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Abstract. The article describes the Monte-Carlo simulation method for project risk
management. The method includes a sensitivity analysis and simulation experiments. The simulation of
parameters is performed with the MS Excel software and “EVA - risk analysis” sofiware application
on a sample investment project for an office building construction.
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There are quantitative and qualitative methods of investment projects risk assessment.
Qualitative assessment is a simpler though less accurate and reliable method while quantitative
methods are used if the volume of information and indicators are sufficient to identify the likelihood or
impact of risk [1]. In practice, both methods are used. The Monte Carlo simulation is a quantitative method.

Let us consider the use of the Monte Carlo method on a sample investment project
"Construction of an administrative business building” by the "LuxGarant" LLP. The project involves
construction of an office building to offer rent in the future for the recovery of project investments.
The project cost is KzT290 247 000 with duration of nine months. The objective is to evaluate the
risks of the project.

The Monte Carlo method is conducted in MS Excel environment using the “EVA - risk
analysis™ add-ons, a product of «<EMF Plus". This software application is necessary for carrying out
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simulation calculations of the investment project profitability, needed for the following reasons:
implementation of repetitive simulation experiments, significant simplification of the simulations
results processing and a graphical presentation of the results [2, 3].

In the first stage a sensitivity analysis is carried out. Figures 1 and 2 show the first steps of the

sensitivity analysis by the EVA application - initial data input and parameters selection.
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Fig. 2. Parameters input

The initial data are accepted as follows:

— acalculated break-even point of the project, in the form of net present value (NPV), at the
level of 107 million tenge per year;

— main components affecting the NPV - average amount of revenue, amount of current and
general expenses and depreciation amount;

— other components: discount rate, tax rates on property, land and profit are constant.

The purpose of sensitivity analysis is to find the level of impact of the changes in the original
data of a model (project) on the totals (profitability, revenue and/or payback period - any of the chosen
options). The sensitivity analysis is to identify the critical factors of the boundaries change, for
example, a maximum possible reduction of the volume of sales or prices for the products, works or
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services for which the net present value (NPV) is positive. The wider the range of parameters in which
performance indicators remain within acceptable levels, the greater the project safety margin, the
better it is protected against fluctuations of various factors that influence upon the project results.

The sensitivity analysis algorithm is as follows:

- parameters of interest are chosen (automatically or manually);—

- the chosen parameters are changed alternately by reducing them for 10% and increasing
by the same amount, then the final figure is recalculated and shown on the “Tornado chart”;

- if you change the parameters sequentially from -30% to + 30% in increments of 10%, the
final schedule will be of the "spider" type.

Here are the two scenarios for analyzing the sensitivity of the project. In the first case, the range of
the input parameters variation is -10% - +10%. In the second case, the range will be between -30% -+30%.
By setting the required options/parameters, we obtain the following data shown on Figures 3 and 4.

Each bar shows how the final option changes when the corresponding input parameter is
varied within its range (in this case, plus or minus 10 % and 30 %), and other input parameters remain
equal to the base value. Longer bars correspond to the options with the greatest impact on the total and
are always located at the top.
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Fig.3. The sensitivity analysis results in EVA application. Scenario Nel
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Fig.4. The sensitivity analysis results in EVA application. Scenario Ne2
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The calculations and graph show that which exactly initial parameters change withstand the
project, while remaining cost-effective. If this is a wide range, the sensitivity of the project can be
considered low, and the business plan in this case is affordable.

From the analysis we conclude that the NPV> 0 for any variation of the input variable
parameters such as the average amount of revenue, amount of current and general expenses and
amount of depreciation in the range -10 % / 10%. At the same time, amount of revenue influences
upon the NPV most of all.

The next step is the Monte Carlo simulation which normally involves the model parameters
with the greatest impact on the result found in a sensitivity analysis. The Monte Carlo method
algorithm is as the following:

- a set of variable parameters (risk factors) is selected;

- the changes boundary and the laws of distribution of each of the factors is put;

- the correlation matrix for each other dependent factors is clarified;

- calculations are performed for a desired number of experiments (generally not less than 1000).

In the course of the simulation, a large number of the model implementations is carried out
under the joint random variation of selected parameters. The distribution law is found possibly based
on historical data of a selected value. The user specifies the number of implementations of the method,
and limits of changes with distribution law of a respective random variable for each of a selected
parameter. If the chosen parameters depend on each other, it is necessary to set the correlation
coefficient between them. Analysis by the Monte Carlo method enables us to understand the degree of
uncertainty of the analyzed final value (characterized, for example, with specified 90% confidence
interval). Also, the user can focus on the values of his interest, setting them instead of the probability
in the determination of interval.

Figure 5 shows a first step in the Monte Carlo simulation which is the input parameters, that
is, the possible risks. In this case, it is possible to reduce the volume of sales, the cost per square
meter, the boundary changes are set with the confidence interval at 90%, the normal and triangular
distribution laws being chosen for each of the risk factors.
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Fig. 5. Parameters input for the Monte Carlo simulation

Figures 6 and 7 shows the results of the software simulation for Scenario Nel.

The table of results displays information in percentage, percentage probability that the value of
the forecast will be less than or equal to a given percentile.

Next, let us try another scenario - how the NPV would be changed at the end of the payback
period, if its components - the volume and cost of leased area  will change within the confidence
interval of 5% -95%. Let us consider a situation in which the maximum amount of leasable area is set
at the level of 1281 square meters, the cost per square meter at USD 54.6$ with an even method of
distribution. Figures 7 shows the results of the software simulation for Scenario Ne2.
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Fig. 6. The results of the risk assessment by the Monte Carlo method.
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Fig. 7. The results of the risk assessment by the Monte Carlo method.
Scenario Nel

Analysis by the Monte Carlo method shows that the minimal probability that the NPV of the
project will be negative. This is possible only under a simultaneous deterioration of the risk factors.
According to the distribution histogram, there is almost no likelihood that the NPV of the project
would be negative.

Thus, assessment of the investment project risks for the construction of business buildings at
different combinations of factors was conducted by using the Monte Carlo simulation method. As the
research results show, the project is profitable, and the company's management is recommended to
build this business building.

If the Monte Carlo method model is correct, it provides very reliable results, allowing insight
into both the profitability of the project and its sustainability (sensitivity).
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