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KVANTIFIKACIA RIZIK

RISKS QUANTIFICATION

Riziko je sprievodnym javom kaZdej ludskej cinnosti, kazdej spo-
locenskej existencie, kazdého bytia. Riziko nevznikd ndhodne, ale je
siicastou neistoty a neurcitosti, s ktorou kazdd bytostnd existencia je
spojend. Kazdy sam posudi, aky vplyv md riziko na jeho vlastné
konanie a akd je v danej chvili jeho vyznamnost. Pravda, ¢lovek Zije
v istom spolocenskom i prirodnom prostredi, ktoré tiez obsahujii rizi-
kové prvky. Preto je iicelné stanovit isté pravidlda, ako mozno rizikd
ocenit. V tomto prispevku sa popisuju niektoré z moznych rieseni.

1. Podmienky pre kvantifikaciu rizik

Clovek svoje konanie nemoze vykonavat iba v prostredi istoty,
pretoze istota sa moze dosiahnut iba za predpokladu, Ze vysledok
Iudskej cinnosti je jednoznaény, Ze nejestvuje nijaké iné alterna-
tivne rieSenie, pre ktoré by sa musel ¢lovek rozhodovat. Ak clovek
kona, kona vzdy pod vplyvom istych okolnosti. Pochopitel'ne usiluje
o to, aby jeho konanie malo nielen zmysel, ale aby viedlo k ocaka-
vanému vysledku a to ¢o mozno bez najmensSich prekazok. Svoje
usilie o vysledok vedome €i podvedome podriaduje istym zasadam
pri¢innosti, kauzality s tym imyslom, aby sa vyhol pripadnym ciast-
kovym netspechom a dosiahol svoj ciel racionalnym spdsobom.
Cielové konanie nie je vSak vzdy priamociare, je spojené s prekaz-
kami, neznalostami o buducnosti, alebo i nedostato¢nym ovlada-
nim ¢i prispdsobenim sa prostrediu, v ktorom Clovek svoje aktivity
vykonava.

Riziko suvisi tak s objektivnou realitou ako aj so subjektivnym
konanim. Clovek Zije v istom Zivotnom prostredi, ktoré je dané
prirodnymi i spolocenskymi podmienkami. Pravda, tieto podmienky
moze Clovek istym sposobom ovplyviiovat, ale jeho bezprostredny
vplyv na prostredie je velmi obmedzeny. Clovek si nemdze vytvorit
vlastny svet, ktory by zodpovedal jeho idealom, ale musi sa pod-
riadif podmienkam, v ktorych Zije a pdsobi. Na druhej strane vSak
Clovek je z existencnych dovodov povinny konat v danom prostredi.
Kedze prostredie neovlada, kona v iom s istou mierou neurcitosti,
neistoty a nepozna dopredu, aky vysledok jeho aktivity dosiahnu.
Takato neurcitost je zdrojom rizika z dosiahnutel'ného vysledku.

Ludské konanie sa viaze vzdy na konkrétnu ¢innost a konkrétne
prostredie. Jeho Cinnost je vzdy spojena s istou mierou rizika.

* Prof. Jan Mikolaj, DrSc.

Risk is an inherent phenomenon of every human activity, of every
social existence, of every human being. Risk is not coming into exis-
tence accidentally but is a part of incertitude and uncertainty that
each entity is coupled with. Everybody shall judge what kind of influ-
ence has an occurring risk on his own action and what is its signifi-
cance in a given while. In fact, human being lives in certain social
and natural environment which also contains danger fragments. There-
fore, it advisable to determine some rules how to evaluate possible risk
situations. In this article some of possible solutions are interpreted.

1. Prerequisites for risks quantification

Man cannot perform his own activity only in the environment
of certainty since a certainty can be reached only under such
assumption that a result of human activity is unique and that any
other positive alternative solution does not exist. When man acts,
he acts always under influence of certain circumstances. Naturally,
man endeavours to act in such a way that his actions have not only
significance but also lead without whatever possible obstacles to
an expected result. Man wittingly or unconsciously subordinates
his effort to reach an outcome under condition of causality in order
to evade a possible partial rebuff and to reach the aim in a ratio-
nal way. The aiming result is not always reached straightforwardly.
To reach a required result is always connected with obstacles, with
non-acquaintance of the future, or even with insufficient command
or with insufficient adaptability to the real environment in which
man executes his own activities.

The risk relates to objective reality as well as to subjective
activity. Man is living in the specific living environment that is
given by natural and social conditions. Man can in some way influ-
ence these conditions but his direct impact on the environment is
very limited. Man cannot create his own world that would respond
to his ideals but he has to subordinate himself to the conditions
he lives with. On the other hand, man needs to act in the given
environment due to the reasons of existence. Since man does not
manage the environment he acts in it with some rate of uncertainty,
incertitude and does not know in advance what kind of result his
activities can achieve. This kind of uncertainty is a source of risk
from accessibility of the result.
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Riziko ako miera neurcitosti sa teda viaZze vZdy na urcité konanie
a na urcité prostredie, v ktorom tvoriva ¢innost ¢loveka prebieha.
Miera rizika suvisiaca s konkrétnym konanim méze byt vel'mi roz-
manita. Zavisi to od toho, ako ¢lovek svoju pracu ovlada a ako sa
prostredie k praci ¢loveka zachova. Preto riziko nema objektivnu
platnost, ale viaze sa vzdy na Specificku ¢innost a Specifické pro-
stredie. Mierou rizika potom bude miera neistoty a neurcitosti
s akou Clovek svoje $pecifické Cinnosti vykonava.

Ur¢itost v konani sa moZe charakterizovat ako stav, v ktorom
sa dosiahne jednoznacny vysledok. V praktickom konani sa takéto
vysledky daju dosahovat prevazne vtedy, ked' sa deje vykonavaju na
zaklade skusenosti, empirie. V technologickych procesoch sa vysky-
tuju vel'mi ¢asto v procesoch bez moznosti vyberu a takmer vyhrad-
ne v synchronizovanych a automaticky riadenych procesoch.

Neurcitost mozno chapat tak, ze vysledok bude sice dosiahnuty
s istou pravdepodobnostou, ale mieru takejto pravdepodobnosti
nemozno bezpecne stanovit.

Riziko bude taky stav neurcitosti, pri ktorom mieru pravdepo-
dobnosti mozno odhadnut. Pri alternativnych rieSeniach mozno
s istotou tvrdit, Ze jedno z rieSeni sa vyskytne, pricom pravdepo-
dobnost jeho vyskytu sa da ocakavat alebo odhadnut.

Uvedené ponimania mézu byt vychodiskom pre stanovenie
miery neurcitosti a miery rizik. Stanovenie takejto miery chapeme
ako rozsah, kvantifikaciu rizika. Kazdé riziko skor, ako sa stanovi
jeho rozsah, musi sa identifikovat, musi sa stanovit jeho obsah.
Stanovenie obsahu rizika je vecou prislusnej vednej discipliny,
v ramci ktorej sa rizika analyzuju.

Kvantifikaciou rizik sa zaobera samostatna disciplina, rizikovd
analyza. Riziko byva predmetom aj inych druhov analyz. Z nich
treba predovsetkym spomenut analyzy spolahlivosti, ktoré sa uplat-
nuju pri skimani technickych a technologickych zariadeni, analyzy
rozhodovania, ktoré sa zasa uplatiuju v riadiacich procesoch, analyzy
akosti (kvality), ktoré sa uplatiuji v produkénych procesoch atd.
Ich stucastou byva vidy analyza rizik. Vzhladom na rozsah pris-
pevku nebudeme sa tymito druhmi analyz zaoberat.

Pri rizikovej analyze sa vychadza z viacero koncepcii. Najviac
pouZivanymi su tieto z nich:
- koncepcia pravdepodobnosti vyskytu rizika,
- koncepcia standardnych rozdeleni,
- koncepcia teorie uZitku,
- koncepcia vplyvu rizika na hodnotu firmy.

V tomto prispevku sa sustredime na tie rieSenia, ktoré suvisia
s hospodarskymi otazkami predovsetkym preto, lebo vysledky aktiv-
nej produktivnej ¢innosti Cloveka sa hodnotia hlavne ich hodno-
tovymi kategoriami.

Human doing is always connected with particular activity and
specific environment. The human activity is also always connected
with some rate of risk. The risk as a measure of uncertainty is
always related to specific procedure and to specific environment
in which the creative activiity of man runs over. The rate of the risk
related to specific activity can be very miscellaneous. It depends
on man how he commands his work and what attitude the envi-
ronment retains to his activities. Therefore the risk does not have
unprejudicated validity but binds itself to special activity and spe-
cific environment. The measure of the risk shall be then a measure
of uncertainty with which man executes his individual activity.

Certainty in human doing can be characterised as a state where
only one outcome can be found. In practical life such outcomes
can be achieved mostly when actions are performed on a basis of
past experience. In technological operations certainty occurs very
often in processes where device does not have any choice and
almost exclusively in synchronised and automatically controlled
processes.

Uncertainty can be apprehended in such a case where the
outcome can be achieved only with certain probability but a measure
of such probability cannot be safely determined.

Risk is such a state of uncertainty where the measure of prob-
ability can be assessed. In alternative solutions it can be claimed
with certainty that one of alternative outcomes occurs and the prob-
ability of its occurrence can be expected or assessed.

Indicated understandings can be used as a starting point for
determination of uncertainty and risk measure. The determination
of risk measure can be considered as a size of its quantification.
Each risk before its size is determined must be identified accord-
ing to its sense. Risk estimation is a matter of relevant discipline
within the frame of which the risk is analysed.

Risk analysis is an independent discipline that deals with the
risk quantification. Risk is an object of other kinds of analyses, too.
The analyses of reliability that are applied in the testing of technical
and technological equipment, decision-making analyses used in man-
agerial processes, quality analyses used in productive processes can
be mentioned. The risk analysis must always be a part of the men-
tioned analyses. With regard to the size of this article we are not
going to pay attention to these kinds of analyses and to appropri-
ate risk.

In practical and theoretical life several conceptions can be
found for risk analysis. Among them we will pay attention to the
following:

- conception of risk probability occurrence,
- conception of standard distributions,

- conception of utility theory,

- conception of risk influence on firm value.

‘We can concentrate our attention to those solutions that relate
to economic problems. We will do that mainly because the results
of productive activity of human being are evaluated especially by
value categories.

6 + KOMUNIKACIE / COMMUNICATIONS 4/2002



2. Koncepcia pravdepodobnosti vyskytu rizika

Koncepcia pravdepodobnosti vyskytu rizika sa opiera o poznatky
z teorie pravdepodobnosti. Pravdepodobnost, Ze sa jav vyskytne,
predstavuje prileZitost, moznost, alebo vyhodu tohto javu voéi javu,
ktory sa nevyskytne. To sa vztahuje aj na riziko. Aj riziko sa moze
vyskytovat s istym pravdepodobnostnym rozdelenim a to zavisle,
alebo nezavisle od daného funkénosti javu. V tom druhom pripade
je riziko zavislé od prostredia, v ktorom jav prebieha.

Podkladové vycislenie rozdelenia pravdepodobnosti vyskytu sa
zostavuje v maticiach vystupov (efektov), v ktorych sa javom pri-
raduju jednotlivé hodnoty v suvislosti s obsahom javu, vyskytu javu
a jeho uzitku (vynosovosti, efektu). Takéto matice sa nazyvaju vyno-
sovymi maticami (angl.: payoff matrix) a sluzia ako numericky zaklad
pre vyCislenie oceneni pri analyze tzv. oCakavanej hodnoty.

Riesenie mozeme dokumentovat jednoduchym prikladom. Zo-
strojme maticu, v ktorej v riadkoch sa vyjadria stavy vybratych javov
(S,_,,) a v stipcoch z prislusného stavu plyntici ,vynos* (V,_,).
Hodnoty P; predstavuju pravdepodobnost ziskaného vynosu,j viazu-
ceho sa na skumany jav i, teda P(V;/S;). Stanovenie miery pravde-
podobnosti je vecou empirie, ale sucasne i rizika.

Matica bude mat takyto tvar:

Vi Vv,
Sy Py ... Py Py,
S P

Sm Pml"'ij"' Pmn

Stav istoty by nastal v takom pripade, keby vSetky P; ziskali
hodnoty 1 alebo 0.

Predpokladajme, ze pravdepodobnost vyskytu javu pri jeho
relevantnom vynose je dana tymito hodnotami:

P(S,/V))=0.8 P(S,/V,) =02
P(S,/V) =07  P(S,/V,) =03

Predpokladajme dalej, Ze vel'kost penaznych hodnot jednotli-
vych vynosov pozorovanych javov je takato:

(§,/Vy) =20 (8,/V;) =60
(S/V1) =30 (Sy/V;) =40

Z danej pravdepodobnosti a hodnoty ich penazného vyjadre-
nia vypocitajme hodnotu tzv. o¢akavanej hodnoty (EV):

EV(S;) = (0.8)(20) + (0.2)(60) = 28

EV(S,) = (0.7)(30) + (0.3)(40) = 33
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2. Conception of risk probability occurrence

The conception of risk probability occurrence is based on the
theory of probability. Probability that a phenomenon occurs pre-
sents an opportunity, a possibility, or an advantage of this phenom-
enon towards a phenomenon, which does not occur. That attitude
basically relates to the risk, too. The risk can also occur with some
probability distribution dependently or independently on given phe-
nomenon function. In the second case the risk is dependent on the
environment in which the phenomenon occurs.

The basic enumeration of probability occurrence is assembled
in outputs (effects) matrix in which are assigned single phenomena
values in relation to phenomenon contents, phenomenon occur-
rence and phenomenon utility (income, effect). Such matrices are
called payoff matrices and serve as a numerical basis for evalua-
tion of expected values.

A solution can be indicated by a simple example. Let us con-
struct a matrix. In lines is expressed the state of chosen phenome-
non (S, _,,) and in columns “a payoff “ that flows from the relevant
phenomenon state (V,_,). The values P, present a probability of
the obtained pay-off / that is related to the investigated phenomenon
i, in other words P(V/S;). The estimation of probability measure
is a matter of empiricism and at the same time it is an estimation
of the risk.

The matrix will have the following configuration:

Vi Vil v,
§1P11 Plj . Py,
Sy e By
émP,nl...ij...Pmn

The state of certainty would occur in case if all P; obtained
the values 1 (one) or 0 (zero).

Let us expect that the phenomenon probability occurrence with
a corresponding income will be given by the following values:

P(S,\/V))=0.8 P(S,/V,) =02
P(S,/V)) =07  P(S,/V;) =03

Let us further assume that the amounts of financial values of
a single income at the observed phenomena are:

(81/V)) =20 (S,/V;) = 60
(S,/V1) =30 (Sy/V;) =40

From the given probability and from their financial values the
so-called expected value (EV) can be calculated:

EV(S;) = (0.8)(20) + (0.2)(60) = 28

EV(S,) = (0.7)(30) + (0.3)(40) = 33
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Ocakavana hodnota je vyssia pre jav S, ako pre jav S, . Riziko
vyberu bude niZsie, ak sa vyberie variant S, .

Koncepcia pravdepodobnosti vyskytu rizika nachadza svoje
realne vyjadrenie aj v tzv. ocakdvanej hodnote. O¢akavanou hod-
notou sa rozumie idealna hodnota, ktora vznikne z vysledku prav-
depodobného rozdelenia vynosov vSetkych sledovanych javov.

Ocakdvand hodnota (EV) sa definuje vztahom:

n
EV(m) = > (m, p),
i=1
kde: EV je ofakavana hodnota vyjadrena vaZenym priemerom
réznych moznych vystupov, z ktorych kazdy je vazeny pravdepo-
dobnostou svojho vyskytu, m; - vynosovost i-tého vystupu, p; -
pravdepodobnost vyskytu i-tého vystupu.

Odchylka (r;) kaZzdého moZného vystupu od oc¢akavanej hodnoty
sa vyjadri vztahom:

r,=m — EVN(m)

a je vychodiskom pre vypocet rozptylu (o), ktory je mocninou
odchylky.

Standardnd odchylka (o) je odmocninou rozptylu:

n

o= [>[m—ENm] p,
i=1
a vyuZiva sa tiez pri merani rizika. Cim mensia je §tandardna
odchylka, tym menSie je riziko vyplyvajuce zo skimaného javu.

Velkost rizika sa chape ako absoliitna hodnota rizika. Relativna
hodnota rizika predstavuje rozptyl moznych navratnosti vynosov
(efektov) v porovnani s ocakavanymi pravdepodobnymi vynosmi
vyjadrenymi vo vynosovej matici. Na vyjadrenie relativneho rizika
sa pouziva koeficient variacie v. Pri vyuziti koncepcie pravdepo-
dobnosti sa koeficient variacie vyjadri vztahom: v = o/ EV( ).

Uvedené Statistické vyjadrenia sa pouzivaju pri posudzovani
alternativ predkladanych projektov a ich uZitkovosti. Standardna
odchylka a koeficient rozptylu su zalozené na komplexnom posu-
dzovani navratnosti vloZenych prostriedkov. Riziko sa posudzuje
podla celkovej uzitkovosti jednotlivych alternativ i podla jednotli-
vych zloziek, ktoré sa na celkovom vysledku podielaju.

Vo financ¢nictve sa vytvorila samostatna koncepcia merania
Ciastkovych rizik suvisiacich s jednotlivymi vkladmi v podnikovom
portfoliu. Tato koncepcia sa nazyva koncepciou beta (3) a vyjad-
ruje mieru systematickej variabilnosti alebo kovariancie (spolu-
sucinnosti) navratnosti kazdej jednej Casti aktiv z celkovych aktiv.
Koeficient 8 sa vyjadruje vztahom:

Oir

BII:?*

1

(€,

kde I predstavuje tzv. trhovy index, ktorym sa vyjadruje podiel jed-
notlivych druhov aktiv na trhu tychto aktiv.

The expected value has a higher value for the phenomenon S,
than for the phenomenon S, . The risk selection will decrease when
the alternative S, is chosen.

The conception of risk probability occurrence finds its objec-
tive expression in the expected value, too. By the expected value we
can understand an ideal value that arises from the results of prob-
ability distribution of incomes coming from all observed phe-
nomena.

The relation that defines the expected value (EV) is:
EV(m) = > (m,p),
i=1

where: EV is expected value expressed by weighed average of various
possible outputs from which each is weighed by the probability of
its own occurrence, ; - effectiveness of output, p;, - probability
occurrence of output.

The relation expresses a deviation (r;) of each possible output
from the expected value:

r, =, — EV(m)

and is a starting point for computation of variance (o), that is
square of deviation.

The standard deviation (o) is a root of variance:

n

o= _|>[m—ENmp,

i=1

and is used also for the measure of risk. The less is the standard
deviation the smaller is the risk flown from the observed phenom-
enon.

The amount of the risk is understood as an absolute risk value.
The relative value of risk presents a variance of feasible returns
of incomes (effects) in comparison with expected liable incomes
expressed in the payoff matrix. To express the relative risk the coef-
ficient of variation is used. In the probability conception the coef-
ficient of variation is expressed by the relation: v = o/ EV( ).

The listed statistical expressions are used for the appraisal of
alternatives of submitted projects and their utility, too. The stan-
dard deviation and variation coefficients are settled on the overall
appraisal of economic incomes of invested sources. The risk is
reviewed according to an overall utility of each single alternative
and according to each single component that shares on overall
income.

In the financing field an independent conception of a partial
risk measurement related to a single deposit in the firm portfolio
was created. This conception is termed as a conception beta ()
and expresses a measure of systematic variability or economic return
covariance of everyone part of assets from total assets. The coef-
ficient 3 is expressed by the following relation:

Jir

Bn:?,

1

(€D,

where [ represents the so-called market index and expresses a share
of each single asset on the market of these assets.
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3. Koncepcia standardnych rozdeleni

Koncepcia Standardnych rozdeleni sa spaja s manazérskymi
uvahami o optimistickych scenaroch pri posudzovani investi¢nych
vynosov Vv jednotlivych projektoch. Koncepcia Standardnych roz-
deleni spociva v intuitivnych a v praktickych prostriedkoch, ktoré
pouziva riadiaci pracovnik pri hodnoteni variantnosti moznych
vysledkov rieSeni vykonavanych na principe ocakavanej hodnoty
a Standardnej odchylky.

Vztahy medzi rizikom, Standardnou odchylkou a koeficien-
tom variacie vyjadruje takyto graf:

Rozdelenie v normalnom tvare
(tzv. normalne rozdelenie) ma
symetrické rozdelenie posudzova-
nych hodnét okolo stredu ocaka-
vanej hodnoty. Ak ocakavany
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3. Conception of standard distributions

The conception of standard distributions used by the appraisal of
the invested revenue in individual projects is connected with the
managerial consideration an optimistic scenario. The conception
of standard distribution consists of intuitive and practical means
that a manager uses by the valuation of a possible solution exe-
cuted on a principle of the expected value and standard deviation.

The relations among the risk, standard deviation and coeffi-
cient of variation are expressed in this graph:

The division in a normal
pattern (so-called normal distrib-
ution) has a symmetrical distribu-
tion of the regarded values around
the centre of the expected value.

vystup (vynos, efekt) lezi v rozpati

If the expected output (income,

+ | standardnej odchylky, tak to

effect) lies in the interval * 1 of

A

predstavuje cca 68 % priestoru
spolahlivosti odhadu vynosu. Ak
sa oCakavany vynos bude pohybovat v ramci = 2 Standardnej
odchylky, dosiahne cca 95 %-nu spolahlivost a ak oakavany vynos
sa pohybuje v rozpiti = 3 Standardnej odchylky, pravdepodob-
nost jeho vyskytu je takmer 100 %-na.

Rozdelenie pravdepodobnosti mozno zostavit ako sériu dis-
krétnych hodnét alebo ako spojit funkciu.

Pre vSeobecné hodnotenie premennej (napr. vynosov) sa ich
hodnoty najskor §tandardizuju. Standardizovana premennd ma
strednu hodnotu rovnu 0 a standardnu odchylku rovnu 1. Akykol-
vek vynos, naklady, zisk alebo iny pozorovany ukazovatel sa moze
previest na §tandardizovanu formu formulou:

X—p

z= ,

T

kde: z je Standardizovand premenna, x - Zelatelny vynos a w a o
- stredna hodnota resp. Standardna odchylka.

Ak napriklad zelatel'ny vynos je vzdialeny od strednej hodnoty
o lo, potom x — u = o, atedaz = o/u =1. Ak z = 1, hodnota
ZelateIného vynosu je vzdialena o 1o od strednej hodnoty. Ak
z = 2, je hodnota vzdialena o 20 od strednej hodnoty.

Vysledky dosiahnuté touto metodou umoznuji posudit v akom
pasme sa nachadzaju oCakavané alebo Zelatelné hodnoty vysled-
kov jednotlivych Casti skumaného javu a tym posudit i riziko
s tymito hodnotami zviazané.

4. Koncepcia teorie uzitku

Koncepcia tedrie uzitku (uzZitoCnosti, uzitkovosti) sa zaklada na
mySlienke hodnotenia rizika podla jeho vyuzitia pre o¢akavany
prospech. Pri rieSeni $pecifickych uloh mozno voci riziku zaujat
neutralny postoj a nebrat ho do uvahy (angl.: risk neutrality, indif-
ference to risk), mozno s nim pocitat, alebo ho preferovat (angl.:

v

1

1

1

1

1

:
+1c +206 +30 a standard deviation then it repre-
sents approximately 68 % of the
area of reliability of the estimated output. If the expected output
moves in the scope of * 2 standard deviation it reaches approxi-
mately 95 % of reliability, and if the expected output moves in the
scope of * 3 standard deviation the probability of its occurrence is
almost 100 % of the estimated output reliability.

The probability distribution can be formed as a set of discrete
values or as a continuous function.

For the common valuation of variable (for example of incomes)
their values have to be first standardised. The standardised vari-
able has the central value equal to 0 (zero) and the standard devi-
ation equal to 1 (one). Any income (expenses, profit or other
observed indicator) can be converted to a standardised form
trough the formula:

X p

z= s

T

where: z is the standardised variable, x - desired income and w
and o are the standard deviations.

If, e.g. the desired income is far away from the central value
on lo, then x — u = o, and then z = o/ =1. If z = 2, the value
is off by 2 s from the central value.

The results achieved in using this method enable the manager
to judge in which area the expected or desired values of a single
result of the investigated phenomenon can be found, and thereby
to judge the amount of risk connected with these values.

4. Conception of utility theory

A conception of utility theory in the risk valuation is based on
an idea of evaluating the risk with regard to its utilisation for the
expected benefit. Searching a solution for specific tasks towards
the risk one can take a neutral attitude and not consider the risk at
all (hence risk neutrality, indifference to risk), or one can take the
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risk seeking), alebo ho mozno vylucovat, vyhybat sa mu (angl.: risk
aversion).

V praxi sa u manazérov vyskytuju vsetky uvedené postoje.
U niektorych podnikatelskych ¢innosti mozno viac riskovat a potom
i oCakavaf riziku primerany vyssi vynos (tzv. rizikova prémiu).
V inych pripadoch, najmé financ¢nych, je rozumnejsie riziku sa
vyhybat a ist ,na istotu“. A nakoniec, mnohé aktivity sa zdaju tak
bezpecné, alebo penazné poistenia proti riziku tak vysoké, Ze sa
s rizikom ani nepocita.

Vo vSeobecnosti jestvuje snaha vyhnut sa riziku. Ak sa vyskytnu
dve mozné rieSenia, je velmi pravdepodobné, Ze sa vyberie to
rieSenie, ktoré je menej rizikové. Vysvetlenie pre tento jav sa nacha-
dza v teorii uzitku.

Podstata tedrie iZitku spo€iva v posudzovani hranicného 0zitku.
Ak sa skiima napriklad navratnost vlozenych prostriedkov, trebars
prostrednictvom vynosov a s navratnosfou viazané riziko, hra-
nic¢ny uzitok z dalSieho vkladu sa posudzuje tak, Ze sa skuma, aku
navratnost (aky vynos) dalsi vklad prinesie. Ak je vynos z vkladu
nizsi ako z vkladu predchadzajiceho, je zrejmé, Ze je za hranicou
ocakavanej navratnosti. Jestvuje hranica, za ktorou je kazdy dalsi
vklad menej vynosnejsi ako predchadzajuci. Hovorime o klesaju-
cej miere uzitkovosti.

Vztahy medzi hrani¢nou UZit-
kovostou a rizikom vo vyssie uve-
denych troch pristupoch sa uvadza
na obrazku. Hodnoty uvedené na
y-ovej osi vyjadruju tzv. jednotky
uzito€nosti (resp. uZitkovosti), na
osi x-ovej hodnoty pozorovanej
veli¢iny, napr. vynosu.

uzitkovost
v hodnotovych jedn.

risk into account or favour it (risk seeking), or one can segregate
risk, avoid it (risk aversion).

Managers in general employ all these attitudes. In business
activities a manager can take more risk and then expect an ade-
quate income to the risk (so-called danger premium). In other cases,
especially financial, it seems to be rational to avoid risk and go
“per certainty”. And finally, many activities seem so safe, or finan-
cial insurance against risk is so high, that the risk is excluded.

Generally there is a tendency to avoid the risk. An explana-
tion for this phenomenon can be found in the theory of utility.
When there are two possible solutions, it is very feasible to choose
that solution which is less dangerous. The explanation for this
phenomenon can be found in the theory of utility.

The nature of utility theory consists of appraisal of marginal
utility. If the payoff of inserted means and related risk is investi-
gated, the marginal utility of further deposit is considered accord-
ing to the payoff coming from this additional deposit. If the payoff
coming from this deposit is lower than from the previous one it is
evident that the payoff is behind the border of the expected
income. There is a border behind which every next deposit pays
less than the previous one. This case is known as decreasing utility
measure.

Relations between the marginal
utility and the risk in the aforesaid
listed approach are indicated in the
next picture. The values listed on y-
axis indicate the so-called units of
effectiveness (or utility), the ones
on x-axis represent the magnitudes
of the observed values in currency
units, for example income.

o b-----

10
V grafe uvedena krivka a vyjad-

ruje nevsimavost voci riziku, krivka

b indiferentnost voci riziku a krivka ¢ akceptovatelnost rizika.
Oznacené polia predstavuju rizikovy priestor pre krivku a a podobne
sa da vyjadrit priestor i pre dalSie dva priebehy kriviek. To sa,
kvoli prehladnosti, v grafe neuvadza.

Z grafu sa da usudit, Ze pri postoji vylucujucom riziko je hra-
nicna uzitkovost klesajuca. V uvedenom priklade dvojnasobok
prijmu neznamena dvojnasobok uzitkovosti, ale menej. Rovnost
medzi uzitkovostou a mierou vynosu je rovna pri neutralnom postoji
(miera rastu nie je vyznamna ak sa aj rast zaznamena). Rast uzit-
kovosti sa predpoklada u tych, ktori podnikaju s rizikom.

5. Koncepcia vplyvu rizika na hodnotu podniku

Koncepcia vplyvu rizika na hodnotu podniku vychadza z po-
znatku, Ze v dosledku rastuceho rizika stracajuca sa vynosovost
znehodnocuje majetok hospodarskej organizacie a ovplyviiuje tym
jeho kapitalovii hodnotu. Je to celkom prirodzena uvaha, pretoze
klesajica hodnota uzitku musi sa nakoniec prejavit v hodnote
podniku. Rizikova analyza nemdZe tuto okolnost opomentit.

vynosy v pefiaznych jednotkach

\ 4

15 20 In the graph the presented curve
a expresses the negligence toward
the risk, the curve b the indifference
to the risk and the curve ¢ the acceptance of the risk. The indi-
cated dark fields represent the risk space for the curve a and in
the same manner a space for further two curves courses can be
expressed (it is not expressed in this graph).

From the graph it can be judged that at an attitude excluding
the risk the marginal utility is decreasing. In the presented example
the double income does not mean double utility but a bit less utility.
The equality between the utility and the measure of payoff is equal
at a neutral attitude (measure of increase is not very important even
in case when some increase is recorded). The increase of utility is
expected at those who undertake with the risk.

5. The conception of risk influence on firm value

The conception of the risk influence on an enterprise value
comes out from an idea that due to the risk increase the vanishing
effectiveness devaluates the firm property and, thereby, affects its
capital value. This is an entirely natural consideration since the
decreasing value of utility must be finally signified in value of the
firm. This circumstance cannot be neglected in firm’s risk analysis.
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Vychodiskova uvaha tejto koncepcie sa opiera o zakladny model
siicasnej hodnoty (PV) podniku, ktory ma tvar:

n 7T[
pr=>—1_.
; I+

Sucasna hodnota podniku PV sa rovna diskontovanej hodnote
jeho buducich vynosov.

Pri podmienkach urcitosti Citatel v danom vztahu predstavuje
vynos 7 a menovatel predstavuje upravend ¢asovi hodnotu tro-
kovych sadzieb pri bezrizikovej navratnosti 7.

Pri podmienkach neurcitosti vynosy vyjadrené v Citateli hod-
notou 7r sa rovnaju o¢akavanym hodnotam vynosov v priebehu
kazdého budticeho ¢asového obdobia (spravidla kazdy rok). Oca-
kavana hodnota je najlepsi variant mozného vynosu, ktory mozno
ziskat v kazdom z buducich obdobi.

Ked'ze vynos sa nemoze stanovit uplne presne, niektoré z hod-
ndt st hodnotami predvidanymi, predpovedanymi. Ak je podnik
nuteny uskutocnif vyber medzi dvoma rieSeniami, jedno s vy$Sim
vynosom, ale aj s vd¢§im rizikom, a druhé sice s niZ§im vynosom,
ale aj s niz§im rizikom, treba najst sposob, ako sa v danej situacii
rozhodnut. To predpoklada, aby sa v oboch pripadoch dala urcit
nielen sucasna hodnota vyplyvajuca z buducich vynosov, ale aby sa
dala urcit aj Gasova hodnota penazi a casovd hodnota rizika. Ako je
zname, hodnota ,pefazi® je dana irokovou mierou a hodnota rizika
je dana uspesnostou (vynosovostou) daného rieSenia.

Pre riesenie tlohy upravy hodnoty podniku z hladiska rizika
sa pouzivaju v podstate dve metody:
- metdda Cinitela ekvivalentu urcitosti a
- metoda upravenej hodnoty podniku.

Metoda cinitela ekvivalentu urcitosti vychadza z pomeru pred-
vidanej, ocakavanej absolitnej hodnoty vynosu k hodnote uprave-
nej o riziko. Tento podiel sa nazyva cinitel upraveného ekvivalentu
hodnoty a oznaCuje sa ako «. Jeho tvar sa vyjadri vztahom:

ocakdvand absolitna hodnota

ekvivalentnd rizikova hodnota

Ekvivalentna rizikova hodnota predstavuje o¢akavanu abso-
latnu hodnotu upravenu, teda zvacSenu o riziko. S €initelom « sa
pracuje takto: ak @ < 1 - s rizikom sa nepocita, ak & = 1 - voci
riziku jestvuje indiferentny postoj, ak & > 1 - s rizikom sa pocita.

Pri metode upravenej hodnoty sa vychadza z upraveného modelu
hodnoty firmy V, ktory ma nasledujuci tvar:

n aE(m)

V= .
=+

kde V je ocakavany buduci vynos, E(1,) je vynos pretransformo-
vany na jeho ekvivalent urcitosti a aE(1,) je diskontovany vynos
rizikom neovplyvnenou tirokovou mierou i.

Tym sa ziskala nova sicasnd hodnota podniku upravena so
zretelom na rizikovy Cinitel' «e. Uvedeny vyraz mozno pouzif aj pre
iné ekonomické vyhodnotenie. Napriklad pre projekty, v ktorych
mozno vycislit buduci predpokladany vynos, alebo i pre porovna-
nie rizikovosti viacerych projektov.

KOMNIKOCIe
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The initial consideration in this conception is based on a basic
pattern of the present value (PV) of a firm and has the form:

n 7T[
PV=> ——.
,:Zl 1+

The present value of enterprise (PV) is equal to discount value
of its future payoffs.

Under the condition of certainty the numerator in the given
relation represents the income 77, the denominator represents a re-
formatted temporal value of interest rates by the riskless return i.

Under the condition of uncertainty the incomes expressed in
the numerator by the value 7 are equal to the expected values of
incomes throughout every future temporal period (generally each
year). The expected value is the best variant of a possible income
that can be obtained in each of future periods.

Payoffs cannot be absolutely correctly determined. Some of the
values emerge as predictions, as forecasting. When a firm is forced
to select between two solutions, one with a higher payoff and with
a higher risk and the second with a lower payoff and with a lower
risk, a manager is required to find a way how to decide in a given
situation. A good solution assumes to define in both cases the
present value which is implicit from future payoffs, to define the
present value of currency and finally the present value of risk. The
currency value is given by the rate of interest measure and the risk
value is given by success (effectiveness) of the given solution.

From the viewpoint of the risk for the problem solution based
on the firm value two methods are basically used:
- certainty equivalent factor and
- adjusted firm value.

The method of a certainty equivalent factor comes out from the
rate of the predicted, expected absolute payoff value to the value
adjusted by the risk. This rate is known as an adjusted equivalent
value factor and is indicated as alfa. Its pattern is expressed by

absolute payoff value

equivalent risk value

We work with the factor alfa in this way: if alfa < 1 - the risk
is not taken into account, if alfa = 1 - there is an indifferent atti-
tude towards the risk, if alfa > 1 - risk is taken into account.

The method of an adjusted value is based on the model of
adjustment of the firm value V, which has a subsequent pattern:
n - oE(,
= (+0)
where Vis an expected future payoff, E(7r,) is payoff transformed
by its certainty equivalent and aE(r,) is discounted payoff non-
affected by risky rate of interest 7.

In this way a new present firm value adjusted with reference to
the risk factor alfa was obtained. The listed expression can be used
as well for other economic interpretations. For example, for evalu-
ation of projects where future expected revenue can be calculated,
or for comparison of risk among several projects, etc.
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Rizikovy vynos predstavuje rozdiel medzi rizikovou a bezriziko-
vou oc¢akavanou navratnostou. V takom pripade sa urokova miera
i nahradi inou hodnotou £, ktora v sebe zahrnuje tak bezrizikovu
urokovu mieru vyjadrenu v miere navratnosti R;, ako aj rizikovy
vynos vyjadreny mierou navratnosti R,.,
teda:

k=R, +R,.

Zakladny model pre hodnotu podniku mozno potom vyjadrit
vo vSeobecnom tvare:

5 E(m)

V= .
= (1+4k)

Ako priklad rieSenia mozeme uviest graf vyjadrujuci vztah
medzi trhovym a $pecifickym rizikom:

Vztah vyjadreny obrazkom mozno N
interpretovat tak, Ze suhrnné, celkové
riziko, vyjadrené variaciou trhovych
indexov pozostava z dvoch casti, a to
z trhového, systematického rizika skui-
maného druhu aktiv a zo §pecifického,
nesystematického rizika skimaného
druhu aktiv. Tuto situdciu mozno
popisat aj vhodnym druhom modelov

1
1
celkové riziko

produkéné riziko

Risk payoff presents the difference between the risk and the
non-risk expected return. In this case a rate of interest / is replaced
by other value k and includes the non-risk rate of interest expressed
in rate of return R; as well as the risk payoff expressed by rate of
return R,

S0:

k=R +R,.

The basic model for the value of firm can be then expressed
in a common pattern:

5 E(m)

V= -
t=1 (1 + k)

A graph expressing a relation between market and specific risks
can be introduced as a solution example:

The relationship expressed in this
figure can be interpreted in this way:
the overall risk is expressed by the vari-
ation of market indexes and consists of
two parts: from the market, systematic
risk of an investigated variety expressed
of assets and from the specific, non-
systematic risk of investigated variety of

assets. This situation can be described
~

trhové riziko

ako sa to uvadza napriklad v literature
uvedenej pod [3].

6. Zaver

V prispevku sa poukazalo na niektoré z moznosti kvantitativ-
neho vyjadrenia rizika. Kvantifikaciou rizika sa vyjadruje vyznam-
nost kazdého jednotlivého rizika, ktoré sa vyskytuje vo vsetkych
pripadoch, kedy je treba posudit uzitkovost ¢i vynosovost pozoro-
vanych javov. Obsahovil, vecnu stranku rizika nam poskytuje prislus-
na vedna disciplina, ktora sa pozorovanymi javmi zaobera. Hovorit
o riziku a nepoznat jeho rozsah nie je pri skumani efektov z pozo-
rovanych ¢innosti G¢inné.
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6. Summary

In this contribution some possibilities of quantitative risk
expressions are mentioned. The significance of every single risk
that occurs in all cases when it is needed to judge utility or effec-
tiveness of a remarked phenomena could be expressed by the quan-
tification of risk. The substance side of the risk provides the
appropriate science discipline that deals with the observed phe-
nomena. To talk about the risk and to ignore its size is non-effec-
tive when investigating the effects of observed activities.
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