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Definition

� Simulation

� An imitation of some real thing, state of affairs, or process 

(Wikipedia)

� The process of replicating the real world based on a set 

assumptions and conceived models of reality (Text)

� Monte Carlo Simulation

� Simulation when dealing with random variables

� The procedure is usually repeated to generate a different set of

values of the variables in accordance with a specified 

probability distribution

Statistics for Civil & Environmental Engineers

Why Monte Carlo Simulation?

� Provides a Model Uncertainty Before and After a Transfer 

Function

� To reproduce a model of variability

� To assess the uncertainty of the output after a transfer function
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� Experiment: Throw 3 dices 100 times and compute the 

sum of the values obtained

� Transfer Function= Σxi

� 3 Independent Variables

A Simple Example
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The Real World is Much More Complicated!

� Continuous Distribution

� Large Number of Variables

� Nonlinear Average

� Average above a threshold 

→ Impossible to deduce the 

total number of combination
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MC Procedure

� Unknown to be Known: The output distribution FY

� Given: The input distribution FX and the transfer function 

(or model) TR

� Quantile Transformation

� Equation: q(p)= F-1(p)= xp

� Draw a uniform random 

number in (0, 1) → “p” (a probability)

� Read the quantile function q(p) 

� to get the simulation value xp
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� Input xp to the transfer function to obtain yp

� Repeat the above procedure to generate as many of yp’s 

as you want

MCS Example
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� Monte Carlo Simulation / Stochastic Simulation / Random 

Drawing proceed by reading quantiles from a cumulative 

distribution
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� The procedure

� Generate a random number between 0 and 1 (calculator, table, 

program, … )

� Read the quantile associated to that random number

� For example

MCS Example
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MCS Text Examples 
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MCS Text Examples 
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MCS Text Examples 
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MCS Text Examples 
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MCS Text Examples 
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MCS Text Examples 

Generation of Random Numbers
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� Uniform Distribution
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Generation of Random Number
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� Continuous Distribution
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Text Example
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Text Example
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Sample Size and Accuracy of MC Experiment 
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Sample Size and Accuracy of MC Experiment 
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Sample Size and Accuracy of MC Experiment 
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Sample Size and Accuracy of MC Experiment 
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Sample Size and Accuracy of MC Experiment 
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Example 1-2
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Example 1-3

Statistics for Civil & Environmental Engineers

Example 1-4


