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Tornado and Static Sensitivity

ROV Technical Papers Series: Volume 41

Theory

One of the powerful simulation tools available in Risk Simulator is tornado analysis—it
captures the static impacts of each variable on the outcome of the model; that is, the tool
automatically perturbs each variable in the model a preset amount, captures the fluctuation on
the model’s forecast or final result, and lists the resulting perturbations ranked from the most
significant to the least. Figures 1 through 6 illustrate the application of a tornado analysis. For
instance, Figure 1 is a sample discounted cash flow model where the input assumptions in the
model are shown. The question is, what are the critical success drivers that affect the model’s
output the most? That is, what really drives the net present value of $96.63 or which input
variable impacts this value the most?

Discounted Cash Flow Model

Base Year 2008 Sum PV Net Benefits $1.896.63
Warket Risk-Adwsted Discount Rate T5.00% S PV lvestments $1,800.00
Frivate-Risk Discount Rate 5.00% Met Present Value £06.63
Annualized Sales Growth Rate 2.00% Internal Rate of Returm 18 800%
Frice Eroslon Rate 5.00% Return on [nvestment 5.37%
Effective Tax Rate 40 0%

2008 2006 2007 2008 2009

Fraduct & Avg PricefUnit $10.00 $9.50 $9.03 Fa.57 814
Product B Avg PricesUnit $12.25 $11.64 $11.06 $10.50 §9.98
Fraduct © Avg Pricef/Unit §15.15 $14.349 $13.67 1295 1234
Froduct A Sale Quantity ('000s) A0.00 51.00 62.02 53.06 412
Fraduct B Sale Quantity (000s) 35.00 35.70 36.41 37.14 37.849
Fraduct © Sale Quantity {000s) 20.00 20.40 20.81 21.22 21.65
Total Revenues $1,231.75 | §1,193.57 | §1,156.57 | §1.120.71 | $1.08597
Direct Cost of Goods Sald §184.76 5179.03 §173.48 F163.11 F162.90
Gross Profit $1.046.99 | $1.014.53 $983.08 $952.60 $923.07
Operating Expenses §157.50 516065 516386 F167.14 F170.48
Sales, General and Admin. Costs §15.75 $16.07 $16.39 F16.71 §17.05
Operating Income (EBITDA} $873.74 $837.82 $802.83 $768.75 $735.54
Depreciation $10.00 $10.00 $10.00 $10.00 $10.00
Amorization $3.00 §3.00 §3.00 §3.00 $3.00
EBIT $860.74 $824.82 $789.82 ST55.75 §722.54
Interest Payments §2.00 F$2.00 F$2.00 F2.00 §2.00
EBT $858.74 $822.82 STBT.B2 $7T53.75 $720.54
Tanes §343.80 §329.13 $315.13 F301.50 §288.22
Net Income $515.24 $493.69 $472.70 $452.25 $432.33
Moncash: Depreciation Amorization $13.00 $13.00 $13.00 $13.00 §13.00
Moncash: Change in Met YWorking Capital $0.00 §0.00 §0.00 §0.00 $0.00
Moncash: Capital Expenditures $0.00 §0.00 §0.00 §0.00 $0.00
Free Cash Flow $528.24 $506.69 $485.70 $465.25 $445.33

Investment Cutlay [ s1.800.00 |

Financial Analysis

Present Value of Free Cash Flow $528.24 $440.60 $367.26 £305.01 $254.62
Present Value of Investment Qutlay $1.800.00 50.00 50.00 S0.00 $0.00
Net Cash Flows 1 271.76) $a0R 69 $485.70 F4B5.24 $445 33

Figure 1. Sample Discounted Cash Flow Model




The tornado chart tool can be obtained through Simulation | Tools | Tornado Analysis. To follow along the first example,
open the Tornado and Sensitivity Charts (Linear) file in the examples folder. Figure 2 shows this sample model where cell G6,
containing the net present value, is chosen as the target result to be analyzed. The target cell’s precedents in the model are
used in creating the tornado chart. Precedents atre all the input and intermediate variables that affect the outcome of the
model. For instance, if the model consists of 4 = B + C, and where C = D + E, then B, D, and E are the precedents for .4
(Cis not a precedent as it is only an intermediate calculated value). Figure 2 also shows the testing range of each precedent
variable used to estimate the target result. If the precedent variables are simple inputs, then the testing range will be a
simple perturbation based on the range chosen (e.g., the default is +10%). Each precedent variable can be perturbed at
different percentages if required. A wider range is important as it is better able to test extreme values rather than smaller
perturbations around the expected values. In certain circumstances, extreme values may have a larger, smaller, or
unbalanced impact (e.g., nonlinearities may occur where increasing or decreasing economies of scale and scope creep in for
larger or smaller values of a variable) and only a wider range will capture this nonlinear impact.

Tornado and Sensitivity Charts (Linea
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U Figure 2. Running Tornado Analysis

Use the following steps to create a tornado analysis:

e Select the single output cell (i.e., a cell with a function or equation) in an Excel model (e.g., cell G6 is selected in our
example).
Select Risk Simulator | Tools | Tornado Analysis.

Review the precedents and rename them as appropriate (renaming the precedents to shorter names allows a more

visually pleasing tornado and spider chart) and click OK. Alternatively, click on Use Cell Address to apply cell locations

as the variable names.
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Tips and Additional Notes on Running a Tornado Analysis

Here are some tips on running tornado analysis and further details on the options available in the tornado analysis user

interface (Figure 2):

Tornado analysis should never be run just once. It is meant as a model diagnostic tool, which means that ideally it
should be run several times on the same model. For instance, in a large model, Tornado can be run the first time using
all of the default settings and all precedents should be shown (select Show Al VVariables). The result may be a large
report and long (and potentially unsightly) tornado charts. Nonetheless, this analysis provides a great starting point to
determine how many of the precedents are considered critical success factors. For example, the tornado chart may
show that the first 5 variables have high impact on the output, while the remaining 200 variables have little to no
impact, in which case, a second Tornado analysis is run showing fewer variables (e.g., select the Show Top 10 1 ariables if
the first 5 are critical, thereby creating a satisfactory report and tornado chart that shows a contrast between the key
factors and less critical factors. You should never show a tornado chart with only the key variables without showing
some less critical variables as a contrast to their effects on the output. Finally, the default testing points can be
increased from £10% of the parameter to some larger value to test for nonlinearities (the spider chart will show
nonlinear lines and tornado charts will be skewed to one side if the precedent effects are nonlinear).

Use Cell Address is always a good idea if your model is large, allowing you to identity the location (worksheet name and
cell address) of a precedent cell. If this option is not selected, the software will apply its own fuzzy logic in an attempt
to determine the name of each precedent variable (sometimes the names might end up being confusing in a large
model with repeated variables or the names might be too long, possibly making the tornado chart unsightly).

The Analyze This Worksheet and Analyze All Worksheets options allow you to control whether the precedents should only
be part of the current worksheet or include all worksheets in the same workbook. This option comes in handy when
you are only attempting to analyze an output based on values in the current sheet versus performing a global search of
all linked precedents across multiple worksheets in the same workbook.

Use Global Setting is useful when you have a large model and you wish to test all the precedents at, say, 50% instead of
the default 10%. Instead of having to change each precedent’s test values one at a time, you can select this option,

change one setting, and ¢lick somewbere else in the user interface to change the entire list of the precedents. Deselecting
this option will allow you to control the changing of test points one precedent at a time.

Ignore Zero or Empty 1V alues is an option turned on by default where precedent cells with zero or empty values will not be
run in the tornado. This is the typical setting.

Highlight Possible Integer 1 alues is an option that quickly identifies all possible precedent cells that currently have integer
inputs. This function is sometimes important if your model uses switches (e.g., functions such as IF a cell is 1, then
something happens, and IF a cell has a 0 value, something else happens, or integers such as 1, 2, 3, and so forth, which
you do not wish to test). For instance, 210% of a flag switch value of 1 will return a test value of 0.9 and 1.1, both of
which are irrelevant and incorrect input values in the model, and Excel may interpret the function as an error. This
option, when selected, will quickly highlight potential problem areas for tornado analysis. You can determine which
precedents to turn on or off manually, or you can use the Ignore Possible Integer VValues to turn all of them off

simultaneously.
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Results Interpretation

Figure 3 shows the resulting tornado analysis report, which indicates that capital investment has the largest impact on net
present value (NPV), followed by tax rate, average sale price and quantity demanded of the product lines, and so forth. The
report contains four distinct elements:

e A statistical summary lists the procedure performed.

Tornado and Spider Charts

Statistical Summary

One of the powerful simulation tools is the tornado chart—it captures the static impacts of each variable on the outcome of the model. That is, the tool automatically perturbs each
precedent variable in the model a user-specified preset amount, captures the fluctuation on the model’s forecast or final result, and lists the resulting perturbations ranked from the most
significant to the least. Precedents are all the input and intermediate variables that affect the outcome of the model. For instance, if the model consists of A = B + C, where C =D + E,
then B, D, and E are the precedents for A (C is not a precedent as it is only an intermediate calculated value). The range and number of values perturbed is user-specified and can be set
to test extreme values rather than smaller perturbations around the expected values. In certain circumstances, extreme values may have a larger, smaller, or unbalanced impact (e.g.,
nonlinearities may occur where increasing or decreasing economies of scale and scope creep occurs for larger or smaller values of a variable) and only a wider range will capture this
nonlinear impact.

A tornado chart lists all the inputs that drive the model, starting from the input variable that has the most effect on the results. The chart is obtained by perturbing each precedent input at
some consistent range (e.g., +10% from the base case) one at a time, and comparing their results to the base case. A spider chart looks like a spider with a central body and its many
legs protruding. The positively sloped lines indicate a positive relationship, while a negatively sloped line indicates a negative relationship. Further, spider charts can be used to visualize
linear and nonlinear relationships. The tornado and spider charts help identify the critical success factors of an output cell in order to identify the inputs to simulate. The identified critical
variables that are uncertain are the ones that should be simulated. Do not waste time simulating variables that are neither uncertain nor have little impact on the results.

Result
Base Value: 96.6261638553219 Input Changes
Output Output  Effective Input Input Base Case Spider Chart = ‘n.VES‘mem
Precedent Cell Downside Upside Range Downside Upside Value = D'SC_Wm Eais
Investment $276.63  (383.37) 360.00| $1,620.00 $1,980.00  $1,800.00 ==
Tax Rate $219.73  ($26.47) 246.20| 36.00%  44.00% 40.00% = B Price
A Price $3.43  $189.83 186.40 $9.00 $11.00 $10.00 C Price
B Price $16.71  $176.55 159.84|  $11.03 $13.48 $12.25 - rilty
A Quantity $23.18  $170.07 146.90 45.00 55.00 50.00 48 uartity
Jl,.ll B Quantity $3053  $162.72 132.19 31.50 38.50 35.00 C Quantity
C Price $40.15  $153.11 112.96| $13.64 $16.67 $15.15 = Deprocistion
C Quantity $48.05  $145.20 97.16 18.00 22.00 20.00 e
Discount Rate $138.24 $57.03 81.21] 1350%  16.50% 15.00%
Price Erosion $116.80  $76.64 40.16 4.50% 5.50% 5.00% e
Sales Growth $90.59  $102.69 12.10 1.80% 2.20% 2.00% = Net-Capital
Depreciation $95.08 $98.17 3.08 $9.00 $11.00 $10.00 Gapex
Interest $97.09 $96.16 0.93 $1.80 $2.20 $2.00 = SalesGrowth
Amortization $96.16 $97.09 0.93 $2.70 $3.30 $3.00 | Price Erosion
Capex $96.63  $96.63 0.00 $0.00 $0.00 $0.00 Tax DD %
Net Capital $96.63 $96.63 0.00 $0.00 $0.00 $0.00

Tornado Chart

investmert 1350 [T o
Tax Rate 0.44 [ -

& Price o [

B Price 110z
£ Quantity 4 [ -
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Price Erosion 0.055 T 045
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Depreciation =] l 11
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Amortization 27 | 33

Capex o

Met Capital o

Figure 3. Tornado Analysis Report
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Base Vaiue 98 B2ETE350532{9 InputChanges
Cutout Outout Effective Input Inout Base Case
Prececent Cell Downside  Upside Range | Downside  Upside IV alue

Irvastment F276.83  (FB83.37) 360.00|F1,620.00 F1,980.00 $1,800.00
Tax Rate $299.73 (F26.47) 245 20 26.00% 44 00% 40.00%
A Price #3423  F189.83 185.40 F9.00 Fri.00 F10.00
B Price F{B71  Fi7RE5 159.84] &44.03 Fi345 Fi1225
A Cuantity F2348  FIF007 145,90 45.00 55.00 30.00
B Quantity 33033  Fi6272 132,49 3150 2850 35.00
C Price $40.45  $18341 1296 $1364 F1667 F15.45
C Quantity 34805  F145.20 G746 1800 22.00 20.00
Discount Rate $138.24 $57.03 &1.21 13.50% 16.50% 13.00%
Price Erosion Fi46.80 F76.64 4046 4.50% 5.50% 5.00%
Sales Growth #9059  F102E9 240 1.50% 2.20% 2.00%
Depreciation $95.08 $98.47 308 $9.00 Fr1.00 F10.00
Interast 397.09 F96.16 =} 34.80 3220 F2.00
Amorization F96.16 F97.09 093 F2.70 $3.20 F3.00
Capex F96.63 F96.63 a.00 F0.00 F0.00 F0.00
Net Capital $96.63 $96.63 0.00 $0.00 F0.00 $0.00

Figure 4. Sensitivity Table

The sensitivity table (Figure 4) shows the starting NPV base value of $96.63 and how each input is changed (e.g.,
Investment is changed from $1,800 to $1,980 on the upside with a +10% swing, and from $1,800 to $1,620 on the
downside with a —10% swing). The resulting upside and downside values on NPV are —$83.37 and $276.63, with a total
change of $360, making it the variable with the highest impact on NPV. The precedent variables are ranked from the
highest impact to the lowest impact.

The spider chart (Figure 5) illustrates these effects graphically. The y-axis is the NPV target value while the x-axis
depicts the percentage change on each of the precedent values (the central point is the base case value at $96.63 at 0%
change from the base value of each precedent). Positively sloped lines indicate a positive relationship or effect while
negatively sloped lines indicate a negative relationship (e.g., investment is negatively sloped, which means that the
higher the investment level, the lower the NPV). The absolute value of the slope indicates the magnitude of the effect
computed as the percentage change in the result given a percentage change in the precedent (a steep line indicates a
higher impact on the NPV y-axis given a change in the precedent x-axis).

The tornado chart (Figure 6) illustrates the results in another graphical manner, where the highest impacting precedent
is listed first. The x-axis is the NPV value with the center of the chart being the base case condition. Green (lighter)
bars in the chart indicate a positive effect while red (darker) bars indicate a negative effect. Therefore, for investments,
the red (darker) bar on the right side indicates a negative effect of investment on higher NPV—in other words, capital
investment and NPV are negatively correlated. The opposite is true for price and quantity of products A to C (their
green or lighter bars are on the right side of the chart).
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Figure 5. Spider Chart
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Figure 6. Tornado Chart Figure 7. Nonlinear Spider Chart
Notes

Remember that tornado analysis is a sfatic sensitivity analysis applied on each input variable in the model—that is, each
variable is perturbed individually and the resulting effects are tabulated. This makes tornado analysis a key component to
execute before running a simulation. One of the very first steps in risk analysis is where the most important impact drivers
in the model are captured and identified. The next step is to identify which of these important impact drivers are uncertain.
These uncertain impact drivers are the critical success drivers of a project, where the results of the model depend on these
critical success drivers. These variables are the ones that should be simulated. Do not waste time simulating variables that
are neither uncertain nor have little impact on the results. Tornado charts assist in identifying these critical success drivers
quickly and easily. Following this example, it might be that price and quantity should be simulated, assuming that the
required investment and effective tax rate are both known in advance and unchanging.

Although the tornado chart is easier to read, the spider chart is important for determining if there are any nonlinearities in

Real Options Valuation £

the model. For instance, Figure 7 shows another spider chart where nonlinearities are fairly evident (the lines on the graph
are not straight but curved). The example model used is Tormado and Sensitivity Charts (Nonlinear), which applies the Black-
Scholes option pricing model. Such nonlinearities cannot be ascertained from a tornado chart as readily, and may be
important information in the model or provide decision makers important insight into the model’s dynamics. For instance,
in this Black-Scholes model, the fact that stock price and strike price are nonlineatly related to the option value is important
to know. This characteristic implies that option value will not increase or decrease proportionally to the changes in stock or
strike price, and that there might be some interactions between these two prices as well as other variables. As another
example, an engineering model depicting nonlinearities might indicate that a particular part or component, when subjected

to a high enough force or tension, will break. Clearly, it is important to understand such nonlinearities.
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