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IREHTHPIKANUIA TA KINBKICHE

BHPAMEHHA HEBU3HAYEHOCTI OLIHKHA

HA PHHKY HEPYXOMOCLTI

Jlocnioaceno dacepena 06’ exkmusnoi, cyd’ekmusnoi i MOOEIbHOT HEBUIHAUEHOCMT OUIHKU HA PUHKY
nepyxomocmi. /losedeno, wo 3acmocysanus Oiiviu adek8amuux mooeietl npouecy yiHoYmeopeHus 0ae
3MO2Y 3PO3YMIMU CKIAOHT PUSUKU MA iX HACLIOKU NPU NPUUHATIME YNPAGIIHCOKUX PIULEHb HA PUHKY
HepyxoMocmi, npome He Higenl0e Hesusnaenicmn. OOIpYHMosano neobXionicms 3acmocy6anis Kom-

Yenyii HeU3HAYEeHOCMI 3 Memor OUIHKU SKOCMI OMPUMAHUX PE3YTbMAaAmie.
Kmeuosi cnoBa: puiok HepyxomMocmi, KOHUeNyis NOXUOKU, KOHUENUis He6UIHAUEeHOCMI, CYO EKMUBHA

H66u3Ha%6Hicmb, 00’ €KMuUBHa HeBUSHAUEHICMb.

1. Introduction

Deficiency of empirical data, due to lack of transac-
tions involve a significant degree of valuation uncertainty
of the property. The worsening macroeconomic situation,
the fighting in eastern Ukraine, the hryvnia devaluation,
reduced purchasing power led to lower liquidity of prop-
erty market. The need to take into account the liquidity
premium has become an additional factor of uncertainty
at the property market. Given this fact, there is a need
for scientific research and practical foundations to iden-
tify and quantify the degree of valuation uncertainty of
the property.

2. The ohject of research and its
technological audit

The object of research is the process of determining
value factors for property market. Probabilistic nature and
information closure of property market, irrational behavior
of its members, originality and uniqueness of each property,
a high degree of subjectivity in the identification of the
market condition cause the inability to exactly determine
the market value. Accordingly, it is necessary to define the
characteristics of the accuracy and reliability of the results.

3. The aim and ohjectives of research

The aim of this article is to study the theoretical and
methodological issues of identify and quantify the uncer-
tainty of valuation results for properties.

The following tasks were solved:

— To conduct a comparative analysis of the error and
uncertainty concepts.

— To investigate sources of valuation uncertainty at
the property market.

— To develop valuation algorithm of properties in
terms of probability theory.

4. Literature review

Since the process of calculating the property value is an
economic measurement, it has completed determining the
valuation accuracy. The founder of the Chicago School of
economics in the early twentieth century marked the real
psychology for valuation of economic processes requires
recognition of the existence of two kinds of judgments:
the formation of proper valuation and valuation of its
reliability [1]. The problem of the accuracy and reliability
of valuation of properties investigated in the works of
many foreign and domestic scientists [2—7]. Most of the
above authors used a classic approach to valuation of the
quality of value measurement results that is based on the
error concept. However, the classic approach is appropriate
to apply in the case of measurement of physical quanti-
ties in linear metric scales. In a non-traditional field of
measurement as the economy, more correctly applied ap-
proach, which is based on the uncertainty concept. Guide
to the Expression of Uncertainty in Measurement [8] are
significantly influenced the regulatory framework for mea-
suring. Given the fact that herein the term <«measure»
is interpreted as «... a set of operations, which aim is to
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determine the value of the measured value ...» [8], all the
provisions of the modern concept of measurement can be
used in the theory and practice of valuation.

5. Materials and methods of research

The methodological basis of this work is a set of
methods for scientific knowledge of outlined problems,
general principles, methods and tools that were used in
research. The theoretical basis of the research was the
works of domestic and foreign scientists in uncertainty
of value factors of property market. The information base
of research is materials of government portal, periodicals,
research results of domestic and foreign scientists, interna-
tional and European standards of valuation, international
financial reporting standards, data on the Internet. Legal
framework of research made applicable laws and regulations
of Ukraine. Attainment of the objectives was carried out
using the method of causation, system analysis, synthesis,
systematization and generalization.

6. Research resulis

The aim of valuation process is to determine the specific
type of value associated with the valuated object. According
to the International Valuation Standards «... value isn’t
a fact and assessment of the most probable price that
would be paid for goods or services that are offered for
sale at a certain time ..» [9]. The most probable price,
which the National Standard Ne 1 interpreted as market
value [10] is a reflection of the deductive process of pri-
cing both sides of the transaction — the seller and the
buyer (investor). Ultimately, the final transaction price is
influenced by subjective assessments of its members and
usually doesn’t match the calculated value of the property.

Variability in prices is due to the propensity of economic
agents to irrational behavior at the market influenced
by various psychological factors, different goals, needs,
attitudes, varying degrees of awareness and others.

The report of the Forum on Financial Stability, sub-
mitted in April 2009, it was noted that the lack of meth-
odology for disclosure of valuation uncertainty was one
of the causes of the global financial crisis in 2008.It was
emphasized that one of the objectives of financial institu-
tions is to improve the quality of valuation methodology
and a more complete disclosure of the valuation process
and uncertainty associated with valuations [11].

Requirements for disclosure of uncertainty, «... inherent
for cash flows of the asset or liability ...» regulated and
International Financial Reporting Standards «Fair Value
Measurement», issued by the International Accounting
Standards Board in 2013. The standard set of fair value
hierarchy, which has three levels of input methods for
evaluating the fair value [12]:

1. Input data of the first level — a quotation price (un-
adjusted) in active markets for identical assets or liabilities
to which the entity can access at the measurement date.

2. Input data of the second level — the input da-
ta (except quotation price attributed to the first level),
confirmed by the market.

3. Input data of the third level — is the input data
for the asset or liability that are not in the public domain.

It is clear that in the valuation of property we use
the second and often third level.

Additionally, we note that in July 2012 the UK As-
sociation of Chartered Certified Accountants, Chartered
Institute for Securities & Investment and «Long Finance»
was proposed concept of confidence accounting [13]. The
authors of the concept suppose that accounting based
on discrete values of assets and liabilities is not enough
for an objective valuation of the financial condition of
the company and the related uncertainties and risks. The
financial information must be assessed in terms of com-
pleteness and clarity for making financial decisions [13],
Given the large number of sources of uncertainty, including
the uncertainty of the external environment and market,
lines of balance sheet, income and expense and cash flow
statement proposed to enter as probability distributions
using histograms and confidence intervals.

Uncertainty sources are completely disclosed in the
working document «Uncertainty valuation» prepared by
the International Valuation Standards Council, in par-
ticular [14]:

1. The status of valuator — a source of financial un-
certainty. The accuracy and appropriateness of judgments
of valuator depend on his skills, experience and the degree
of independence of his position.

2. The volume of work — a source of material uncer-
tainty that arises when the amount of research reduced
below the level that normally would be expected to evalu-
ate the specific asset for a specific purpose.

3. Market uncertainty — the result of financial, mac-
roeconomic and political crises when market information
is incomplete and possibly controversial.

4. Model uncertainty — the result of features of valua-
tion models or chosen valuation method.

5. Input data uncertainty — the lack of empirical data
is a source of financial uncertainty. Examples of output
data uncertainties include:

— If the data were taken from different sources and

combined, there will be a range of fluctuations of

market value.

— 1If the data were taken from the archives and ac-

tualized at the valuation date.

— If the data were taken from the existing analogs,

the uncertainty may emerge from correction results.

In a working paper it is noted that uncertainty is
inherent to any valuation, as analysis of imperfect markets
involves weighing the expediency of available information
necessary for the aim of valuation. Objective of uncertainty
measurement lies not in choosing the worst case scenario
or prediction of future value fluctuations, and to provide
information on the measurement variability of fair value
at the valuation date.

In the context of the above, we note that the classical
approach to quality valuation of the results is based on
the error concept is determined. According to the Inter-
national Dictionary of Metrology «... the true quantity
value in measurement description is considered as single
unexplored in practice ...» [15]. True quantity value can be
determined only due to the presence of errors (systematic
and random) of measuring instruments.

However, the property market is stochastic system. The
uncertainty concept is based on the assertion that «... as
a result of incomplete description of the value there is not
a single true quantity value but rather — a set of true
values consistent with the definition. However, this set of
values, in principle and in practice, is unknown ...» [15].
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Estimated value of the market value is a random va-
riable, causing uncertainty regarding the truth of the re-
sult even when all known or acceptable components of
the error are evaluated and made appropriate changes.
This uncertainty is associated only with the measurement
process, not the measuring instruments. Founder of Solid
State Physics L. Brillouin, which many books devoted
to proving the existence of uncertainty in the process
of learning, noted that measurement inaccuracy is sec-
ondary, it is a consequence of the existence of objective
uncertainty [16].

For example, when calculating the value of properties,
absolute and relative errors were very small. At the same
time, the uncertainty degree (as a measure of uncertainty
in the results) due to the random nature of the property
market, heterogeneity of properties, valuator qualifications,
etc. can be quite high. Given the fact that value is the
probabilistic observation, it can accept the idea ofwell-
known statistics W. J. Reichmann that «... Probability is
a measure of uncertainty. Where everything is due, there
is no place for conventional idea of probability, since there
is no doubt ...» [17].

The valuation process is essentially a value mea-
surement. According to DSTU-N 2681-94 «Metrology.
Terms and definitions» [18], measurements are divided
into direct and indirect, including consequential. Accord-
ing to L. Leifer in determining the market value using
comparative approach (sales comparison method) we apply
the method of direct measurements, and the revenue
and expenditure — indirect method of measurement [7].
However, measured values is obtain directly from the
experimental data for direct measurement, while for in-
direct — through calculations by measuring other values
to which measured value is associated by functional de-
pendence [18]. Each of the valuation methods essentially
is the process of developing a mathematical model that
establishes a link between the most probable price and
pricing factors. Given this fact, it can be concluded that
all three approaches to determining the value of proper-
ties are indirect measurements.

Algorithm for valuation of properties in terms of proba-
bility theory is presented in Fig. 1.

Field of observations

parameter to its price. Using the methods of inductive logic
we can check the degree of confirmation of a hypothesis.
However, when testing any finite number of hypotheses
we can’t know the infinite amount of information. During
the probabilistic information display field of observation
is formed, which is a certain amount of pricing factors.
Valuation of the property based on observations carried
out on the basis of the model function corresponding rules
in the selected criteria.
Hedonic value model of property V is:

V:fv(B1Ev"'7Bj}:j;"'7B7ﬂFm)iUV (1)

where V' — the value of the property, UAH or USD; F; — the
pricing factor; j — the number of pricing factor j=1,m;
m — the number of pricing factors; B; — the indicator of the
contribution of i-th factor variable in the total value of the
property; U — random variable, which includes the effect of
outstanding factors, measurement features and random errors.

In determining the value of the property valuator
chooses the way of specifying functional dependence (1).
This widely used priori information and decision.

The use of more appropriate pricing models allows
understanding the complex risks and their impact on
decision-making in the management of properties, but not
eliminates uncertainty.

In the context of the above, we note that we agree an
outstanding scientist in the field of science and technology
methodologies A. Ursul that in the process of learning must
take into account not only subjective, but also objective
uncertainty. «... The process of learning is the process
of reflection an object by subject. During reflection in
knowledge it can be reproduced and the uncertainty of
the object of knowledge ...» [19]. A. Ursul notes that the
thesis concerning the unity of certainty and uncertainty
«... inextricably linked to the notion of knowledge as
a reflection ...» [19]. Given the fact that the property
market is inherently uncertain in order to better inform
the customer about the pricing process and possible ma-
nagement decisions it is necessary to specify the overall
level of uncertainty for final valuation.

Separately, we note that in
addition to the quantitative as-
pect, there is a qualitative aspect
of the information that we re-
ceive as the result of analyzing
the property market and eva-
luated object. One of the most
prominent qualitative features

Value

_— (Pricing factors)
Parameter field Probabilistic X€ (X X500 X,,),
Xe(X,...,X ;.. X)) information ) )
’ display j=Lm;
m— oo
1 1 |
Impact of Observation Hedonic value
Valuation external and results model
object internal XE (X s X500 X)),
environment i=ln:

of information is value, which
is directly linked to valuation.
With the vast array of market
data it should highlight only the

information that is appropriate

Fig. 1. Algorithm for valuation of properties in terms of probability theory

Each property contains an infinite amount of informa-
tion. Characteristics of the valuated object on side ring
factors influencing internal and external environment form
a plurality of parameters, the number of items of which
isn’t limited. In the study, we put forward a number of
hypotheses about the impact probability of evaluation object

for chosen type of valuation and
price. Additionally, we note that
the valuation function is a deci-
sion necessary to solve a particular problem. The process
of election of pricing factors with subsequent development
of pricing model is taken place in any form. Therefore, in
practice often used heuristic approach, which originally
formulated the hypothesis, data are collected and classi-
fied, price model is developed and then its properties are
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studied and checked. As shown by mathematician and
philosopher J. Schrader, the assumption of statistical in-
formation theory that the less the initial knowledge of
the subject, the more information it receives from the
message, without adequate real properties of scientific
knowledge. At sufficiently low level of initial knowledge
the subject doesn’t understand the message and doesn’t
define a significant amount of information [20]. Unskilled
analyst with a lack of awareness can’t make an adequate
analysis of market data, which is a source of uncertainty
of the results of subjective valuation.

Uncertainty level, as the error value, describes the ac-
curacy of valuation and often calculated using the methods
of mathematical statistics on similar algorithms (Table 1).
However, there is a difference in interpretation of the law
of probability distribution of random variables.

Table 1

Methods for calculating the error value and uncertainty level

Error Uncertainty

Error characteristics:
Standard deviation, or mean square deviation:

5;:\/(5—2,

where 5, — standard deviation, UAH or %
6 — variance, UAH or §;
1 & -
_ 2
c= mz (x; — x)

i=1

Uncertainty characteristics:
Standard uncertainty u;
Total uncertainty:

L2
ue =2
-1

Confidence level.

Expanded uncertainty:

U, = ku,,

where k& — coefficient of
coverage,

at k=2 the level of confi-
dence is approximately 95 %;
at k=3 the level of confi-
dence is approximately 99 %

Confidence interval:

(52
F = Zta,k 7,

2
c

where f,;4/— = A, — marginal value
n

of marginal absolute error value, UAH or §;
where o — significance level, oo =1-p;
k — number of degrees of freedom, k = n — 1

Interpretation of results.
Interval: (V - U,,+V +1U,)
contains a larger share (p)
of distribution of values that
could reasonably be attributed
to the measured value

Interpretation of results.

Interval: P(-A,,+A,)

contain error of measurement with proba-
bility p

Confidence boundaries of errors are «... the upper and
lower bounds of the interval that covers measurement er-
ror with a certain probability ...» [18]. This is frequency
interpretation of probability, which is determined on the
basis of a sufficiently large number of experiments (in
which case we can assume that the probability of an event
is approximately equal to its relative frequency).

Uncertainty of measurement, as a parameter, is charac-
terized the dispersion of a set of possible values of vari-
ables, not error of specific measurement result. «... For
this measured value and for the result of measurement ...
there is an infinite number of values, scattered around the
result ... that with varying degrees of confidence can be
attributed to the measured value ..» [21]. This is subjec-
tive interpretation of probability, which characterizes the
degree of confidence. Given this fact, the uncertainty of
valuation result is characterized by the interval, which is
the range of prices against which we can say with great
confidence that it is the real market value.

7. SWO0T-analysis of research resulis

Strengths — knowledge of uncertainty level for valua-
tion result will allow the person who takes investment or
management solutions to properly assess risks and ensure
optimal strategy for negotiations (to determine the lower
limit of price reduction).

Weaknesses — a process of identify and quantify the
uncertainty is very time-consuming process.

Opportunities — depending on the specific situation, the
quantity and quality of available information and others,
different methods of calculating the uncertainty interval,
which will be the subject of further research, are chosen.

Threats — an unstable economic and political situation
in our country, unforeseen scenarios of Russia’s military
aggression against our country and conflicting forecasts
for the world market are major risk factors for adequate
analytics of property market.

1. The classic approach to valuation of the quality
of the results, which is based on the error concept, is
determined. The true value can’t be determined only due
to the presence of errors of measuring instruments. In
the approach, which is based on the uncertainty concept,
the uncertainty of results related only to the process of
measurement, not measuring instruments.

2. Objective uncertainty arises from the stochastic
nature of the market, contradictory and incomplete market
information. Model uncertainty is the result of inadequate
valuation model or incorrectness of chosen valuation me-
thod. Source of subjective uncertainty at the property
market is the low qualification of analyst.

3. Developed algorithm for valuation of properties in
terms of probability theory made it possible to determine
the difference in interpretation of the law of probability
distribution of random variables in error concept and un-
certainty concept. The error concept uses the frequency
interpretation of probability, which is determined on the
basis of a sufficiently large number of experiments. The
uncertainty concept uses the subjective interpretation of
probability, which characterizes the degree of confidence.
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HAEHTHPHKALUKA U KONMHYECTBEHHOE BBIPAMSEHUE
HEONPEAENEHHOCTH OLEHKK HA PBIHKE HEABHMHMOCTH

I/ICCJIG[[OBHHI)I HUCTOYHUKHN 06'bGKTI/IBHOI7I, Cy6’beKTHBHOﬁ u MO-
JIeJIbHOM HeOoIpeJeJIEHHOCTU OIEHKW Ha PbIHKE HEJABUKHUMOCTU.
I[OKE[SZE[HOy 4TO IpUMEHEHUE 6osee aJIeKBaTHBIX Mo/ieJieit mnpormnecca
LIeHOO6paBOBaHI/I${ JaeT BOSMOJKHOCTD ITOHATDH CJOKHBIE PUCKU U UX
MOCACACTBUA TIPU MIPUHATUN YITPABJIEHYECKUX peLHeHI/Iﬁ Ha pbIHKE
HEABUKNMOCTH, OTHAKO HE HUBEJIMPYET HEOIIPE/CJICHHOCTD. 060-
CHOBaHa HeO6XOZ[I/IMOCTI) HNpUMeEeHEHUA KOHIEHIINK HeollpeaeseH-
HOCTHU C II€JIbIO OILIEHKMW KayeCTBa IMOJIYyYE€HHBIX PE3yJbTaTOB.

Kmiouessie cnosa: PBIHOK HE/IBUKUMOCTHU, KOHIEIIIWA TOrpel-
HOCTH, KOHIICIIHWA HEOIIPpe/leJIEHHOCTH, Cy6'beKTI/IBHa$I Heompene-
JIEHHOCTD, 00bEeKTUBHAS Heonpeae/IeHHOCTD.
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AHANI3 PE3YNBTATUBHOCTI BHKOPUCTAHHA
KANITANY AKHIOHEPHUX TOBAPULTB

BYHIBENBHOI FANY31 YKPAIHH

Y Oaniti cmammi npoananizosano cman Oyoisenvnoi eanysi Ykpainu ma nposedeno 0ocuioncenms
distivrnocmi 06panux 6yoiseibHUX KOMNANTI WLAXOM AHANI3Y PEeHmAabelbHOCmi iX 61ACH020 Kanimauy.
Busisneno ocnoeni (paxmopu eniusy na pieenv npubymro8oCmi 61aACHO20 KANIMALY AKULOHePHUX MO-
sapucme 0ydieenvioi zanysi, 30HCHEHO NOPIBHAHNA 3 PE3YTbMamam Himeubkoi 6ydisesvnol Komnanii.

Kmouosi cnosa: siacnuil kanimarn, penmadenviicmo, memoouxa DuPont, penmabenviicms peanizauii,

penmabenvicmy aKkmusie.

1. Beryn

BasxknmmBoio ckyamoBoio MeXaHi3My yHpaBJiHHS Karri-
TajoM B cucTeMi 3abe3lleueHHs] KOPIOPATUBHOI Gesnexu
€ aHaJi3 pe3yJbTaTUBHOCTI HOTO BUKOpHCTaHHS. Takuii
aHaJIi3 JI03BOJISIE BU3HAYUTH OCHOBHI (haKTOPH, IO BILIH-
BalOTh Ha e(heKTUBHICTD JISJIBHOCTI Ta YIPaBJIiHHS pecyp-
caMHi KOMHaHil, /0TIOMara€ BU3HAYMTH MOXKJIUBI pe3epBu
3pocTaHHs PUOYTKY. SIKIIO KEepiBHUIITBO IAIPUEMCTBA

eexTHBHO 1palioe, BOHO B 1IbOMY BIIEBHIOETBCS. SKINO
K YIPABJIiHHS He 30BCiM eheKTUBHE, KEPIBHUIITBO HE TiJIbKH
Gyle 3HaTH TPO Iie, ajle TakokK Oyje 4YiTKo GauuTu YoMy
i 110 BOHM MOKYTb 3 IIUM BIigTH. AHaJIi3 Pe3yJIbTaTUBHOCTI
Ha PiBHI MATPUEMCTBA MO03BOJUTH TMOOAUNTH HOTO CHUJIb-
Hi Ta caabKi CTOPOHM, a BifiTak 3pOOUTH BUCHOBKHU 100
MOTPiOHUX 3aXOAIB 3 MiABUIIEHHA PIBHA IHBECTUIIHHOI
npuBabIMBOCTI Ta KOPIIOPATUBHOI OE3IEKH aKI[IOHEPHOTO
TOBapHCTBA.
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