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14.0 Sensitivity Analysis and Simulation 

Sensitivity Analysis is one of the objectives of Monte Carlo Simulation. A 
generic model for Monte Carlo Simulation is a black box with one or more 
inputs resulting in one or more outputs. Monte Carlo Simulation stops at the 
generation of the outputs but it would be of no use if we do not analyze the 
effect of changes in an input variable on an output variable. Sensitivity analysis 
asks the question: how does a change in input A affect output G or how does 
output G respond to changes in input A? 

The different techniques for conducting sensitivity analysis that we can use in 
Monte Carlo Simulation are: 

a) The Results Worksheets: this is what we have been developing so far. It 
usually consists of a frequency table with its cumulative counterpart, a chart of 
both tables and descriptive statistics. These are a kind of sensitivity analysis. 
They mostly show the effect of randomly selected input variables on one or 
more output variables. Although these sheets develop the output from the 
input, they do not provide the analyst with the "behavior" of sensitivity, the 
“how” of the changes. 

b) The Tornado Chart and Sensitivity: we can prepare our own manual 
sensitivity analysis that results in a Tornado Chart showing the effect of each 
input variable on an output variable we are interested in. These are shown by 
plotting the minimum and maximum of each input variable. The largest 
variation would correspond to the input variable that has the largest effect on 
that output variable. There is no Tornado Chart in Excel. We have to set it up 
manually. There will be a workout on this below. 

c) WHAT IF Tables: we can setup an additional simulation run that will contain 
two values for each input variable against one of the output variables. The 
values will be the minimum and the maximum. In this manner, we can setup 
the Tornado Chart. 

We propose a technique that is based on the following approach. Suppose we 
have 4 input variables, A, B, C and D. Fix B, C and D. The fixed inputs are given 
point estimates which you can plug into the model. You then vary the 
remaining input variable A. As A varies from one limit to another, the output 
variable would vary accordingly. The result is made up of 2 values. Proceed by 
fixing A, C and D and varying B. Collect the 2 outputs resulting from this 
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simulation. Do the same for the other variables. The result is made up of 2 
outputs * 4 variables which can later be plotted as a Tornado Chart. 

We have two issues to resolve: 

First issue: what are the limits of the input variables? Since input variables will 
most likely be sampled from the distributions we have been discussing (and 
more to come), we can follow these practices: 

a) For uniform distributions, we can use the actual lower and upper limits. 

b) For normal distributions, the lower limit is 2 standard deviations below the 
mean. The upper limit is 2 standard deviations above the mean. The following 
formulas give this value for a standard normal distribution that has 0 as the 
average and 1 as the standard deviation: 

Upper limit = NORM.DIST(2,0,1,TRUE) = 0.97725 
Lower limit = NORM.DIST(-2,0,1,TRUE) = 0.02275 
Upper Limit - Lower Limit = 0.97725 - 002275 = 0.9545 

 

In our models, we can calculate the range by using the above with the actual 
parameters (mean and standard deviation) defined in the Constants 
worksheet: 

Lower limit = NORM.INV(0.02275, mean, standard deviation) 
Upper limit = NORM.INV(0.97725, mean, standard deviation) 

c) For discrete random variable distributions, since there is no closed form for 
this distribution, we have to calculate our lower and upper limits manually. We 
have a range with probabilities for each value of the input variable. Simply 
identify the value of the input variable that resides in the 2.275% and the 
97.725% brackets which approximate the confidence interval above. For a 
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rationale behind the choice of these values, review Section E in the Appendix in 
Chapter 15.0. 

d) For triangular distributions, again, since we have an inverse function 
(whether through VBA or Excel formulas), we can get the values through the 
above probabilities. (Note that inverse functions are crucial in Monte Carlo 
Simulation. We will be using many of them in Part 2. In the early workouts of 
Part 2, we will be spending some time on the use of inverse probability 
functions. 

e) For BetaPERT distributions, again, we use the inverse function with the 
above probabilities. 

f) For binomial distribution, we use the same logic applies as above since we 
also have an inverse function. 

g) For geometric and negative binomial distributions, these do not have direct 
inverse functions in Excel. Later on, we will be using the table of cumulative 
values to look up and get the value of the input variable. We can do the same 
for the probabilities 0.02275 and 0.97725. 

Other distributions that we might use such as the Poisson, Exponential and 
Weibull can be treated similarly, using the above confidence interval. 

Second issue: what do we use for the single point or fixed values of an input 
variable when another is being taken to its extremes? This is a simpler issue to 
resolve than the first. Consider the type of distribution that is being sampled. 
For example, say we are sampling a normal distribution. It would be logical to 
use the mean as the single point estimate. If we are using a BetaPERT 
distribution, the mode would be the logical value to use the mode as the single 
point estimate. For other symmetrical distributions, the median can be used. 
The next workout will apply this for the normal, uniform and the discrete 
distributions. 

Workout 15: Budget Projection with Sensitivity Analysis 

Purpose: to consider a model with 8 input variables and analyze the sensitivity 
of the output to changes in each of the input variables. For each input variable, 
two values will be used, a lower limit (usually at 0.02275 probability) and an 
upper limit (at 0.97725). We will prepare the model so we can use it as the 
basis of generic procedures for Sensitivity Analysis: Tornado Chart and 
different modes of Regression Analysis. 
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Problem statement: a projection of last year's income statement over 4 years 
requires us to use 8 growth factors. Without Monte Carlo Simulation, these 
would have to be single point estimates and will result in one figure: the net 
profit (or loss) at the end of year 4. 

We will first simulate this model using the sampling techniques we have been 
using so far. In the "sensitivity analysis" phase of the workout, we will use 
Excel's WHAT IF tables to find the range of values in a single output variable in 
response to changes in the 8 input variables. 

Step 1: to avoid the entry the tedious income statement formulation and its 
constants, 2 workbooks in the Workouts Folder have been prepared for your 
use: 

a) Budget Projection with Sensitivity Analysis - BLANK is the startup workbook 
that contains the Model and its Constants. 

b) Budget Projection with Sensitivity Analysis is a fully solved workbook 
starting with the blank workbook above. 

Open the Budget Projection with Sensitivity Analysis - BLANK and save it as 
Budget Projection with Sensitivity Analysis. 

Later on, we will save the solved Model as the Budget Projection with 
Sensitivity Analysis with Tornado Charts workbook which is also found in the 
Workouts Folder. 

Step 2: let us briefly review the formulation in the Model sheet. It is a toned 
down income statement: 
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a) Col C contains the 8 growth rates (or multiplication projection factors). 
These are the input variables that we will randomize. Each will be sampled 
according to Step 4 below. 
b) Col D contains the actual values for the previous year. These are 
constants and are hence shown in yellow. 
c) Cols E to H project the previous year to the next 4 years using the growth 
rates in Col C. 

Step 3: the constants are already setup in the Constants sheet as follows: 
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Step 4: in Col C in the Model sheet, enter the sampling formulas for the 8 
growth rates. (NORM.INV will be presented in Part 2 of this eBook). The 
formulas use the constants in the Constants sheet: 

C3 = NORM.INV(RAND(),Constants!$D$3,Constants!$F$3) 
C4 = NORM.INV(RAND(),Constants!$D$4,Constants!$F$4) 
C8 = RAND() * (Constants!$D$7-Constants!$F$7)+Constants!$F$7 
C9 = NORM.INV(RAND(),Constants!$D$8,Constants!$F$8) 
C13 = INDEX(Constants!$D$13:$D$16, IFNA(MATCH(RAND(), 
Constants!$C$13:$C$16, 1), 0) + 1) 
C14 = RAND() * (Constants!D19-Constants!$F$19)+Constants!$F$19 
C15 = NORM.INV(RAND(),Constants!$D$20,Constants!$F$20) 
C16 = RAND() * (Constants!$D$21-Constants!$F$21)+Constants!$F$21 

(These formulas have been entered into the Budget Projection with Sensitivity 
Analysis - BLANK workbook). 

For the COUNTIFS() statement, refer to Chapter 7.0 for a description on how to 
use it. Alternatively, copy the formula from the General Model Template in the 
Templates Folder. Remember that the first range D13:D16 is where the values 
you need in the simulation are found, the growth rate of the Payroll & 
Benefits. The second Array is the range containing the cumulative % C13:C16. 
Both ranges are in the Constants sheet. 
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The bottom rows in the Model sheet show the net profit before taxes, the 
cumulative profit and the percent profit and loss on sales. We are interested in 
the projection of these 3 financial amounts for the current year + 4 which are 
in blue (objectives!): 

 

Step 5: in the Runs sheet, enter the label "Run ID" in A1. In B1, C1 and D1, copy 
the values in the last year from the Model sheet: 

B1 = Model!H19 
C1 = Model!H20 
D1 = Model!H21 

These will be used as the top part of the WHAT IF analysis table. 

Step 6: use Excel’s autofill facility to generate the sequence 1, 2... 4000 in the 
range A2:A4001. 

Step 7: to apply the sensitivity analysis WHAT IF table, follow the standard 
procedure: 

a) Select the range B2:D4001 

b) Select the menu item DATA / DATA TOOLS / WHAT IF ANALYSIS / DATA 
TABLE. 

c) Click inside the "Column input cell" field and then click on any cell in the 
sheet and press OK. 

Excel will use the WHAT IF table procedure to copy cells B2:D2 all the way 
down to Row 4001. This is a table or an Excel Array. The cells cannot be edited. 

Step 8: we can now analyze the 3 cells (H19, H20 and H21) in the Results sheet. 
We shall only prepare the results for the first cell: Net Profit before Taxes. The 
rest follow similar procedures. 
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a) In A1 in the Results sheet, enter the label "Run ID". In the cells B1, C1 
and D1 enter the labels "Net Profit", "Cum Profit" and "Gross %". (It is also 
possible to use the = operator to copy these from the range A19, A20 and 
A21 in the Model sheet. 
b) Copy the range A2:D4001 as values from the Model sheet into the same 
range in the Results sheet. 
c) Starting in F1, prepare the bin analysis for the 3 columns B, C and D: 

 

d) Enter the following in the range K1:M2 

 

e) Having decided on 25 as the bin size, prepare the bins starting with the value 
-1000 (which is just below -986) and incrementing the bins by 25 until you 
reach the value 100. 

f) Use the array function COUNTIFS() as presented in Chapter 7.0 to prepare 
the frequency count of the values in the range L2:L47. This is the formula to 
enter: 

=COUNTIFS($B$2:$B$4001,">"&K2,$B$2:$B$4001,"<="&K3) 

g) Prepare the cumulative probability in the range M3:M47. The formula in M3 
=SUM($L$3:L3)/SUM($L$3:$L$47) 

h) Insert a scatter diagram for the range K2:M47 to get the following chart: 
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Step 9: save the workbook Budget Projection with Sensitivity Analysis with 
Tornado Charts as we need to use it in the next few models. 

Conclusion: almost 90% of the time, the net profit before taxes will be -225. 
(Of course, if you examine the table, there is no precise value for 90% but for 
more precise results, you can interpolate the values between 89% and 91.9%. 

Even if we resort to the descriptive statistics, we do not have a direct way of 
identifying the input variable that has the highest effect on the output value 
(for net profit before taxes or for the others, when plotted). Let us follow the 
Sensitivity Analysis using this procedure. 
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