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SENSITIVITY ANALYSISIN CAPITAL BUDGETING

Investments are one of the main factors of
economic growth. In market economy, acrucial condition
for sustained viability and development of enterprisesis
the efficiency of capital invested in projects. Thedecision
to finance certain project isdetermined by the goalswhich
the company has set to itself.

Development of the enterprise may be carried out
in different directions. Some enterprises plan to develop
and organi ze manufacturing of new products, while others
purchase new equipment and thus want to reduce
production costs; others are planning creation of a new
sales structure. Despite the difference in development
strategies, al of them have one common feature— almost
every company represents an investment project or a set
of them. It is necessary to create project, to analyze its
strengths and weaknesses, to represent it to potential
investors, to ensure its funding and effectively manage
the process of its implementation. It means that there is
no need to avoid risks. The main purpose isthe ability to
assess risk of the investment project and take measures
to reduce its negative consequences.

Project risks — a set of risks which threaten the
investment project or may reduce its efficiency
(commercial, economic, fiscal, social, etc.) [1, p. 86].

Nowadaysunder conditions of global financial crisis
the amount of investment project has reduced. Thus,
investorsare not absolutely surethat the project will bring
benefits and profitsin future.

Under such conditions occurs the necessity in such
methods of risk estimation which will help to take into
account risk at the stage of making and realisation of
decisions. One of these methods is sensitivity analysis
(SA). “ SA shows to what extent the viability of a project
is influenced by variations in major quantifiable
variables’ [2, p. 173].

Analytical sense of the method of risk assessment
is as follows: the greater the range of fluctuationsin the
initial parameters (under which it is rated) of the project
is, the less risky this project can be [3, p. 64 — 65].

To find out whether SA is effective for investment
project or not, it isnecessary to examineit in more details,
to identify its purposes, advantages and disadvantages.

According to Pedro Belli et al, sensitivity analysis
assesses risks by identifying the variables that most

influence aproject’snet benefitsand quantifying the extent
of their influence. It consists of testing the effects of
variations in selected cost and benefit variables on the
project’'sIRR or NPV [4, p. 85]. In general the algorithm
of investment project risks analysis is presented in
Figurel.

So, SA is one of the tools of quantity risk analysis
and its purpose isto identify numerical values of the risk
events and their consequences, make quantitative
evaluation of risk, and establish a valid risk level in a
particular situation [5, p. 34]. Quantitative assessment
of the likelihood of some risks and their consequences
allows us to find out the most probable according to
their occurrence and magnitude value losses risks, which
could be objects of the further andysisfor making decision
about the project feasibility [6, p. 490].

As Colin Drury points out, “ SA enables managers
to assess how sensitive and responsiveis NPV to changes
inthevariableswhich are used to calculateit” [7, p. 405].
NPV depends on a number of independent variables:

* salesvolume;

« selling price;

* variable costs;

«initia outlay;

* investment costs and their components;

« interest on loans, the discount rate, etc. [8, p. 92].

Drury states, the approach requires that the NPV's
are to be calculated under alternative assumptions to
determine how sensitive they are to changing conditions
[7, p. 405]. It means SA showsto what extent the viability
of a project is influenced by variations in major
guantifiable variables.

Dueto the application of SA itispossibleto indicate
those variables to which NPV is most sensitive, and the
extent to which these variables may change before the
investment resultsin anegative NPV [7, p.406]. In other
words, SA helps to find out why a project might fail.
According to this, it is necessary to review any critica
variables to assess whether there is a strong possibility
of events occurrence leading to a negative NPV or not
(Fig. 1). Besides, it is also important to pay attention to
the controll of those variables that NPV is particularly
sensitive to, once the decision has been taken to accept
the investment [7, p. 405].
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Fig. 1. Algorithm of investment project risksanalysis

Three specific areas are normally considered when
conducting SA:

Aggregate costsand benefits. Simple SA of variations
effectsin total project costs and total project benefitsis
often aimed to indicate the joint influence of underlying
variables. However, in some special cases only thistype
of analysis does not assist judgments on the range of
likely variation, or on the specific measures that might
reduce project risks.

Critical cost and benefit items. SA is usually most
effective if costs and benefits are subdivided into
disaggregated in some detail. SA is best done in respect
of individual parameters that are most critical to the
project. Concerning the benefit side, detailed SA typicaly
includes such parameters as output prices or tariff levels,
unit cost savings, and expected rate of growth in demand
for project outputs. Talking about the cost side, such
analysis typically involves productivity coefficients and
prices of major inputs. SA examines shadow prices used
in the economic analysis.

The effects of delays. Such types of delay as delays
in starting the project during the construction phase, and
delaysin reaching full capacity utilization (asinindustrial
projects) or inreaching full development (asin agricultural

projects) may occur in projects. Thus, it is important to
include the relevant delay factors in sensitivity tests [4,
p. 85].

Taking into account the data above, it is necessary
to mention that SA helps to identify project risks and
make quantitative evaluation of them. But it is obvious
that any method and analysis of investment project has
its own strength and weaknesses. SA advantages and
disadvantages are considered in the next section.

There are some advantages of using SA in
investment project. Firstly, “ it shows how significant any
given input variable is in determining a project” s
economicworth” [9, p. 8— 62]. It meansthat the anaysis
displays the range of possible outcomes for the range of
input values, which shows decision makers the input
valuesthat would have an impact on the project and make
it either “aloser or awinner” [9, p. 8 — 62].

Secondly, SA is an excellent technique to answer
“what if” question (e.g. What if the value of X factor
will changeto N points?). “ Generating answersto «what
if» question will help assess how well a proposal will
stand up to scrutiny” [9, p. 8 — 62].

Thirdly, SA isuniversal for the project. Thus, it can
be used for any measure of the project worth.
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Table 1
Calculation techniqueof theinvestment project critical points[8, p.93].

Critical Point Formula for calculating

Break-even annual sales One = IC - DFM4(r,n) FC
(P-VC)(1- taxyFM 4(r,n) P-VC
Break-even unit price _1C- FMA4(r,n)[D - (- tax)FC] VG
Q* FM 4(r,n)(1- tax)
Bresk-even variable costs per unit of IC- FM4(r,n)[D - (1- tax)* FC]
production Vo= B Q* FM4(r,n)(1- tax)
Breakeven annual fixed costs Q*(p; - VC)(1- tax) + D IC
FCee = (1- tax) " (- ta)FM 4

Maximum permissible value of the initia

investment costs

ICee= ([Q( P, - VC)-FC](1-tax)+D)FM4

Maximum income tax rate

taXmax = 1

_ IC- D* FM4(r,n)
([Q(p; - VC) - FCIFM 4(r,n)

Payback period of investment project

. IC
[Q(p, - VC) - FC](1- tax) + D

And the last but not the least, this type of analysis
can be used when there is not enough time, recourses
and information that is necessary for more detailed and
sophisticated techniques [9, p. 8 — 63].

Moving on, SA is quite simple for practical
application, but it hassignificant disadvantages. The main
drawback is that SA does not take into account the
probabilities of events occurrence [4, p. 87]. In other
words it does not contain “ any explicit probabilistic
measure of risk exposure” [9, p. 8 — 63]. In this case
information has limited usage because it is unknown
whether this or that event is highly probable or highly
unlikely. Inthelast case, it can be argued that information
is useless for practical purposes.

The next disadvantage is that SA “ does not take
into account the correlation among the variables’ [4,
p. 88]. So, during this analysis the influence of each
separate variable on the resulting value is considered.
However, in practice, al variables affect the results of
the project and at the same time impair or improve NPV
resulting value (Tab. 1).

Finally, the practice of varying the values sensitive
variables by some arbitrary percentage may cover most
of the distribution for some variables, and only afraction
for others [4, p. 87].

Method of SA combines both significant

shortcomings and such advantages as theoretical
transparency, simple calculations, the economic-
mathematical naturalness and visibility of their
interpretation and is quite simple in its methodol ogy.

Asit has been mentioned SA of investment project
is used to assess the impact of any parameter of the
project on its results under the condition that other
parameters remain unchanged.

The techniques of SA conduction are as follows:

* Calculation of initia data;

« Calculation of critical points of investment project
(the most secure setting in which the break-even level of
production is achieved);

« Calculation of the sensitive margin of the factors
(it shows the percentage may reduce the index under
review to save the project from the losses zone);

» Ranking project indexes in terms of their impact
on NPV [10].

SA helpsto evaluate the effect of various parameters
on the baseline index of the project (NPV). The next
model of NVP dependence on external and internal
indicatorsis used:

NVP = (Qp - VCQ—-FC—tax+D) * FM4(r,n)—IC, (1)

where Q — annual sales; D — value of annual
depreciation; tax — annual value of profit tax; IC —
initial investment outlay.
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Having found out these indicators, we pass to the
calculation of the investment project critical points and
their sensitive margin (SM) (Tab. 1).

The next step is calculation of IRR:

F

NPVerny — Zi m— ic—a )

After it sensitive margin of project indexes is
calculated [8, p.93]:

Mo = &*100%;

Q
S\Api: w*loo%,

P
SMVC=M*1OO%;
SMec = M*lOO%;
My = M*lOO%;
SMm:M*loo%;

tax
= PP 1000

n
= PR 10006
r

The lower value of SM is, the more vulnerable to
the negative impact of external and internal factors the
investment project is. It means the project which is
represented by financial indexes with low values of
sensitive margin has the higher degree of risk [8, p. 95].

Finally, indexes of the project are ranked by the
dependency on external and internal factors. Indexes
which have the highest degree of influence on results of
investment project take the highest position in this rank
[6, p. 500].

SA considers the change of each variable of the
project revealing the value of their critical values. InSA a
separate effect of each of them on the resulting value is
examined. Itisadvisableto usethismethod in conjunction
with other methods of quantitative risk analysis of
investment project at the stage of ranking factors by
dependency of their influence on the result.

Due to SA such data could be determined, which
have high level of impact on the project and could lead to
negative results. Besides, this method allows to identify
the strongest indexes which may compensate somerisks.

Nevertheless, the impact of each project index on
theresult is examined separately. It means, in practice al
variables affect the results of the project at the same
time having positive or negative impact on the NPV.

In conclusion, according to Pike and Ho, “ SA is
the most frequently used formal risk measurement
technique” [11]. It is popular because of its simple
methodology, which boils down to the next steps:

* Calculation of initial data;

« Calculation of critical pointsof investment project;

« Calculation of the sensitive margin of the factors;

 Ranking project indexes in terms of their impact
on NPV.

Even without undertaking relatively complex
procedures which explicitly involve probabilities in
sampling scenarios or interpretation of results, SA isa
powerful and illuminating methodology. The simple
approach to SA is easy to take, easy to understand, easy
to communicate, and it is applicable to any model.

It is obvious that the biggest disadvantage is that
thismethod isunivariate[11]. It meansthat SA isoriented
on changing only in onefactor of the investment project.
While, in real life, changesin one factor lead to changes
in others.

Answeringthe main question, itisimportant to state
that SA isvery effectivefor theinvestigation of the project
risks. But, SA can be used in conjunction with other
methods of quantitative analysisto get the morereliable
information about the risk of investment project.
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Zhamoida O. A., Matsiuk M. S. Sensitivity
Analysis in Capital Budgeting

Nowadays because of unstable economical situation
appears the necessity in such methods of risk estimation
which will help to take into account risk at the stage of
making and realisation of decisions. One of these methods
is sensitivity analysis. Term “sensitivity analysis’ is
defined, the basicideaand purposes of sensitivity analysis
are presented, advantages and disadvantages of this
method are specified in the article.

Key words: sensitivity analysis (SA), investment
project, risk, project risk, measure, methodology, net
present value (NPV), internal rate of return (IRR).

Kamoiiga O. A., Mamok M. C. Bukopucranus
aHAJI3y YYTTEBOCTI Mil 4ac po3paxyHKy peHTa0e Ib-
HOCTi KamiTaJoBKJIaJeHb

Cporofii 3a yMoB HecTab1IbHOT eKOHOMIUHOT CUTY-
arii B KpaiHi 3’ sIBIII€THCS TOTPe0a B TAKUX METO1aX BUMi-
PIOBaHHS PU3HUKIB, SKi J03BOJATH ypaxyBaTH Oyab-sKi
BiJIXUJICHHSI HA CTaIisIX IPUKAHSATTS Ta peaisailii iHBeCTH-
HiHHUX pinteHb. OTHUM 3 TAKHX METO/IB € aHaJI3 UyTTeE-
BOCTI. Y CTarTi BA3HAYCHO MOHATTS ,, aHAJI3 yTTEBOCTI”
PO3KpUTO HOT0 3MICT Ta OCHOBHI ITiJIi, aKIIEHTOBAHO YBa-
Ty Ha HEJIOJIIKaxX Ta ImepeBarax IbOr0 METOIY.

Kniouosi cnosa: anaii3 4yTTEBOCTI, iIHBECTUIIHHHN
MIPOEKT, PU3UK, IHBECTUIITHUI pU3HK, METOJI0JIOTis, YUC-
Ta MOTOYHA BAPTICTh, BHYTPIIIHS HOpMa MTPUOYTKY.

Kamoiiga A. A., Manwk M. C. UcnoJub3oBa-
HHE aHAJIN3a YYBCTBUTEJHLHOCTH NPH pacyere peH-
TA0€JbHOCTH KANHUTAJIOBJIOKEHHH

CerojHs B yCIOBHSX HECTAOMIILHON SKOHOMHUYEC-
KO CHTYAI[MH B CTPaHe BO3HUKAET MOTPEOHOCTh B TAKUX
MeToaax I/ISMCpeHI/IH pI/ICKOB, KOTOpI)IC TI03BOJISIT y‘lCCTB
JIF0OBbIe OTKIIOHEHUS Ha CTAAUAX IPUHSTHS U PEaTH3aI[HH
WHBECTULIMOHHBIX pemeHrnid. OHUM U3 TaKUX METOIOB
SABJISACTCA aHAJIN3 I'IyBCTBI/ITGJ'H:»HOCTI/I. B CTaThe onpenenﬁ-
€TCsI IOHITHE «aHAIN3 YyBCTBUTEIHLHOCTH, pACCMATPH-
BAIOTCS €r0 COJICPKAHNE M OCHOBHBIC 1IEJIH, aKIICHTHPY-
€TCsJ BHUMAHHNEC HA HEJOCTATKax 1 HpCI/IMyU_[CCTBaX JaH-
HOI'0 METO/IA.

Kouesvle cnosa. aHanu3 4yBCTBUTEIBHOCTH, UH-
BECTULMOHHBIN IIPOEKT, PUCK, UHBECTULIMOHHBIA PUCK,
METOJI0JIOTHsI, YACTAasl TEKYIIasi CTOMMOCTh, BHYTPEHHSS
HOpMa JIOXOTHOCTH.
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