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1.0 General 

Pease note the following guidance and instruction is to be used as an accompaniment 

to the ‘Monte Carlo Simulation’ Excel file. 

Please feel free to get in touch at contact@lentransolutions.com if you would like 

additional guidance or to discuss the methodologies represented here and in the Excel 

file. 

2.0 Tutorial guidance 

2.1 Aim and audience  

The aim of this tutorial is to provide an overview of Monte Carlo Simulations, what they 

are, when and why they are used and how to implement them using functions available 

in Excel. 

2.2 Tutorial conventions  

Sheet references are displayed as ‘Sheet’ while section headings and line references 

are displayed as ‘Item’. 

3.0 The Theory 

3.1 Overview 

Monte Carlo simulation is a type of simulation that relies on repeated random sampling 

and statistical analysis to compute results. The random nature of Monte Carlo 

simulations implies that the result is not (precisely) known in advance and therefore it 

represents a complex form of ‘what-if’ analysis. 

Monte Carlo analysis essentially tries to capture systematic variation and the 

implications of this variation.  

For example, in a normal financial model we have the following sequential structure: 

Inputs leading to       Calculations       which produces  Outputs 

In most modelling the input is fixed (the model is deterministic in nature) and therefore 

it is not necessarily taking account of the systematic variations that might arise in some 

of the inputs.  

Scenario analysis (i.e. worst case, base case, best case) brokers this issue to an 

extent, but has some disadvantages; the most significant when compared to Monte 

Carlo simulation is statistical rigour.  

That is, with Scenario analysis upside and downside cases are usually determined in 

an approximate or ad-hoc fashion (e.g. 20% down on demand, 20% up of demand), 

whereas Monte Carlo analysis which uses large random sample groups to derive 

results and aims to understand the underlying distribution of the input, has much 

greater statistical rigour.  

mailto:contact@lentransolutions.com


 

 

 

  LENTRAN MODELLING SOLUTIONS  »   WWW.LENTRANSOLUTIONS.COM    »    SYDNEY, AUSTRALIA  
 ENTRAN MODELLING SOLUTIONS   »   WWW.LENTRANSOLUTIONS.COM   »    SYDNEY, AUS  

Additionally, it provides the opportunity to manage the level of likely error in the results 

extracted. 

3.2 The General Method  

 Deterministic model 

Utilise a deterministic model with calculations which changes inputs to outputs and 
where these calculations closely resemble a real-life situation. 

 Understand input distributions 

Attempt to understand the underlying distributions, if any, which govern the inputs in 
the deterministic model. Historical input data is necessary for this step. 

 Generate random variables 

At this critical stage, large random data groups are generated based on our 
understanding of the aforementioned input distributions and from these a single value 
for each input can be extracted, typically, as a median or average of the random 
sample group. 

 Statistical analysis 

A prudent last step is to obtain statistical confidence in the numbers extracted from 
step three above by applying various statistical tests. This is investigated in more detail 
in the following case study. 

3.3 Distribution Fitting  

Methods for distribution fitting are many, but largely include: 

 Method of maximum likelihood 

 Method of moments 

 Non-linear optimisation 

 Goodness-of-fit statistics 

 Chi-square test 

Where distributions are likely non-normal, please take time to investigate this range of 

distribution fitting statistical methods.  

The complication of distribution fitting can be avoided in many instances by assessing 

variables with natural tendency towards normal distributions or by using the sum of a 

number of random variables as output – this second method is shown below in the 

Excel case study. 

 

4.0 In Practice 

4.1 Simulations in Excel 

There are a number of commercial software packages that run Monte Carlo analysis, 

most notably Crystal Ball from Oracle, @RISK from Palisade and the Solver add-in 

from Frontline Systems, however, most simulations can easily be performed in an 
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Excel spreadsheet, as described below in the Case Study and calculated in the 

accompanying Excel file. 

4.2 The Case Study 

Our task is to extract a base case annual water flow volume for investment and project 

finance analysis of a ‘run-of-river’ dam model using Monte Carlo simulation. 

We have to hand the quarterly maximum and minimum quarterly water-flow volume 

data for a river on which we are assessing the opportunity to build a ‘run-of-river’ dam. 

We are willing to accept an error tolerance of less than 2%. These are the only ‘inputs’ 

we require to run this simulation.  

However, we also are making the important assumptions that:  

each of the variables, the quarters in this case, are independent of one and another 

total water flow will be normally distributed since it is the sum of a number of random 

variables 

4.3 Generating random values  

The following are the inputs provided to calculate random variables. 

 

 

 

 

Having essentially skipped distribution fitting, we must now generate random values for 

each quarter of the water flow data. The easy way to do this is via the RAND() function 

which delivers a number between 1 and 0. This can then be multiplied by the range of 

each quarter.  

E.g. in the case of Q1, the following formula generates random numbers between 

20,000 and 10,000: 

=RAND()*(20,000-10,000)+10,000 

This method can now be applied to all quarters. See Calcs, rows 40 and below in 

Excel workbook. 

4.4 Deriving the Required Iterations  

The Monte Carlo method ultimately provides an estimate of the expected value of a 

random variable, but also critically lets the user define and control the estimation error.  

The estimation error is proportional to the number of iterations. That is, the more 

iterations the lower the error, though notably the relationship is exponential and 

therefore very low error tolerance can mean a great many iterations. 

How is the number of iterations calculated? 
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ϵ =
3σ

√N
 

 

where: 

σ = standard deviation of random 

variable (i.e. total annual water flow) 

N = number of iterations 

 

Hence, first we can estimate an upper bound σ by calculating the standard deviation 

between the maximum, minimum and average value of the random variable using the 

Excel formula STDEVP. See Excel accompanying excel spreadsheet for this 

calculation. Also note in Excel versions 2007 and earlier, STDEVP can be replaced by 

STDEV. 

Once this is achieved we can determine the error tolerance by using our 2% input as 

follows: 

ϵ =AVERAGE (max and min of random variable)/ (1/2%) 

The initial formula may then be re-arranged as follows and calculated: 

N = (
3σ

ϵ
)
2

 

4.5 Completing and Statistical Analysis  

To complete the Monte Carlo simulation (i.e. derive the base case annual water flow 

figure) a simple AVERAGE of all the random values may be calculated.  

This figure will then be used to drive the calculations and therefore outputs of the 

deterministic model (financial model) you are using, while providing assurance that you 

have accounted for potential systematic variation in a methodical manner. 

Post this, it is always good practice to crosscheck the method and results by using 

some statistical analysis. These can be both simplistic and more complex; examples of 

both are shown here. 

 AVERAGE vs MEDIAN 

In the case of a normal distribution and given iterations are reasonably large in 

frequency a calculation of the MEDIAN of the random values should be similar to the 

AVERAGE with a reasonably minor discrepancy. 

Likewise, if you are working with a distribution fitted to a non-normal profile you should 

expect statistically significant discrepancies. 

 Kurtosis test 

The Kurtosis is a relative measure of the shape compared with the shape of a normal 

distribution. The normal distribution has a Kurtosis value of zero. Statisticians have 

provided differing interpretations of the Kurtosis test, however classically it aims to 
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extract the ‘peakedness’ of a distribution and also the heaviness of its tail. However, 

well know Kurtosis distributions can be defined and graphically shown: 

 D: Laplace distribution, also known as the double exponential distribution, red curve 

(two straight lines in the log-scale plot), excess kurtosis = 3 

 S: hyperbolic secant distribution, orange curve, excess kurtosis = 2 

 L: logistic distribution, green curve, excess kurtosis = 1.2 

 N: normal distribution, black curve (inverted parabola in the log-scale plot), excess 

kurtosis = 0 

 C: raised cosine distribution, cyan curve, excess kurtosis = −0.593762... 

 W: Wigner semicircle distribution, blue curve, excess kurtosis = −1 

 U: uniform distribution, magenta curve (shown for clarity as a rectangle in both 

images), excess kurtosis = −1.2. 

 

 

 

The Kurtosis test can be performed in Excel using the KURT function. 

 

http://en.wikipedia.org/wiki/Laplace_distribution
http://en.wikipedia.org/wiki/Hyperbolic_secant_distribution
http://en.wikipedia.org/wiki/Logistic_distribution
http://en.wikipedia.org/wiki/Normal_distribution
http://en.wikipedia.org/wiki/Raised_cosine_distribution
http://en.wikipedia.org/wiki/Wigner_semicircle_distribution
http://en.wikipedia.org/wiki/Uniform_distribution_(continuous)

