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DEVELOPMENT OF COMBINED METHOD
FOR ANALYSIS OF FINANCIAL RISKS

OF INVESTMENT PROJECT
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8 ULIOMY T PUSUKU NPOEKMY NO 1020 napamempam, 6yoyomocs petmunzy npoeKmuux napamempis no

cnadarouiil pusuKis npoexmy.

Kmouosi cnosa: memoo cuenapiie, sanacu 6e336UmKoB0Cmi i NPUUHAMHOCME NPOEKMY, Pelumunzu

PUBUKIB napamempie npoexmy.

1. Introduction

Analysis of investment risks is one of the fundamental
problems of investment theory and practice [1-3]. In-
vestment capital investments always refer to the future,
often very distant, and the future is always subject to
uncertainty. A risk is a partial uncertainty when some
information about a future situation is known with a pro-
bability of less than one.

In general, the implementation of investment projects
entails the emergence of three types of risk [4-7]:

1) own (individual) project risk — the risk that the
actual results of the project may differ from those planned,;

2) corporate (intra-firm) risk is associated with the
influence that the course of the project implementation
can have on the financial condition of the firm;

3) market risk characterizes the impact that the project
implementation may have on the change in the company’s
share price, i. e. its market value.

In this article, only own (individual) financial risk
of investment projects is investigated. Two different ap-
proaches to the definition of the project’s own financial
risk are used. The first traditional approach is mentioned
above. The second approach is proposed by the authors
of the article and consists in the following. Let’s con-
sider two sub-types of own financial risks of investment
projects — the risk of loss and the risk of unacceptably
low profitability. The risk of unprofitability of the pro-
ject will be interpreted as the possibility of a negative
value of the margin of the investment break-even of the
project, and the risk of unacceptably low profitability of
the project — as a possibility of a negative value of the
project’s investment acceptability margin [8, 9]. Thus, in
accordance with the second approach, the project’s own
financial risk is interpreted as the possibility of rejecting
the actual results of the project from the critical ones
for the worse.

2. The ohject of research
and its technological audit

The objects of the research are the methods of quantita-
tive analysis of the financial risk of investment projects.

Among the methods of this type that are used in practice,
the most known are: the method of adjusting the discount
rate, the method of reliable equivalents, the sensitivity
analysis of project efficiency criteria, the scenario method,
the decision tree method, the method of probability dis-
tributions of payment flows, the Monte Carlo simulation
method [4, 6, 10]. Unfortunately, all these methods have
significant drawbacks and limitations. Among them, there
is no universal method suitable for a comprehensive risk
assessment of most investment projects encountered in
practice. Therefore, the problem of creating new or im-
proving known methods of quantitative analysis of project
risks is still relevant.

In this article, the authors propose a new method for
analysis of project risks, which is a combination of the
scenario method and analysis of the financial stability of
the project. The scenario method is widely known and is
often used in practice. As for the analysis of the financial
sustainability of the project, this method was developed
by the authors in previous works [8, 9] and is largely
analogous to the analysis of the sensitivity of the project
effectiveness criteria. In any case, both mentioned variants
of analysis are single-factor, which is their main drawback.
This shortcoming is unavoidable, because it is a reflection
of the very essence of methods, the reverse side of the
coin. The main shortcoming of the scenario method (the
first component of the new combined method) is a sig-
nificant element of subjectivism, manifested in the expert
selection of probable scenarios for the development of
the project and the probabilities of their implementation.
The main drawbacks of the methods that form the new
combination are not eliminated when combining. However,
a certain benefit in the universality and effectiveness of
the component methods is still observed. The scenario
method is enriched by the ability to find critical values of
design parameters and to determine the extent to which
scenario values are remote from them, and the analysis
of the financial stability margin of the project ceases to
be a strictly deterministic method because gets the op-
portunity to find the mathematical expectations of the
margin values for all project scenarios. In addition, as
a result of the conjunction, the scenario method becomes
suitable not only for assessing the integral financial risk of
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the project as a whole, but also for assessing the project
risk by its main parameters.

3. The aim and ohjectives of research

The aim of research is development of a new combined
method for analysis of project risks based on the inte-
gration of the scenario method into a single whole and
the method of estimating the margin of financial stability
of the project by its parameters created by the authors.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To adapt the concept of the profitability levels of
the investment project developed by the authors in their
previous articles for the scenario method [8, 9].

2. To integrate the financial stability of the project
by its parameters into the scenario method as an integral
part of the analysis.

3. To adapt the analysis of the financial stability of the
project according to the values of the project efficiency
criteria for the scenario method.

4. Extend the scenario method to the case of an ar-
bitrary flow of net operating revenues from the project.

4. Research of existing solutions
of the prohlem

The scenario method, which is an integral part of the new
combined method of analysis of project risks proposed by
the authors of the article, is well known. It was considered
by many authors (for example, [4, 6, 10], etc.). Typically,
this method is used for investment projects in which the
net operating income stream is a simple permanent annuity
with a specified payment structure expressed through project
parameters [4]. Investment projects with a similar structure
are also investigated in this paper. However, in the new
method proposed by the authors for each probable scenario
of the project, not only the value of the resulting return
indicator is traditionally calculated, but also the dynamic
points of break-even and acceptability of the project [9],
as well as the margin of its financial stability for each
parameter. Then, based on the results of all scenarios not
only the expected value of the resulting return indicator
is calculated, but also the expected values of break-even
points (acceptability) and financial stability margin of the
project. As a result, in addition to assessing the overall
financial risk of the project as a whole, the project risk
estimates for each parameter are also obtained.

Based on the expected values of the financial stability
of the project, it is possible to construct a rating of pro-
ject parameters by decreasing the risk by analogy with
the procedure for another known method for analysis of
project risks-sensitivity analysis of project effectiveness
criteria [4, 6, 7, 10].

It is possible also apply the new method proposed by
the authors to investment projects with an arbitrary flow
of payments. In this case, the project risk by its parame-
ters can’t be determined, because payment structure is
unknown. But the integral financial risk of the project
as a whole can be estimated in two ways:

— using standard deviation and coefficient of variation [7];

— with the help of relative margin of financial stabi-

lity of the project according to the values of efficiency

criteria [8].

5. Methods of research

The methodological basis for the authors to create a new
method for analysis of investment risks is a dynamic ver-
sion of the analysis of the break-even production. The
most innovative part of the new method is to estimate
the values of the financial stability margin of the project.
The margin of break-even (safety) of production were
considered by many authors (for example, in [5, 10]). How-
ever, all research on this issue was carried out exclusively
within the framework of the traditional static break-even
analysis without taking into account the time value of
money. But, each investment project has a certain length
in time. Therefore, when analyzing the profitability of
a project, one can’t ignore the concept of the time val-
ue of money. The concepts of the financial stability of
the project should be based on a dynamic break-even
analysis, in which the profit is replaced by one of the
discounted project efficiency criteria (NPV, PI, IRR) that
take into account the decline in the cost of project pay-
ments over time. The concepts of the investment break-
even margin and project acceptability for the dynamic
case were first introduced in the previous works of the
authors [8, 9].

The new method proposed by the authors explores
the risks of the project in a comprehensive and systemic
way. First, the integral financial risk of the project as
a whole is examined, and secondly, the financial risk of the
project is investigated for each of its main parameters. To
analyze the integral financial risk of a project as a whole,
two fundamentally different approaches are used within
the proposed new method. The first approach is based
on the traditional formulas of the scenario method [7],
i. e. on the calculation of mathematical expectation, va-
riance, standard deviation and coefficient of variation for
the scenario values of the chosen project efficiency cri-
terion (NPV, PI, IRR). The second approach is based
on estimating the relative margin of financial stability of
the project based on the values of the chosen efficiency
criterion [8]. To analyze the financial risk of a project
using its parameters, only the second approach is used.
Moreover, in this case the margin of financial stability
of the project is analyzed not according to the values of
efficiency criteria, but by the values of the design pa-
rameter itself being investigated for risk [9]. Therefore,
in this case, the second approach can be interpreted as
a kind of «reverse analysis of the sensitivity of project
efficiency criteria». Unlike the traditional version of the
sensitivity analysis, the values of the project effective-
ness criterion are first varied, and then the values of the
corresponding deviations of the projected risk for the de-
sign parameter are estimated (i. e., in comparison with
the classical sensitivity analysis everything is exactly the
opposite).

At the same time, the concept of project financial risk
in the first and second approaches is treated differently.
Within the first (traditional) approach, the project’s own
risk is interpreted as the possibility of deviating its actual
results from those expected [4]. In the second approach,
based on the analysis of the financial sustainability of
the project, let’s treat the project loss risk by one of its
parameters as the possibility of a negative value of the
investment break-even margin for this parameter when
the projected value of the projected risk parameter is

4
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worse than the break-even. Similarly, the risk of unac-
ceptably low profitability of the project by one of its
parameters will be understood as the possibility of a
negative value of the margin of investment acceptability
for this parameter (the scenario value of the parameter
is worse than acceptable). In the sense of this inter-
pretation, the smaller the positive margin for a project
parameter, the greater the corresponding risk, and the
more closely it is necessary to monitor the change in
the values of this parameter. For comparison, in the tra-
ditional version of the sensitivity analysis, the greater
the sensitivity (elasticity) of the efficiency criterion for
the project parameter, the greater the risk of the project
in this parameter.

It is useful to build ratings of design parameters by
decreasing the corresponding risks (i. e., by increasing
the size of margin) in order to identify the parameters
that have the greatest potential threat to the financial
success of the project. It is also possible to construct
a matrix of sensitivity and predictability of project fac-
tors [6, 10], which in our case is more appropriately
called a matrix of riskiness and predictability of project
factors. Numerous experiments for model projects show
that the ratings of design parameters by descending risk,
constructed using the analysis of the financial stability
of the project and the analysis of the sensitivity of the
project efficiency criteria, are the same. But, the analysis
of the financial stability of the project, in addition to
ratings of project parameters, also provides another use-
ful information for project developers. If the sensitivity
analysis determines only the effect of each design parame-
ter on the resulting indicator of project efficiency, the
proposed method of estimating the values of the financial
stability margin allows to determine the critical values
of the project parameters and the degree of remoteness
from them (i.e. the safety degree) of the specified scenario
values. In addition, within the proposed approach, it is
also possible to find the absolute and relative deviations
of the average for all project scenarios of the value of
each parameter from the average scenario value of the
break-even point (or acceptability) of the project for
this parameter.

Thus, the analysis of the financial stability of the pro-
ject, which is an integral part of the combined method of
analysis of project risks proposed by the authors, is more
informative than the classical analysis of the sensitivity
of the project effectiveness criteria.

6. Research results

Let’s consider in more detail the new combined method
of analysis of project risks based on the combination of
the scenario method and the method of estimating the
margin of financial stability of the project created by the
authors based on its parameters. In the calculation formulas
of both methods that form the combination, the values of
the discounted project efficiency criteria are used.

It is most convenient to use the criteria NPV (Net
Present Value) and PI (Profitability Index), which for
the k-th probable project scenario are determined by the
formulas [4, 7]:

71l k N

vak=—1§+z&[, k=1,m, 6h)

= (1+1,)

n, Ek .
Pl,=Y ——: It k=1m, 2
' é(mk)f ’ @

where & — the project scenario number, m — the number
of project scenarios; i — the discount rate; ¢ — the num-
ber of the current project time period; CF — amount of
net income from the operation of the project; I, — initial
investment in the project.

These project performance criteria are linked by the
formulas:

NPV,
Pl =1+——, k=1m, (3)
Is
NPV, =1} #(PI,-1), k=1,m. (4)

So that from the value of one criterion one can easily
switches to the value of the other.

Let’s define the determining levels of its profitability
for the k-th probable project scenario [8, 9] using crite-
ria (1), (2).

I. Level of investment break-even of the project:

NPV, 20 (P, 1), k=1,m. 5

II. Level of investment acceptability of the project:

NPV, 2NPV.>0 (PI,2PIL. >1), k=1,m, (6)
where NPV.(PI.) — the lower limit is acceptable for the
investor or project management project profitability values.

IT1. The actual profitability level of the project, de-
termined by the flow of its payments set by the scenario
condition:

NPV =NPV, (PI=PI,), k=1m. (7)

In the framework of the analysis of financial sustain-
ability of the project for its k-th scenario (k=1,m), let’s
introduce the concepts of margin of investment break-even
and acceptability according to project parameters. In this
case, let’s consider three cases:

— Homogeneous products are produced. The flow of net
income from the operation of the project under the k-th
scenario is a simple ordinary annuity [4, 7] with a known
structure of payments, expressed in terms of the project
parameters assigned to the scenario.

— Several types of products are produced. The flow

of project payments is similar to the flow for case 6.1.

— The amounts of payments for the project flow are

arbitrary.

Let’s consider each of these cases in more detail.

6.1. Analysis of the investment project risks for the
rental flow of payments and production of homogeneous
products. Let the rental flow of net proceeds from the
operation of the project according to its k-th probable
scenario look like:

CEk :(Qk (Ck —Uk)—FCk —depk)(i—‘tk)+depk, k:m, (8)

where Q — the volume of production (sales) of project
products for 1 period; ¢ — unit price; v — specific variable
production costs; FC — total fixed production costs for
1 period of the project; dep — the amount of depreciation
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deductions for 1 period of the project; £ — the project
scenario number, m — the number of project scenarios.

Then, in order to calculate the value of the NPV cri-
terion for the k-th probable scenario of the project, let’s
apply the formula from [4], considering the liquidation
value of the project equipment equal to zero:

NPV, = I} +((Qi (¢~ 1)~ FC, — depy (1=, )+ dep, )
X a(m, i), k=1,m, 9)

where the coefficient of discounting the unit rent [7] is:

a(nk,ik)=(1—(1+ik)_nk )/1k

Let’s first consider the analysis of the integral finan-
cial risk of the project as a whole according to the sce-
nario method in the traditional form [7]. Let’s find the
mathematical expectation, variance, standard deviation
and coefficient of variation for the scenario values of the
NPV project efficiency criterion:

(10)

M(NPV):éNPkapk, (11)
D(NPV):ﬁ_;(NPVk ~M(NPV))' x py, (12)
o(NPV)=[D(NPV), (13)
CV(NPV):A(m, (14)

where scenario values of the NPV criterion are calculated
using formula (9), m — the number of considered probable
project scenarios.

Now, for each likely project scenario, let’s estimate the
project’s financial risk by its parameters by analyzing the
project’s financial stability margin by these parameters.
Before entering the concept of margin, let’s find the criti-
cal values of the project parameters corresponding to the
lower limits of the first and second levels of profitability
for each project scenario.

First, let’s find the values of the parameters of the
project flow of payments (8) corresponding to the lower
boundary of the level I of the project’s break-even, from
the following equations:

NPV, =0, k=1,m, (15)
where scenario values of the NPV criterion are found from
the formula (9).

Solving equation (15) for the parameter of the volume
of production (sales) for each probable project scenario and
assuming the values of the remaining design parameters
to be fixed, let’s find the dynamic break-even point of
the project in this parameter:

! ! L d FC,+d
- + + . |y
C,— 0 1—Tk a(nk,ik) “Pi g P

k=1,m.

Q=

(16)

Let’s find break-even values of other parameters of the
project from the equations (15) — unit prices, unit production
costs, total fixed production costs for one project period:

1 1 I
c,?:vk+@ - M—deka+FCk+depk ,
k=1m, 17)
. 1 1 I
vkzck—@ I, a(nk,ik)_depk + FCy, +dep, |,
k=1m, (18)

. 1 I P

FCk:Qk(Ck_Uk)_m m— ep;. |- depy,
k=1,m. (19)

Now let’s find the dynamic break-even point of the
project at the discount rate. It is the root of equation (1)
for the rate parameter (in this case, the structure of pay-
ments is unimportant):

e CEk
NPV, (i,)=-It+
)= Z’(Hz’k)’

=0, k=1,m. (20)

Obviously, the break-even value of the rate is equal
to the value of one of the main criteria of the project’s
effectiveness — the internal rate of return of the project
for its k-th scenario, i. e.:

i9=IRR,, k=1,m. 21)

Let’s find the critical values of the design parameters
corresponding to the lower boundary of the level II of
the project’s investment acceptability. These values are
determined from the equations:

NPV, =NPV., k=1,m, (22)
where the lower bound of acceptability is given in (6), and
the left-hand sides of equations (22) have the form (9)

Solving equations (22) with respect to the produc-
tion volume (sales) parameter with fixed values of the
remaining parameters, let’s obtain [9]:

Q=

1 [ 1 ([{HNPV*

1_1:/3 a(nk,ik)

—deka+FCk +depk],

[

k=1m. (23)

Let’s name the volume (23) of the production (sales)
of the project’s products for the same period in accordance
with the k-th project scenario by the dynamic accept-
ability point of the project in this parameter. If the level
of acceptable profitability of the project given in (6) is
increased, then the volumes (23) will also grow.

Let’s find the dynamic points of project acceptability
for other main design parameters from the equations (22):

) t( 1 (It+NPV.
Ch=0p+— = ] —dep, |+ FC,+dep, |,
— YR

Q. a(nkvik

k=1,m, (24)
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k=1m, @
* 1 (I +NPV.

FCk _Q}"(Ck_vk)_i—‘ck [a(n,“lk) deka depk,

k=1m e

Dynamic points of project acceptability for each scenario
at discount rates are found as the roots of the following
equations for the rate parameter:

NPV, (i) = 2 ~=NPV., k=1m.

+lk

27

The root of equation (27), by analogy with the solution
of (21), will be called [8] the internal rate of acceptable
return (IRAR) for its k-th scenario, i. e.:

it =IRAR,, k=1,m. (28)

IRAR is a new criterion for the financial effectiveness of
the project, proposed by the authors of the article in their
previous works. Unlike the IRR criterion, it depends not
only on the project’s payment flow, but also on the level
of acceptable profitability of the project specified in (6):
the higher the specified level, the lower the IRAR value.

Let’s find the expected value for all project scenarios
of the dynamic breakeven point of the project in terms of
the volume of production (sales) of the project products
in one period, using the values (16):

°)=§"Qk*pk. (29)

Quite similarly (29), it is possible to find the expected
values of the break-even points of the project in terms
of ¢ (unit price), v (specific variable production costs),
FC (total constant production costs for one period). At
the discount rate, we actually get the expected value for
all scenarios of the IRR effectiveness criterion:

M (i®)=M(IRR)= ZIRR,E*pk,

k=1

(30)

so by this parameter, we obtain an estimate of the integ-
ral risk of the project as a whole, alternative for estima-
tion (11). If desired, it is possible to find not only the
mathematical expectation of the IRR project (30), but
also the variance, standard deviation and the coefficient
of IRR variation by analogy with formulas (12)—(14).

Using the values (23) of the project’s acceptability
points for each scenario in terms of the volume of produc-
tion (sales), let’s find the expected value of the project’s
dynamic acceptability point for this parameter:

DXL 31)

Similarly, let’s determine the expected values of the
dynamic points of project acceptability in terms of pa-
rameters — price, specific variables and total fixed costs.

At the rate of discounting, an estimate of the project’s
integrated risk is again obtained as a whole based on a new
criterion for the effectiveness of the IRAR project:

:i[RAR}e X Pk

k=1

M(i")=M (IRAR) (32)

Let’s pass to definition of concepts of margin of fi-
nancial stability of the project. First, let’s introduce the
concept of the margin of the investment break-even project
by its parameters.

Absolute margin of the investment break-even for one
project period for its k-th scenario in terms of the volume
of production (sales) of products is:

(XQJI :QX’_QI?’ k:1’7m7 (33)
relative:
BQk:Q’*Q_kQ _1—% k=1m (34)

where the values of break-even points are taken from (16).
The mathematical expectations of this margin are equal:

M (og)=M(Q)-M(Q"), (35)
M(Bo)=1-M(Q°/Q), (36)
=iQka, (Q'/Q) =i (37)

If the values (35), (36) are positive, then the project has
some <safety margin» in the financial plan. The larger the
amount of margin (35), (36), the more stable the project
from the financial point of view, and the less the risk of loss
of the project in terms of production (sales) of products.

Analogously (35), (36), it is possible to define the con-
cepts of absolute and relative margin of the project’s invest-
ment breakeven in terms of parameters — price, specific
variables and total fixed costs, as well as the expected
values of this margin for all project scenarios. After this,
it is possible to build a rating of project parameters by
decreasing the risk of its loss. To do this, it is necessary
to order the design parameters by increasing the expected
values of their relative margin. Based on the rating of
unprofitability risks of design parameters, it is possible
to construct, by analogy with the sensitivity analysis of
performance criteria, a matrix of riskiness and predictability
of project factors that has three (or four) risk areas with
appropriate recommendations for management of the invest-
ment project [6, 7, 10]. At the discount rate, an estimate
of the project’s integral risk as a whole is again obtained.
The relative margin of the project’s investment break-even
in this parameter coincides with the corresponding margin
according to the values of the IRR efficiency criterion:

cc,
"IRR,’

i~y

- _IRR,-CC,
B = i~ IRR,

k

k=1m,

(38)

where the discount rate for the k-th scenario of the pro-
ject is equal to the scenario value of the capital of the
project CC (Cost of Capital).
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Now let’s define the concept of investment acceptability
margin of the project by its parameters for the k-th scenario.

Absolute margin of investment acceptability for one
period of the project for its k-th likely scenario in terms
of the volume of production (sales) of products is:

Mo, =Q—Qi, k=1m, (39)
relative:
Yo = QkQ:Qk =1—%, k=1m, (40)

where the values of the acceptability points are taken
from (23).
Analogously to (35), (36) obtain:

M(no)=M(Q)-M(Q), (41)
M(vo)=1-M(Q'/Q), (42)
MQ Q=35 % (43)

In the same way, it is possible to define the concepts
of absolute and relative margin of the project’s invest-
ment acceptability by parameters — price, specific variables
and total fixed costs, as well as the expected values of
these margin. Having located the project parameters by
increasing the expected values of their relative margin of
investment acceptability, we get a rating of the project
parameters by decreasing the risk of its unacceptably low
profitability. At the discount rate, the relative margin of
the project’s investment acceptability coincides with the
corresponding margin according to the values of the IRAR
efficiency criterion:

ir—i, IRAR,—CC,
i  IRAR,

SRR
“UIRAR, T

Yi = (44)

Remark 1. In addition to the relative margin of financial
stability of the project by its parameters of the form (34),
(40), one can also consider the relative margin of the
expected values of the design parameters of the type:

_M(Q)—M(QO)_ _M(QO)
Mo = M(Q) =1 M(Q) ’ (45)
M(Q)-M(Q) M(Q)
8y = M(Q) =1- Q) (46)

By the values of these margin, it is possible to build
the corresponding ratings of project parameters by de-
creasing the risk of the project.

6.2. The case of the production of several types of
project products. In the case of multi-nomenclature pro-
duction and the rent flow of net income from the project,
instead of formula (9) let’s use the formula:

NPV, = -1} +((A,=VC, — FC, — dep, )(1-1,) + dep; ) x

x a(m i), k="1,m. (47)

In the formula (47) A — total revenue for one period
from the sale of all types of project products, and VC —
total variable costs for one project period. Equating the
expressions (47) to zero and solving the obtained equations
with respect to the total revenue parameter:

LI
A zl—m(zz(o')_depk]+VCk +FC, +dep,,

s

k=1m. (48)

Similarly, let’s find the dynamic break-even points of
the project for VC and FC parameters:

1 Ik
VC;?zAk—i %—depk —FCk—depk,
1—Tk a(nk,lk)
k=Tm, (49)
1 I
FC;?zAk—i %—depk —VCk—depk,
1-’Ck Ll(nk,lk)
k=1,m. (50)

The dynamic break-even point of the project at the
discount rate is still given by formula (21).

The expected value for all project scenarios of the dynamic
break-even point of the project in terms of total revenue is:

M(A%)=3 40 p,. 1)
k=1

Similarly, let’s find the expected values of break-even
points of the project in terms of VC and FC parameters.

In complete analogy with the case 6.1, it is possible to
define the concepts of absolute and relative reserves of the
investment break-even and acceptability of the project for
its k-th probable scenario by parameters — total revenue
from product sales, total fixed costs for 1 project period,
total variable costs for 1 project period, discount rate. It is
also possible to find the expected values of these reserves.
The integrated financial risk of the project can be assessed
in two ways: using the standard formulas (11)—(14) of the
scenario method and by analyzing the financial sustainability
of the project based on the PI or IRR efficiency criteria.

6.3. The case of the project flow with arhitrary pay-
ment values. For such payment flow, the values of the
NPV criterion for the k-th probable project scenario are
calculated using formula (1). The only parameter by which
it is possible to investigate the financial sustainability of
a project is the discount rate. But for this parameter, the
margin coincides with the margin according to the values
of IRR and IRAR efficiency criteria.

Thus, for case 6.3, only the integral risk of the project can
be estimated using formulas (11)—(14) or by using relative
reserves based on the values of IRR, IRAR, and PI criteria.
For example, for the PI criterion, the relative margin of the
project’s investment break-even for its k-th probable scenario is:

PL-t_ 1
P[k - _Pilky =Lm,

X = (52)

where the values of the PI criterion for a given scenario
flow of payments are found by the formula (2). The rela-
tive margin of the project’s investment acceptability for
its k-th likely scenario is:
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(53)

where the lower limit of acceptable profitability is given
in (6). It is possible to find the expected values of these
reserves and use them to assess the integrated risk of the
project. In the case of 6.3, it is impossible to build ratings
of parameters by descending risk, but the integrated risk
of the project is evaluated in a complex manner, i.e. more
systemically and comprehensively in comparison with the
classical method of scenarios.

Remark 2. If the likelihood of the implementation of the
baseline scenario of the project significantly prevails over
the probabilities of the remaining scenarios, it is advisable
to construct project parameter ratings by increasing their
relative reserves also for the base (most probable) scenario,
and not just the project as a whole.

7. SWOT analysis if research results

Strengths. The new combined method of risk analysis
of the investment project proposed by the authors of the
article combines two methods — the scenario method and
the method of estimating the margin of financial stability of
the project, developed by the authors in previous articles.
As a result of this association, it became possible to simul-
taneously assess the integral risk of the project as a whole
and the risks of the project in its main parameters. Thus,
the project’s financial risk assessment using the new method
is carried out in a comprehensive and systemic manner.

Weaknesses. The new risk analysis method of the in-
vestment project proposed in the article has the same
basic drawback as for the classical variant of the scenario
method: variants of the project development scenarios and
the probability of their implementation are chosen ex-
pertly, i.e. subjectively. In addition, the laboriousness of
calculating the required estimates has increased. However,
in the case of software implementation of the method on
a computer, this disadvantage is not significant.

Opportunities. The formula of the static variant of risk
analysis are obtained as a special case at zero discount
rate from the formulas derived in the article. For small
time intervals (less than a year), this variant of analysis
is completely correct, because for this time the value of
money will not have time to change much.

Threats. The potential threat is the emergence of a new
powerful universal method for analysis of design risks,
lacking the main shortcomings of existing methods and
applicable, in particular, in the case of a strong relation-
ship between two or more factors of the project.

1. The concept of profitability levels of the investment
project, developed by the authors in previous works [8, 9],
is adapted for the scenario method. The essence of adap-
tation is that in the new combined method the levels of
profitability I-III are set in (5)—(7) separately for each pro-
bable scenario of the investment project. At the same time,
the lower limit of the profitability values acceptable to the
investor or project management in (6) is common for all
scenarios, because It is known with a probability equal to one.

2. An estimation of absolute and relative margin of
financial stability of the project on its basic parameters

is realized in a new method for each probable scenario of
the investment project. Thus, the analysis of the financial
stability of the project by its parameters organically «fits»
into the structure of the scenario method.

3. For each probable scenario of the investment project, the
values of integrated efficiency indicators — PI, IRR, IRAR —
are calculated. Then there are the relative margin of efficiency
criteria by their values [8] and the mathematical expectations
of these margin for all project scenarios. All this allows to
evaluate the integral risk of the project as a whole, alterna-
tive to the traditional evaluation using formulas (11)—(14).

4. The new method for evaluating project risks developed
by the authors is applicable not only for rental, but also for
arbitrary project payment flows. However, in this case it
is impossible to assess the financial risks of the project by
its main parameters, and it is possible to obtain estimates
only of the integral risk of the project as a whole.
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PA3PAEOTKA KOMEMHHPOBAHHOI'O METOAA AHANH3A
PHHAHCOBLIX PUCKOB HHBECTHL{HOHHOI'O NMPOEKTA

IIpenyiosken HOBBIN KOMILJIEKCHBII METOJI aHAJIM3a POEKTHBIX
PHCKOB, SBASAIONMIICS KOMOMHAIMEH METO/a ClIeHApUEB W OLEHKU
BEJINYNH 3a1acOB 6e3yObITOUHOCTH U MPUEMIIEMOCTU poeKTa. 1o
3HAYEHHUSAM MaTeMaTH4YeCKUX OKMJAHWI 3TUX 3a11aCOB aHAJIU3UPY-
I0TCST MHTETPAJIbHBIN (PUHAHCOBBINA PUCK MPOEKTA B IIEJIOM U PHUC-
KU TIPOEKTA [0 €ro rnapameTpam, CTPOSITCS PEHTHHTU TTPOEKTHBIX
MapaMeTpoB 10 yOBIBAHUIO PUCKOB MPOEKTA.

Kmouessie cnoBa: MeTO/| CIIEHAPUEB, 3aMachl H€3yOBITOUHOCTH
U IPUEMJIEMOCTHU [IPOEKTa, PEUTUHIY PUCKOB [1apaMeTPOB ITPOEKTA.
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