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B po6omi nodaemvca 3anpononosanuti memoo Kiiv-
KiCHO20 anamnizy pusuxie y imeecmuyitinux 0yoieeavnux
npoexmax, AKUU GUKOPUCMOBYE UMOBIPHICHUL NiOXIO.
Ocobaugicmio nidxody € Gazamoemannuii NPoyec oUinI0-
BAHHS 1 KOMNJIEKCHE YPAXYEAHHA NOKA3HUKIE O npuil-
HAmMmMs piwenns 6i0HOCHO THeeCmuuilinoi npusadueocmi
00’exmie 6 ymosax nesusnauenocmi.

Ha ocnosi danozo nioxody pospobaena agmomamuso-
eana Komn’iomepna mooesb OUIHIOBAHHA THEECMUUIHOT
npusabueocmi 06’cxmie Gyodisnuymea. 3 euxopucman-
HAM KOMN tomepHoi Mooei 00Ci0HCeHO NOKA3HUKU THEe-
cmuyiiinoi epexmuenocmi i puzuxu 05 pizHUX eapianmis
peanizauii 6yodieenviozo npoexmy, 30itlicneno eubip ano-
mepHamueu po3eUmKyY nPoeKmy 6 YMo8ax PusuKy, GUHA-
ueHO HAUKPawull THeeCMuUitiHul npoexm.

Hocmogipricmv pezyavmamis niomeepoicena 00cnio-
JiceHnAMU cmitixocmi piwens ma ix noxubxamu.

Pesynvmamu ompumani 3 memoro nidguuienns egpex-
MueHOCMI YnpasiHCoKuXx piwenv 6 cepi ineéecmuuii 6
oyodisenvromy cexmopi exonomixu. Pospooaena xomn’ro-
mepna modenb 003605€, HA NIOCMABL CMAMUCMUMHUX
danux nonumy Ha HCUMJIOBY HEPYXOMICMb, NpPoGecmu
KINbKICHULL QHAI3 PU3UKOBAHOCMI THBECMUUIL 8 NPOeK-
mu 6yoienuymea, 3podumu eudip npoexmy Oyoienuumea
3a noxasHuxamu npubymroeocmi ma pusuKo8aHocmi, a
maxoxyc 3a Kpumepismu NpuliHAMms piueHv 6 YMoeax
PU3UKY Mma HedU3HaAUeHOCMi.

Yucnoei excnepumenmu 3 KOMN’iomepHoro moodei-
110 noxasanu Heooxionicmv ineecmyeanns y 000amxosi
docaiddcenns 3 Memol0 YmouHeHHs: Napamempie 306HiuL-
Hb020 cepedosuuia ma ineecmysanis 6 nodydosy dazamo-
n06epx06020 Gyounxy.

Ompumani pesyromamu € AKMYaNbHUMU 3A609KU
BUCOKOMY CIMYNeHI0 mypoyieHmHOCME 308HIUNbL020 Cepe-
dosuwa ¢ cpepi Oyodisnuymea, a maxodic y 36°3Ky 3 6axNC-
JUBICMIO 3ANYUEHHS THBECMUUIL 3 MOUKU 30pY KOHKY-
penmocnpomodcrocmi. Pospobaena 6 x00i docaidvcens
KomMn’tomepna modesib € YHIBEPCANbHOIO CMOCOBHO 6U0Y
00’exmy Oyoienuymea Hcumnoeoi nepyxomocmi

Kniouosi cnosa: xinvkichuii ananis pusuxie, oepeeo
pluenv, iH6eCMUUIUHUL NPoeKm, NPUUHAMMS piueHsb 6
YMOBAX PUUKY
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1. Introduction

Today, the issues related to attracting a sufficient
volume of capital are relevant, since this is a strategically
important direction of further development of any country
and one of the elements of the development of its economy.
It is through the investment attraction criteria that the
process of the economic growth of a country in general is
determined [1, 2].

One of the sectors, which has the largest volume of cap-
ital investment, is construction. [3] The issue of identifying
investment attractiveness for the construction industry,
assessing investment risks and controlling them is relevant
in terms of specific features of the construction sector [3].

The demand for investment in the construction industry
of any region directly influences the development of the
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region, both on the part of social factors and on the part of
economic, institutional and other factors.

The necessity of studies directed towards the develop-
ment of a computer model of estimation of the investment
attractiveness of construction under conditions of uncer-
tainty and risk is caused by a high degree of dynamism and
turbulence of the environment of investment and construc-
tion projects [4].

Considering these circumstances, the issues of attracting
investments, assessing investment attractiveness and risks
require universal approaches for their consideration and
creation of effective managerial decisions in the field of con-
struction investments. The versatility implies the creation of
a model that would represent a sequence in decision making
regarding an investment project and reflect multi-step de-
cisions for investing in construction projects. The modeling



result is a choice of a construction project according to prof-
itability and risk indicators.

One of the steps of modeling the process of investment
in a construction project is conducting marketing research,
which will make it possible to identify the input and output
data for the estimation of an investment project. Other
steps include the issues of identifying numerical valuation
of investment attractiveness and investment risks using
modern methods of statistical analysis and probabilistic
approaches.

Analysis of the stability of obtained decisions and the
value of perfect investment information, taking into con-
sideration uncertainty and risk, enable us to determine the
best investment strategy, consider alternative construction
projects, form a set of alternatives for the investment project
participants.

The relevance of research derives from the complexity
and multicriterial estimates of investment attractiveness of
construction objects. The use of the methods for computer
simulation, decision making models under conditions of risk
and uncertainty, as well as methods of statistical analysis is
a necessary component of enhancing the scientific validity
and effectiveness of relevant managerial solutions.

2. Literature review and problem statement

Investment activity is related to uncertainty and, conse-
quently, risk that leads, as a rule, to the occurrence of losses,
in particular, this applies to the construction industry.

Investments are always focused on the future and,
therefore, relate to significant uncertainty of the economic
situation and behavior of people, which characterizes a high
level of probability of failure to fulfill investment plans for
objective or subjective reasons. The emergence of risk leads
to a failure to implement the planned investment targets
(profit or social impact) and to suffer monetary losses. In
paper [5], it is proposed to consider risk due to occurrence
of an adverse event and to assess it through studying only
one indicator — probability. Thus, another indicator, such
as consequences of occurrence of an unfavorable event, is
not considered. To study the probability, it is necessary to
use different criteria, using a decision-making theory. The
obtained estimate is subjective, for the reliability of results,
it is necessary to involve different approaches, make final
conclusions concerning the risks of project decisions on
their basis.

The issue of risk assessment is quite complicated, which
is due to the fact that funding the development of construc-
tion industry is associated with a certain term of investment
and the risk of untimely return or a failure to return funds.
Therefore, there arises the issue of effective analysis and
assessment of investment risk, since this will enable poten-
tial investors to have a clear picture of actual prospects for
returning funds and obtaining profit. Paper [6] provides an
analysis of modern methods for assessing project risks, citing
their advantages and disadvantages, as well as the scope of
application. Among the examined approaches to risk assess-
ment, it is possible to note simulation, that is, a multi-vari-
ant computation experiment for developed mathematical
models. Thus, the process of determining risky situations
is automated, thereby accelerating the evaluation process.
However, such issues as reliability and stability of obtained
results were not explored.

Approaches to attracting investments, their assessment,
control and formation of the ways to enhance their effective-
ness imply the use of modern methods for the assessment
of investment attractiveness. Taking into consideration an
adverse event and its impact on risks are examined in article
[7], which proposes a generalized comprehensive criterion —
the price of risk — using the utility theory. This makes it pos-
sible to formalize the approach to risk and decision making.
In this case, the assessment depends on individual approach-
es of an investor, can be subjective in nature and lead to
conflict situations. This approach requires consideration of
additional factors in the model in order to reach consensus
in decision making.

The results from studies of risks related to investment
projects are reported in papers [8—18].

The common methods of quantitative analysis of invest-
ment risks of enterprises include: the method for adjusting
the discount rate (risk award); analysis of sensitivity of per-
formance indicators, that is, reduced net value, the internal
return rate, the scenario method, simulation by the Monte
Carlo method, etc. [8]. However, these approaches make it
possible to determine risky initial factors of a project that
contribute to increasing risk, but determining the influence
of the factors on the outcome of its implementation causes
some difficulty [9].

Simulation of risky situations is given in paper [10],
which outlines the characteristic and analysis of the scenario
method, but without taking uncertainty into account. In
addition, it is necessary to conduct qualitative research into
the project model that is, creation of several models accord-
ing to each scenario, which leads to significant volumes of
analytical project-related data processing.

To assess the risk of an investment project, it is pro-
posed to use the utility theory. This enables an investor to
make decisions in an attempt to take into consideration the
needs of all stakeholders [11], but it may cause a conflict
of the parties. This approach requires improvement and
generalization.

It is possible to use the notion of “extreme risks” as an
alternative way to consider the investment risks, which
allows considering a “risk factor” with maximum reliability
levels. In practice, calculation of an estimate causes certain
difficulty [12].

The risks of investment construction can be determined
by applying analytical techniques at all stages of the life cy-
cle of the investment construction project [13]. For specific
projects, analytical expressions have a complex appearance
and impede their use in the general case [14]. In such cases, it
is advisable to simplify the model without losing the project
data and to substantiate this simplification.

Forecasting risks and their behavior in dynamics are
studied in paper [15]. The new look at risks and the con-
struction of risk-free situations is given in article [16], which
emphasizes the possibility of evaluating projects with mini-
mal risk. The presentation of risks as a systemic object will
make it possible to explore the behavior of an innovative
project taking into consideration the types of risks [17, 18].

However, some problems of assessment of the risks of
investment project remain unresolved. The reason for this
is objective difficulties related to the term of realization of
an investment project, the number of project participants,
the project character, etc., which creates additional types of
risks under conditions of uncertainty. The lack of a universal
model and a software product for identifying risks does not



make it possible to substantiate the stability and credibility
of obtained solutions for a particular project. In addition,
there is insufficient emphasis on the study of investment
efficiency based on modeling of the estimation process and
investment risk management.

Analysis of methods and approaches regarding the as-
sessment of investment projects in the field of construction
revealed that there is no single approach to investment risk
assessment, so there are unresolved issues related to creating
an approach that would meet the requirements of any con-
struction company.

All this leads to the need to develop a universal approach
to assessing the risks of construction projects based on the
simulation of these processes in the context of uncertainty
and decision-making a construction project.

All this suggests that this direction of analysis of
the investment activity requires in-depth research un-
der conditions of limited investment receipts. For the
comprehensive assessment of the investment project, it is
necessary to assess its attractiveness and solve the risk
control issues.

3. The aim and objectives of the study

The aim of this study is to model the investment
attractiveness of construction objects under conditions
of uncertainty and risk, risk management processes for
making the appropriate decision regarding an investment
project and automation of determining the investment
attractiveness.

To accomplish the aim, the following tasks have been set:

—to develop a simulation model for assessing invest-
ment attractiveness of construction projects using statistical
methods;

—to conduct marketing research to determine the
actual values of the main input data of the investment
projects estimation, statistical analysis on the problems of
the investment involvement and estimation of investment
risks;

— to form the sets of alternatives for investment market
participants;

— to analyze the decision stability and to calculate the
value of perfect investment information;

— to determine the best investment strategy using the
decision tree.

4. Development of a simulation model for
evaluation of investment attractiveness of
construction objects

The process of deciding on the choice of a construction
object is proposed to be solved in two stages: at the first
stage, it is necessary to calculate the numerical characteris-
tics of profitability and risk, at the second stage, it is neces-
sary to formulate conclusions by a certain algorithm.

At the first stage, for each of the projects, known cash
flows NCF, for a certain period of time, based on unfavorable,
favorable and moderate forecasts, as well as the probability
P(NCF,) of implementation of these forecasts, it is necessary
to choose the capital investment option, which will ensure
the best combination of expected profit and the degree of
investment risk.

At stage 1, it is necessary to determine the following
indicators for each option (1) to (7):

— average expected cash flow M;

— variance D;

— standard deviation o;

— variation coefficient CV;

— semi-variance SD;

— semi-standard deviation So;

— semi-variation coefficient SCV.

Average expected cash flow M is the expected value of
result, it is determined from formula:

M:iPiXi) (1)

i=1

where X; is the random magnitude, P; is the probability at
which the random magnitude will acquire value X, 7 is the
number of periods of time.

The cash flow for a certain project will be accepted as a
random magnitude.

Divergence in possible results, that is, the degree of
deviation of possible results from their expected value,
is characterized by variance D and standard deviation ¢

(2), (3).

D=3 (cFi-M)P,, ()

=D . 3)

If there is a situation where it is necessary to verify
whether the increased risk is compensated by increased
income, such criterion as relative risk is introduced for con-
sideration. In statistics, a variation coefficient corresponds
to this criterion:

cv=2100%. 4)
M

Semi-variance SD, semi-standard deviation So and
semi-variation coefficient SCV are the semi-characteristics
of a random magnitude, in calculation of which one takes
into account the deviation of possible results from the ex-
pected result value only towards decreasing (5) to (7).

sD=—3 (cr,-MY, (5)
n—1 =1

where 7 is the number of periods, in which the profit norm is
smaller than its expected value E

So=+SD, (6)

Scv=2S100%. (7
M

According to the calculated indicators (1) to (7), per-
formance indicators CF; (Cash Flow) for a certain period
of time, are determined (8). It is assumed that the payment
flow generated by a project enters in equal parts within a
certain period of time. Then the magnitude of cash flow for a
certain period ¢ can be determined from ratio:

CF=[S"-P—S88-V—S85-F—S8-A|(1-T)+5%-A



or

CF,=[§7-P—S&-(V4+F+A)]-(1-T)+S&-A, (8)

where S" is the area implemented within given period of time,
S8is the total area of a construction object, Pis the mean value
of the cost of 1sq. m. at implementation; V is the cost of one
square meter, F is the constant costs for 1 square meter, A —
depreciation expense per 1 square meter, T'is the income tax.

The value of the total area of the construction object
constant expenditures depreciation and income tax are con-
sidered permanent values — these are model parameters. The
value of the price of implementation, cost of one square meter
and sold area depend on the market conditions of building
sites, which are considered as investment projects, they are
random quantities.

The area that was realized for a certain period of time
also depends on the useful area of the house (5”) and can be
calculated from formula (9):

§'=z-S"=z(1-q)-5¥, )

where z is the percentage of the realized area at a certain
forecast of market conditions, g is the coefficient of losses of
useful area, which is calculated as the ratio of useful area to
the total area (g=S5"/59).

Stage 2 is the formation of conclusions by the algorithm
of qualitative analysis of risk using the probabilistic ap-
proach (Fig. 1).

The presented algorithm makes it possible to select the
best project based on the numerical characteristics of a ran-
dom magnitude the cash flow for a project.
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Fig. 1. The algorithm for quantitative analysis of construction risks



5. Marketing research to determine
the actual values of the main input data of assessment of
investment projects

During conducting marketing research, the comparative
analysis and studying of the following indicators were car-
ried out separately:

— demand for and supply of using the physical space of
real estate sites for each class of real in the segment of pri-
mary housing;

— demand and supply of the investment and construction
resources in the segment of primary housing;

— average statistical price indices and indices of market
profitability;

— preliminary assessment of total financial profitability
of typical projects in the segment of primary housing.

As a result of market research into real estate market, it
was determined that in making investment decisions about
the construction of residential facilities, it is necessary to
consider the following factors:

— economic: availability of loan resources, living stan-
dards of population (level and dynamics of income, popu-
lation differentiation by income level, inflation rate, unem-
ployment), construction cost, investment risks, state of the
currency market;

—social: demographic situation and migration flows,
provision of population with housing.

An integrated market parameter that reflects the com-
prehensive effect of the above factors is the market value per
square meter in new buildings.

The main price-forming factors in the market of primary
residential real estate are:

— the class of a site (location factor is included in the
class of a site);

— the stage of readiness of a site;

— proximity to underground and public transport stops;

— development of the social infrastructure in the area of
the site’s (residential building) location;

— image of the company-developer.

Here are the results of the study of risks for the following
problem: to find a solution for building up an area of land
with residential real estate by three alternative projects,
that is, to choose the variant of capital investment that will
provide the best combination of the expected profit and the
degree of investment risk.

The first project involves the construction of a nine-sto-
rey building, the second — of the twelve-storey building,
the third — of the sixteen storey building. All the sites are
objects of economy class.

For each of the projects, we know cash flows NCF; for a
certain period of time based on unfavorable, favorable and

moderate forecasts, as well as probability P(NCF;) of imple-
mentation of these forecasts.

The cost indicators, such as the mean value of the cost
of 1 sq. m. for sale, the cost of 1 sq. m., specific indicators
of permanent expenditures given in the national currency
of Ukraine — hryvnia, which is due to the peculiarity of
pricing in the primary housing market. As of 30 August
2019, the hryvnia rate to the US dollar was USD 1=
=UAH 25.23.

Consider stage 1 of the choice of the built-up option for
several variants. To do this, the investment assessment for
several projects for residential real estate was conducted
(Tables 1, 2, Fig. 2).

Table 1

Initial investment related to construction of multi-storey
buildings

Number of storeys
Project parameters

9 12 16
Area of the land, ha 1.2 1.2 1.2
Total area of a building, sq. m. 4,500 | 6,000 | 8,000
Useful area of a building, sq. m. 3,600 | 4,500 | 5,600
Term of construction, years 1 1,5 2
Permanent costs (calculated for 1 sq. m
of total area of a house), UAH 250 200 150
Depreciation (calculated for 1 sq. m of
total area of a house), UAH 350 320 300
Income tax 25% | 25% | 25%
Discount rate 20% | 30% | 35%
Project term, years 1 1.5 2
Initial investments (calculated for 1 sq.
m of total area of a house), UAH 80 60 45

The probability of acquisition of a certain value from
the set of possible values by random magnitudes, which are
the characteristics of an investment project, depends on the
probability of a favorable, unfavorable or moderate forecast
concerning the market situation (Table 2).

In Tables 2, 3, the following designations were intro-
duced: UF — unfavorable forecast, FF — favorable forecast,
MF — moderate forecast. The shown quantitative indicators
at this stage of research were determined by the expert
method.

Automation of modeling of the estimates of investment
attractiveness of construction projects based on the proposed
approaches was implemented in electronic tables [19, 20]

(Table 3).

Table 2
Forecasted values for the implementation of investment projects
Number of storeys
Project parameters o 12 16
Implemented forecast

UF FF MF UF FF MF UF FF MF

Percentage of sold area 60% | 100% | 80% | 60% | 100% | 80% | 60% | 100% | 80 %

Sold area, sq. m 2,160 | 3,600 | 2,880 | 2,700 | 4,500 | 3,600 | 3,360 | 5,600 | 4,480
Mean value of the cost of 1 sq. m for sale, UAH 12,000 | 10,200 | 11,000 | 12,500 | 11,000 | 11,500 | 13,000 | 11,700 | 12,200
Cost of 1 sq. m, UAH 5,500 | 5,000 | 5,200 | 6,000 | 5,200 | 5,500 | 6,000 | 5,500 | 5,800




Analyzing the results of calculations by the algorithm,
shown in Fig. 1, it should be noted that according to math-
ematical expectations, the efficiency indicator M(CF;), the
projects may be compared. The value of this quantifiable
characteristic of the performance indicator is insignificant-
ly different from one another (in absolute ratio 5,767.5—
5,584.5=183; 5,767.5-5,995.2=227.7; which in relative ratio
is +/-3 %).

Estimation of investment attractiveness of construction projects

that are in the interval from Mean. value—Mean value/2
to Mean value+Mean value/2, Mean values are arithmetic
mean of the sales level, N is the number of periods of time of
observation of the number of sales.

Probabilities of environmental states were determined
based on processing the data on monitoring supply, demand
and prices in the primary market of residential real estate in
Kharkiv during 2014-2018 [21].

The results of the procedure of auto-
mation of determining the probabilities of
occurrence of environment states are given

Table 3

Number of storeys in Table 4.
Project 9 12 16 Table 4
t
PATAmEters Implemented forecast Values of probabilities of possible environment
UF FF MF UF FF MF | UF FF | MF states
CFt, UAH |427.5|10,215 5,760 |-2,107,5| 13,305 | 5,880 [-3,540| 15,840 | 5,892
P(CFr) 02 | 02 [ 06| 02 02 | 06| 02 | 02 |06 Mean value 9759 ﬁlptr_iori fprsbta-
M(CFt) 5,584.5 5,767.5 5,995.2 rhtics of states
D(CFr) 9,625,716 14,049,495 20,596,008.96 Numbeli of m(inths with 5 0.14
ow sales ’
Standard ¢ 3,102.53 3,748.27 4,538.28
Varing Number of months with 2% 072
ariation co- 0 ° 0 medium sales ’
efficient CV 56 % 65 % 76%
- Number of months with
Semi-standard . 5 0,14
deviation So 2,306.28 3,521.81 4,265.02 high sales
Semi-varia- Size of samples Sum of
tion coeffi- 1% 61 % 1% (Total number of 36 probabilities 1
cient SCV months)

Comparing the values of mathematical expectation of
the efficiency indicator M(CF;) and standard deviation o, it
is possible to determine that the construction of a 16-storey
building is a variant of capital investment that will ensure
the best value of expected income.

At the same time, this project has high investment risks.
This conclusion clearly proves the comparison of the values
of variation coefficients 8 and semi-variation coefficient S8.

The project of construction of a sixteen-storey building
has the maximum value for these indicators: 8=76 %; $8=71 %.

In this situation, making an investment decision on
choosing an alternative requires the next phase of research.

The second stage of the research by the algorithm (Fig. 1)
includes the process of detection of probability development
and evaluation of possible results for investment project
implementation for each project of the events development
scenario.

With the use of the probability theory and mathemati-
cal statistics, a priori probabilities of occurrence of certain
states of environment were determined.

As a result of analysis of the subject area of the study
based on static information for the previous stages of en-
terprise functioning, the set of environment states, which
consists of three elements: “Low sales”, “Medium sales”, “Big
sales”, was developed.

Probabilities of each of the environment states can be
calculated from formula (10):

Prs=Krs/N, Pgs=Kps/N, Pyys=Kys/N, 10)
where K is the number of sales, which is lower than Mean
value—Mean value/2, Kpg is the number of sales, which are
higher at Mean value+Mean value /2, Ky is number of sales

Here the Mean value corresponds to the arithmetic mean
of the magnitudes of sales in the entire statistical sample. Then,
the months with high sales are considered those, the values
of sales in which are higher than Mean value+Mean value/2.
Accordingly, months with low sales are those, the values of
which are lower than Mean value — Mean value/2. Months
with medium sales are considered those, the value of sales in
which belongs to the interval [Mean value — Mean value/2;
Mean value+Mean value./2].

According to the main provisions of the game theory
[22-25], the sum of probabilities of all environment states
should be equal to unity, as these states must be mutually
exclusive and collectively exhaustive.

For clarity of changes in sales level, the diagram of vol-
umes of demand and supply were constructed based on static
information (Fig. 2).
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Fig. 2. Diagrams of volumes of demand and supply in real
estate market in Kharkiv, 2016—2018



The diagram (Fig. 2) shows that
the level of supply satisfies the de-
mand throughout the studied period,

Table 5

Determining the best project by risk and uncertainty criteria

so the level of sales can be analyzed Project choice under conditions of uncer- | Project choice under conditions
by the values of demand tainty of risk (with additional studies of
’ (without additional studies of environment) environment)
. . . Bayes-
- . Gurwiz, | Gurwiz Bayesian, | . Her-
. Decision mak-| Maxi- Sav- 7 . 1’| La- .| ian, by |Hodges-
6. For.matlon of th'e .Sets of ing criterion | max Wald age by sain by “?k place by SN | sk | Lehman | ™Y
alternatives for participants of matrix | matrix matrix | ooue yer
investment market Number of
b ; h ¢ storeys of the
The next step is to form the set of |best construc-
alternatives of the participant of the | tion object 16 12 0 12 16 16 16 16 16
investment process, that is, a deci- according_ to
sion-maker (DM), and to determine the criterion

the estimate of perfect information.
Within the theory of games with nature, in this case it is possi-
ble to form a set of alternative DM, consisting of three elements:
“Construction of a 9-storey building”, “Construction of a
12-storey building” and “Construction of a 16-storey building”.
If there is one set of X alternatives for the first player and
known values of a priori probabilities pj, the occurrence of
certain states of environment, the choice of the best solution
X0 can be made by the Bayesian criterion [22—25]. If the es-
timation function has a positive ingredient ®=®", optimal
solution xyg is found based on condition:

0B (i P) = max 2o p, g, = M (7). (1

if ®=®", the optimal solution is determined based on con-
dition:

n

Xpot B’(xkO,P)zrgkli?ij(p;j = M(d>;).

(12)

The result of using a Bayesian criterion is EMV — expect-
ed monetary valuation or expected monetary value. Based
on this valuation, it is possible to make a decision on addi-
tional market research at the first stage (in the first year of
the project implementation at the smaller profit and a higher
risk level). The expected monetary valuation is calculated
for each alternative as the sum of products of gains for dif-
ferent scenarios for future @(x,8)= O, on the probability of
these scenarios of p;:

EMV,=20,p,. (13)

After this, it is necessary to choose the alternative, for
which EMV will be maximal.

The choice of an alternative with the maximum expected
value does not always guarantee the gain, so it is necessary
to address the criterion of minimum of Expected Opportuni-
ty Loss — EOL [22, 25]. Expected opportunity loss for these
alternatives is computed as the average weighted from lost
opportunities 7;; for each of the examined scenarios of the fu-
ture with weights, equal to probabilities of these scenarios p;:

EOL=2r;p; . (14)

Results of research by the following game-theoretic mod-
el are given in Table 5.

The above results were obtained according to the
following parameters: the value of factor pessimism of a
decision-maker 0.7; the value of the parameter that charac-
terizes the trust of a decision-maker to a priori probabilities
0.8. Conclusion of the above results is that the project of
construction of a 16-storey building is the best by most
criteria.

7. Analysis of decision stability and calculation of value
of perfect investment information

Statistical information regarding demand in the real
estate market may not always be available, then, in order
to clarify a priori probabilities of environment states, it is
possible to conduct market research. The value of perfect in-
formation EVPI will enable making a decision on conducting
additional marketing research.

We will give the results of the program implementation
of the Bayesian criterion and the model for determining the
value of perfect information regarding the probabilities of
environment states (Tables 6, 7).

Table 6

Bayesian criterion and model for determining the value of
perfect information by the gain matrix

o Possible environment states Expected

Alternative invest- Modi monetary
focts edium |...
ment projects | Low sales sales High sales| .0 (EMV))

9-storey building 427.5 10,215 5,760 5,638.13
12-storey building | —2,107.5 | 13,305 5,880 5,801.88
16-storey building | —3,540 15,840 5,892 5,963.67
Maximum gain 427.5 15,840 5,892 6,514.71
P.robablhty of en- 014 014 0.72 3
vironment state
Expected value of perfect information (EVP) 551.04
Number of storeys of the best construction object by 16
the criterion

Thus, based on a Bayesian criterion, the best alternative
is the “Construction of a 16-storey building”.

By making a responsible managerial decision, it is nec-
essary to check how sensitive the made choice is to a change
in predicted parameters and probability valuations, using
which the EMVT were calculated for each alternative, that
is, to conduct analysis of solutions stability.



Table 7

Bayesian criterion and model for determining the value of
perfect information by the risk matrix or lost opportunity

matrix

Alternative Possible environment states Expected
investment Medium . opportunity

projects Low sales sales High sales | | o (EOL)
v-storey 0 5,625 132 876.58
building
12-storey

g1 2,535 2,535 12 712.83
building
L6-storey |5 967 5 0 0 551.04
building
Expected value of perfect information 551.04
Number of storeys of the best construction object
o 16

by the criterion

Conducting the analysis of solutions stability involves
the calculation of relative errors in determining probabilities
of the environment states. The result of stability analysis is
given in Tables 8, 9.

For a case of the environment state “Low sales”, the prob-
ability value varies from 0.14 to 0.16. Accordingly, the values
of a priori probabilities of other environment states change.
From the conducted stability analysis, it can be concluded:
the value of perfect information did not change, as well as
the choice of the best alternative to the solution that did
not change and corresponds to construction of a 16-storey

building.

Table 8
Result of analysis of stability of investment projects by the
gain matrix
.| Possible environment states | Expected | Initial ex-
Alternative
investment Low Medium | High monetary |pected mon-
. 81| valuation | etary value
projects sales sales sales (EMV) (EMV)
d-storey 427.5 | 10215 | 5760 | 5514.69 | 5638.13
building
12-storey |y 1075] 13305 | 5880 | 561698 | 5801.88
building
Lostorey 5500 | 15840 | 5,892 | 574533 | 5.963.67
building
Maximum =407 5 | 15840 | 5892 | 6388.22 -
gain
Probability
of environ- 0.16 0.14 0.70 1 -
ment state
Initial
probability 0.14 0.14 0.72 1 -
Expected values of perfect information (EVP) 642.88
Number of storeys of the best construction object by 16
the criterion

High stability of decision is predetermined by a rather
large dimensionality of the sample [26]. However, in the
absence of statistical data, the deviation of probabilities of
environment states by the magnitude equal to the statistical
error, can lead to a significant decrease in expected mone-
tary valuation of strategies [26]. The magnitude of statistical
error is determined as unity divided by square root of a sam-
ple size and in this case is 14 %. That is why the possibility
of additional marketing research to clarify the probabilities

of environment states should be taken into consideration.
According to the analysis, we get the second set of strategies
of the first actor, consisting of alternatives: “To conduct ad-
ditional studies”, “Not to conduct additional studies”.

Table 9

Result of analysis of stability of investment projects by risk
matrix or lost opportunity matrix

. Possible environment | Expected Initial
Alternative
! states opportu- | expected
investment - - A .
projects Low |Medium| High | nity loss |opportunity
sales sales | sales | (EOL) | loss (EOL)
O-storey 0 | 5625 | 132 | 87353 | 876.58
building
12-storey 2535 | 2535 | 12 | 771.24 712.83
building
16-storey 596751 0 0 | 64288 | 55104
building
Probability of
environment 0.16 0.14 0.70 - -
state
Number of storeys of the best construction object by 16
the criterion

Thus, we will obtain two sets of alternatives for the
first actor constituting a chain of interrelated decision, for
the selection of which it is appropriate to use the decision
tree [27].

8. Determining the best investment strategy with
the help of a decision tree

The choice of the best alternative is determined by the
maximum value of the net present value NPV, which is the
sum of discounted values of payment flows indicated to to-
day that is calculated from formula:

NPV=%V1+M,

(15)
where NPV is the sum of discounted values of payment flows,
EMV1 is the expected monetary valuation (decision valua-
tion at the first stage), k is the discount coefficient, M is the
payment flow up to now.

In turn, EM V1 is calculated from formula:

EMV1=2%DCF-p,, (16)

where DCF is the discounted cash flow, p; is the probability
of occurrence of a certain environment state (sales level).
Magnitude of DCF is calculated from formula:

DCF=EMV2/k+CF1, A7)
where EMV2 is the expected monetary valuation (decision
valuation at stage 2).

CF1 is the monetary flow at stage 1, calculated from
formula (8) for each of the projects at certain forecast of the
market situation.

Based on the theory of temporal monetary value [28—31],
in order to obtain the sum of payment flow, normalized to



the present moment, one uses the discounting method, which
is realized in this research by formulas (15) to (17).

The initial part of a tree of alternatives contains the
elements of the first set of decision of the first actor wheth-
er to conduct or not to conduct additional research. That
is why the source data of the model is a decision chain,
which for numerical example looks like: “Conduct additional
studies”—”Construction of a nine-storied building”.

Further branching of the decision tree will be designated
in capital letters:

— tree A corresponds to the alternative “Not to conduct
additional research”, according to which subsequent decision
regarding selection of the construction investment project
is made without specifying a priori probabilities of environ-
ment state;

— tree B corresponds to low sales at stage 2 of decision
implementation, which will lead to a decrease in moneta-
ry flow;

—tree C corresponds to medium sales at stage 2 of de-
cision implementation, which will lead to an insignificant
decrease in monetary flow;

—tree D corresponds to high sales at stage 2 of decision
implementation, the assumption about an increase in mone-
tary flow is logical.

The initial part of the tree alternatives, which corre-
sponds to the first set of decisions of the first actor — whether
to conduct or not to conduct additional research — is shown
in Fig. 3.

Not to conduct additional research

LS 0,14

* MS 0,72

440,83

To conduct additional research HS 0,14

Discount on value of additional research through
information imperfection (%): 20 %

Output data
Response
To conduct additional research

Fig. 3. Appropriateness to conduct additional research

It should be noted that in the change of these indicators
and model parameters, other decision chains can be formed.
In addition, with the help of this model, it is possible to con-
duct an analysis of decision stability depending on a change
of input parameters.

The result of calculation of tree A — “Not to carry out
additional studies’, the maximum value of net present value
NPV=UAH 7,681.68. According to the found value, “Con-
struction of a 9-storey building” was determined as the best
alternative.

When considering the option “To conduct additional
studies” of tree B, the maximum value of net present cost is
UAH 17,195.

Tree B corresponds to low sales at stage 2 of decision im-
plementation, which will result in a decrease in cash flow and
the answer in this case will be “Construction of a 16-storey

building”.

DCF

(A) 768,68
@ 1719588

62792,03

62792,03

Likewise, we simulate the situations that correspond to
medium sales at stage 2 of decision implementation, as well
as to high sales at stage 2 of decision implementation and an
increase in cash flow.

9. Discussion of results from studying valuations of
investment attractiveness of construction objects

Based on the results of research into investment at-
tractiveness of construction objects, the model of making
multi-stage decisions in the field of investment in construc-
tion objects, taking into consideration losses that may arise
during the implementation of adverse events was created.
Results of marketing research shown in Fig. 2 revealed
that according to mathematical expectation of the magni-
tude of cash flows for project (1), (8) the best alternative
is investment in the construction of a 16-storey building
(M(CFt)16=max{M(CFt)}=5,995.2). However, this project
is also the riskiest, it has the maximum value of variation
factor (8=76 %) and semi-variation (§8=71%) (4), (7).
Such results are explained by a significant size of invest-
ment in the project at the initial stage, a longer term of
project implementation and a higher probability to realize
adverse events during this period.

Such results predetermined the need to continue research,
specifically, conducting the analysis of decision stability and
calculation of the value of perfect investment information, are
given in Tables 7, 8. High deci-
sion stability was predetermined
by a large dimensionality of the
sample. The value of perfect in-
formation (EVP=UAH 642.88)
equals to the expected lost op-
portunities.

The lack of statistical data
can lead to a significant decrease
in expected monetary valuation of
strategies and a change is decision.
That is why the best investment
strategy was determined with the
help of the decision tree, provided
that the information about invest-
ment parameters was clarified. The
result of this part of the research
was that the construction of a
16-storey building was determined
as the best investment project by most decision-making cri-
teria under conditions of risk and uncertainty. The decision
chain was formed with the use of multi-stage methods for the
improvement of the effectiveness of investment risk mana-
gement: TO CONDUCT ADDITIONAL RESEARCH—
—TO CONSTRUCT A 16-STOREY BUILDING (Fig. 3).
Such a chain is predetermined by the preliminary research
results, specifically, the values of perfect investment infor-
mation value and decision making criteria under conditions
of risk and uncertainty.

The specific feature of the developed model is compre-
hensive taking into account of many indicators of invest-
ment attractiveness of sites (input variables of the model):

— cash flow in the first year of decision implementation;

— cash flow in subsequent years of decision implemen-
tation;

— prices for real estate;

EMV
768,68

NPV
6145,344

56459,23 44726,55

NPV 44726,55



— size of initial investment;

— sold areas;

— values of additional research.

Another feature is the clarity of decision dependence on
the above indicators due to the graphic interpretation of the
decision-making process by means of the decision tree.

The limitation of this study is that some parameters
are considered constant magnitudes within one exper-
iment (model parameters). These parameters include:
percentage of variables and permanent costs; percentage
of taxes; discount rate; percentage of a change in cash flow
in case of realization of one or another forecast of market
conditions.

The model for evaluation of investment attractiveness of
construction objects is universal in relation to the type of
sites of residential real estate. However, at the change in the
set of alternatives or environment states, there occurs the
need to edit the graphic part of the model. This drawback is
caused by the program implementation environment and can
be eliminated in the application of other software.

The development of these studies involves an increase in
the number of indicators of investment attractiveness, based
on which the decision on the choice of the investment object
is made. It is also necessary to take into consideration social
and macroeconomic indicators, which can influence the de-
cision formation.

10. Conclusions

1. The simulation model for evaluation of investment at-
tractiveness of construction objects was created. The specif-
ic feature of this model is obtaining the numerical character-
istics of profitability and risk based on statistical methods.
The best from the profitability position alternative of the
investment in the construction of a 16-storey building was
identified (M(CFt)=5,995.2 — the maximum value among
alternatives). It was shown that this choice at the same time
is risky because it has the maximum values of coefficients of
variation (CV=76 %) and semi-variation (SCV=71 %). This
is explained by the large amount of capital investment in the

project at an early stage, a longer term of project implemen-
tation and higher probability of implementation of adverse
events during this period. This makes it possible to consider
that additional research is necessary.

2. The specific feature of marketing research is the possi-
bility of determining and taking into account economic and
social factors and their comprehensive consideration when
making investment decisions concerning housing sites. The
consideration of these factors in the case of three specific
alternative projects for the choice of an investment option
made it possible to consider the alternative with a maximum
income and an appropriate degree of investment risk to be
the best option. Based on these factors, the option of the
construction of a 16-storey building with the best expected
profit was selected (EMV=UAH 5,745.33) and degree of
investment risk (EOL=642.88) based on unfavorable, fa-
vorable, and moderate forecasts, as well as on probability of
implementation of these forecasts.

3. An analysis of the best project by the risk and uncer-
tainty criteria without additional research into environment
and their consideration was carried out. This has made
it possible to develop the program implementation of the
Bayesian criterion, the decision-making criterion under un-
certainty conditions and the model for determining the val-
ue of perfect information on the probability of environment
state and to form the set of alternatives for participants of
the investment process, using the game theory.

4. The stability of the obtained decisions regarding a
change of the predicted parameters of a project using statis-
tical data was analyzed, due to which the relative error was
calculated in determining the probabilities of the environ-
ment states, which made up 14 %. The conducted stability
analysis has made it possible to consider the value of perfect
information based on the gain matrix and by the risk or lost
opportunities matrix to be sufficient.

5. The best investment strategy was determined with the
help of the decision tree, provided that the information on
the investment parameters is clarified. This made it possible
to draw conclusions about the dependence of decision sta-
bility on a change in the input parameters, to simulate the
situations that correspond to changes in cash flow.
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