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Abstract
In this thesis we analyse the effect of institutional risk on investment decisions of Dutch dairy
farmers in the Netherlands, through literature research and @Risk simulation. The focus is put
on the Dutch manure policy as the institutional risk factor effecting the investment decision of
farmers. The simulation in @Risk shows that farmers facing institutional risk tend to invest less
often than farmers who do not face this specific risk. The Net Present Value of the investment
opportunity was in all cases negative, however the real option approach showed that positive
values could be reached, if the farmer had flexibility of choice during the investment track.
Furthermore, the manure policy negatively affects the chance of the farmers to reach a positive
result within 10 years of conducting business. Currently, no study has been conducted on the
real option approach to investment decisions of Dutch dairy farmers, under institutional risk, in
a @Risk simulation. This thesis therefore contributes to the research field, by analysing an
unique application of economic tools, combined with institutional risk, in the dairy sector.
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1. Introduction
This research paper will start with a chapter regarding the general introduction of the topic,
followed by the problem statement and research questions. The second chapter will be a
literature study on the Dutch dairy sector and the relevant legislation. The third chapter will
focus on the conceptual framework of this research, including the relevant methods in the
field of real options. The fourth chapter will elaborate on the simulation model, used for the
quantitative part of this research. The results of this model will be analysed in chapter five and
the conclusions, limitations and discussion of this research will follow in chapter six of this
paper.

1.1. Background
In this research paper, we analyse the effect of institutional risk on investment decisions of
Dutch dairy farmers in the Netherlands. This study focusses on the dairy sector because
previous research has shown that dairy farmers tend to make big (dis)investment decisions
depending on institutional changes in their direct environment, for example after the
abolishment of the milk quota (Feil & Musshoff, 2013; Kersting, Hüttel, & Odening, 2016; van
Middelaar, Klootwijk, Berentsen, & de Boer, 2016). The option for a farmer to increase the
amount of cattle, entails large investment decisions throughout the company on both the
acquisition of the cattle itself, the building of stables, the investment in extra land, the increase
of feed stocks and an increase in labour costs.
Farmers face different kinds of risks that influence their investment behaviour. The price
and production fluctuations are big factors, but also institutional, financial, environmental and
market risks need to be taken into account. Currently these impactful investment decisions are
evaluated by the net present value (NPV) approach. However, a new approach to evaluate
investment decisions more realistically has emerged in other sectors, namely the real option
approach.
This study focusses on the possibility of inserting an institutional risk factor into the real
option approach, to determine its effect on investment decisions of Dutch dairy farmers. Several
institutional risk factors were incorporated in real option approaches before, for example in the
research of Feil and Musshoff (2013). As part of this research paper we reviewed the relevant
literature, to determine which approaches allow the incorporation of institutional risks and next,
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to determine which one is the most feasible for this research paper. The institutional risk factor
we specifically look at during this research, is the Dutch manure policy.

1.2. Problem statement
The NPV method presumes that a decision maker (DM) calculates the current value of an
investment possibility. This discounted cash flow technique, however, presents imperfections
regarding the irreversibility of a project (Elmaghraby & Herroelen, 1990). The NPV method
neglects the decision option of waiting, and therefore the DM has no possibilities to adapt to
the changing market conditions or institutional changes (Mayer & Schultmann, n.d.). On the
contrary, a real option approach does correct for these changing conditions and allows for the
integration and assessment of different market interventions, including relevant institutional
interventions (resulting from governmental regulations and directives) in the dairy sector (Feil
& Musshoff, 2013).
Pera (2009, p.3) states that a real option may be defined as “a right to undertake specific
actions (i.e. to defer, expand, contract or abandon a project) at predetermined costs (comparable
to the costs of exercising a financial option), during a certain period of time”. Just as with a
financial option, the DM has the right to buy/invest (call option) or to sell/disinvest (put option)
at a determined price at a specific period of time. The real option approach is therefore
comparable to option pricing theory for the financial market.
The possibility with the real option approach to include institutional risk, can be an
important economic tool for the dairy sector. Over the last few decades the dairy sector has
faced several institutional changes in both European and Dutch policies and regulations. The
introduction of the milk quota (1984), the abolishment of this milk quota (2015), the
introduction of the nitrate directive (1991) and the introduction of the ‘Dairy Act’ (2014), have
had their fair share of economic impact on this sector. Previous research has related these
institutional changes to investment decisions of farmers (Feil & Musshoff, 2013; Kersting et
al., 2016; van Middelaar et al., 2016). These institutional changes in different policies and
regulations, gave farmers different impulses regarding their investment decisions.
As the milk quota was abolished in April 2015, farmers had the opportunity to invest in
their company and increase their milk production; keeping extra cattle was a logical (and
profitable) investment decision for most farmers. However, this was the case until the
introduction of the new manure policy, also called the ‘Dairy Act’. This act was introduced to
limit the phosphate production on (expanding) dairy farms to the limit of 84.9 million kg/yr.
7

The Dutch ‘Dairy Act’ has severely influenced the structure of the dairy sector over the last few
years. Dairy farmers have had to anticipate continuously on changes in this law and therefore
they had to anticipate to institutional risks on a constant basis. This framework law is still being
changed, as the last changes were made in 2018. For a more elaborate view on the manure
policy and other regulations and directives in the dairy sector, see chapter 2 of this research
paper.
The introduction of the manure policy in the dairy sector was swift and gave little room for
farmers to anticipate. Therefore, the statement can be made that institutional risk is an
increasingly important factor in the investment decision making of the Dutch dairy farmers.
This study aims at determining the effect of institutional risks (the manure policy) on investment
decisions of dairy farmers.

1.2.1. Research objective and research questions
RO: To determine the effect of institutional risk (i.e. the manure policy) on investment decisions
of Dutch dairy farmers.

RQ1: How can the manure policy, as an institutional risk factor, be incorporated in a real options
analysis of the investment decisions of Dutch dairy farmers?
RQ2: What is the effect of the manure policy on Dutch dairy farmers’ investment behaviour?
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2. Dairy sector in the Netherlands
In the literature study we look at changes of regulations in the dairy sector over the last few
decades. This gives an impression of the institutional risk that farmers are facing in this sector
and explains the creation of the manure policy and how this regulation effects the investment
decisions of the Dutch dairy farmers.

2.1. Regulations and directives in the dairy sector
In the year 1984 the milk production in Europe was regulated, to prevent a huge surplus of
production throughout the sector. The surplus of milk, that was on the market at that point in
time already, decreased the milk prices drastically. This regulation was later on adopted by the
European Union and is better known as the milk quota (Regulation (EC) No 1256/1999). This
regulation limited the overall milk production for three decades. After these three decades, the
worldwide demand for milk grew and the production quota was not serving its purpose
anymore. Therefore, the milk quota was abolished in April 2015. This meant that farmers could
increase their milk production again.
As can be analysed in figure 1, the number of dairy cows rose drastically and the number
of farms decreased. This increase in dairy cows was an anticipated investment of the sector
after the announcement that the milk quota would be abolished soon. This increase in
production was allowed, as demand for milk was rising across the globe. De Koeijer et al.
(2014) expected that the number of dairy cows in the Netherlands would grow with just over
5% in the years following the abolishment.
In the aftermath of the milk quota abolishment in the year 2015, the European Union faced
a similar situation as the early ‘80s, where the European dairy farmers were expected to produce
a large surplus of milk. This resulted in a risk that the world market could not keep up with the
global production levels. Prices again decreased drastically with 25% between 2013 and 2015
(Kersting et al., 2016).

Figure 1: Development of the Dutch dairy sector (CBS, 2013)

9

During the time that the milk quota regulation was in act, new regulatory boundaries were
created to try and limit the growth of the amount of cattle in the sector. The European Union
introduced the European Nitrate Directive (Directive No 91/676/EEC) in 1991, to limit the
production of nitrogen and phosphate from animal manure. This regulation is linked to the
Common Agricultural Policy through cross compliance (Samson, 2017). The Nitrate Directive
assigned a maximum level of phosphate and nitrogen from animal manure production to the
Netherlands, this can be seen as a production ceiling for the dairy sector.
The Dutch government applied for a derogation regulation at the European Commission.
This derogation regulation prescribes that dairy farmers in the Netherlands, that use 70% of
their land as grassland, can use between 230 and 250 kg nitrogen per hectare from manure,
instead of the standard 170 kg nitrogen/ha. This derogation was granted to the Netherlands by
the European Commission for the period 2014-2017 (RVO, 2015), and is today still applicable.
However, as this increase in nitrogen rights would result in a larger amount of cows per hectare,
the European Commission stated that a new regulation should be adopted to limit the phosphate
surplus related to the dairy sector. This was the start for the Dutch ‘Dairy Act’.
The ‘Dairy Act’ (Dutch-Government, 2014a) was adopted in December 2014 to limit the
anticipated growth of the national herd size, as a result of the approaching abolishment of the
milk quota. This act was referred to as a framework law, as two additional parts of this law were
developed after the introduction in 2014. Figure 2 shows the progress of this ‘Dairy Act’ over
time.
Before the introduction of the ‘Dairy Act’, farmers could process their manure by disposing
it on their arable land, which is represented by indicator ‘A’ in figure 2.
The first part of the ‘Dairy Act’, as introduced in 2014, indicated that any increase in
phosphate on top of the reference surplus, needed to be fully processed (indicator ‘B’ in figure
2). The reference surplus is the amount of phosphate that is above the appropriate level that is
assigned to a farm. The processing of the manure surplus could be done via the destruction,
treatment or export of the manure (Dutch-Government, 2014b).
The second part of the law, as introduced in 2015, was developed to decrease the growth of
dairy production. This law connects the dairy production of a farm to the land available at the
same farm. Any phosphate surplus should be partly processed and partly applied on additional
land that should be purchased or hired by the farmer (indicator ‘C’ in figure 2). The farmers
were allowed to produce more manure than prescribed, when they (partly) covered this with an
increase in their agricultural land. If the size of the surplus was 20 to 50 kg phosphate per
hectare, they had to obtain land for 25% of that surplus (Biggelaar, 2015). Also changing
10

phosphate quotas were introduced over time, to adapt to the situation in the sector (Klootwijk,
Van Middelaar, Berentsen, & de Boer, 2016).
The third part of this framework law, as announced in July 2015, introduced a farm-specific
phosphate production quota based on the number of cows kept at a specific farm at 2nd of July
2015 and standard excretion factors (RVO, 2014). The date of introducing this new quota
system is also the counting date with regard to the amount of cattle per farm. This was done to
avoid anticipation by farmers regarding this new legislation. The newest version of the ‘Dairy
Act’ still gives the farmers the opportunity to trade quotas between the farms, as it did in the
previous versions of this law (Klootwijk et al., 2016).

Figure 2: The new Dutch manure policy, indicating the structure of part 1 and part 2 (Klootwijk et al., 2006)

The ‘Dairy Act’ also prohibits farmers to dispose the manure on their land during every
season of the year. The period of fertilizing the soil is limited, depending on the type of manure,
the type of soil and the type of crops that are growing on the land (Dutch-Government, 2014b).
However, for the purpose of this research paper, we use periods of 1 year and therefore we
assume that the manure has been fully disposed in that period, without making a distinction in
the types of land, manure and crops.
Furthermore, in the Netherlands several other acts are applicable to the investment plans of
farmers. For example, the Nature Conservation Act and the Programmatic Approach Nitrogen
(PAN). Through cross compliance, farmers are bound to follow these acts in their daily
practices.
The Nature Conservation Act identifies nature areas in the Netherlands as ‘Natura 2000’
areas. Farmers in those areas cannot expand their farm, without obtaining a new Nature
Conservation Act license. Also protected nature monuments and areas which are indicated by
the minister of economic affairs, agriculture and innovation, are within the limits of the Nature
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Conservation Act. There is also a check on the nitrogen levels in these areas as these areas are
deemed nitrogen sensitive (Biggelaar, 2015).
Farmers located near nitrogen sensitive areas need to obtain nitrogen rights via the
Programmatic Approach Nitrogen. This program has the purpose of protecting nature and, on
the other hand, tries to expand and develop companies that produce nitrogen. The government,
nature organisations and farmers collaborate in this PAN.
Depending on the type of growth on the farm, extra acts could be applicable for expansion.
For example environmental permits, spatial planning permits and special permits depending on
the relevant local governments.
For the purpose of this research the acts, as described on this page, will not be included in
the calculations and simulations, and will therefore not be part of the model. These factors are
very much depending on farm specific circumstances. However, they are noted as reference for
the growth options of Dutch dairy farmers.
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3. Conceptual framework
3.1. Key concepts and definitions
One of the key distinctions between definitions in this research, is the description of investing
and strategy. Pera (2009) describes investing as creating opportunities for the company and
strategy as a chain of options remaining correlated in different ways, or as a portfolio of options
created by investments of strategic dimension. The point of investment can be part of the chain
of options and therefore be part of a strategy, but there are distinctions. This concept of a chain
of different strategic options remaining correlated can easily be connected to the Geometric
Brownian Motion. This theory suggests also a chain of ‘random walks’ that result in different
outcomes. See section 3.4 on quantification methods, for a more elaborate view on the
Geometric Brownian Motion. A project that would contain these strategic options is more
valuable than projects without them, because these options give the advantage that a DM can
exercise them, when convenient conditions appear. A large amount of options results in a larger
flexibility of the project and therefore a greater strategic value.
The real option approach will eliminate the problem of traditional cash flow analysis, that
currently is determining the discount rate reflecting risk (Pera, 2009). The real option approach
allows to estimate additionally, the value of flexibility, which can be represented as a static sum
of net present value and the value of flexibility. Still for this calculation the deterministic value
of NPV is needed.
Pera (2009) states that there are two essential characteristics of a project investment which
determine the applicability of real options as a way of its valuation:
1. High uncertainty of investment results.
2. Existence of flexibility viewed as a possibility and management’s capacity to react actively
towards changing circumstances.

Figure 3: Factors determining the use of real options (Pera, 2009)
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The Dutch dairy farmers seem an appropriate target group for simulation, following the
guidelines from Pera (2009) on the real option approach (Figure 3). The investment decisions
under institutional risk, give on the one hand high uncertainty how to invest under the pressure
of a new regulation (manure policy) and on the other hand, gives flexibility on beforehand, to
choose one of the investment possibilities (i.e. defer, expand, contract or abandon a project).
Real options are often applied for the evaluation of strategic projects. A project, to be called
strategic, needs to make impact on a relevant scale and needs to be important to the investor.
For other projects of less importance and with less impact on the company, a traditional cash
flow analysis or a simple computation would suffice.
These flexible investment options are similar to options traded in the financial market.
These options can be further distinguished as European options and American options.
European options can be exercised on a specific date only. American options can be exercised
at any time, up and until the expiration date of the option. The American options also give more
rights to the holder. The American option is very similar to an option of a DM to invest, as the
DM can decide on any given moment what to do with the investment opportunity (Aarle, 2013).

3.2. Methods
In this section an overview is created regarding the factors that play a role in dairy farmers’
investment decisions. With these economic factors and information regarding the institutional
risks in mind, we review which particular real option approach fits best within our research.
Eventually a method will be selected, that can be used to model the research case in a @Risk
simulation environment. @Risk is a plugin Excel tool that is used for the simulation of a model.
The choice for the use of simulations was made, as no relevant database was available. Also a
simulation is appropriate for the purpose of this research, to model the effect of institutional
risk on the investment decisions of the Dutch dairy farmers.
Literature research has pointed out that the combination of the real option approach, with
the dairy sector as empirical case, resulted in one relevant article (Feil & Musshoff, 2013) in
the databases of Scopus, Google Scholar and the Wageningen University library. We therefore
extended our literature study to other sectors that are using the real option approach, such as:
energy (Agaton & Karl, 2018), finance (Delaney, 2018), environmental development (Di
Corato, 2018; Mayer & Schultmann, n.d.; Zhang, Wang, & Li, 2018), infrastructure (Manocha
& Babovic, 2018) housing (Agliardi, Cattani, & Ferrante, 2018). These papers were used as a

14

basis for determining the appropriate real option approach that could be used for modelling the
research case.

3.2.1. Determinants of the value of a real option
Copeland and Antikarov (2001) state several variables that determine the value of a real option.
These variables are applicable for several of the quantification methods for real options (see
section 3.4.). The following option characteristics are listed by Copeland and Antikarov (2001):
1. Value of the underlying asset (S)
2. Exercise price (K)
3. Time to expiration (T)
4. Volatility of the underlying asset (σ)
5. Risk free rate of interest (rf)
6. Dividend (δ)

Value of the underlying asset
This describes the current value of the investment, project or acquisition that is considered. The
value can be derived via two different methods. The value can either be derived from the
financial markets or via the Market Asset Disclaimer (MAD).
When the underlying asset is traded at a market, the value can be determined by the trading on
that market. When it is not directly traded on the market, a similar portfolio could be
determined. This is called a ‘twin security’. A twin security has a cash flow that is perfectly
correlated to those of the original real asset. The twin security could be scaled in such a way,
that the returns of the portfolio will match the original real asset’s returns (Copeland &
Antikarov, 2001).
However, Copeland and Antikarov (2001) also state that the frustrating part of the twin
security is that it is practically impossible to find a twin security with matching cash pay-outs
in every moment in time, in comparison to the real project. Therefore they expect no perfect
correlation. The authors suggest to use the present value of the underlying asset, so an option
without flexibility, to determine the current value of the project. This suggests that the present
value of the cash flow of the project without any flexibility, is the best unbiased estimate of the
market value of the asset. This method is called the Market Asset Disclaimer (MAD). This
factor is used in our model, as the present value of the cash flow is used for calculating the real
option value.
15

Exercise Price
The amount of money needed for the investment at the start of the project, is the exercise price.
This is the amount of money needed to execute the real option at hand. In some cases this could
also be the amount that one receives after abandoning the project (mostly the case in put
options). The exercise price can be stated in the initial contract of the investment. That might
also be the case in real options.
However, in most cases the exercise price is harder to determine. If an investment is under
consideration, it is normal to assume that the present value of the future investment is similar
to the exercise price. Another option is to create several decisions points in the project and
therefore create a ‘compound real option’. These future investments are however also uncertain.
The exercise prices for real options is therefore, in reality, mostly stochastic (Copeland &
Antikarov, 2001). In our model this factor is also used as the amount of money needed to start
the investment at given periods in time. Also a compounded real option is used, because several
decision points are incorporated in the model.

Time to expiration
The amount of time between the moment an opportunity arises and the moment that this
opportunity is foregone, is called the time to expiration. Both in the European and American
financial options, the time to expiration is stated on the option itself. It is the difference between
the time of signing and the date of expiration. In real options however it might prove to be
difficult to determine the time to expiration. If the start and the end of a project, investment or
acquisition are clear, it is possible to determine the time to expiration. However, if the time to
expiration is depending on the competition, changes in technology or macroeconomic factors,
it might be impossible to determine this factor. As with financial options, an increase in the
time to expiration leads to an increase in (real option) value. It will also allow for a change in
the status of the uncertainty around the investment. If the time to expiration for such a project
is not determined, it would be unfixed or stated in the formulas and models as infinite. Aarle
(2013) suggests that it is possible to limited this infinite factor by adjusting the variables
exercise price or dividends and introduce penalties for waiting for longer periods.
According to Triantis (1999) the exercise price of an investment project will rise with the
risk free rate of interest, this will prevent a DM from waiting until all uncertainties in the
investment project are cleared. On a more strategic level it is also not reasonable to wait until
all uncertainty in an investment project is cleared, as the competition catches on to the
opportunities. (Copeland & Antikarov, 2001). Within our model, the time to expiration is
16

uncertain due to macroeconomic factors that are unknown after a period of 10 years. The time
to expiration in the model is therefore not fixed. The DM needs to decide at the given periods
in time and therefore no changes in the exercise price were needed, as suggested by Triantis
(1999).

Volatility of the underlying asset
The volatility of the model describes the sensitivity regarding price fluctuations of the
underlying asset. That indicates the uncertainty of the future value of the projects cash flows.
The managerial flexibility of choice within a real option, leads to uncertainty in the price of the
underlying asset, which increases the volatility over time. The increase in the volatility will also
increase the option’s value.
Financial options that are traded at a market, have either a historical volatility, or an implied
volatility. Both can be derived quiet easily. Real options, however, are a non-traded asset and
therefore an alternative method is described to establish the volatility of the underlying asset.
Volatility is measured as the standard deviation (σ) of the rate of return of the underlying
asset. Normally this factor is measured as an annual figure. The following example of Aarle
(2013), explains how the volatility of a financial option can be measured. This example is
needed to understand how the volatility of a real option can be derived.

Example (Aarle, 2013):
The amount of variation that could occur is denoted by the standard deviation (σ). When z is
normally distributed, with a mean of µ = 0 and variance σ2 = 1, the probability density function
is described by:
𝑓(𝑧) =

1
√2𝜋

1 2

𝑒 2𝑧

(1)

The probability mass between – σ and σ (expectation that z will not deviate more from µ, than
σ or –σ), could be expressed as:
σ

σ

1

1 2

𝑃 (−σ ≤ 𝑧 ≤ σ ) = ∫−σ 𝑓(𝑧)𝑑 = ∫−σ
𝑒 2𝑧 𝑑𝑧 ≈ 0.683
√2𝜋

(2)

In the same way:
𝑃 (−2σ ≤ z ≤ 2σ) ≈ 0.954
𝑃 (−5σ ≤ z ≤ 5σ) ≈ 1.000
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This calculation is also applicable on the probability mass of other normally distributed
functions. For example, an option value of €100,- and the option volatility of 25%, means that
in one year, the value is expected to be between €75,- and €125,-, with a probability of 68.3%,
or it is expected to be between €50 and €150, with a probability of 95.4%.
With real options the underlying asset is not traded on the market and historical data is
almost never available, as the new investment project is assumed to be unique for the company
(the adaption to the new manure policy or other institutional risk factors). Luehrman (1998)
suggests that either a simulation model, historical data or an educated guess can determine the
volatility of a real option. Hevert (2001) states that a generally accepted method for an educated
guess starts with isolating the primary source of uncertainty. This methods starts with estimating
the asset’s value up (u) and down (d) and the deviation between them (σ). The volatility could
be derived from the following set of equations, where an underlying normal distribution is
assumed (Hevert, 2001):
u=eσ

(3)

d=1/u

(4)

Davis (1998) states that it may be possible to determine the volatility of a underlying asset
by analysing the historical series of the unlevered company, valued by listed companies with
identical projects as the company at hand. However, as stated before, it is hard and seldom
realistic to find historical data on projects that have a perfect correlation with the real project at
hand, such as a twin security.
Copeland and Antikarov (2001) describe a method, where estimations of the projects cash
flow are used to make a Monte Carlo simulation of the returns (see section 3.4.3. for a more
elaborate view on Monte Carlo simulation). This simulation can be used to determine the
volatility of the investment project. Aarle (2013) states that determining the right parameters,
the relevant variables and the right correlation coefficients, is important for deriving the right
volatility for the project.
Majd and Pindyck (1987) state that it may be impossible to establish the volatility correctly
on beforehand. In another paper of Pindyck in collaboration with Dixit (Dixit & Pindyck, 1994)
they use a standard volatility, equal to the average percentage standard deviation of stock
market equity (between 20 to 30%), as a factor of volatility in a project. Rogers (2009) also
describes volatility as one of the most important value creators within the real option approach,
as the value is derived from the uncertainty associated with the real asset.
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Winston (1999) provides a very practical approach in his paper regarding the volatility of a
real option approach. Winston (1999) states that the implied volatility of a project can be
determined by the differences in stock and price in the model. The model can analyse the
volatility of the overall real option approach by using a ‘Goal Seeker’ tool in @Risk on a table
of volatilities. For our model we also used this approach to determine the volatility of the
project. The results of the Goal Seeker can be found in appendix 2.

Risk free rate of interest
The risk free rate of interest, is the theoretical rate of return in case of an investment that carries
zero risk. In the financial market, the risk free rate of interest in options is determined by looking
at the rates of Treasury bonds and bills, they are used as a benchmark for a risk free situation
(Hull, 2008). The value of an investment project will increase, if the value of the risk free rate
of interest increases. This is the case because it will increase the time value of money. This
gives an advantage in deferring the investment cost over time. In a real option this works in the
same way. However, this rate can only be used when the investment has a fixed time framework.
If a real option has a unfixed expiration date, the risk free rate of interest is stochastic. In our
model the risk free rate is used as a stochastic value, to increase the time value of money over
a period of 10 years.

Dividend
Dividend is the return that the company pays to the shareholders for buying the shares and
providing capital to the company. This variable is not in all companies relevant, as not all
companies pay dividend to their shareholders. However, if companies do pay dividend, it is
considered as a factor of relevance to financial option pricing. In real option literature, a
dividend is a cash outflow from the real asset. It decreases the value of the asset (Aarle, 2013).
Therefore, it is a factor that should be incorporated in the method for determining the value of
a real option. It could be proven difficult to model this factor, as in reality this factor would
differ in amount, timing and is dependent on exogenous influences. This factor was not used in
our real option model, as the DM in our research case did not pay dividend to an external party.
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3.2.2. Valuation methods of real options
The following valuation methods for real options were determined by Pera (2009):
1. The classic approach. Is a calculation based method, where the total calculation is
implemented in real option valuation1.
2. The classic modified approach. Is a method that is depending on the impact of market factors
on the project value. If the impact is proven relevant, financial options are applicable as
guideline for valuation. If the impact of market factors is not significant, the recommendation
is made to use a decisions tree instead1.
3. The subjective approach. In this method the valuation is based on a modified index of the
NPV and the determination of decisional flexibility areas is done via a diagram2.
4. The equilibrium approach. This method looks specifically at an analysis of the value of the
project, without considering the options value itself. The stream of cash flows from the project
in ‘a one scenario implementation alternative’, should be analysed3.
5. The integrated approach. Is a method that uses the application of binomial lattices and
decision trees. This method is similar to financial option valuation. This model is based on both
the Binomial (tree) modelling theory and the Black-Scholes theory. See appendix 1 for a more
elaborate view on both these theories.

Most of the theories and models stated in the section above are linked to the options in the
financial market. However, the existing differences between real options and financial options
should be incorporated in the used models. The models should be modified before they can be
used for the analysis of real options. For our model we looked at the classic modified and the
integrated approach as they seem the most applicable for this research paper. In both
approaches a DM will be influenced by market factors that determine the project value, which
is similar to our case where price changes and institutional risk have influence on the real option
value. In our case the amount of variable factors was limited to three (price, production and
institutional risk). Clemen and Reilly (2013) state that adding two factors in a financial real
option model might already be proven difficult. Therefore, we limited the amount of variable
1

As first proposed by Amram and Kulatilaka (1998)
As first proposed by Luehrman (1997)
3
As first proposed by Copeland and Antikarov (2001)
2
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factors in our model to three. Furthermore, our investment opportunities at different periods in
time are similar to a tree modelling theory, as suggested by the integrated approach (see figure
5, section 4.1).

3.3. Types of real options
There are several types of real options described in literature. Copeland and Antikarov (2001)
describe that options are primarily classified by the type of flexibility that they represent. They
have indicated five types of real options:
1. The option to defer. Is the most common in the American call option, where one has the right
to delay the start of a project. Connected to this option is the exercise price. Which is the amount
of money that should be invested in order to start the project.

2. The option to abandon. Is the option to sell or stop with the project. This option is structured
as an American put option, where the holder has the right to exit the project. The exercise price,
in this case, is the amount that needs to be paid for abandoning the project.

3. The option to contract. Is the option to scale back a project and reduce the overall operation.
This is also similar to an American put option, where the holder has the right to sell a part of
the project’s activities for a fixed price. The exercise price, in this case, is similar to the fixed
selloff price of parts of the project.

4. The option to expand. Is the option to increase the amount of investment and increase the
output of the project. Mostly structures as an American call option, where the owner has the
right to scale up a project’s activities for a fixed price. The exercise price is, in this case, the
fixed price of increasing the activities.

5. The option to extend. Is the option to enlarge the time of expiration of an asset. This is also
similar to an American call option, where the owner has the right to extend the expiration date
of a project. The exercise price is, in this case, the direct costs involved in extending the
expiration date of the project.
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Next to the classification by the type of flexibility, Copeland and Antikarov (2001) have
added several more real option categories to the types of real options. The following types do
not focus specifically on the flexibility of the option, but on the modelling structure:
1. The switching option. This is a portfolio of American call or put options that gives the holder
the right to switch between the modes of operation. This is applicable in a situation where the
DM has several real options at the same time and has the opportunity to switch between them.

2. The compound option. In definition this is stacking options upon options. But can also be
seen as
investments compounded in phases, or as sequential investments. This option can be structured
as a compounded American call option, which gives the holder the right to invest in a second
project, that is connected to the first project.

3. The Rainbow option. Is an option driven by multiple factors of uncertainty. The value of this
option is dependent on two or more underlying variables, such as the price of a unit of output
and the quantity that is produced. In the real option approach this variability is simulated by
separate fluctuating price levels.

Trigeorgis (2005) adds one other type of real option to this list of different modelling
structures of options, namely:
4. The Corporate growth option. This is an option to invest in a project that will most probably
not return the value of the initial costs at all. However these kind of options have a strategic
value for either the company or the sector in general. These kind of options are used to invest
in technology development, R&D, or investments in underdeveloped countries. These options
serve the purpose of creating possible value in the future and have the chance to create new
investment opportunities in the long term.

To finish this list of different type of options Smith and Triantis (1995) identified several
types of real options that are specifically applicable when considering an acquisition. They are
part of the strategic side of real options. They identified the following types of acquisitions:
1. Acquisition growth options. An acquisition that places the holder in a key emerging market.

2. Acquisition flexibility options. An acquisition of a firm that has flexible distribution
channels. Which results in a more flexible overall distribution.
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3. Acquisition divestiture options. Is similar to the option to abandon. This acquisition gives the
right to sell (parts) of the acquisition activities.

For our model it might be proven useful to focus on the Rainbow option, where the farmer
has pressure from changing price levels, under the condition of institutional risk. It is realistic
that a farmer will endure more factors of uncertainty at the same time. Also both the options to
defer or abandon are applicable to our research model, as the farmer has the option not to take
the investment opportunity at a specific point in time, or to not take the opportunity at all.

3.4. Quantification methods of real options
During the literature study, several different methods and models to simulate real options were
analysed. In this section a more elaborate view will be given on the methods that could be used
to determine the investment decisions of Dutch dairy farmers under institutional risk, in
combination with the real option approach. The final paragraph of this section will describe the
selected method for the analysis of the real option approach, in the @Risk simulation
environment.
Next to the methods that are analysed in this section, there are several more alternative
methods to determine the value of a real option. Baecker, Hommel, and Lehmann (2003)
provide an overview of several other methods to valuate options in Figure 4. The focus of this
section will be put on describing the methods that were used in the simulation study of this
research. Alternative methods of determining the value of a real option will be described in
appendix 1.

Figure 4: Common option valuation methods (Baecker et al., 2003)
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3.4.1. Quantification of the NPV method
Brealey, Myers, and Allen (2008) describe the more classical investment theory of the Net
Present Value in the following formula:
𝑁𝑃𝑉0 = 𝑉0 − 1, with 𝑉0 = ∑𝑍𝑡=1 𝑥𝑡 ∗ (1 + 𝑟)−𝑡

(5)

Where Z is the exploitation period of an investment, and r is the discounting rate. This
theory suggests that the value of NPV0 is the value of the investment in the current time period.
Which is calculated as the difference between the present value (V0) of the expected cash flows
xt and the costs of the investment I. A cash flow providing the value of NPV0 = 0 is seen as the
investment trigger. However, this theory makes the assumption that a NPV value lower than
zero will result in the abandonment of the investment. No flexibility is possible within this
theory.

3.4.2. Quantification of the real option approach
The option to wait, if the NPV0 turns out to be lower than 0, results in a certain cost of waiting.
The time the DM is waiting on new information that can change the outcome of the investment
analysis, is seen as lost option value and must be included as part of the investment costs. This
cost factor needs to be covered by the expected cash flows and therefore this model requires a
higher investment trigger, as well as a higher present value than the NPV method in order to
make an investment. The value over time changes with a value described by the following
formula (Dixit & Pindyck, 1994; Feil & Musshoff, 2013; Rogers, 2009):
𝑑𝑉(𝑡)
𝑉

= μdt + σdz

(6)

The Geometric Brownian Motion (see section 3.4.4) determines the value for the variance
(σ) and the dz represents the value of the Wiener process (Geometric Brownian Motion), for
which it holds that:
𝑑𝑧 = ε𝑡 √𝑑𝑡

(7)
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Where ε𝑡 ~ (0,1). Changes in the value of the investment are therefore depending on the μ
and σ, both dependent on the Wiener process dz (Dixit & Pindyck, 1994).
The new formula, including the option for future changes of value, is a solution to the
Bellman equation (Dixit & Pindyck, 1994):
1

𝐹(𝑉, 𝑡) = max[𝑉𝑡 − 1, 1+𝑟𝑑𝑡 ∗ 𝐸 (𝐹(𝑉 + 𝑑𝑉, 𝑡 + 𝑑𝑡|𝑥𝑡 ))]

(8)

Alternatively described as:
𝐹(𝑥, 𝑡) = max[𝑁𝑃𝑉𝑡 ; 𝐸 (𝑁𝑃𝑉𝑡+𝑑𝑡 ) ∗ (1 + 𝑟)−𝑑𝑡 |𝑥𝑡 )]

(9)

Where F denotes the value of the investment option to investment, r is the discount rate and
E denotes the expectations operator. The difference between the options value and the NPV
value is the value of waiting (Tubetov, Musshoff, & Kellner, 2012). As formula (8) requires
solving a partial differential equation, Köppl-Turyna and Köppl (2013) suggests to make use of
binomial lattice (see appendix 1) or Monte-Carlo simulation (see 3.4.3.) to solve this equation.

3.4.3. Monte Carlo simulation
Borison and Triantis (2001, p.13) explain the basics of Monte Carlo simulation in combination
with the real option approach as follows:
‘Monte Carlo simulation is a powerful technique that allows for considerable flexibility in the
number and specification of the uncertainties in the decision problem. Based on assumed
probability distributions for each uncertainty, a large number of possible scenarios are
generated for the underlying project cash flows or value. The Real-Option value is then
calculated for each of these scenarios, and the average of these values is discounted back to the
present. The Monte Carlo valuation approach is useful when the cash flows from a project are
path dependent, that is, when they depend on prior decisions taken by the firm. While it has
traditionally been difficult to use this approach to value American options, new techniques are
being developed to address this shortcoming’.
The challenge, therefore, is to determine if it is possible to combine this method of path
dependence with the American option. Copeland & Antikarov (2001) suggest several
approaches of solving this problem. For example, by a least-squares approach of Longstaff and
Schwarts (2001) or a parameterising approach in combination with working back from the end
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of the option to the beginning, by Andersen (2000). However, the most convenient way is to
use the available software, that circumvents the other time consuming methods (Copeland &
Antikarov, 2001).
The following steps need to be taken to derive the value of each type of real option approach
from the applied Monte Carlo simulation:
1. Sample a random path for S (in a risk-neutral world).
2. Calculate the payoff of the real option
3. Repeat steps 1 and 2 until there are enough sample values to provide a reliable estimate of
the payoff of the real options (in a risk-neutral world).
4. Calculate the mean of the sample payoffs to get an estimate of the expected payoff.
5. Discount this expected payoff (at the risk-free rate of interest) to get an estimate of the value
of the real option.

It is possible to model a sample path for any kind of uncertainty. Equation 10 describes a
random path for S, where dz is a Wiener process, µ is the expected return in a risk-free rate and
σ is the volatility (Aarle, 2013; Feil & Musshoff, 2013; Rogers, 2009). A stochastic process St
is to come from a Geometric Brownian Motion (GBM). Equation 11 is a discrete approximation
of equation 10, but without the risk-free rate and the real options are divided into N short
intervals with a length of ∆t, and ∈ is a random sample from a normal distribution with mean
zero and standard deviation 1.0.
𝑑𝑆 = 𝜇𝑆𝑑𝑡 + 𝜎𝑆𝑑𝑧

(10)

𝑆 (𝑡 + Δ𝑡) = 𝑆(𝑡) = 𝜇𝑆(𝑡)Δ𝑡 = 𝜎𝑆(𝑡)𝜖√Δ𝑡

(11)

Equation 11 makes it possible to calculate the value of S at time ∆t from the initial value of
S. At each sample the value of S will be calculated at the end of the next time interval. One
sample path is completed after N random samples from a normal distribution are taken, this
completes step 1.

3.4.4. Geometric Brownian Motion
The Geometric Brownian Motion (also called the Wiener process) describes the motion of
particles that immerse in a gas or liquid. The Geometric Brownian Motion is a fundamental
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process that serves as part of many different (particle) processes. For this research paper, the
most important application is the mathematical models used to describe the random movements
of this model. The generalized random walk, also called the ‘Brownian Motion with drift’, is a
stochastic process Bt (Sigman, 2006). The drift rate is the average increase in a stochastic
variable for each unit of time.
The general form is:
𝐵𝑡 = 𝜇𝑡 + 𝜎𝑊𝑡

(12)

Wt represents the random walk process. This can be described as 𝑊𝑡 =∈ √𝑡
This Geometric Brownian Motion generates random values, that can be applied in methods
determining a part of the real option value. It describes the dynamics of the prices of financial
models and because of the variety, it approximates the behaviour observed in real markets. Most
Geometric Brownian Motions are used to simulate prices, interest rates, commodities and other
financial and economic variables (Rogers, 2009).

3.4.5. Farm-specific variables
In the study of Ihli, Maart‐Noelck, and Musshoff (2014) , an analysis was conducted on the
farm-specific variables that might have an impact on the (dis)investment decision of farmers.
They focused on several socio-demographic factors, such as: risk attitude, age gender,
university degree, economic background in education and household size. They also focused
on farm-specific variables, such as: farm size, farm income type, farm type, use of irrigation
and farm performance.
Table 1 shows the relevant studies that labelled these factors as influential for the DM, in
their process of making an (dis)investment decision. As the real option approach in this study
will focus on the effect of the institutional risk in combination with price fluctuations, other
factors (such as age, gender etc.) have been kept constant in the model. A side note can be made,
that the impact of the factors in the table below, could also have influenced the simulated
investment decision model. However, for the purpose of simplifying the model in this research,
they were not incorporated.
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Table 1
Socio-demographic and farm-specific variables and their impact on (dis)investment time (Ihli et al., 2014)

3.4.6. Chosen methods for the simulation model
For our model we chose for the implementation of equation 8 (section 3.4.2.). A formula
proposed by Dixit and Pindyck (1994), that includes the option for a future change of value. In
our case this future change of value would be dependent on the changes in price levels during
the simulation period and the influence of institutional risk. This formula by Dixit and Pindyck
(1994) incorporates several of the factors proposed by Copeland and Antikarov (2001). Next to
using equation 8 in our model, we will make use of the Geometric Brownian Motion and Monte
Carlo simulation in a @Risk simulation, to determine the real option value of the investment
decision. The model will be finished with a Chi-Square test to determine the significance of the
changes in frequencies between the models.
Next to the options already mentioned above, the formula by Dixit and Pindyck (1994) gives
the opportunity to use the valuation methods proposed by Copeland and Antikarov (2001). This
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provides us with the opportunity to apply an American option style, giving more flexibility to
simulate the decision factors of the farmers more realistically.
Furthermore, we chose to use the compounded real option approach as the specific type of
real option, due to the several investment moments in this real option type. This entails that we
will provide several investment opportunities to the DM over time, to be able to implement
institutional risk at different periods. The option itself will be structured as a Rainbow option.
In that way the DM will be pressured by the changing price levels, under the condition of
institutional risk. For a more elaborate view on the specific implementation of institutional risk,
see section 4.2.
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4. Simulation model
Two simulation models have been created in this research paper. Both are needed to calculate
the difference between the real option value with- and without institutional risk. This enables
us to analyse the effect of institutional risk on the investment decisions of Dutch dairy farmers.
A @Risk worksheet of a real option approach was used as the basis for our model. This
worksheet did contain specific assumptions regarding specific parameters, these assumptions
will be explained in the sections below.
The first simulation model (section 4.1) is a standard real option approach model, adapted
for the dairy sector. This model calculates both the NPV and the real option value of the
investment decisions of the farmer, depending on a fluctuating price level.
The second real option model (section 4.2) also calculates the NPV and the real option value
of the investment decision, however institutional risk is incorporated in this model to influence
the DM. In the second model both the price level and institutional risk are fluctuating.

4.1 Simulation model excluding institutional risk
The model is built up in three decision stages (see figure 5). In period T=0 (the year 2012) the
farmer can decide to increase his current farm size (X) to the level of 80 cows. The model
assumes at this period in time, that the DM will not reach the cap of the milk quota that was
applicable in 2012.
After three years (T=3, 2015) the farmer can decide either to keep his farm size (and
therefore his production level) constant or to invest again in his farm. At this point in time he
can choose to increase his farm size to the level of 90 cows.
After another seven years (T=10, 2022) the farmer gets a new investment opportunity, he
can again increase his farm size, to the level of 100 cows, or choose to keep the farm size
constant. The year 2012 was chosen as T=0, as the period from 2012 onward was characterized
by investments and governmental policy changes in the sector.
Furthermore, the amount of cattle on the farm, used in the scenarios between T=0 and T=10,
was determined by Biggelaar (2015) and Klootwijk et al. (2016) as appropriate for the creation
of a realistic model.
The following paragraphs will explain the components of the model that are within the
scope of this research and have impact on the created real option model (see appendix 2).
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Figure 5: The decision tree, representing the structure of the research case

4.1.1. Investment decisions
The farmer has three investment decisions to make. These investment decisions are depending
on the price of milk (P) at that period in time (T), the revenue (R) over the period of 10 years,
and on the amount of cows (N) that are on the farm at that point in time. The next period in time
(T) is relevant as in some periods the DM gets new investment opportunities.
The model runs 10 simulations, these simulations represent 10 years of conducting business
at the farm. This timeframe of 10 years was chosen, as a longer period would have resulted in
more institutional risk in the model over the long term. An investment decision at T=3 was
deliberately chosen, as this period marks the investment struggles at that time, due to the
introduction of the manure policy in the Netherlands.
Fokkert (2014) suggests that a reasonable investment for a farmer investing in 65 cows is
around 1,850,000 euro. In that case the farmer invested in the animals, new buildings, new land
and tools. Our model assumes that the farmer already has some animals (random amount X)
and from that point onward, the farmer has the option to invest in three stages. In these three
stages the farmer can invest a total value of 840,000 euro and can acquire around 30 cows,
including the needed stables, land, feed and tools. The investment opportunities in our model
are therefore in line with the data used in Fokkert (2014). The proportions of the investment in
all three situations were determined arbitrarily.
The first investment opportunity (I) at period T=0 gives the farmer the opportunity to
increase the size of the farm from N=X to N=80 cows. For this investment the farmer needs to
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acquire a specific amount of land, stables, apparatus and animals. In I the farmer has the
opportunity to invest 180,000 euro.
The second investment decision (II) at period T=3 gives the farmer the option to increase
the size of the farm from N=80 to N=90. The investment costs are 280,000 euro, as the stable
capacity at T=1 was already 100% and the farmer needs to acquire new land, stables, feed and
animals. This investment will increase his overall production level (Q), but the feasibility of
this investment is depending on the changes in P.
The third investment decision (III) at period T=10 is used as a check of the model. In this
decision moment the farmer has the option to increase the size of the farm from N=90 to N=100.
The investment costs are 380,000 euro, as the capacity of the stable at T=3 was already 100%
used, the farmer needs to acquire new land, stables, feed and animals. At point T=10 the revenue
is corrected for the farm size resulting from the decision in T=3. This investment opportunity
will also increase the level of Q.
The model calculates if the investment opportunity at T=10 is feasible, with the profit that
can be made within the first 10 years of conducting business. The model does not account for
revenues after T=10. Therefore, it would not be rational to invest at point T=10, as there is full
uncertainty after that point.
Period T=10 is used as a check of the model, to see if the volatility, cut-off values, risk-free
rate, cost of capital and the Geometric Brownian Motion are in line with the model and do not
result in investments at T=10. If for example the Geometric Brownian Motion of the model
would have a high variety, it could result in extreme profits over time. These profits could
trigger an irrational investment at T=10. By monitoring the status cells (see section 4.1.5), we
made sure that the values of the volatility, cut-off values, risk-free rate, cost of capital and the
Geometric Brownian Motion were in line with the model.
The prime focus of this model is based at T=3, as this point in time marks the introduction
of institutional change. The investment cost at T=0 make sure that farmers are on the level N=80
through a relatively smaller investment. The investment cost at T=3 give a general investment
opportunity in both models and at T=10 a larger investment costs prohibits farmers from further
investment beyond T=10.
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4.1.2. Applied Geometric Brownian Motion
The Geometric Brownian Motion is used in this model to create price fluctuations over time.
The price fluctuations differ per period (T) and are random. The Geometric Brownian Motion
creates a path of random walks. These random walks simulate the price differences over time.
Literature studies state that an average milk price around 0.35 euro/kg is suitable as a basis for
modelling (Fokkert, 2014; Samson, 2017; van Middelaar et al., 2016). We took this average as
the baseline of the price in the model (P = 0.35231497). The Geometric Brownian Motion will
adapt this price in either a neutral, negative or positive way, differentiating per period and per
iteration. Figure 6 gives an impression of the random paths of the Geometric Brownian Motion.
The scales in the figures are different to increase the visibility of the charts, as every Geometric
Brownian Motion has a random path that can be on a variety of different scales. The X and Y
axis represent the two cumulative rows (row X and row Y) of the Geometric Brownian Motion
that create a path by accumulating the random values.
The @Risk program creates a simulation based on the values that are picked from the
Geometric Brownian Motion path. In the following simulation period a new path is created in
the Geometric Brownian Motion and applied on the baseline price of P=0.35231497 via @Risk
simulation. Therefore, a new random price change is applicable in every period T and on every
iteration.
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Figure 6: Random Geometric Brownian Motion paths

4.1.3. Estimate of revenue
The model calculates every period and every iteration the production level (Q) and the milk
price (P) depending on the Geometric Brownian Motion. With these changing factors, an
estimate of the cash flow is determined. The model calculates an estimate of the cash flow by
using the value of profit corrected for the cost of capital and corrected for the investment costs
made during the whole simulation. The model corrects the cash flow at the used period for the
value in ‘todays euros’ to determine the overall expected revenue for the period of 10 years.
This is done by using the risk-free rate to determine the actual value of the cash flow. As the
risk-free rate, cost of capital and volatility of the project have influence on the investment
decision at hand and the model needs to correct for these values at specific periods in time, such
as T=0, T=3 and T=10. The model accounts for investment decision that are made during the
whole simulation track. So if the DM decides to invest at T=3 and the value of N increases to
90, a bigger cash flow will influence the new decision moment at T=10.

4.1.4. Parameterisation
A @Risk worksheet of a real option approach was used as the basis for our model. This
worksheet did contain specific assumptions regarding a few parameters. These assumptions
were mainly the application of these parameters in the real option model itself, in terms of the
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used formulas. For the risk-free rate and cost of capital, this also entailed the specific values
used in the model.
The cost of capital and the risk-free rate in this model were pre-determined by the standard
@Risk setup for real options. To simplify the model for the real option approach the standard
values were adopted in our model, the remaining values have been adapted to the investment
problem at hand. The risk-free rate and cost of capital were determined appropriate for this
model, as they were similar to values used in literature.
To find the suitable values for the parameters of volatility and the cut-off value, an
alternative method had to be used. The standard methods require an option value and exercise
value to determine the values of the parameters. We used the paper of Winston (1999) to
determine the value of volatility. He describes an alternative method to calculate the volatility
for an investment project, in case no option value and exercise value are available (as in our
research case).
Through the method of Winston (1999), @Risk simulated a volatility depending on the
variance in price levels. @Risk has a Goal Seeker function to determine this value. The steps
from Winston (1999) were followed to determine the volatility. See appendix 2 for the results
of the Goal Seeker function in @Risk. This method determined the value of the price volatility
(σ) at 0.6 or 60%.
The cut-off values in the model, are the values determining if the farmer should invest at
moment T or not (also called the investment trigger value). The cut-off values do not determine
the NPV or real option value over time, but only account for the investment decision along the
path. In our model, at T=3 and T=10, the cut-off values help to determine if the value of revenues
is high enough to invest in the investment opportunity.
The cut-off values were determined by the @Risk programme, as @Risk can make a risk
simulation of a table to determines the appropriate cut-off value for the model at that point in
time. In the table we put in values that were close to the value of revenues factor at T=3. This
table was structured in a similar way as the example worksheet provided by @Risk. The cutoff values make sure that appropriate value of revenues occur above and below the cut-off point.
This parameter forces the DM to make an actual decision to invest or not to invest.

4.1.5. Status cells
The cells named ‘status’ in the model show if the DM decided to invest at T=0, T=3 and T=10
or not. The colour of the ‘status’ cells indicate the size of the farm at that period in time. The
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colour green at row T=0 indicates that the investment at T=0 is feasible and that the current size
of the farm is 80 cows. If the colour of the ‘status’ cell at T=3 is green, the conclusion can be
made that it is feasible to invest at T=3 and that the farm size at T=3 will increase to 90 cows.
The ‘status’ cell at T=10 is always red, as this period is used in the model to test the variances
of the Geometric Brownian Motion, the risk free rate, cost of capital and volatility.

4.1.6. NPV and the real option value
The model calculates both the NPV and the real option value of the investment decision at hand.
The NPV value of the model is determined by calculating the value of revenue over the period
of 10 years, in ‘todays euros’, using the standard price at T=0.
The real option value in the model takes price changes into account during the whole
simulation. This might provide different results than the NPV method, as prices could change
either positively or negatively in the periods between T=0 and T=10. The @Risk simulation of
the real option approach runs 10 simulations of this model at 1000 iterations. The 10 simulation
runs represent the 10 different periods in this case. An iteration is a smaller unit within one
simulation. Each iteration in @Risk draws a new set of random numbers for the @Risk
distribution functions (Palisade, 2018). The model calculates the value of both the NPV and the
real option approach at every simulation. The average value over 10 simulations, determines
the real option value of the investment decision for the farmer.

4.2 Simulation model including institutional risk
The second model is similar to the first model in the basic functions of the real option approach.
However, in this model institutional risk is incorporated in the variables. The following
paragraphs will elaborate on the components regarding institutional risk that are within the
scope of this research and have impact on the real option model. The precise adaptations to the
model were made in the steps explained below (for model outline see appendix 2), following a
process that symbolizes the situation as realistic as possible, within the framework of this
simplified model.
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4.2.1 Institutional change
The government will only instate a new policy in 2015, due to the incentive of the dairy sector
to increase the sizes of their farms (see section 2.1, figure 1). This step entails that the farm
sector, in general, has the incentive to invest in size and the government reacts to this trend. As
the government foresees an increase in phosphate and nitrogen levels. The government wants
to limit these levels in general, due to pressure from the European Union, and this is done by
instating new policies and regulations. They will instate the manure policy (Dutch-Government,
2014a, 2014b) and give sanctions to farmers who exceed these limits. The farmers can check
their maximum phosphate and nitrogen levels, to keep their livestock at a level that is within
the limits of the regulation. For example, the farmer can decide to only put 84 cows in his new
stable with a maximum capacity of 90 cows. This strategy will make sure that he will not get a
fine from the government, however, it might result in a negative result on his investment
decision. The amount of cattle bought by the farmer (percentage stable capacity in appendix 2)
reflects the risk behaviour of the DM. A farmer can also decide to use the maximum stable
capacity of 90 cows at T=3 and face the governmental fines. With the right price changes over
time, this strategy might also pay off for the DM.

4.2.2. Phosphate and nitrogen limits
Due to the regulations instated by the Dutch government (Dutch-Government, 2014a, 2014b),
farmers are not allowed to produce more nitrogen and phosphate than the amount of phosphate
rights that they have been granted on their livestock on 2 July 2015 (Samson, 2017). Therefore,
in the simulation model, one can see this regulation as an institutional risk factor on the
investment decision. The amount of cattle (and therefore Q), bought by the farmer is influenced
by these policies.
The combined maximum of nitrogen and phosphate production for a company with the size
of N=90 is set at the limit of 290 kg/ha. This limit is based on the maximum nitrogen value per
hectare and the maximum phosphate level per hectare (RVO, 2015). The specified amounts of
nitrogen and phosphate are dependent on the amount of ‘rights’ the farmer received for his
cattle, on the 2nd of July 2015 (Dutch-Government, 2014a, 2014b). If the farmer exceeds these
specified limits, a penalty will be given to him. The fines would result in a lower cash flow over
time and therefore negatively influence the NPV and the real option value.
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4.2.3. Governmental fines
The institutional risk in the model is dependent on the investment at T=3. If the DM decides to
invest, it will result in the government increasing the institutional risk. This is the result of the
increasing phosphate and nitrogen values in the dairy sector. The government wants to decrease
the incentive to invest at point T=3, by fining the farmers if they exceed specified nitrogen and
phosphate levels. The fines of the Dutch government on exceeding the specified nitrogen and
phosphate levels are (RVO, n.d.):


7 euro fine for every kg nitrogen above limit, based on manure.



7 euro fine for every kg nitrogen above the limit, in total.



11 euro fine for every kg phosphate above the limit, in total.



3.5 euro fine for every kg nitrogen above the limit, if this fine also applies for the first
category.



5.5 euro fine for every kg phosphate above the limit, if this fine also applies for phosphate
from manure.



11 euro fine for every kg phosphate and 7 euro for every kg phosphate, if you cannot prove
the distribution of the substances (administrative fine).

In our model we assumed that the farmer will be fined for the combined amount of nitrogen
and phosphate. If the farmer exceeds the limit (that is set on 290 kg/ha) he will be fined by the
government for a total of 23.5 euro per kg/ha. This fine is based on a combination of exceeding
the nitrogen limit with manure, exceeding the phosphate limit in total, combined with a fine on
phosphate for manure.

4.2.4. Change to the theoretical model
Incorporating the institutional risk, also means that an adaptation for the real option equation
(8) is required. The new model has to include institutional risk as a decision factor. As stated in
section 3.4.2., equation 8 for the real option approach can be represented as follows:
1

𝐹(𝑉, 𝑡) = max[𝑉𝑡 − 1, 1+𝑟𝑑𝑡 ∗ 𝐸 (𝐹(𝑉 + 𝑑𝑉, 𝑡 + 𝑑𝑡|𝑥𝑡 ))]

(8)
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Samson (2017) wrote a paper on the agri-environmental policies and the Dutch Dairy
Farmers’ Response. In this paper she used a case study that is very similar to our research case.
Samson analyses the effect of proposed changes of policies to the investment decisions of
farmers. In her case the farmers can decide every period if they want to increase their stable
capacity, depending on the investment value, depreciation, quasi-fixed inputs and the expected
discounted future profit. These values were analysed in an optimal value function, including a
factor Ω𝑖 that represents the information on national and European policies and proposed
changes to these policies and laws. The formula used for the optimal value function in Samson
(2017) is quiet similar to the equation used for the real option value. Similar parameters were
used and the structure of the case study in her paper is comparable to our case study. Therefore,
we decided to use the same factor (Ω𝑖 ) in the real option approach, to represent the information
a farmer has on national and European policies and changes thereof. Samson did not use this
factor in a real option approach in her paper, but in an optimal value function that was similar
to the real option function used for our research. The following equation is a representation of
factor Ω𝑖 in the formula of the real option approach:
1

𝐹(𝑉, 𝑡) = max[𝑉𝑡 − 1, 1+𝑟𝑑𝑡 ∗ 𝐸 (𝐹(𝑉 + 𝑑𝑉, 𝑡 + 𝑑𝑡|(𝑥𝑡 , Ω𝑖 ))

(13)

This adaptation (Ω𝑖 ) represents the set of information variables a farmer has available at
period T of the decision moment. This factor in our model, will represent the knowledge of the
farmer regarding institutional risk, as this factor can be seen as an information factor on the
DM’s end. The Ω𝑖 gives the opportunity to incorporate institutional risk in a real option analysis
regarding the investment decisions of farmers. In our model the focus is put on the Dutch
manure policy as the institutional risk factor, represented in this case as Ω𝑖 .

39

5. Results
In this chapter the results of both models will be presented. Both models were run with 1000
iterations in all 10 simulations. Both models ran 100 times to measure the effect over the
different real option values.

5.1 Parameters of the model
Appendix 2 shows the model with all the incorporated parameters, at a randomised value for
price. The values on the left side of the upper model are in hundred thousand euros and on right
side the values are in euros.
The randomised values are changing continuously in the model, due to the implementation
of the Geometric Brownian Motion. The values on the right side at period 0, 3 and 10, show the
differences between the scenarios. These differences are depending on the scale of the farm.
The used parameters are similar for both models. However, in model 2 (including institutional
risk) the use of stable capacity is fluctuating, resulting from the decision of the farmer on N at
period T=3. The parameters in that calculate the amount of phosphate and nitrogen per hectare
in the model, are also depending on the use of stable capacity in model 2 and are not static
values.
Figure 7 shows the normal distribution of the price changes over the estimated revenue at
T=3. This value is determined by the parameters stated in appendix 2, in combination with a
fluctuating price level, over a period of 10 years. Figure 7 shows that the price changes are
normally distributed over time. This normal distribution was created for every simulation at
1000 iterations. The distribution presented in figure 7 has a median of almost 0. Which means
that the value of the price overall changed as much in a negative as in a positive direction. The
kurtosis of just over 3, means that variance in the results is not depending on extreme values. A
kurtosis of 3 would mean a perfect normal distribution.
Furthermore, the skewness of -.0019 indicates that the model is symmetrical and has no
abnormalities in distribution of price. Overall, these values were expected as a simplified
example was used in @Risk that was believed to be balanced. The 1000 iterations per
simulation did even out the outliers and therefore the model worked as planned, regarding the
influence of price changes. The results from the model will not be influenced either positively
or negatively, as a result of the used method on price variation.
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Figure 7: Values of price changes over the value of revenues in T=3

5.2 Model output
Appendix 3 shows the input and output of one run of the simulation model excluding
institutional risk. The output of the model shows 1000 iterations of 10 simulations in both the
periods of T=3 and partly of T=10. The output indicates the values 0 (the DM decides not to
invest) or 1 (the DM decides to invest). The input of the model shows the price changes at 1000
iterations of 10 simulations in the same periods. These price changes might indicate either a
positive or a negative value, depending on the outcome of the Geometric Brownian Motion.
A negative price change might still result in a value of 1 in the model output and vice versa
with a positive price change. This is the case because the value of P resulting from the price
change, might still produce an overall expected revenue that is above the cut-off value of
investment and results in a 1 in the model output.
The input of the simulation model including institutional risk is similar to appendix 3, as
these values do not differ from the model excluding institutional risk. The only differences are
depending on price changes by the Geometric Brownian Motion. The differences in output (see
appendix 4) are due to institutional risk factors in the model itself, these factors are not
influencing the price of milk in this model.
Important to note is that the NPV output of the models is both negative and constant, only
depending on a single price estimate at T=0. The only variable of influence, is the choice to
take the investment opportunity or not at T=3. The NPV value output of model 1 (excluding
institutional risk) was -4.25, if the investment choice at T=3 was 1 and -1.8, if the investment
choice was 0 at T=3. The NPV value output of model 2 (including institutional risk) was -4.28,
if the investment choice at T=3 was 1 and -1.8, if the investment choice was 0 at T=3. This
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differences between model 1 and 2 are due to the fact that the farmer has no flexibility in his
decisions between model 1 and 2. The DM cannot adapt the use of stable capacity during the
simulation and is therefore bound to use the standard capacity of 100%. The result is that the
DM in model 2 will always receive the fine from the government, if an investment is made.
This results in a lower NPV overall.
In the real option approach, the institutional risk is introduced just before the decision
moment at T=3 and after determining the prices of the milk and the resulting investment
decisions (over the 1000 iterations in 10 simulations). The incentive of the dairy sector to invest,
triggers the government to implement policies to decrease the phosphate and nitrogen levels
produced by the sector. The definitive decision moment is therefore after determining the
investment opportunities, and after the moment that the government announces the policy
changes. In this way the farmer can calculate the optimal stable capacity, but is still free to fill
the capacity depending on price changes in the future. The output of model 2 is therefore
different than the output of model 1, this is due to the differences in the use of stable capacity
and the influence of governmental fines. The analysis regarding the influence of the introduced
institution risk in the model can found in the next paragraph.

5.3 Analysis of the effect of institutional risk
Appendix 4 shows the results of the real option value and the investment decision at T=3, with
100 runs of both models. Both models ran without any errors and within the parameters and
structure, as described in the chapters above. The analysis mainly focusses on the differences
between both models, so not all specific outcomes of the model are of interest for the overall
analysis.
Analysis of the output of model 1:


In 80% of the cases, the DM prefers to take the investment opportunity at T=3 and in
20% of the cases, the DM prefers not to take the investment opportunity. This is
dependent on both the cut-off value of the model and the price changes over time.



In 37% of the cases, the real option value was positive and in 63% of the cases it was
negative. This was the result in general, without focussing on the investment choice at
T=3. The NPV of this model was negative in 100% of the cases, therefore it is
remarkable that in 37% of the investment cases a positive value was reached via the real
option approach.
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If the DM decided to invest at T=3, chances were 36.25% that the real option value
would be positive and 63.75% that the value would be negative. In absolute terms this
means that in 29 of the 100 runs the DM did invest and reached a positive result.



If the DM decided not to invest at T=3, chances were 40% that the real option value
would be positive and 60% that the value would be negative. In absolute terms this
means that in 8 of the 100 runs the DM did not invest and a positive result was acquired.



Overall, the average real option value of this model at 100 runs was 0.2101 (M= 21,010
euro). This means that on average, the DM should be able to reach a positive real option
value either with or without an investment at T=3. Even with a prediction of a negative
NPV in both situations (value of 0 or 1 at T=3). The real option approach predicts that
a profit can be made, if the flexibility of price would be included in the calculations.

Analysis of the output of model 2:


In 77% of the cases, the DM prefers to take the investment opportunity at T=3 and in
23% of the cases, the DM prefers not to take the investment opportunity. This is
dependent on both the cut-off value of the model, price changes over time and
institutional risk.



In 28% of the cases, the real option value was positive and in 72% of the cases it was
negative. This was the result in general, without focussing on the investment choice at
T=3. The NPV of this model was negative in 100% of the cases, therefore it is
remarkable that in 28% of the investment cases a positive value was reached via the real
option approach under institutional risk.



If the DM decided to invest at T=3, chances were 24.68% that the real option value
would be positive and 75.32% that the value would be negative. In absolute terms this
means that in 19 of the 100 runs the DM did invest and a positive result was acquired.



If the DM decided not to invest at T=3, chances were 39.13% that the real option value
would be positive and 60.87% that the value would be negative. In absolute terms this
means that in 9 of the 100 runs the DM did not invest and a positive result was acquired.



Overall, the average real option value of this model at 100 runs was -0.6261 (M=-62.610
euro). This means that on average, the DM should not be able to reach a positive real
option value either with or without an investment at T=3. With a prediction of a negative
NPV in both situations (value of 0 or 1 at T=3), the real option approach predicts a
similar outcome on average.
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In table 4a and table 4b overviews are given on all results of the 100 simulation runs. The
results show that the frequency of investments changed with -3%, following the implementation
of the institutional risk by the government. The DM chose more often not to invest at T=3 than
before the implementation of the policy. The effect of the institutional risk changed the real
option value, for the group that did not invest at T=3, to a small (non-significant) extend. The
option not to invest, resulted in a similar situation as model 1. The manure policy will be
applicable to this group, however the phosphate and nitrogen rights provided at the 2nd of July
2015 will be similar to the amount of animals present after the investment decision. The DM
relatively had a 0.87 % higher chance of a negative result than before the implementation of the
institutional risk. The chance of reaching a positive result decreased slightly to 39.13%. This
difference could be explained by a difference in the prices simulated in model 1 and 2, due to
the Geometric Brownian Motion or can be explained by random chance.
This proves that the models worked as proposed, as the farmers who chose not to invest,
were not significantly affected by the governmental policy. They received enough phosphate
and nitrogen rights in 2015 to stay below the manure threshold of the government, instated on
their cattle on the 2nd of July 2015.
In case the DM did choose to invest at T=3, the chances of reaching a positive result declined
with 11.57%, due to the influence of institutional risk and changes in the used stable capacity.
The chance of reaching a positive real option value after investing at T=3 was 24.68%.
Table 4a
Overview results in percentages

Invest at T=3
% of DM’s that invested
% of DM’s negative result
% of DM’s positive result

Model 1
Value 0
Value 1
20
80
60
63.75
40
36.25

Model 2
Value 0
Value 1
23
77
60.87
75.32
39.13
24.68

Table 4b
Overview results in frequencies out of 100 runs

Invest at T=3
DM’s that invested
DM’s result general
DM’s negative result
DM’s positive result

Model 1
Value 0 or
Value 1 or
<0
>0
20
80
63
37
12
51
8
29

Model 2
Value 0 or
Value 1 or
<0
>0
23
77
72
28
14
58
9
19
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5.4 Chi-Square test
A Chi-Square test was conducted to test the significance of the changes between the models on
investment value 1 (value 0 has no factors differing between model 1 and 2). This test proves
or rejects a hypothesis by calculating the P-value of the difference in frequencies, depending on
the degrees of freedom. The null hypothesis of a Chi-Square test, entails that there is no
difference between the models 1 and 2. If the test rejects the null hypothesis, the conclusion can
be made that the differences between the models are significant. If the value of P is smaller than
0.05, the null hypothesis (that model 2 is similar to model 1) will be rejected and the test will,
in that case, prove that the differences in results between model 1 and 2 are significant.

The Chi-Square test is characterised by the following equation:

X2 = ∑

(O−E)2
E

(14)

Where X2 is the test statistic, O the observed frequency and E the expected frequency. The
expected frequencies (E) are the values of output from model 1 and the observed frequencies
(O) are the values of output from model 2. The value of X2 is compared to a Chi-Square table
to determine the significance level. The in- and output values of the Chi-Square test can be
found in appendix 5.

The result is: X 2 = ∑

(58−51)2
51

+

(19−29)2
29

= 4.409060176, with 1 degree of freedom.

Comparing X 2 = 4.409060176 with 1 degree of freedom in table 5 (appendix 5), results in
a P-value between 0.05 and 0.01. The value is p = 0.03575 to be precise. Therefore p < 0.05,
and the null hypothesis (that model 2 is similar to model 1) is rejected.
The results of model 2 are significantly different from model 1. There is a significant effect
of institutional changes on the investment decisions of Dutch dairy farmers.
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6. Conclusion & Discussion
In this section a conclusion will be drafted on the research questions and objective of this
research. Also a limitation statement, implications for further research and an overall discussion
of the problem statement will be given.

6.1 Summary
The literature study on the first research question of this research paper, regarding the
implementation of an institutional risk factor, determined that the real option approach could
be incorporated in a variety of methodological frameworks. The structure of the real option
approach depends on the case at hand and the available data the researcher needs to work with.
For the purpose of this research paper we determined that a combination of a stochastic process
from the Geometric Brownian Motion and a @Risk simulation would be used to analyse the
research questions on real option theory.
Incorporating an adaptation to the real option approach should be possible in theory, as
Samson (2017) suggests. Her research case shows that the factor simulating institutional risk
(Ω𝑖 ), is of influence to an optimal value function. This function is similar to the real option
equation used in our research paper and gives the theoretical possibility of incorporating
institutional risk, as a decision factor in the real option approach.
In our research model we focused specifically on the implementation of the manure policy,
as an institutional risk factor, in the real option approach. In our case it was possible to
incorporate an institutional risk factor, with specific parameters, in a real option analysis of an
investment decision. The incorporated factor could be referred to as Ω𝑖 , to the point that it is an
institution risk factor. However, it does not describe the same broad institutional risk as
described in Samson (2017).
The results on the second research question, regarding the effect of the manure policy, show
that even with a negative NPV value, both choices (to take the investment opportunity or not)
could result in either a negative or a positive result on the real option value. This is depending
on both the price changes over time and the used cut-off values for the research case. The
differences in the results, due to the influence of institutional risk, were proven significant.
The DM in the first model (excluding the manure policy) chose 80% of the time to invest
at T=3. Which resulted in an average real option value of 21,010 euro. The DM in the second
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model (including the manure policy) chose 77% of the time to invest at T=3, with an average
real option value of -62,610 euro as a result. In this second model the average chance of a
positive result from an investment decision declined with 11.57% to a level of 24.68%. These
differences in real option value can be seen as the effect of institutional risk on the DM. The
implementation of the manure policy by the government at T=3 resulted in more farmers
postponing or abandoning the investment opportunity. This negative effect is also applicable
on both the real option value of the DM and the value of revenues. This effect resulted in less
farmers being triggered to invest, as they did not reach the cut-off value.
More farmers reached a negative result after 10 years of doing business, due to the policy
changes. However, if the policy would not have been instated, the farmers would not have
limited their use of the stable capacity. This would result in a drastic increase of the phosphate
and nitrogen levels. The manure policy seems to limit these emission levels in the dairy sector
in theory. However, it comes at a price, especially for the farmers who decided to invest in their
company at T=3 (2015).

6.2 Limitations
The current available literature on the real option approach, in the field of dairy farmers, is
limited to one working paper. Therefore, studies on the real option approach from alternative
fields, were incorporated in this research paper. This can influence the results in a way, that
some applications of the real option approach may only be viable in a specific sector. The used
model was suitable for the simulations used in this study and the model functioned appropriately
for the objective of this research.
Furthermore, several institutional risks have been applied in the real option approach and
are described in the research domain of the real options. However, the specific application of
the manure policy as an institutional risk, within the real option approach, is unique. This has
the disadvantage that no comparable literature is present and the results of this research cannot
be verified directly. On the upside, this research on the dairy sector can be seen as a start of a
new research domain of the real option theory and vice versa.
Another limitation of this research is a lack of real farmer data. This research focused on
the application of an institutional risk factor in the real option approach and supports the
findings with a simulation in @Risk. The data used for these simulations were mere estimates
of averages in the dairy sector. This brings the risk of having alternative results, that are not
always comparable to a real life situation.
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Pera (2009) states several specific limitations of implementing financial methods in real
option valuation. These limitations were also applicable on our model.
1. Problem of option identification;
2. Limitations related to a type of real options (American or European options);
3. Assumption of known and constant strike price;
4. One source of uncertainty;
5. Multiple interdependent options;
6. Assumption of lognormal distributed value of the underlying asset, with a constant level of
volatility;
7. Value of the underlying asset;
8. Estimation of project volatility;
9. Estimation of option lifetime.

A specific limitation of our model was the small amount of options for the farmer. The
farmer could not make use of all the decision options of the real option approach (i.e. defer,
expand, contract or abandon a project). The farmer had the option to take the investment or
either to defer or abandon the project. In real life, more options would be reasonable, also in
the perspective that a farmer would not be limited to pre-specified proportions of N per period
T.
The model also has the limitation that no penalty was applied for postponing the decision.
This loss of value would be realistic in the model, as a postponement of the investment
opportunity results in less profit in the long term. Our simplistic model does not account for
this depreciation of value, it only accounts for economics of scale disadvantages.
Furthermore, in practice, if a farmer decided at T=0 not to invest, he would also get the
chance again to invest at T=3. However, in our model we chose not to give this option to the
farmer, as this would overcomplicate the model. In the model the assumption is made that the
farmer will invest to the basic level of N=80, to participate in the case. This limitation did not
have any influence on the outcome, as the results were based on the T=3 decision of the farmer.

6.3 Implications for further research
At the start of this research we planned to create a model based on the equation that was
suggested by the literature study (13), however this extension of the model would have
overcomplicated this research. Incorporating factor Ω𝑖 as a whole was not feasible within the
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timeframe and not in line with the purpose of this research. As this research is unique in terms
of the used methods in this specific sector, a simplified model was already sufficient. A logical
recommendation for further research would be, the analysis of a more complicated model based
on equation 13, with the purpose of determining the effects of institutional risk more precisely.
A more complicated model would also entail the use of more changing variables in the
model, compared to now. Clemen and Reilly (2013) did state that this might be proven difficult
in a financial model, however the equation suggests that more variety in the model should be
possible. As stated in section 3.4.5., more farm specific variables could be added to the model,
to make the simulation even more realistic. This can be combined with real farmer data, to
determine the appropriate values for modelling investment decisions of dairy farmers.
Furthermore, the research results suggest that the introduction of a manure policy possibly
decreases competitiveness in the dairy sector. Our specific model is not made to determine the
competitiveness in the market, however the results show that less farmers are triggered to invest
in their company due to the institutional risk and the results show that farmers change their use
of stable capacity to limit the fines by the government. These effects could also be interpreted
as a limitation of ‘competition on economic scale’ within the market. Future research, regarding
the effects of the manure policy on competitiveness in the sector, might therefore be interesting.
The use of real option theory in determining the value of investments, is standard in some
sectors, but for the dairy sector this is rather innovative. The real option approach shows a more
realistic perspective on the investment decision at hand, as prices and production levels change
continuously in this sector and the DM should be able to invest and adapt at every given
moment. Further research into the practical use of real option theory could result in a new basis
for the calculations of investment opportunities in this sector.
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Appendices
Appendix 1: Alternative quantification methods of real options
Binomial lattices
This quantification method has been described widely in literature as a method to analyse real
options (Aarle, 2013; Borison & Triantis, 2001; Hull, 2008; Pera, 2009). The binomial tree is a
representation of different possible routes that an asset can take, it represents the pricing until
the time of expiration of the option. In each different step there is a probability (p) for moving
up (u) or a probability (1-p) of moving down (d). Figure 8 is a representation of such a binomial
model. Binomial is referring to the two possible outcomes of the test at every period of time
that is modelled. A real option could also face more options at every period in time, therefore
it is also possible to enlarge this model, i.e. a model with three options (trinomial lattice model).
To calculate the current value of the real option, it is important to have the expected value
of the future options and the future changes of assets’ value, discounted with the risk-free rate.
The binomial model gives the possibility to calculate backwards, to the present value of the real
option.

Figure 8: Three-period binomial tree scheme (Pera, 2009)

In the simplified figure above, the growth and drop indexes and the risk free rate are all
identical in all periods. However, in practice this might differ. If more information regarding
the volatility is present, the model should be adjusted. By increasing the amount of time periods,
the results will get closer to a continuous variable.
In general terms this model can be rewritten as the following general formula (Pera, 2009):
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(15)

Where:
n- time (number of periods), for which it is allowed to defer a decision of starting an investment,
k- number of periods in which the price of underlying value increased,
u- up factor,
d- down factor,
S- current value (price) of an investment project,
X- exercise price of an option
rw-risk free rate
g- probability of a kth – increase of price in n periods

This formulation contains the assumption that during one period, the value of a project may
once increase or decrease, while in reality this may be an infinite amount of times. This will
result in a continuum at that point. Other models are in that case a more appropriate and less
static alternative.

Risk-adjusted decisions trees
This quantification method is similar to the previous method. This method also makes use of a
decision tree. However, this model allows for multiple decisions and uncertainties over time.
This method discounts expected cash flows at a risk-adjusted rate. The binomial model is a riskneutral probability approach, it makes use of the risk free rate of interest. This risk-adjusted
model can also incorporate private risks that cannot be diversified (Aarle, 2013).
Several of the similar factors are needed to construct the decision tree, namely S0, u and d, p, r
and k (risk-adjusted discount rate). To determine the applicable risk-adjusted discount rate, the
following equation needs to be solved for k:
(16)

At node S0u the real option value would be:

(17)
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The two unknown variables can be solved using a replicating portfolio approach. In that
case B is either the amount of money invested in risk-free bonds or the amount borrowed against
the risk free rate of interest:

(18)

This process, and the calculation of k can be repeated to calculate the value of the real option
in all states. By using the factor k , this model can account for both market and private risk. This
methods is also described as the integrated approach. The following overall steps need to be
followed for the calculation of risk incorporated in real options:
1. Build a decision tree representing the investment alternatives.
2. Identify each risk as either market or private.
3. For public risks, identify the replicating portfolio and assign risk-neutral probabilities.
4. For private risks, assign subjective probabilities.
5. Apply a spreadsheet cash flow mode at each tree endpoint and calculate the NPV using the
risk free rate of interest.
6. Use the tree to go backwards and determine the optimal strategy and its associated value.

Black Scholes
One of the first and most recognized approaches to valuate a real option is the Black Scholes
model. The partial differential equation (PDE) created for this model, offers a solution for a
continuous time stochastic process (Geometric Brownian Motion) under specific
circumstances. The Black Scholes model, valuates an option on five parameters (Black &
Scholes, 1973; Mayer & Schultmann, n.d.).
The PDE is denoted as:

(19)
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With:
f = price of a call option or other contingent on S
S = stock price
t = time between 0 and T
r = risk free interest rate
σ = price volatility

The closed form of the model makes it a suitable method for our practical approach.
However, this is also the overall critique on the model. It gives a simplified view on the real
option and does not have a transparent view on the influence of individual parameters,
assumptions and boundary conditions. It is suitable for low-dimensional problems. However, a
multi-dimensional problem is hard to solve for this model. The Black Scholes model does not
give a realistic overview of the investment factors and therefore there are better methods to use,
still the application of this method is possible (Mayer & Schultmann, n.d.).

Least Squares Monte-Carlo-Simulation (LSM)
The LSM approach is specifically suitable for multidimensional problems based on American
options. It tries to approximate the value of American options by simulation. The idea is ‘to
regress the ex post realized payoffs from continuation on functions of the values of the state
variables’ (Mayer & Schultmann, n.d., p.8). In practice, various types of stochastic process,
such as the Geometric Brownian Motion, can be handled. In case of a multidimensional
problem, the considered factors need to correlate to a certain extent. Otherwise, a least-squares
regression will not result in a significant result.

The Exercise Boundary parametrization Approach (EBP)
The EBP is an extension of the LSM approach. The EBP provides a defined stopping rule for
each considered time step. It is therefore a discrete time consideration, with the aim of
maximizing the expected value of the option at every step in time. The calculations of the values
are according to the LSM approach for different simulated stopping points (boundary values).
Figure 9 gives an impression how the pathing of this approach works out. The paths are
randomly generated by Monte Carlo simulation. If the value St of the path is at time t within the
exercise region (in grey), the option will be continued. Within the real option consideration, the
option will not be exercised (stopped), but will continue until the end of the considered lifetime
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T. This method can be used to make a predefined stopping time unnecessary. The optimal
stopping value can be reached, without the expiration time interfering with the results.

Figure 9: Visualization of EBP calculation (Andersen and Broadie, 2004)
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Appendix 2: Simulation model
Outline of the real option approach model:

(Model upper side)
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(Model lower side)

(Model right hand side)
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Volatility via Goal Seeker:

Optimal capacity via Goal Seeker:
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Appendix 3: Input and output data

1000
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1000
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Appendix 4: Results of the real option value
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Appendix 5: Chi-Square test
The values of model 2 serve as the observed value (O) of the Chi-Square test. The values of
model 1 serve as the expected value (E).
Table 5
Overview scores 0/1

0 and negative
0 and positive
1 and negative
1 and positive

12 0.60000
8 0.40000
51 0.6375
29 0.3625

X2 = ∑

Using the equation:
The results is: ∑

(58−51)2
51

+

(19−29)2
29

14
9
58
19
(O−E)2
E

0.608695652
0.391304348
0.753246753
0.246753247

(14)

= 4.409060176, with 1 degree of freedom. The values at 0

do not need a Chi-Square test, due to their consistency. No factor has changed on value 0
between both models.
X2=4.409060176 with 1 degree of freedom results in table 5, in a P value between 0.05 and
0.01. So p < 0.05, so the changes are significant.
Table 6
Percentage points of Chi-Square Distribution (eLibrary, n.d.)
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