

    Units: hours 

     

(26)    Indicated meat industry demand= 

        MAX(0, (Previous month meat demand*(1+(Difference in meat price*Meat demand 

elasticity 

    ))) 

        +Demand pulse meat 

         

         ) 

    Units: kg meat/Month 

     

(27)    Indicated milk industry demand= 

        MAX(0, Previous month milk demand*(1+(Difference in milk price*Milk demand 

elasticity 

    )) 

        ) 

    Units: kg milk/Month 

     

(28)    INITIAL TIME  = 0 

    Units: Month 

    The initial time for the simulation. 

 

(29)    Male calves and surplus= 

        (((Calves*0.5)-Discrepancy between actual and capacity) 

        +(Calves*0.5))/Maturation to yearling time 

    Units: cow/Month 

     

(30)    Maturation to Cow= 

        MAX(0, Yearlings/Maturation to cow time ) 

    Units: cow/Month 
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(31)    Maturation to cow time= 

        9 

    Units: Month 

     

(32)    Maturation to Yearling= 

        MAX(0, (Discrepancy between actual and capacity+(Slaughter rate*Maturation to 

yearling time 

    ))/Maturation to yearling time) 

    Units: cow/Month 

     

(33)    Maturation to yearling time= 

        12 

    Units: Month 

     

(34)    Maximum capacity= 

        Maximum capacity step-Capacity of dutch farming industry 

    Units: cow 

     

(35)    Maximum capacity step = WITH LOOKUP ( 

        Time, 

            ([(0,1e+06)-(240,2e+06)],(0,2e+06),(120,2e+06),(120.5,1.59714e+06),(240, 

    1.59714e+06) )) 

    Units: cow 

     

(36)    Meat consumption rate= 

        Meat demand 

    Units: kg meat/Month 

     

(37)    Meat demand= 

        Indicated meat industry demand 

    Units: kg meat/Month 

     

(38)    Meat demand elasticity= 

        0.15 

    Units: Dmnl 

     

(39)    Meat inventory= INTEG ( 

        MAX(0, Meat production rate-Meat consumption rate ), 

            1.0667e+07) 

    Units: kg meat 

     

(40)    Meat price= INTEG ( 

        Change in meat price, 

            3) 

    Units: Euros/kg meat 

     

(41)    Meat production per cow= 

        280 

    Units: kg meat/cow 
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(42)    Meat production rate= 

        Meat production per cow*Slaughter rate 

    Units: kg meat/Month 

     

(43)    Milk consumption rate= 

        Milk demand 

    Units: kg milk/Month 

     

(44)    Milk demand= 

        Indicated milk industry demand 

    Units: kg milk/Month 

     

(45)    Milk demand elasticity= 

        0.15 

    Units: Dmnl 

     

(46)    Milk inventory= INTEG ( 

        MAX(0, Milk production rate-Milk consumption rate ), 

            1.28e+09) 

    Units: kg milk 

     

(47)    Milk per gram of cp( 

        [(135,30)-(179,2000)],(135,1104.56),(150,1131.95),(165,1165.13),(179,1106.69 

    )) 

    Units: kg milk/Month/cow 

     

(48)    Milk price= INTEG ( 

        +Change in milk price, 

            38.35) 

    Units: Euros/kg milk 

     

(49)    Milk production per cow= 

        (Milk per gram of cp(Crude protein step))*Farm's ability to control the cow's diet 

    Units: kg milk/(Month*cow) 

     

(50)    Milk production rate= 

        Cows*Milk production per cow 

    Units: kg milk/Month 

     

(51)    Milk production years= 

        42 

    Units: Month 

     

(52)    Milk supply elasticity= 

        0.7 

    Units: Dmnl 
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(53)    Minimum grazing hours per year = WITH LOOKUP ( 

        Time, 

            ([(0,0)-(240,900)],(0,0),(120,668),(144,840),(240,840) )) 

    Units: hours 

     

(54)    Need for control over cow's diet= 

        1-(Difference in milk price*Milk supply elasticity) 

    Units: Dmnl 

     

(55)    Previous month grazing hours= 

        DELAY FIXED(Grazing hours, 1,720 ) 

    Units: hours 

     

(56)    Previous month meat demand= 

        DELAY FIXED(Meat demand, 1 , 1e+07 ) 

    Units: kg meat/Month 

     

(57)    Previous month meat price= 

        DELAY FIXED(Meat price, 1 , 3) 

    Units: Euros/kg meat 

     

(58)    Previous month milk demand= 

        DELAY FIXED(Milk demand, 1 , 1.03995e+09) 

    Units: kg milk/Month 

     

(59)    Previous month milk price= 

        DELAY FIXED(Milk price, 1 ,38.35) 

    Units: Euros/kg milk 

     

(60)    SAVEPER  =  

            TIME STEP 

    Units: Month [0,?] 

    The frequency with which output is stored. 

 

(61)    Slaughter rate= 

        MAX(0, Cows/Milk production years) 

    Units: cow/Month 

     

(62)    Step capacity= 

        2000+STEP(90000, 8)+STEP(-92000, 12) 

    Units: cow 

     

(63)    Step milk price= 

        1+STEP(-1, 10 ) 

    Units: Euros/(Month*kg milk) 

     

(64)    TIME STEP  = 0.25 

    Units: Month [0,?] 

    The time step for the simulation. 

 



52 

 

(65)    Yearlings= INTEG ( 

        Maturation to Yearling-Maturation to Cow, 

            342855) 

    Units: cow 

     

  



53 

 

Appendix 2 – reasoning behind manipulations 
 

There are three manipulations in the model which are done by either step or pulse functions. 

The first manipulation is the increase in capacity. As describe in chapter 1 the exact increase 

was unknown but in comparison with previous years the milk production increased (Luijmes, 

2014). The exact increase is unknown, but it was put in place to fit the initial historical data. 

The manipulation stops at time step 12.  

Secondly, the price increase was put in place to mimic the high prices for cow feed and little 

milk yield in previous years, which made the price rise initially (Mons, 2014; Veldman, 

2013). The second manipulation stops at time step ten.  

Lastly, the meat demand is increased. No specific external force could be found for the 

increase in price for meat. Possible reasons can be population growth, financial prosperity, 

and increasing prices of other meat products leading to more people choosing meat from milk 

cows. Nevertheless, the meat demand is manipulated to make sure it has a somewhat similar 

starting point for the next ten years. It was focussed on meat demand because of the possible 

cause being population growth. It starts at time step eight and ends at time step 120. 


