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Abstract. Theoretical and applied aspects of scenario analysis of investment projects of enterprises in the mineral
resource sector of the economy are considered, its advantages and disadvantages are analyzed. Taking into account the
organizational and economic features of mineral resources management, a number of new modifications of the scenario
analysis method, aimed at solving an urgent problem - reducing the information uncertainty in assessing the expected
efficiency and risk of investment projects, are proposed. The peculiarity of the proposed new modifications is the use
of the interval-probabilistic approach in the implementation of the scenario analysis procedure. This approach is based
on a moderately pessimistic system of preferences in obtaining point values of the investment project initial parameters.
Fishburn estimates and the hierarchy analysis method were used to reduce subjective uncertainty. The maximum
likelihood values in the sense of the maximum a priori probability are used as expected estimates. An additional indi-
cator of risk assessment, which characterizes the probability of the event that the net present value of the project will
take a value less than the specified one, is proposed. When analyzing one project, this indicator is more informative
than the standard deviation. A statistical hypothesis was tested on the improvement of the validity of investment deci-
sions developed using the modified scenario analysis method compared to the standard method.
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Introduction. Investing in subsoil use in countries with a resource-based economy is
extremely important for the development of the national economy — economic growth, social
development and, ultimately, growth of the competitiveness of the macroeconomic system [1].
The efficiency of investment decision-making in the field of implementation of investment pro-
jects in the relevant mineral and raw materials sectors of the economy largely depends on the
processes of managing these projects, in particular, reducing their information uncertainty.
To date, the task of reducing information uncertainty in assessing the risks of investment projects
is one of the most complex and urgent tasks of investment design [2]. The complexity of the
decisions made in this area is because the amount of cash flows from the operating, financial and
investment activities of the enterprise are predictive. This, in turn, limits the use of deterministic
methods and requires taking into account the factors of randomness and uncertainty when
assessing the parameters of the internal and external environment of the project [3-5].

Risk management of investment projects at enterprises of the mineral resource complex cannot
ignore the industry-specific features of the subsoil use sphere, arising from the content of the production
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and commercial activities of its economic entities [6-8]. The processes of reproduction of the eco-
nomic activity of resource extracting companies proceed on the basis of natural and technological
factors in the development of the sphere of subsoil use and the operation of economic laws [9]. The
growth of enterprise competitiveness in the domestic and foreign markets should be considered as the
ultimate goal of risk management in a company [10-12].

One of'the key elements of the project risk management system is quantitative methods for their
assessment |13, 14]. Among them, the most well-known methods are: sensitivity analysis of project
performance criteria; discount rate adjustments; analysis of indicators of the limiting level; analysis
of project development scenarios; building a “decision tree”; simulation statistical modeling (Monte
Carlo method) [15-17].

When making investment decisions under conditions of significant uncertainty of environmental
factors, the method of analyzing project development scenarios has become widespread [ 18-20]. This
method is based on expert judgments related to the construction of several predictive models of pro-
ject cash flows and indicating the probabilities of their implementation. The main disadvantage of
scenario forecasting is the subjectivity of expert judgments. To reduce the degree of subjectivity, as
a rule, additional information is involved. In the scenario analysis method, such information can be
obtained by establishing preference relations for the possible values of the project parameters under
study, which makes it possible to construct their probability distributions and use the maximum like-
lithood values in the sense of the maximum a priori probability as an estimate.

Thus, the purpose of this work is to reduce information uncertainty in scenario risk analysis of
investment projects. This goal is achieved through a number of modifications of the typical scenario
analysis procedure, namely, the use of an interval-probabilistic approach in assessing the stochastic
parameters of the project and the introduction of an additional risk assessment indicator to reduce the
subjectivity of expert judgments.

Methods. All over the world, the sphere of subsoil use is considered high-risk. Risks are both a
consequence of the results of the production and commercial activities of its subjects, and investment
attractiveness of the relevant enterprises and the level of investor activity. As a result of the analysis
of investment projects in the field of subsoil use, risk factors specific to the mineral and raw materials
sectors of the economy were identified, they can be conditionally grouped into legal, mining and
geological, financial, industrial, and territorial ones. In international practice, the final decision in the
field of approval (rejection) of an investment project is made in accordance with financial indicators
and indicators of project business plans, their feasibility study [21]. That is why the modified scenario
analysis of investment projects relies [22, 23] primarily on the financial characteristics of projects
using the appropriate economic and mathematical tools. In the process of making investment decisions,
modern traditional risk management methods include self-insurance of risks (formation of financial
reserves “as a safety cushion”), risk insurance by an insurance company, risk hedging by specific stock
market entities, “‘share” distribution of risk within the participants of the investment project.

The development of a methodology for scenario analysis of investment projects in the mineral
resource sector of the economy should be based on the industrial specifics of economic entities in the
sphere of subsoil use [24]:

1. At the pre-investment phase of project management, there is a high uncertainty in the values
of its main technical and economic parameters. This is due to the fact that for each mineral deposit
it is always difficult to determine their reserves with high accuracy due to the peculiarities of the
reserves occurrence, constant dynamics and complexity of mining and geological conditions. There-
fore, when developing and implementing appropriate investment decisions, it is necessary to take into
account the specifics of a particular deposit, as well as the expedient period of mining enterprises
operation, which directly depends on the development period of the corresponding deposits, depending
on the volume of mineral reserves and the profitability of mining [25].
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2. There is a constant growth in need and demand for raw materials and final products as a result
of their enrichment and processing. All this ultimately increases the investment activity of the mineral
resource complex and actualizes the issues of investment design in the framework of creating new
industries and developing the material and technical base of the subsoil use [26, 27].

3. The implementation of investment projects in the field of subsoil use, as a rule, is characterized
by a long cycle, a high level of complexity and capital intensity [28, 29]. This is due to the fact that
the functioning of mining enterprises is always focused on a developed infrastructure, the creation
and maintenance of which is impossible without construction and logistics [30, 31]. In addition, the
costs are high not only for its acquisition, but also for operation and repair. It is also necessary to take
into account the location of subsoil use enterprises in relation to the corresponding deposits. Effective
solutions in this area contribute to the reduction of unjustified costs — transport and logistics associ-
ated with the creation and operation of engineering and social infrastructure. It is also worth noting
that a long production cycle extends to the entire value chain — from exploration, production to the
creation of the final product [32, 33].

4. Compliance with the principles of rational subsoil use implies the development of large-scale
measures in the field of minimizing the loss of raw materials and, as a result, the amount of penalties.
In addition, mining industry is associated with environmentally harmful industries, which in modern
conditions involve the use of environmental protection equipment that significantly increases the need
for investment resources [34].

5. Additional investment risks are caused by high uncertainty in the field of legal regulation of
subsoil use. Legislation in this area is constantly being improved and undergoes changes. The Guide-
lines for evaluating the effectiveness of investment projects remain the fundamental document'.

For example, investment projects approved by PAO Gazprom are diversified and cover different
sectors of the fuel and energy complex. Only at the present time, the company is implementing several
dozen large-scale projects not only in the Russian Federation, but also abroad:

* Eastern Gas Program, focused on the creation of a full-scale gas industry in the East of Siberia —
five fields in the stage of industrial operation, the length of “The Power of Siberia” gas pipeline is
about 3 thousand km;

* Yamal, a new gas production center — 32 fields, 36.5 trillion m* of gas, 1.6 billion tons of gas
condensate, 300 million tons of oil;

* LNG - liquefied natural gas projects — Sakhalin-2, Vladivostok-LNG, complex for processing
ethane-containing gas and production of LNG in Leningrad region, LNG supply project in Kalinin-
grad region.

The method for analyzing project development scenarios consists in the variable calculation of
project performance indicators and their subsequent aggregation into a generalized indicator taking
into account risk. At the same time, it should be noted that, unlike the sensitivity analysis method, the
scenario analysis method assumes a joint and interconnected change in several project parameters.

A project development scenario is understood as a plausible consistent combination of project
parameters, as well as factors of its external environment. In general, the scenario analysis procedure
involves the following steps:

* Several variants (scenarios) of changes in the initial parameters of the project are generated in
accordance with the ideas of its participants about possible risks.

* For each scenario, a probabilistic assessment of its implementation is indicated.

 Efficiency and risk indicators of the project are calculated for each scenario (as a rule,
NPV —net present value and o — standard deviation).

! Kossov V.V., Livshits V.N., Shakhnazarov A.G. Guidelines for assessing the effectiveness of investment projects. Moscow:
Economics, 2000, p. 421.
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The standard procedure of the method involves consideration of three possible scenarios for
development of the project — pessimistic, most probable and optimistic, and the net present value
NPV acts as an efficiency criterion. In this case, the integral indicator of the project's effectiveness
is calculated according to the mathematical expectation formula (Methodological recommenda-
tions, p. 48):

3
M(NPV)=NPV =Y NPV,p,. (1)
i=1
where NPV1, NPV>, NPV3 — net present value for the pessimistic, most probable and optimistic sce-
narios, respectively; p; — the probability of the scenario.
Standard deviation is usually used as a measure of risk

G:\/i(NPVi — NPV)?p, - (2)

i=1

The lower the standard deviation, the less risky the project is considered.

The use of formulas (1) and (2) is associated with the determination of point estimates of a priori
probabilities p;, which in practice often causes significant difficulties. This is due to the fact that
investment projects in the mineral resource sector of the economy are, as a rule, unique and it is
impossible to select a statistical data set suitable for objectively establishing the probabilities p;.
Therefore, to obtain point values of probabilities p;, it is often recommended to use expert estimates.
Since any expert procedure is based on subjective considerations, the probabilities p; are called sub-
jective probabilities.

A number of researchers express serious criticisms regarding the use of a probabilistic approach
to assess the expected effectiveness and risk of a project, precisely because of the subjective nature
of the probabilities p; [35]. It should be noted that in situations related to the assessment of the uncer-
tainty of global factors of the external project environment (natural-climatic, political, macroeco-
nomic, etc.), it is quite difficult to find an alternative to the probabilistic approach.

When there is information uncertainty of the internal quantitative parameters of the project, and
there is no group of experts who expressed an agreed opinion on the probabilities of the implementa-
tion of individual scenarios, it is more preferable, in our opinion, to use the interval approach to assess
the expected effectiveness of the project. In this case, to calculate the integral indicator of project
efficiency, it is recommended to use the Hurwitz formula:

M(NPV)=NPV =ANPV, +(1-L)NPV,, 3)

where NPVmin, NPVmax — net present value for the most pessimistic and most optimistic scenarios,
respectively; A — coefficient reflecting the system of preferences of the decision maker (DM),
A e[0,1].

The substantiation of formula (3), as well as its generalization in relation to the evaluation of the
effectiveness of investment projects, can be found in the work of P.L.Vilensky?.

When A = 0 in formula (3), a system of preferences is realized corresponding to extreme pessi-
mism, when A = 1 — extreme optimism, when A = 0.5 — there is no pronounced inclination either
towards pessimism or towards optimism. In investment planning, usually A €[0, 0.5], which reflects
the preferences of risk-averse investors. Most often, you can meet the value A = 0.3, which cor-
responds to a moderately pessimistic system of investor preferences. In the Guidelines (p. 89) it is
also recommended to use the value A = 0.3.

2 Vilensky P.L., Livshits V.N., Smolyak S.A. Evaluation of the effectiveness of investment projects. Theory and practice.
Moscow: Delo, 2002, p. 481-482.
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The dominance of a mode-

Scenarios Pessimistic Most probabilistic Optimistic rately pessimistic approach in
evaluating the effectiveness of
Pessimistic ! “ s investment projects, apparently,
1 can be explained by the fact that

Most probabilistic ay=— 1 A3

it is desirable, if possible, to pre-

Optimistic

a3 =—
a3

vent situations in which, due to
natural deviations of the actual

values of cash flows from their
calculated values, projects rated
as effective, they will not be like
that. To avoid this, the initial data used in the calculations should be somewhat “degraded”, which
will give the project assessment some “margin of safety”. However, these “deteriorations” should not
be too great, since otherwise, as a result of the calculation, “good” (effective) projects may be unrea-
sonably discarded. Thus, moderate pessimism reflects a reasonable, in the opinion of the authors,
investors' attitude to risk, which is why this principle was the basis for subsequent reasoning. Upon
receipt of additional information about the factors affecting the implementation of the project, the
value of A may be revised upwards.

Within the framework of the probabilistic approach to assessing the expected project effective-
ness, the key methodological problem is the subjective nature of the probabilities p; in formulas (1)
and (2). To reduce the degree of subjectivity in determining these probabilities, it is proposed to use
the method of analyzing hierarchies.

The essence of the proposed procedure is as follows. The decision maker gives qualitative judg-
ments about the degree of preference for one scenario over another in accordance with the Saaty scale.
As a result, a preference matrix of project development scenarios is formed (Fig.1).

The elements of the matrix a;; characterize the degree of preference for the i-th scenario over
the j-th scenario in accordance with the Saaty scale.

The preference matrix is processed according to the scheme

Fig.1. Preference matrix of project development scenarios

n : A
1 a, ay, Alznj_]a]] b= n] 5
= 4
" A
a, 1 ay, Azznjnzlazj b= 2 4
2.4 4)
" A
anl an2 1 An =1 1._I]anj fpn = n - ’
= ;
;4

where p; — i-th element of the vector of priorities (probability of the implementation of the i-th sce-
nario).

As a probabilistic indicator of risk, standard deviation  is the most widely used. The smaller the
standard deviation, the “narrower” the probability distribution and the lower is the risk. However, this
indicator is convenient to use when comparing several investment projects with each other. When
analyzing one project, this indicator becomes less informative. Therefore, it is proposed to introduce
an additional indicator into the standard procedure for analyzing project development scenarios,

which assesses the probability of an event that NPV will take a value less than a given value x:
P (NPV < x). (5)
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If we accept the assumption of the normal distribution of NPV, then formula (5) can be
written as

P(NPV <x)=® [ﬂ] : (6)
()
1 X _(t—)?z)z
where @ = [e 2 dr — Laplace function.
oV2T 2y
Often of interest is the probability of the event that the project will be unprofitable:
P(NPV <0). (7)

In this case, taking into account the accepted assumption about the normal distribution of NPV,
we obtain:

P(NPRO):@[O—ﬂ):l_@[NPV]. ®)
(e) (e)

Consider the interval-probabilistic approach to assessing the expected efficiency project. Let
there be two projects A and B with the same NPV values for the pessimistic and optimistic scenarios,
for example. NPV 2 =NPV 2 =10,and NPV2 = NPV ? =20. For these projects, the values of the

most probable development scenario are determined, for example NPVp’job=17, and NPVpliob=12.

When using formula (3), the values NPV " and NPV " will not change, since only extreme values of
NPV are taken into account in the Hurwitz formula. It can be expected that obtaining more infor-

mation should lead to a change NPV , and for the situation under consideration NPV > Nev”.
In the work [27], it is proved that when using the Hurwitz formula, the introduction of additional

intermediate values of NPJ should not lead to a change of NPV, but at the same time, an important
clarification is made that nothing is known about the probabilities of individual outcomes (scenarios).

Determining a priori probabilities is one of the key methodological problems in assessing the
expected effectiveness of a project based on the scenario analysis method. In practical activities DM,
as a rule, always establish a certain preference relation regarding scenarios, using his experience,
intuition and knowledge. Establishing a preference relation is a more natural and simple operation
than directly determining the probabilities of scenarios.

From a formal point of view, the preference relation is a binary order relation on the set of ad-
missible alternatives. Order relations are studied in sufficient detail in the work of Fishburn?®.

The main types of order relations on the components of the vector p = (p1, po, ..., pn) include the
following:

* simple linear order relation

pP1L=p2> ... 2D 9
» partial-strengthened linear order relation
pizpi+1t..tpy i=1,.,n—1; (10)
* strengthened linear order relation
Piv1 T ot pitoy 1 Zpiv1 T T pite, D=1, 00,0, (11)

where a; > 0 — is a given integer.

3 Fishburn P. Theory of usefulness for decision making. Moscow: Nauka, 1978, p. 352.
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When comparing project development scenarios DM sets a simple linear order relation as a rule.
Let the range of possible values of the estimated indicator be given:

Qz{oal,oaz,...,oan}- (12)
DM establishes a binary preference relation on the components ;:
1> > ... O (13)

where ®; > @; means that ®; is more likely than w;.
Then it is natural to assume that o; > «; only for p, > p;, i.e. binary preference relation (13)

induces a linear order relation (9).
In this case, as point estimates of a priori probabilities pi, one can use the Fishburn estimates p, :

. 2n—k+1)

5 .=1,..., s 14
n(n+1) : " (14)

which form a decreasing arithmetic progression. The variable & in formula (14) denotes the ordinal
number (position) of the scenario in the established binary preference relation (for the most probable
scenario k= 1).

Justification of the Fishburn estimates for the order relations (10) and (11) can be found in the
work [35].

The vast majority of recommendations for evaluating the effectiveness of investment projects
include moderately pessimistic values for all project parameters, which, as practice has shown, give
the most satisfactory results [36, 37]. Based on this provision, we find the Fishburn estimates p. for

the cases of point and interval determination of NPV
Formula (1) assumes finding NPV for three project development scenarios. Let us establish a binary
preference relation on the NPV; components, taking a moderately pessimistic approach as a basis:

NPV, > NPV > NPV, (15)

In the established binary relation for NPV, the value of the variable £k = 1, for NPV, —
k=2, for NPV, — k=3.

Then we obtain the following Fishburn estimates p,:
p,=0.333; p,=0.5; p,=0.167. (16)

In the case of an interval determination of NPV, we will proceed from the fact that DM gives
three interval estimates for the project development scenarios:

* [NPVin1, NPVmin2] — for a pessimistic scenario;

* [NPVyrob1, NPVprop2] — for the most likely scenario;

* [NPVmax1, NPVmax2] — for the optimistic scenario.

Let us consider the most typical situation, when these estimates form five non-overlapping
intervals (Fig.2).

[ @ & L 4 . 4 L
NPViini  NPVina NPVprob1 NPV,pror2 NPVinaxi NPVinax2

Fig.2. Intervals formed based on DM estimates
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In this case, two approaches to constructing a binary preference relation, based on three and five
intervals, are possible.
Taking into account a moderately pessimistic approach, a binary preference relation based on
three intervals will have the following form:

[NPVprobl, NPVprobZ] > [NPVminl, NPVminZ] > [NPVmaxl, NPVmaxZ]- (17)

Fishburn estimates p, in this case will correspond to estimates (16). Point estimates of NPV with

a moderately pessimistic system of preferences can be found using formula (3).
A binary preference relation based on five intervals will have the following form:

[NPVprobl, NPVprobZ] > [NPVmiHZ, NPVprobl] > [NPVprobZ, NPVmaxl] >
> [NPVminl, NPVminZ] > [NPVmaxl, NPVmaxZ]- (18)

In this case, we obtain the following Fishburn estimates:

5,=0.133, p,=0.267, p,=0.333, p,=02, p.=0.067, (19)

where p, — probability of a pessimistic scenario corresponding to the interval [NPVimini, NPViin2];
p, — probability of a moderately pessimistic scenario corresponding to the interval [NPViin2,
NPVyron1]; p,1s the probability of the most expected scenario corresponding to the interval [NPVpop1,
NPVpron2]; p, — probability of a moderately optimistic scenario corresponding to the interval
[NPVprob2, NPVmax1]; psis the probability of an optimistic scenario corresponding to the interval

[NPVinax1, NPVax2].

Point estimates of NPV can also be found using formula (3), if a moderately pessimistic system
of preferences is taken as the base one.

If the probabilities of project development scenarios, obtained on the basis of finding Fishburn
estimates, for some reason do not suit DM, he can use the hierarchy analysis method.

Results. To understand this methodology, it is proposed to consider the following problem.

Formulation of the problem. The project of a subsidiary of PAO Gazprom for the production of
special equipment for the maintenance and repair of tanks intended for the transportation of liquefied
hydrocarbon gases and light hydrocarbon raw materials (tanks models 15-908R, 15-1407-01,
15-1519-01 and etc.) with initial parameters given in the form of point estimates: initial investment
1o — 3000.00 conventional monetary unit (c.m.u.); planning horizon n — 5 years; discount rate » — 20 %;
income tax 7 — 20 %; price P per unit of equipment — 45.00 c.m.u.; variable costs per unit of equipment
AVC — 28.00 c.m.u.; depreciation deductions 4 — 1500 c.m.u.; as well as interval estimates: the
volume of output O according to the scenario, c.u.: pessimistic — 90-110, most probable — 210-240,
optimistic — 310-320; fixed costs FC under the scenario, c.m.u.: pessimistic — 820-850, most probable —
750-770, optimistic — 700-730.

It is required to conduct a scenario analysis of the project with moderately pessimistic system
DM preferences.

Scenario analysis of the project. It is necessary to build consistent combinations of its pa-
rameters and calculate the NPV values. For the project under consideration, six NPV values were
calculated based on possible combinations of O and F'C parameters (Table 1). The ratios considered
in [3] were used to calculate NPV.
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Table 1
Estimated values NPV
COQ’Z?IE“;?CO“ Designation NPV | Value NPV, c.m.u. C"Q”::li;“;fic‘m Designation NPV | Value NPV, c.m.u.
Fg _ 320 NPV -966.38 FQC:=274500 NPVpron 5864.17
FQC::181200 NPVmin 140.14 FQC:=371300 NPVimax1 8759.09
FQC:=271700 NPV pron 4596.15 FQC:=372100 NPVinax2 9213.66

The calculated NPV values divide the segment [NPV_ . NPV,

minl > max 2
Taking as a basis a moderately pessimistic system of preferences, according to formula (3), the values
of M (NPV;) were calculated for each interval (Table 2). The probabilities of falling into the interval
(the probabilities of project development scenarios) can be obtained based on finding Fishburn
estimates.

] into five intervals (Fig.2).

Table 2
Estimated values M(NPV)) u pi
Scenario M (NPV;), c.m.u. Di Scenario M (NPV;), c.m.u. Di
Pessimistic —634.43 0.133 Moderately optimistic 6732.65 0.200
Moderately pessimistic 1476.95 0.267 | Optimistic 8895.46 0.067
Most possible 4976.56 0.333
To calculate the integral indicator of project efficiency, we use the formula
5
M(NPV)=) M(NPV,)p, =3907.68 c.m.u. (20)

i=1
Having accepted the assumption of the normal distribution of NPV, we will carry out a proba-
bilistic analysis of the project risk: variance D (NPV) — 7961807.78 c.m.u.; standard deviation
o (NPV) —2821.67 c.m.u.; P (NPV <0)—0.083; P (NPV <M (NPV) — 50 % x M (NPV)) — 0.244.
When constructing a binary preference relation based on three intervals, we obtain:

3
M(NPV)=) M(NPV,)p,=3759.38 c.m.u. (21)
i=1

Values of indicators calculated as part of the probabilistic risk analysis of the project (with
a three-interval binary preference relation): variance D (NPV) — 11572491.88 c.m.u.; variance
o (NPV)—3401.84 c.m.u.; P (NPV <0)—0.135; P (NPV <M (NPV) —50 % x M (NPV)) — 0.290.

With a moderately pessimistic approach to building binary preference relations, a decrease in the
number of evaluated scenarios leads to more “strict” pessimistic estimates for project efficiency and
risk indicators. The introduction of additional scenarios to a certain extent smooths out the “strict”
pessimism and inspires more confidence in the values of the estimated parameters. At the same time,
it should be noted that the increase in the number of scenarios under consideration also has limitations
associated with Miller's psychological law used in many scales of expert assessment, as well as with
a certain complexity of constructing consistent combinations of initial project parameters for a suffi-
ciently large number of possible scenarios for its development.

Discussion. The proposed interval-probabilistic approach to scenario analysis of the develop-
ment of projects assumes that the interval assessment of the initial parameters of the project is carried
out either by one expert or by a group of experts through a joint open discussion. In the second case,
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the developed collective expert assessment from the point of view of its subsequent processing is
equivalent to the assessment made by one expert.

If experts conduct interval estimation of project parameters independently of each other, then
binary preference relations can be built based on processing given interval estimates. In this case,
three options are possible:

« all interval estimates are mutually inconsistent

m

Nla;,b,1=9; (22)

j=1
« all interval estimates are mutually consistent

m

Nla;, b,1#2; (23)

J=1

* some interval estimates are mutually inconsistent
3la,b,1=2, (24)

where m 1s the number of experts.
For option (22), various methods for processing independent expert assessments can be applied [38].
Provided that the experts have equal qualifications, the simplest solution is to choose a median interval or

m

interval [a',b ] = N [a;,b;]. Form 2 3, the leftmost and rightmost intervals can be discarded. Other pro-
=
cessing options are possible.

For option (23), a preference relation can be constructed based on the reasoning that the intervals
with the highest likelithood are most preferred. These are the intervals formed by the intersection of
the largest number of expert interval estimates. For example, regarding the boundaries of the para-
meter A, four independent expert assessments were made: expert 1 — [4000, 8000]; expert 2 — [5000,
9000]; expert 3 — [6000, 8000]; expert 4 — [4000, 8000]).

Interpreting the intersection of interval estimates as the area of greatest likelihood, we will order
them by probability with a moderately pessimistic system of preferences:

[7000, 8000] > [6000, 7000] > [5000, 6000] > [8000, 9000] > [4000, 5000] > [9000, 10000].  (25)

In this case, we obtain the following Fishburn estimates (the probabilities of falling into the
interval):

5,=0.095; p,=0.190; p,=0.238; p,=0.286; p.=0.143; p,= 0.048. (26)

If, for some reason, Fishburn estimates do not suit the project development scenarios as proba-
bilities, then the hierarchy analysis method can be used to obtain plausible subjective probabilities p..
If several analysts with the same weight take part in the development of the project, then the geometric
mean formula can be used to aggregate their judgments:

A 1 2 n
a; = ”\/% Xa; X.xa; - 27)

The logic of formula (27) becomes obvious if two equal experts indicate, when comparing the
indicators, respectively, estimates a; and 1/a;, which, when calculating the aggregated estimate,
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gives one and indicates the equivalence of the compared indicators. Aggregated judgments g UA are

processed according to scheme (4).

To compare the standard and modified method of scenario analysis, an experiment was set up to
assess the validity of investment decisions developed using these methods. The essence of the experi-
ment was that eight analysts were asked to solve six investment planning problems using standard
and modified methods. Then, using the Saaty scale, the degree of preference of the developed solu-
tions in relation to each other was revealed. The result of processing the obtained expert judgments
were six vectors of priorities, the elements of which were interpreted as the coefficients of the validity
of the developed solutions (Table 3).

Table 3
Reasonability coefficients
Task
Method
1 2 3 4 5 6
Typical 0.42 0.38 0.51 0.35 0.47 0.34
Modified 0.58 0.62 0.49 0.65 0.53 0.66

Since the validity coefficients values depend not only on the solution methods used, but also on
a number of other factors, it should be assumed that they are random variables. Thus, the problem
arises of assessing the significance of the difference between the average validity coefficients of two
samples.

Dispersion ratio Fy =s; /s.=21.13, where s; is the sample intergroup (factorial) variance; s_ is

the sample intragroup (residual) variance. At the significance level a = 0.01, the tabular (critical)
value of the Fisher criterion F = 10.04. Since F: > F, it can be argued with a high level of reliability
that the value of the justification factor depends on the method used.

Selective coefficient of determination p* =67 /o= 0.679, where o} is the sum of squares
between groups; Gi is the total sum of the squared deviations of the overall mean. Thus, about 68 %

of the total variation in the validity factor is due to the method used. Determination coefficient error
s ,=0.032. Since p°/s_,>F, the obtained estimate of the sampling coefficient of determination
P P

is reliable at the significance level o = 0.01.

Conclusion. The task of reducing information uncertainty in the process of assessing the risks
of investment projects is one of the most difficult tasks of financial management.

The modified method of scenario analysis developed by the authors is aimed at reducing the
degree of subjectivity in assessing the predicted parameters of investment projects in the conditions
of uncertainty of environmental factors and thereby improves the validity of the developed investment
decisions. The method is proposed to be used in the system of risk management of investment projects
of the mineral resource complex.

The scientific novelty of the method lies in the fact that it is based on a moderately pessimistic
system of preferences when obtaining point values of the initial parameters of an investment project
and, unlike the well-known ones, uses the method of analysis of hierarchies and Fishburn's assessment
for interval-probabilistic assessment of the predicted parameters of project development scenarios.
Further development of the method is seen in its complex application with the SWOT-analysis
method for the reasonable identification of factors of the internal and external project environment.
Construction of a hierarchical tree of factors and assessing the degree of their influence on project
development scenarios may be of particular interest.
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To compare the standard and the proposed modified method, an assessment of the validity of the
investment decisions developed, using these methods, was made. The results of statistical processing
allow us to conclude with a fairly high level of reliability that the modified method allows you to get
more reasonable investment decisions compared to the standard method.

It is important to note that the use of a single method for assessing the risks of investment projects
affects the solution of only one component of this complex multifaceted task. An integrated approach
to risk assessment is effective, which involves the use of diverse economic and mathematical methods,
including methods of imitating statistical modeling, which allow generating thousands of random
scenarios. Such an approach at a higher quality level contributes to the adoption of investment deci-
sions in the face of uncertainty in the external environment, which is typical for large projects in the
mineral resource sector of the economy.
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