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Sensitivity analysis
Low 

amount

Base 

amount

High 

amount

Range of 

estimate

Units produced CHANGED, units 50 75 100 50

NPV 1 037 8 209 15 380 14 343

Inflation on selling price CHANGED, % 

p.a.
5,00% 6,00% 9,00% 4,00%

NPV 7 300 8 209 11 019 3 719

Inflation on all expenses CHANGED, % 

p.a.
10,00% 8,00% 7,00% -3,00%

NPV 6 949 8 209 8 826 1 877

Interest rate on loans CHANGED, % p.a. 12,00% 8,00% 7,00% -5,00%

NPV 7 673 8 209 8 343 670

Total trade receivables CHANGED, USD 

thous.
1 000 740 500 -500

NPV 7 018 8 209 9 308 2 291

Total trade payables CHANGED, USD 

thous.
300 462 500 200

NPV 8 036 8 209 8 946 910



The Scenario analysis is focused on the assessment of Project’s NPV,
IRR and other Key profitability ratios as an impact of set of Key
parameters meanings for 3 scenario: Pessimistic, Basic (Most likely) and
Optimistic.

Scenario analysis

© Mikhail Cherkasov

Sensitivity Analysis 

(Scenarios)
Y0 Y1 Y2 Y3 Y4 Y5

BASIC (Most Likely) Scenario 0 1 2 3 4 5

Units produced within the period, units 0 75 30 125 150 175

Inflation on selling price of produced units, % p.a. 0 6,00% 5,00% 4,50% 4,00% 4,00%

Inflation on all expenses of produced units, % p.a. 0 8,00% 7,00% 6,00% 5,00% 4,50%

Interest rate on loans, % p.a. 0 8,00% 7,00% 6,00% 5,00% 4,50%

Total stable amount of trade receivables, USD thous. 0 740 311 1 352 1 687 2 047

Total stable amount of payables, USD thous. 0 462 293 821 996 1 182

NPV (Net Present Value) 8 209



Scenario analysis
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PESSIMISTIC (Low) Scenario
Units produced within the period, units 0 50 20 83 100 117

Inflation on selling price of produced units, % p.a. 0 5,00% 4,17% 3,75% 3,33% 3,33%

Inflation on all expenses of produced units, % p.a. 0 10,00% 8,75% 7,50% 6,25% 5,62%

Interest rate on loans, % p.a. 0 12,00% 10,50% 9,00% 7,50% 6,75%

Total stable amount of trade receivables, USD thous. 0 1 000 420 1 828 2 281 2 768

Total stable amount of payables, USD thous. 0 300 190 533 647 769

NPV (Net Present Value) -2 907

OPTIMISTIC (High) Scenario
Units produced within the period, units 100 40 167 200 233

Inflation on selling price of produced units, % p.a. 9,00% 7,50% 6,75% 6,00% 6,00%

Inflation on all expenses of produced units, % p.a. 7,00% 6,13% 5,25% 4,37% 3,94%

Interest rate on loans, % p.a. 7,00% 6,13% 5,25% 4,37% 3,94%

Total stable amount of trade receivables, USD thous. 500 210 914 1 141 1 384

Total stable amount of payables, USD thous. 500 317 889 1 079 1 281

NPV (Net Present Value) 21 339



Uncertainty and Probability
Ever when assessing the risks probability we face a problem of Expected NPV :
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NPV
Project A

Project B

15,00

16,00



The Mean (average, «среднее арифметическое») is:
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Mean = 

600 + 470 
+ 170 + 

430 + 300 = 
1970

= 394

5 5

Each dog’s difference from the Mean is:

Statistics for undedicated



The Variance («дисперсия», measures how far a set of numbers is
spread out) is the average for squared differences of each entry with the
Mean:
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The Standard deviation (Population formula, «стандартное
отклонение», measures the amount of variation or dispersion from the
average (Mean):
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Statistics for undedicated



In our case the Standard deviation is calculated by simplest way as a 
square root of Variance :

Standard Deviation: σ = √21 704 = 147,32... = 147 (to the nearest one mm)
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There exists another one formula for the Standard deviation named
“Sample” . It describes the situation when the massif includes not all
possible variables.

Statistics for undedicated



ANNUAL CASH FLOWS:  YEAR 1
PROPOSAL A

State Probability Cash Flow

Deep Recession .05 $   -3,000
Mild Recession .25 1,000
Normal .40 5,000
Minor Boom .25 9,000
Major Boom .05 13,000

ANNUAL CASH FLOWS:  YEAR 1
PROPOSAL A

State Probability Cash Flow

Deep Recession .05 $   -3,000
Mild Recession .25 1,000
Normal .40 5,000
Minor Boom .25 9,000
Major Boom .05 13,000

Uncertainty and Probability

Discrete distribution of total risks:
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Cash Flow ($)

Proposal A

Uncertainty and Probability

Probability Distribution of Year1 Cash Flows:



CF1 P1 (CF1)(P1)

$   -3,000 .05 $  -150
1,000 .25 250
5,000 .40 2,000
9,000 .25 2,250

13,000 .05 650
Σ=1.00 CF1=$5,000

CF1 P1 (CF1)(P1)

$   -3,000 .05 $  -150
1,000 .25 250
5,000 .40 2,000
9,000 .25 2,250

13,000 .05 650
Σ=1.00 CF1=$5,000

Expected Value of Year1 Cash Flows (Proposal A ):

Uncertainty and Probability



(CF1)(P1) (CF1 - CF1)2(P1) 

$  -150 ( -3,000 - 5,000)2 (.05)
250 (  1,000 - 5,000)2 (.25)

2,000 (  5,000 - 5,000)2 (.40)
2,250 (  9,000 - 5,000)2 (.25)

650 (13,000 - 5,000)2 (.05)
$5,000

Variance of Year1 Cash Flows (Proposal A ):

Uncertainty and Probability



(CF1)(P1) (CF1 - CF1)2*(P1) 

$  -150 3,200,000
250 4,000,000

2,000 0
2,250 4,000,000

650 3,200,000
$5,000 14,400,000

Variance of Year1 Cash Flows (Proposal A ):

Uncertainty and Probability



Summary of Proposal A

The standard deviation = 14,400,000 = 
$3,795

The expected cash flow 
= $5,000

Coefficient of Variation (CV) = $3,795 / 
$5,000 = 0.759

CV is a measure of relative risk and is the ratio of
standard deviation to the mean of the distribution.

Uncertainty and Probability



ANNUAL CASH FLOWS:  YEAR 1
PROPOSAL B

State Probability Cash Flow

Deep Recession .05 $   -1,000
Mild Recession .25 2,000
Normal .40 5,000
Minor Boom .25 8,000
Major Boom .05 11,000

ANNUAL CASH FLOWS:  YEAR 1
PROPOSAL B

State Probability Cash Flow

Deep Recession .05 $   -1,000
Mild Recession .25 2,000
Normal .40 5,000
Minor Boom .25 8,000
Major Boom .05 11,000

Uncertainty and Probability

Discrete distribution of total risks:
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Cash Flow ($)

Proposal B

Uncertainty and Probability

Probability Distribution of Year1 Cash Flows:



CF1 P1 (CF1)(P1)

$   -1,000 .05 $    -50
2,000 .25 500
5,000 .40 2,000
8,000 .25 2,000

11,000 .05 550
Σ=1.00 CF1=$5,000

CF1 P1 (CF1)(P1)

$   -1,000 .05 $    -50
2,000 .25 500
5,000 .40 2,000
8,000 .25 2,000

11,000 .05 550
Σ=1.00 CF1=$5,000

Expected Value of Year1 Cash Flows (Proposal B ):

Uncertainty and Probability



(CF1)(P1) (CF1 - CF1)2(P1)

$    -50 ( -1,000 - 5,000)2 (.05)
500 (  2,000 - 5,000)2 (.25)

2,000 (  5,000 - 5,000)2 (.40)
2,000 (  8,000 - 5,000)2 (.25)

550 (11,000 - 5,000)2 (.05)
$5,000

(CF1)(P1) (CF1 - CF1)2(P1)

$    -50 ( -1,000 - 5,000)2 (.05)
500 (  2,000 - 5,000)2 (.25)

2,000 (  5,000 - 5,000)2 (.40)
2,000 (  8,000 - 5,000)2 (.25)

550 (11,000 - 5,000)2 (.05)
$5,000

Variance of Year1 Cash Flows (Proposal B ):

Uncertainty and Probability



(CF1)(P1) (CF1 - CF1)2(P1)

$    -50 1,800,000
500 2,250,000

2,000 0
2,000 2,250,000

550 1,800,000
$5,000 8,100,000 

Variance of Year1 Cash Flows (Proposal B ):

Uncertainty and Probability



Summary of Proposal B

The standard deviation of B < A ($2,846< $3,795), so “B” is 
less risky than “A”.

The coefficient of variation of B < A (0.569<0.759), so “B” has 
less relative risk than “A”.

The standard deviation = 8,100,000 
= $2,846

The expected cash flow = $5,000
Coefficient of Variation (CV) = $2,846 / $5,000 

= 0.569

Uncertainty and Probability



The z-Score (number of Standard deviation ) means the distribution of
probability which tends to Normal (Gaussian ) distribution .
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Gauss Carl Friedrich 
1777-1855

Statistics for undedicated



The distribution of various random numbers (stochastic) is described by
following graph (in case of Normal distribution ).
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Statistics for undedicated



Normal distribution dispersion probability:
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Statistics for undedicated



Distribution of probability for my Project:
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Sensitivity Analysis (Statistics 

Probabilities)
Y0 Y1 Y2 Y3

NPV Mean Variance
Standard 

deviation

Median 
(splits the 

massif)

-6 304

-4 579

-2 907

-908

204

1 235

3 476

5 783

8 209

12 367

15 879

21 339

22 416

The most probable range of NPV Lowest Median Mean Highest

Probability 68,27% -3 339 3 476 5 862 15 064

 Dispersion with random fluctuations of 

key parameters
5 862 91 717 650 9 201 3 476

Statistics for undedicated



In order to evaluate uncertainty factors impact on the Project Monte-Carlo model is
used to construct "stochastic" or probabilistic financial models as opposed to the
traditional static and deterministic models. This approach is named “Simulation ”.
Here, in order to analyze the characteristics of a project’s NPV, the cash flow
components that are (heavily) impacted by uncertainty are modeled, incorporating
any correlation between these, mathematically reflecting their "random characteristics".
Then, these results are combined in a histogram of NPV (i.e. the project’s probability
distribution, and the average NPV of the potential investment - as well as its volatility and
other sensitivities - is observed. This distribution allows for an estimate of the probability
that the project has a NPV greater than zero (or any other value).

© Mikhail Cherkasov

Statistics for undedicated

Monte-Carlo model : (in mathematics) is based on using
of random (stochastic) numbers for calculation of real
amount. For curvilinear trapezoid square calculation we
create a rectangle touching at least 1 point of the graph.
Then inside the rectangle the random points are sowed
out: K – points inside trapezoid, N – outside of it. Then the
square of trapezoid is S trap = S rect * K/N.



In order to provide Simulation analysis the special Excel superstructure
named @RISK is used.
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Simulation Analysis



Simulation analysis supposes that Each variable is assigned an
appropriate probability distribution. For example, the distribution for the
selling price might look like (with respective probability):

© Mikhail Cherkasov

$10 $15    $20    $25 $30    $35 $40
.02 .08 .22     .36     .22     .08 .02   

The resulting proposal value is dependent on 
the distribution and interaction of Every 

variable included into the model.

Simulation Analysis



Projects have risk that 
may change from 
period to period.

Projects are more 
likely to have 

continuous, rather 
than discrete 
distributions. 
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Uncertainty and Probability



Node 1:  20% chance of a     
$1,200 cash-flow.

Node 2:  60% chance of a     
$450 cash-flow. 

Node 3:  20% chance of a     
-$600 cash-flow.

-$900

(.20)  $1,200

(.20)    -$600

(.60)     $450

Year 1

1

2

3

Uncertainty and Probability

Probability tree approach:



Each node in 
Year 2 

represents a 
branch of our 

probability tree.

The 
probabilities 

are said to be 
conditional 

probabilities.

-$900

(.20)  $1,200

(.20)    -$600

(.60)     $450

Year 1

1

2

3

(.60) $1,200

(.30)  $   900

(.10)  $2,200

(.35) $   900

(.40) $   600

(.25) $   300

(.10) $   500

(.50) -$   100

(.40) -$   700

Year 2

Uncertainty and Probability

Probability tree approach:



.02   Branch 1

.12   Branch 2

.06   Branch 3

.21   Branch 4

.24   Branch 5

.15   Branch 6

.02   Branch 7

.10   Branch 8

.08   Branch 9

-$900

(.20)  $1,200

(.20)    -$600

(.60)     $450

Year 1

1

2

3

(.60)  $1,200

(.30)  $   900

(.10)  $2,200

(.35)  $   900

(.40)  $   600

(.25) $   300

(.10)  $   500

(.50) -$   100

(.40) -$   700

Year 2

Uncertainty and Probability

Joint probabilities for each branch:



Uncertainty and Probability

NPV for each cash-flow stream at 5% of 
Risk-free rate:

$ 2,238.32

$ 1,331.29

$ 1,059.18

$    344.90

$      72.79

-$    199.32

-$ 1,017.91

-$ 1,562.13

-$ 2,106.35

-$900

(.20)  $1,200

(.20)    -$600

(.60)     $450

Year 1

1

2

3

(.60)  $1,200

(.30)  $   900

(.10)  $2,200

(.35)  $   900

(.40)  $   600

(.25) $   300

(.10)  $   500

(.50) -$   100

(.40) -$   700

Year 2



Uncertainty and Probability

Calculating the Expected NPV for each 
cash-flow stream at 5% of Risk-free rate:

Branch NPVi
Branch 1 $ 2,238.32
Branch 2 $ 1,331.29
Branch 3 $ 1,059.18
Branch 4 $    344.90
Branch 5 $      72.79
Branch 6 -$    199.32
Branch 7 -$ 1,017.91
Branch 8 -$ 1,562.13
Branch 9 -$ 2,106.35

P(1,2)       NPVi * P(1,2) 
.02   $  44.77
.12   $159.75
.06   $  63.55
.21   $  72.43
.24   $  17.47
.15   -$  29.90
.02   -$  20.36
.10   -$156.21
.08   -$168.51

Expected Net Present Value = -$  17.01



Uncertainty and Probability

Calculating the NPV Variance
for each cash-flow:

NPVi
$ 2,238.32
$ 1,331.29
$ 1,059.18
$    344.90
$      72.79
-$    199.32
-$ 1,017.91
-$ 1,562.13
-$ 2,106.35

P(1,2)      (NPVi - NPV )2[P(1,2)]
.02   $ 101,730.27
.12   $ 218,149.55
.06   $   69,491.09
.21   $   27,505.56
.24   $     1,935.37
.15   $     4,985.54
.02   $   20,036.02
.10   $ 238,739.58
.08   $ 349,227.33

Variance = $1,031,800.31



Uncertainty and Probability

Summary of analysis of the 
Probability Tree :

The standard 
deviation = 

$1,031,800=  

$1,015.78

The expected NPV         
= -$     17.01



Real (Managerial) Options Analysis (ROA)

A Real Option is the right (not the obligation!!!) to undertake
certain business actions such as: deferring, abandoning,
expanding, staging, or contracting a capital investment
project. Valuation (or Analysis) of Real Options is one of the key
objectives of Capital Budgeting (Investment Project
Management).
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Real (Managerial) Options Analysis (ROA)

A Real Option includes following opportunities:

Expand (or contract)

• Allows the firm to expand (contract) production if conditions 
become favorable (unfavorable).

Abandon

• Allows the project to be terminated early.

Postpone

• Allows the firm to delay undertaking a project (reduces 
uncertainty via new information).



Assume that 
this project can 
be abandoned

at the end of 
the first year 

for $200.

What is the 
project NPV ?

-$900

(.20)  $1,200

(.20)    -$600

(.60)     $450

Year 1

1

2

3

(.60)  $1,200

(.30)  $   900

(.10)  $2,200

(.35)  $   900

(.40)  $   600

(.25) $   300

(.10)  $   500

(.50) -$   100

(.40) -$   700

Year 2

Real (Managerial) Options Analysis (ROA)
Abandonment Option Valuation:



Node 3:

(500/1.05)(.1)+ 
(-100/1.05)(.5)+ 
(-700/1.05)(.4)=

($476.19)(.1)+   
-($  95.24)(.5)+    
-($666.67)(.4)= 

-($266.67)

-$900

(.20) $1,200

(.20)    -$600

(.60) $450

Year 1

1

2

3

(.60)  $1,200

(.30)  $   900

(.10)  $2,200

(.35)  $   900

(.40)  $   600

(.25) $   300

(.10)  $   500

(.50) -$   100

(.40) -$   700

Year 2

Real (Managerial) Options Analysis (ROA)
Abandonment Option Valuation:



-$900

(.20) $1,200

(.20)    -$600

(.60) $450

Year 1

1

2

3

(.60)  $1,200

(.30)  $   900

(.10)  $2,200

(.35)  $   900

(.40)  $   600

(.25) $   300

(.10)  $   500

(.50) -$   100

(.40) -$   700

Year 2

The optimal 
decision at the 
end of Year 1 is 
to abandon the 
project for $200.

$200 >

-($266.67)

What is the 
“new” project 

value?

Real (Managerial) Options Analysis (ROA)
Abandonment Option Valuation:



$ 2,238.32

$ 1,331.29

$ 1,059.18

$    344.90

$      72.79

-$    199.32

-$ 1,280.95

-$900

(.20)  $1,200

(.20)    -$400*

(.60)     $450

Year 1

1

2

3

(.60)  $1,200

(.30)  $   900

(.10)  $2,200

(.35) $   900

(.40)  $   600

(.25) $   300

(1.0) $       0

Year 2

*-$600 + $200 abandonment

Real (Managerial) Options Analysis (ROA)
Abandonment Option Valuation:



* For “True” Project considering abandonment option

The standard deviation* = 740,326 =   $857.56
The expected NPV*         = $ 71.88

NPV* = Original NPV + 
Abandonment Option

Thus, $71.88   =   -$17.01 + Option

Abandonment Option      =   

Real (Managerial) Options Analysis (ROA)

Summary of analysis of the Abandonment Option :


