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Abstract: There are not many certainties while doing business in the contemporary world, especially during periods of economic downturns. Business decisions have always been accompanied with a substantial amount of risk. In the area of project investments, safe investing has become a priority for many investors following the global financial crisis of 2007-2008, which caused so much stress.

Republic of Macedonia was not exempted from negative impacts. Due to numerous disastrous effects, including labor jobs reduction, additional increase of unemployment rate, decrease of salaries etc., and having on mind the significant agricultural tradition of the country, many have been forced to turn to start their own business in production of various agricultural products, including tobacco, vegetables, fruits etc., thus making their first project investments. However, despite the current advances in risk management methodologies, risk assessment has almost always been neglected, and decisions about whether to invest or not have been typically based either upon somebody’s previous experiences, or by applying ad hoc rules of thumb.
Managing the risk is a crucial part of the decision making process any executive in a company must make. It is a substantial part of any investment project, as well. One of the most advanced and widely utilized methodologies for quantifying risk is the Monte Carlo simulation, a tool that can help project managers to determine the level of risk intrinsically involved in complex situations, and before making any decision related to a project. The application fields include, among others, financial risk analysis, valuation, engineering, portfolio allocation, cost estimation, and project management.
Within the paper we show how Monte Carlo simulation can be effectively utilized for valuation of real investment project related to production of strawberries, based on discounted cash flows (DCFs) and simulation of net present value (NPV), as well as other relevant economic indicators.
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1. Introduction
The recent financial and economic crisis, the worst since the Great Depression of the 1930s, which has started in 2007-2008 and is still present all these years, was a huge systemic shock for almost all national economies. The period of global economic instability has been prolonged since, having profound effects on all segments of human activity. Nonetheless, it is expected that the mid- and long-term effects of such tectonic economic shift will still be felt in the forthcoming years, during the period of recovery. One of the mean reasons for the appearance of the actual worldwide economic downturn was the inability of the leading financial institutions to effectively evaluate the risk of their capital investments. Since risk can be defined as a potential that a chosen action or activity (including the choice of inactivity) will lead to a loss (an undesirable outcome), it is obvious that the evaluation of risk, also known as risk assessment, will play a crucial role in the post-recession era more than ever before. This is especially important in circumstances when the rising economic pressure enforces companies to try increase the level of their overall performance in order to become more efficient and concurrent on the market. Thus, coping with risk and uncertainty seems to be an imperative of the contemporary art of doing business, which is evident not only to companies, but also to any individual being involved into production and/or sales of goods.
Numerous definitions equalize risk and uncertainty. However, according to Knight (1921) and Hubbard (2009), there is a clear distinction between these two categories. Knight states that risk applies to situations where the outcome of a given situation is not known, but the chances can be accurately measured, or quantified. On the other hand, uncertainty is the lack of complete certainty, that is, the existence of more than one possibility, and therefore, it applies to situations where the information needed to set accurate probabilities to events is not provided. However, in the real, ever-changing business surrounding, such distinction between the two terms is quite irrelevant, since all related events, correlations, dependencies, variables and interactions are so complex that forecasting is always a matter of struggling with uncertainty, not risk. Moreover, the economic crisis introduces additional uncertainties, making the future relatively unpredictable due to our imperfect knowledge of unknown or uncertain future events.

2. The Investment Project
For the purpose of the paper, we will assume that, due to severe economic crisis that has led to poor living conditions, an individual named N.N. is forced to make additional earnings for living through production of agricultural products and their sales on a local market.
 N.N., who doesn’t possess lots of cash to invest in a large scale project, is not eager to take a loan from a bank due to high interest rates. N.N. is willing to risk the hardly earned money by investing them, looking for an option which will be the most convenient and most cost effective, and which will return the invested money as soon as possible, having on mind the financial, organizational and spatial constraints. After considering multiple ideas and options, N.N. has finally focused on the possibilities to invest in a production of Elsanta type of strawberries. The advantages of the garden strawberry (lat. Fragaria × ananassa cv. Elsanta) are quite obvious: the strawberries of this type are fast growing and can be grown in almost any soil; they produce lots of fruits that are long lasting; they have a good shelf life and taste; they can be easily grown and are less prone to damage than other varieties. If grown in a protected environment isolated from outer atmospheric impacts, i.e. in plastic polytunnels (greenhouses made of plastic sheeting on metal hoops), the strawberries can be harvested twice a year: first, in May/June and again, in September/October. Additionally, such kind of strawberries is very rewarding, i.e. their retail price on local markets is always significantly higher in comparison to other season fruits. Another great advantage is the possibility to grow up a considerable number of strawberry plants on quite a small area. So, N.N. is planning to build up a plastic polytunnel with dimensions of 5m x 6m (30m2) in his/her own garden, which would be large enough for growing up to 1000 bedding plants. The total period of observation consists of 8 seasons (2 seasons per year, the first one in May, and the other in October), from May 2012 (t = 1) to October 2015  (t = 8), plus the starting time period, October 2011 (t = 0), when initial investment has been done. The choice of producing strawberries seems to be quite an adequate option, but what N.N. doesn’t know at the moment is how to cope with multiple uncertainties that are intrinsic to the production and sales. For example, potential risks include: poor yield per season due to illness of the plants; damaged plants due to infestation of insects; poor quality of the fruits due to improper ventilation, fertilization and/or watering; a considerable small market share; poor selling campaign; retail prices lower than expected, many uncertainties related to costs of production and sales etc. By quantifying such uncertainties, rational decisions can be made about which risks are worth taking.
3. Managing Risk and Uncertainty

At this point several questions arise: Are all of these risks controllable and assessable? Can they be somehow quantified? Which one is the most influential on the success/failure of the entire investment process? Can one consider various typical “what-if” scenarios, taking into account the impact of the occurrence of several of these risks at the same time? And finally, is the whole idea of investing into production of strawberries well-founded? Should N.N. invest into production of strawberries or not, having on mind all possible risks? According to Nemuth (2008), “risk identification at an early stage and an integrated in-house risk management is an indispensable requirement for a monetarily positive result of a project”. Stempowski (2002) gives a schematic view of the risk management cycle, comprised of four phases, including: risk identification, analyzing, evaluation and monitoring. We have already identified the possible major specific risks related to the investment project (Phase 1). Potential risks have to be identified at early stage of the investment project, so a better risk awareness for the project could be achieved, as soon as possible. The goal of Phase 2 (Analyzing) is to perform financial analysis of the entire investment project, as well as financial modeling by building up a mathematical model, that will correspond to the requirements and specifications of the actual investment project. The basic financial model will be based on discounted cash flows (DCFs), and will calculate, as an output, several economic indicators necessary for evaluating investment projects, including: Net Present Value (NPV), Internal Rate of Return (IRR), Profitability Index (PI) as well as payback time period, i.e. the key parameters required for performing a decision making process. The initial model is going to be a deterministic one, since the methodology for calculating previously mentioned output parameters is based on usage of closed-form mathematical expressions, while stochastic elements will be built-in by assigning corresponding probabilistic distributions only to critical input variables, previously identified. In this phase all of the input parameters should be analyzed and categorized as being either deterministic or stochastic. The phase of evaluation (Phase 3) will be carried out by means of Monte Carlo simulation. We could also use other evaluation methodologies instead, such as “what-if” analysis or scenario analysis, but simulation results are considered to be most significant, most versatile and most comprehensive when compared to other risk analysis methods. The monitoring of the risks (Phase 4) will be done during the process of actual implementation of the investment project. As the project itself is being divided into seasons throughout the time line, one should monitor (measure and record) all the relevant parameters in order to be analyzed and compared to the simulation results, gained through Phase 2 and Phase 3.
4. Building Up the Financial Model

The basic premise to usage of Monte Carlo simulation as a risk management tool is the existence of the basic deterministic mathematical finance model of the investment project. The key steps in building such a model are given in Ross et al. (2008). The basic structure of the model is presented by Table 1. An exhaustive elaboration on the key elements of the model follows.
	
	Time periods (seasons)

	
	Oct., 2011
	May, 2012
	…
	Oct., 2015

	
	t = 0
	t = 1
	…
	t = 8

	Discount rate
	4%
	4%
	
	4%

	Growth rate
	3,724%
	3,724%
	…
	3,978%

	Discount factor
	1,00000
	0,99735
	…
	0,75976

	Input parameters 

A, B, C, …
	
	
	…
	

	Revenues
	
	
	…
	

	Variable costs
	
	
	…
	

	Fixed costs
	
	
	…
	

	Amortization
	
	
	…
	

	Profit, before tax
	
	
	…
	

	Tax (12%)
	
	
	…
	

	Profit, after tax
	
	
	…
	

	Cash flow
	
	
	…
	

	Initial investment
	
	
	…
	

	NPV, IRR, PI, payback period
	


Table 1 - A schematic representation of the basic structure of the financial model

4.1. Initial investment

The structure of the initial investment, made in October 2011, is given by Table 2. Besides this, N.N. plans to make additional investment by doubling the plants to the maximum of 1000 in October 2012 (Table 3). Since strawberry plants have to be replaced by new ones each second year, N.N. will have to invest in their renewal first in May 2014 (t = 5), when the first 500 of them will be replaced, and then in October 2014 (t = 6), when the rest of 500 will be replaced (Table 4).
4.2. Analysis of revenues

Figure 1 depicts the analysis of revenues per season. An alternative way to calculate actual revenue per season is based upon our knowledge and estimation of the capacity of the local market per season [kg] and N.N.’s market share per season [%]. Nonetheless, the analysis depicted on Figure 1 is much more detailed, since it is based on much more input variables.

	Season
	Item No.
	Item
	Amount

	October, 2011
	1.
	Metal construction, paint, concrete
	200 €

	
	2.
	Plastic sheeting (PVC foil), hooks
	110 €

	
	3.
	“Drop-by-drop” watering system (water pump, hosepipes, water filter, plastic connectors)
	120 €


	
	4.
	500 bedding plants, transportation costs, 125 polystyrene pots, 600 liters of potting compost (humus), additives for protection against pests, fertilizers, nutriments
	270 €

	
	TOTAL =
	700 €


Table 2 - Initial investment structure

	Season
	No.
	Description
	Amount

	October, 2012
	1.
	Additional 500 bedding plants
	121,9 €

	
	2.
	Transportation costs
	8,1 €

	
	3.
	125 polystyrene pots
	50,8 €

	
	TOTAL =
	180,8 €


Table 3 - Expenditures necessary for doubling the number of strawberry plants
	Season
	No.
	Description
	Amount

	May, 2014; 
October, 2014
	1.
	Additional 500 bedding plants
	121,9 €

	
	2.
	Transportation costs
	8,1 €

	
	TOTAL =
	130,0 €


Table 4 - Expenditures needed for replacing the bedding plants
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Figure 1 - Analysis of revenues per season
Figure 1 shows that actual revenue per season (R) is, in fact, a function of several input variables (parameters), named B, D, F, G, and H. In addition, it also shows the functional (mathematical) relationships among them. Out of these, only the parameter G (Number of plants per season) is being a deterministic one, since N.N. knows the exact number of strawberry plants at each moment. All other input parameters are uncertain, and can take different values in different seasons. The uncertainty in the model is going to be modeled by means of probability distributions that are most adequate, i.e. most comparable to the nature of the observed input variables. In most cases, the following five types of probabilistic distributions are being used when modeling uncertainty in investment projects, including: Normal/Gaussian, Lognormal, Uniform, Exponential, and Triangular distribution. Closely related to Figure 1, Table 5 lists the stochastic input variables B, D, F, and H, along with their corresponding probabilistic distributions and the specific probabilistic parameters for the expected (most possible) scenario.
	Input variable
	Name / Meaning
	Probabilistic distribution
	Parameters 

(expected scenario)

	B
	Average retail price per season
	Triangular
	Min = 1,5; Mode = 2,0; Max = 2,5

	D
	Percentage of quantity sold per season
	Normal
	Range: [85% - 95%]
( = 90%; ( = 1,66%

	F
	Percentage of loss per season
	Normal
	Range: [10% - 40%]

( = 25%; ( = 5%

	H
	Yield per plant per season (May)
	Triangular
	Min = 0,2; Mode = 0,3; Max = 0,4

	
	Yield per plant per season (October)
	Normal
	Range: [5% - 20%]

( = 12,5%; ( = 2,5%


Table 5 - Overview of the input variables needed for evaluation of revenues per seasons
It is also worth to mention that the same type of probabilistic distribution need not to be used for modeling uncertainty of a single input variable along all the periods of the time line. This is a recommended practice since the mathematical model should represent the reality as good as possible. For instance, it is a fact that the yield per plant per season in May can be up to 20% higher than that one in October each year. Thus, this variable has to be modeled by using two different types of probabilistic distributions, depending on the season, i.e. by Triangular distribution for May, and then, by modeling the decrease of the yield in October relatively to the yield in May by using Normal distribution (Mean = 12,5%; St. dev. = 2,5%).
4.3. Analysis of Costs

Besides revenues, total costs have to be included in the finance model, as well. The typical categorization of costs covers two general types, i.e. variable and fixed costs. 

4.3.1. Variable Costs
Variable costs are changing along with the product changes, and are equal to zero when there is no production at all. It is a usual practice to assume that variable costs are constant per product unit, implying that the total variable costs are proportional to the level of production. The costs of direct labor force and the costs for raw materials are usually considered as being variable costs (Ross et al., 2008). In our case study, the costs of direct labor force are zero, since N.N. is not willing to hire additional workers. By default, the costs for raw materials should be expressed as a linear function of the produced quantity of strawberries [€/kg], but in this particular case, the costs for raw materials will be analyzed per season [€/season], because all of the input variables can be properly identified this way. In addition, the analysis of variable costs per season is much more precise from the perspective of mathematical modeling, since some of the variable costs appear only in particular seasons. 
4.3.2. Fixed Costs

Fixed costs are not dependent on the quantity of goods being produced or services being committed during the observed period of time. They are usually measured as a cost per time unit. For instance, salaries and hiring taxes are fixed costs (Ross et al., 2008). In our case study, there will be no costs for salaries, since N.N. is an individual producer. There will be also no hiring taxes for the cultivated ground area, since he/she intends to grow up strawberries in his/her own garden. The only fixed costs emerge in the phase of selling strawberries on the local market - it is the cost of local market tax per season [€/season] (Table 6).
	Season
	Item No.
	Item
	Amount

	***
	1.
	Local market tax per season 

(6 weeks per season x 3 times/week x 3 €)
	54 €/season

	
	2.
	Number of seasons
	8 seasons

	
	TOTAL =
	432 €


Table 6 - Fixed costs
The complete analysis of costs, both variable and fixed, is depicted on Figure 2. Similarly as in the case of the analysis of revenues, costs can also be split down to their basic components - input variables. In this case, variable C (total cost) is a function of the variables E, F, J, L, M, N, O, P, Q, R, S, T, and U, as shown on Figure 2. Out of these, only variables N (Water consumption per plant per day) and R (Actually produced quantity per season) are stochastic, since a considerable amount of uncertainty is inherent to their nature, while all others are deterministic, i.e. known a priori. We have already mentioned the input variable R (Actually produced quantity per season) as input variable C in the analysis of revenues. From Figure 2, it is obvious that input variable C depends on stochastic variables G, H, and F. The probabilistic definitions of the variables H and F (variable G is deterministic one) are already given in Table 5, so we define only the input variable N in Table 7. 
	Input variable
	Name / Meaning
	Probabilistic distribution
	Parameters 

(Expected scenario)

	N
	Water consumption per plant per day (season: May)
	Normal
	Range: [0,3 - 0,7]

( = 0,5; ( = 6,66%

	
	Water consumption per plant per day

(season: October)
	Normal
	Range: [0,6 - 1,0]

( = 0,8; ( = 6,66%


Table 7 - Stochastic input variables needed for estimation of the costs per seasons
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Figure 2 - Analysis of costs per season
4.3.3. Other important issues
In order to calculate NPV and other relevant indicators, several important economic parameters have to be incorporated in the mathematical model: the amortization, the discount rate, the inflation rate, and economic growth rate. The amortization (25€) is fixed per season. A nominal discount rate of 4% per season (1 season = 6 months), constant for all seasons, has been used within the model, since the average annual bank interest rate for deposits is 8%. Also, we have to take into consideration the impact of the inflation for the projected period of four years, from 2012 to 2015. The projected annual inflation rate is being projected to 2% for the specified time period.
 Since the cash flow and discount rate are both nominal, there is no need to include the inflation rate, unless we want to continue working with real amounts. In the later case, the nominal cash flow has to be converted first into real one by dividing it by the factor 
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Regardless of the method applied, NPV will be the same. The key issue is that the consistency during the project evaluation should always be kept. For instance, if the cash flow has been projected without the inflation component (i.e. it is nominal), and the discount rate already contains the inflation component (i.e. it is real), the consistency in the project evaluation has to be provided either by embedding the inflation into the cash flow, or by eliminating the inflation component from the discount rate. 
The impact of the economic growth rate has to be equally considered within the model, too. According to the IMF, the annual projections of the economic growth rate for Republic of Macedonia, for the time period from 2012 to 2015 are, respectively, 3,724%; 4,178%; 3,976%; and 3.978%.
 If 
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The mathematical model of the investment project has been built up using Microsoft( Excel( spreadsheets.

5. Monte Carlo Simulation
Monte Carlo simulation is in silico problem solving technique (method) of an immense power and versatility, based on mathematical modeling of real phenomena being analyzed or evaluated by means of computing. A mathematical model is a simplified description of a given system, made by using mathematical concepts and expressions. Such models usually depend on more input parameters. These are processed by the model’s mathematics and, as a result, one or more outputs are gained. Monte Carlo simulation is usually used when the mathematical model is complex, nonlinear, or involves numerous uncertain parameters. On the other hand, computer simulation refers to a computer program, which attempts to simulate an abstract mathematical model of a particular system, for which a simple, closed-form analytical solution is not often possible. The common feature of all computer simulations is their attempt to generate a sample of possible representative scenarios for a model in which a complete enumeration of all possible states of the model would be practically impossible (Wikipedia 2012). Monte Carlo simulation is just one of many methods for analyzing the principal of stochastic uncertainty propagation, where the goal is to determine how random variation, lack of knowledge, uncertainty or errors affect the sensitivity, performance, or reliability of the system being modeled. It is categorized as a sampling method because it relies on repeated random sampling, which is performed by running multiple trial runs, using random variables. A random variable is a numerical description of the outcome of an experiment, which is not known in advance. The values of an input random variable usually follow a specific probability distribution, that most closely matches data we already have, or best represents our current state of knowledge. The underlying mathematical model, which is, by the way, deterministic by nature, explicitly incorporates uncertainty (stochastic dimension) in one or more input variables, whose values are randomly generated from probability distributions to simulate the process of sampling from the actual population. During the simulation, random input variables take on various values drawn from the corresponding probability distributions. A simulation can typically involve from 1000, 10000, to over 100000 iterative evaluations of the model in a single run. The obtained output results (the values of the corresponding output variables) are then tracked in order to perform a statistical analysis to see how the outputs vary as a function of the varying inputs (Raychaudhuri, 2008). The output results, i.e. data generated by the simulation can be represented as probability distributions (or histograms), or converted into error bars, reliability predictions, tolerance zones, and confidence intervals. Monte Carlo simulation consists of the following five major steps:

Step 1: Create a parametric deterministic model, 
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Step 2: Generate a set of random inputs, 
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Step 3: Evaluate the model and store the results as 
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Step 4: Repeat steps 2 and 3 for 
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Step 5: Analyze the results (i.e. resulting dataset 
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For the purpose of the paper, Monte Carlo simulation has been carried out in Microsoft( Excel( by a simple program written in VBA (Visual Basic for Applications) programming language, by running the underlying stochastic mathematical (financial) model 10000 times.
6. The Results
The deterministic model takes into account single, most probable values, known a priori, for all input variables. As a result, single output values for NPV, IRR, PI and payback period have been calculated. Assuming the same values for the input variables, each time the same values for output variables (economic indicators) are being calculated, no matter how many times the model has been run. The values being obtained are as follows:
NPV = 367,95 €          IRR = 9,64%          PI = 1,34          Payback period = 5,5 seasons

Figure 3 is a graphical representation of the relationship between the NPV value and the discount rate.
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Figure 3 - NPV vs discount rate [%]

Since the mathematical model has been implemented in Microsoft( Excel(, the value of IRR (9,64%) has been calculated with the built-in IRR function. However, Figure 3 shows that the real value of IRR actually lays between the values of 14% and 15%, which is considerably higher than the value being calculated. The linear interpolation method estimates the value of IRR at 14,02960%. The diagrams on Figure 4 show various aspects resulting from the deterministic model.

The parameters of NPV, IRR, PI and the payback period, calculated with the deterministic model, indicate that the investment project is going to be a profitable one. But, will it be profitable, too, if input parameters take on different values, unlike the most expected ones, which is more possible situation in reality? How sure can N.N. be about the profitability of the investment project, taking into account many uncertainties intrinsic to the production and selling of strawberries? This question can be answered only by running the stochastic finance model, which can be derived from the corresponding deterministic model, by assigning various probability density functions to certain input variables, as explained previously. This way, uncertainty can be modeled, resulting in probability distributions of output parameters, rather than single values. During each run of the simulation, each input variable takes on a random value from the corresponding probabilistic distribution. 
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	Figure 4a - Benefit/Cost comparison
	Figure 4b - Discounted Cash Flows (DCFs)
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	Figure 4c - Cumulative Discounted Cash Flow


Figure 4 - Graphical representation of the results of the deterministic model
Since there are numerous random input variables in the model, a single simulation run reflects the instantaneous influence of numerous random combinations of values of the input variables upon the cash flow, thus resulting in a single tuple of values for NPV, IRR, PI and the payback period. However, we are going to focus on the NPV value only. By running Monte Carlo simulation, a probability distribution of NPV has been gained, rather than a single value (Figure 5a). The histogram depicted on Figure 5a has been prepared by applying the Freedman-Diaconis’ rule (Freedman & Diaconis, 1981) for estimating the optimal bin width, since it is based on inter-quartile range (IQR), rather than standard deviation ((), and thus is proven to be less sensitive to outliers in data. In our particular case, the Freedman-Diaconis’ rule is better choice both than the Scott’s formula and the Sturges’ rule, which works well for relatively small number of observations (30 < N < 200), but was found to be inaccurate for large number of observations (N = 10000). Figure 5a shows that the project’s NPV can take values from the interval [-300 € … +900 €]. NPV can be negative, too, meaning that there is a certain amount of risk intrinsic to the expected scenario. Most of NPV values (44,43% of all observations) fall within the interval    [120 € … 300 €]. Almost 30% of all observations fall within the interval [220 € … 360 €]. The histogram can also reveal several interesting facts related to NPV:

· The modal, i.e. the most frequent value of 4,84% corresponds to NPV interval of [180 € … 200  €], meaning that in 4,84% of the cases, NPV will belong to the specified interval of values;

· The median corresponds to NPV interval of [200 € … 220 €], which means that in 50% of all cases the value of the NPV will be below these values, and in the remaining 50% of the cases it will be above these values;

· The average NPV value is estimated to 234 €; 

· The standard deviation of NPV, i.e. the measure of the average decline of the particular values of NPV from its average value, is estimated to 167,468 €;
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	Figure 5a - Histogram of relative frequencies (probability mass function) of NPV
	Figure 5b - Cumulative distribution function (CDF) of NPV

	Figure 5 - A probabilistic characterization of NPV


By using the Cumulative distribution function (CDF) of the NPV’s pmf function (Figure 5b), one can estimate various probabilities related to measuring of risk, including the following ones:
· P(X ( x): The probability of negative NPV is 9%, i.e. NPV will be positive in 91% of cases;
· P(X ( x): There are 50,26% chances that the NPV will be less than or equal to 220 €;

· P(a < X ( b): There are 9,85% chances that the NPV will be greater than 400 € and less than or equal to 500 €;
· P(X > x) = 1 ( P(X ( x): There are 5,41% chances that the NPV will be greater than 500 €;
We can also make additional highlights by fitting the NPV distribution to any of the well-known probability distributions: Gaussian, Lognormal, and alike. The bell-like shape of the NPV histogram suggests that it could be mathematically modeled as a Normal distribution. In order to prove this assumption, a goodness-of-fit test of normality, e.g. either D’Agostino K-squared test, Jarque-Bera test or Lilliefors test,  has to be done. An alternative approach is to generate a normal Q-Q plot and make a visual inspection. Still, we are going to estimate the coefficients of skewness and curtosis of the NPV distribution: the value of the first one is +0,136 (a small asymmetry on the right side), and the value of the later is +2,865 (a little bit less peakedness than the Normal distribution). Compared to the corresponding values of 0 and 3, which are distinctive to Normal distribution, one can conclude that the empirical distribution of the NPV random variable can be approximated with a Normal distribution with parameters N(( = 234; ( = 167,468). Knowing this, one can also make additional estimations vis-à-vis (1(, (2(, and (3( bounds, as follows:
· ( ( 1(: The probability that NPV value will fall within the interval [66,5 € … 401,5 €] is 68,26%;
· ( ( 2(: The possibility that NPV value will fall within the interval [-100,9 € … 568,9 €] is 95,45%;
· ( ( 3(: The chance that NPV value will fall within the interval [-268,4 € … 736,4 €] is 99,73%;
Yet another issue tightly connected to risk management of investment projects based on NPV estimation is the sensitivity analysis. It refers to evaluating the level of influence of a single input variable upon the values of NPV, for a given basic scenario. In other words, a single input variable is being controlled by varying it over its full range of possible discrete values, and, for each discrete fixed value, a corresponding pdf of NPV is being derived. Since the input variable “Yield per plant per season” is a critical both to revenues and variable costs, we are going to make a sensitivity analysis of NPV as a function of this variable. For each fixed value of “Yield per plant per season”, ranged over an interval [0,1 … 0,7] with a step of 0,05, a Monte Carlo simulation has been run 1000 times and each time a new value of NPV has been recorded. This way, for each fixed value of “Yield per plant per season” variable, drawn from its own domain, a probabilistic distribution of NPV is being gained. Figures 6a and 6b depict the results of the sensitivity analysis. By analyzing these figures, one can conclude that, as values of “Yield per plant per season” input variable ascend from 0,10 to 0,70:

· the values of NPV output variable also increase from negative to positive values in a linear manner; this is expected behavior since NPV is a linear function of all of its input variables;

· the variability (standard deviation) of the probability distributions of NPV variable is getting bigger i.e. the probabilities of realization of NPV decrease within much wider boundaries; as a result, there is a shift from unimodality towards multimodality of NPV distribution;

· the probability distributions of NPV variable are getting more flattened, and its relative frequencies decrease in a non-linear manner;
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	Figure 6a - NPV distributions 
	Figure 6b - Box & Whiskers plots


Figure 6 - A family of probability distributions of NPV as a function of “Yield per plant per season” variable
Thus, the overall sensitivity of NPV as a function of “Yield per plant per season” input variable generally decrease with the rise of the values of the independent variable. Similar observations can be made with several other input variables for a given basic scenario, and then the results can be mutually compared to each other in order to determine which one of them is most influential on the values of the dependent variable (NPV).

Besides the expected (the most probable) scenario, which has been previously elaborated, two additional basic scenario analyses can be performed using Monte Carlo simulation, namely, a pessimistic one, as well as an optimistic one. Each of these scenarios can include adjustments of input variable’s parameters in a single or both directions within the mathematical model, i.e. either vertically, throughout the full range of input variables, and/or horizontally, throughout the entire time period of observation. 
7. Conclusion
The described methodology has undoubtedly proved that risks in investment projects are both transparent and analyzable. They can be identified, mathematically modeled and evaluated. Later on, the evaluated risks can be monitored and controlled, as well. Risk management through Monte Carlo simulation can help management to better understand and assess the investment projects and their specific risks. The actual implementation of the Monte Carlo simulation has definitely demonstrated its full advantages over all other known techniques for managing risk and uncertainty in finance, due to more comprehensive and wide-ranging analyses it offers. Still, even though Monte Carlo simulation has been present for more than 40 years, according to Graham & Harvey (2001), merely 15% of the companies use it as a methodology in the projects of capital budgeting, despite its numerous benefits. This is a consequence, mainly, of the implementation complexity. Yet another reason is the difficulty of constructing a mathematical model that will accurately reflect the real-world situation, i.e. identification of input variables, their mutual interaction and their probability distributions. Nowadays, numerous excellent software packages, both dedicated ones (e.g. GoldSim(, MCSim(, Analytica( etc.) and Microsoft( Excel( add-ins (e.g. @RISK(, Crystal Ball(, Risk Solver(, DFSS Master(, RiskAMP(, Risk Analyzer( etc.), give a full support to Monte Carlo simulation. Their usage can considerably facilitate not only the construction of suitable financial models, but can also produce outstanding output results, thus significantly helping in the process of decision making.
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� This case study is made under real assumptions, that correspond to real investment project currently being running. All presented facts and figures related to this project are not fictitious, but rather authentic ones.


� IMF, International Monetary Fund, World Economic Outlook Database, September, 2011; Republic of Macedonia: Inflation, average consumer prices [percent change]


� IMF, International Monetary Fund, World Economic Outlook Database, September, 2011; Republic of Macedonia: Gross Domestic Product (GDP), constant prices [percent change]
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