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A new systems approach to quantitative estima-
tion of financial risks of investment projects was pro-
posed: an integral risk of the project as a whole for
all its parameters at once and the risks for each of its
parameters separately. At the same time, the very con-
cept of the project risk has been generalized: instead
of the conventional risk of unprofitability, a new,
more general concept of the risk of unacceptably low
project profitability has been introduced. Two levels
of the project profitability were considered: a level
acceptable to the investor and a realistically achiev-
able level. Corresponding values of design parameters
and indices of financial efficiency of the project were
Jfound for these levels. Based on the found values, rela-
tive margins of investment acceptability and risks of
unacceptably low profitability of the project were cal-
culated. A procedure of comprehensive assessment of
the risk of unacceptable low profitability of the pro-
ject for cases of high certainty and partial uncertainty
has been developed. Explicit formulas for quantitative
risk assessment of unacceptably low profitability of the
project have been derived, ranges of values of all risks
under consideration have been determined and appro-
priate recommendations have been given. Explicit for-
mulas for calculating the values of project risks and
dynamic points of project acceptability are convenient
and useful for software implementation (for example,
within the Monte Carlo method). For the Monte Carlo
method and the method of scenarios, another alterna-
tive approach to assessing the integral risk of unac-
ceptably low project profitability was proposed by
the authors based on the direct calculation of unac-
ceptable scenario values of any criterion of the project
financial efficiency. A new index of financial efficien-
cy of the praject has also been introduced: a discoun-
ted period of acceptable return (discounted payback
period of the project is its special case)
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1. Introduction

Investments always refer to the future, often very distant
future which is always associated with uncertainty. Risk is
a partial uncertainty when some information on the future
situation is known with a probability of less than one. The fol-
lowing four main levels of uncertainty can be distinguished [1]:

1) clear enough future: a level of high certainty, a real
possibility of forming one scenario of the future;

2) alternate futures: the level of partial uncertainty, de-
scription of the future in a form of several discrete scenarios;

3) continuous uncertainty: the range of the futures, con-
tinuous spectrum of possible scenarios;

4) true ambiguity: the level of high uncertainty, almost
complete absence of information on future prospects.

In today’s complex, unstable world, there are a large
number of obvious and hidden factors affecting the course of
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economic processes. It is often impossible to trace the inter-
action of these factors. Therefore, one has to make economic
decisions in conditions of incomplete information, i.e. in
a situation of full or partial uncertainty. In this regard, scien-
tific problematics related to the application of the theory of
decision-making in conditions of uncertainty and risk in the
economy are relevant. Within the framework of this problem,
studies aimed at developing new approaches and methods for
quantifying the financial risks of investment projects under
conditions of uncertainty are of interest.

2. Literature review and problem statement

Studies of many researchers are devoted to quantitative
analysis of financial risks of investment projects. The advan-
tages and disadvantages of the main methods of project risk




assessment are analyzed in detail in [1],however, there are no
ways to eliminate these shortcomings. Study [2] shows how
principles of financial project forecasting and risk management
can be used both to improve NPV forecasts and increase
resilience to project solution risks. Such methods of project
risk assessment as risk-adjusted analysis, sensitivity analysis,
decision tree method, and option pricing models are conside-
redin [3]. Article [4] discusses in detail the method of adjust-
ing the discount rate by taking into account the risk. A way
to correct the main drawback of the method (growth of the
project risk by the time of the project completion) was offered.
However, another shortcoming of the method (i.e., its one-fac-
tor nature) cannot be corrected since it is a consequence of
the very essence of the method. Article [5] discusses metho-
dological approaches to investing in the company and reduc-
ing the negative impact of risks. The algorithm of expressing
investment risks through related risks and assessment of these
risks was defined. However, the proposed risk indices are too
deterministic. A theory of expected effect is presented in [6].
It is a new theory of assessing the investment project effective-
ness in conditions of risk and uncertainty. It is focused on the
consideration of various scenarios of project implementation.
Only a situation of partial uncertainty is considered there.
Study [7] presents fundamental concepts of risk analysis based
on recent studies (concepts, theories, frameworks, approaches,
principles, methods, models, risk assessment). The behavior
of the breakeven point of an investment project depending on
the discount rate is studied in [8] with the help of sensitivity
analysis. Instead of the breakeven point, it would be more use-
ful to study the point of acceptability when the project has not
zero profitability but profitability acceptable for the investor.
Project risks are assessed indirectly in [9] using analysis of
the financial stability of the project and there are no explicit
formulas for calculating the risk values. Only a case of partial
uncertainty is considered. On the contrary, only the case of
high certainty is considered in[10]. Project risks are also
assessed indirectly, without the use of explicit formulas. An
attempt is made in [11] to combine the analysis of breakeven
production with the analysis of sensitivity and the method of
scenarios. However, breakeven analysis is applied in the static
version and the method of scenarios is also used in a simplified
form. A mechanism of accounting for the project risk is stu-
died in [12] using a new efficiency index, the average internal
rate of return (AIRR). The objective consists of adjustment
of preferences by indices of net present value (NPV) and
AIRR. However, this will not be easy to achieve in the case of
multiplicity of values of internal rate of return. An aggregate
index of risk of the project money flows measuring the impact
of risks on the flow of payments was developed in [13] using
the method of expert evaluations. The disadvantage of such an
index consists in the lack of objectivity as expert assessments
are based on the subjective choice of specialists. A dynamic
analysis of breakeven production was used in[14] to solve
a practical money-saving problem. Sensitivity analysis was
then used to establish the effect of parameters and the risks
associated with them. The main disadvantages of this method
consist of its one-factor nature and determinism. The me-
thod of risk-adjusted discount rate is used in [15] to estimate
stochastic negative flows of project payments. The proposed
approach is not universal: it is more suitable for estimating
money flows with opposite signs. Article [16] is devoted to
studying using the method of scenarios of a concrete high-risk
project. The study has remained uncompleted. Apparently,
a more powerful Monte Carlo method should have been used.

A model of the project efficiency index was constructed in [17]
on the basis of the methods of hierarchy analysis, fuzzy set
theory, and expert survey. The proposed approach is interest-
ing but its objectivity is questionable since it is largely based
on essentially subjective methods of expert evaluation. A new
approach to rating the design parameters by their risks of
unprofitableness in descending order was proposed in [18].
Risks are assessed indirectly by the values of corresponding
margins of the investment breakeven. The proposed approach
is compared with conventional analysis of sensitivity based
on finding the elasticities of the project efficiency criterion by
main project parameters. In addition to the above-mentioned
shortcomings, all studies dedicated to the quantitative assess-
ment of project risks have another common shortcoming. They
assess the risk of project unprofitableness. At the same time, it
is implicitly assumed that the breakeven level of the project’s
profitability, i.e. zero profitability, is acceptable. However, in
reality, investors are unlikely to be interested in zero-income
projects. Therefore, assessment of the risk of unacceptably
low profitability of the project is relevant and promising from
a practical point of view. In this case, investors set the accept-
able level of project profitability in an absolute or relative form.
The study object consists of methods of quantitative ana-
lysis of own financial risk of investment projects for the first
and second levels of uncertainty. This type of method is the
most well-known among the methods used in practice: the
method of discount rate adjustment, the method of reliable
equivalents, the sensitivity analysis of project efficiency crite-
ria, the scenario method, the decision tree method, the Monte
Carlo method. However, all of these methods have significant
drawbacks and limitations. Among existing conventional
approaches, there is no universal method of analysis of the
financial risk of the project suitable for any situation.
Therefore, it seems appropriate to conduct a study to elabo-
rate a unified systems approach to assessing financial risks of in-
vestment projects suitable for both the case of high certainty and
the case of partial uncertainty. Besides, such an approach should
be applicable to the assessment of the integral risk of the project
as a whole and the risks for main project parameters in particular.

3. The aim and objectives of the study

The study objective consisted in the development of
a unified systems approach to quantitative assessment of the
risk of unacceptably low profitability of investment project
based on analysis of financial stability of the project in terms
of its parameters and criteria of financial efficiency.

To achieve this objective, it was necessary to solve the
following tasks:

—to derive explicit formulas for assessing the risks of
unacceptably low profitability of the project in terms of its
individual parameters in a situation of high certainty and
find ranges of values of these risks;

— to derive explicit formulas for assessing integral risks
of unacceptably low profitability of the project in a situation
of high certainty and find the range of values of these risks;

—to derive explicit formulas for assessing the risks of
unacceptably low profitability of the project in a situation of
partial uncertainty and find the range of values of these risks;

— to derive explicit formulas for alternative assessment of
integral risks of unacceptably low profitability of the project
in a situation of partial uncertainty and find ranges of values
of these risks.



4. The study materials and methods

Principles of the decision theory in conditions of uncer-
tainty and dynamic version of the breakeven analysis of pro-
ject production [3, 8—10] have formed a methodological basis
for the development of a new integrated approach to assess-
ing the financial risk of projects. Assessment of the financial
stability margin of the project is an integral part of the new
approach. Breakeven margins have been reviewed by many
authors. However, all studies on this issue were conducted
almost exclusively as a part of conventional static breakeven
analysis without taking into account the time value of money.
Each investment project has a certain length of time. There-
fore, when analyzing the project profitability, the concept
of the time value of money can no longer be ignored. The
concepts of financial stability margin of the project should be
based on a dynamic breakeven analysis in which the index of
profitability instead of profit is one of the discounted indices
of project efficiency (NPV, PI, IRR). Concepts of investment
breakeven margin and project acceptability for a dynamic
case were introduced in [9, 10].

Before deriving explicit formulas for assessing the risk of
unacceptably low profitability of the project, it was necessary
to define the risk concept. The integral financial risk of the
project’s unprofitableness is interpreted in the conventional
approach as a possibility of deviation of actual project results
from breakeven results [2, 3, 6, 7]. Integral risk of unaccept-
ably low profitability of the project was interpreted in the
proposed approach as a possibility of deviation of actual
results of the project from those acceptable to the investor
or project management. This interpretation of the integral
financial risk of the project is suitable both in the case of high
certainty and in the case of partial uncertainty. In the second
case, the mathematical expectation of risk scenario values
should be considered.

Quite similarly, the risk of unacceptably low profitability
of the project for any of its parameters was interpreted as the
possibility of deviation of the actual parameter value from the
dynamic point of acceptability of the investment project (IP)
for this parameter. In this case, the actual value of the para-
meter can be both worse and better than the acceptable val-
ue. In the case of partial uncertainty, it is necessary to move
to mathematical expectations of scenario risks.

Conventional risk of the unprofitableness of an IP is
a special case of the risk of unacceptably low profitability of
the project if a breakeven level of profitability is considered
the acceptable level.

3. The results obtained in the studies of risks of
unacceptably low profitability of the investment project

5. 1. Assessment of the risk of unacceptably low profit-
ability of the project by its main parameters in a situation
of high certainty

First, we considered a somewhat idealized situation from
a practical point of view when values of all project payments
are known with probability close to one. The risk of un-
acceptably low profitability of the project was assessed by
analyzing its financial stability in terms of individual project
parameters or values of discounted indices of financial effi-
ciency of the IP. Suppose that the net present value (NPV)
index determined by the following formula [2, 3] is chosen as
an index of financial efficiency of the project:

CF,
(1+i)l ,

NPV =-I+3 1)
t=1

where I is for initial investments in the IP; ¢ is for the num-
ber of the current period of the IP; n is for the quantity of
IP periods; CF, is for the amount of net income from the 1P
operation in the period ¢ i is for the discount rate of pay-
ments (cost of the IP capital).

Suppose that the following levels of profitability of the
investment project required for analysis are set [10]:

1. The level of investment acceptability of the project.
This level of absolute profitability can be set as follows:

NPV > NPV, > NPV, >0, 2)

where NPV is for an index of the value of the project calcula-
ted by (1); NPV~ is for the lower limit of values of the absolute
profitabilityof the IP acceptable to the investor; NPV} is for
a relatively small positive number (e.g., NPVy=0.1-NPV=).

2. Really (actually) achievable level of absolute pro-
fitability of IP in accordance with the expected flow of its
payments:

NPV =NPV,, (3)

where NPV, is for the value of the planned flow of IP pay-
ments found from (1).

Remark 1. 1f the lower acceptable limit NPV-=0 is set for
the 1st level of profitability, then the investment breakeven
level of the project is obtained as a special case.

Let the flow of net incomes from the IP operation form
a simple constant annuity postnumerando with payments
having a structure of the form [3, 8, 10]:

CF, =(Q(c—v)—FC—dep)(1—r)+dep=const, (4)

where Q is for the volume of production (sales) of homoge-
neous products for 1 IP period; ¢ is for price per product unit;
v is for specific variable production costs; FC is for total fixed
production costs for 1 IP period; dep is for depreciation de-
ductions for 1 IP period; 1 is for the income tax; ¢ is for the
number of the current IP time period; 7 is for the quantity of
IP periods; ¢t =1,n.

Then, to calculate values of the NPV index of the project
with a zero residual value of equipment, the formula from [3,
8, 10] can be applied:

(Q(c—v)—FC—dep)x

NPV =—I,+
x(1-1)+dep

a(mi), 5)

in which the discount factor for unit annuity for n periods
at a rate i is defined as follows:

a(mi)=(1-(1+i)") /i 6)

Values of design parameters corresponding to the lower
limit of profitability acceptable for the project investor (level 1)
were found. These values were determined from the equation:

NPV =NPV., (7)

where the value of NPV is given in (2) and the left side of
equation (7) has the form (5).



Solution of equation (7) with respect to the Q parameter
with fixed values of remaining project parameters results in [10]:

Q*=1[ ! (W—depj+dep+FCJ. ®)

c=v{1-1{ a(ni)

The volume Q- of production (sales) of IP products for
1 period is called the dynamic point of acceptability of the
project in terms of parameter Q. If the level of acceptable
profitability NPV specified in (2) is increased, then volume Q-
will also grow. Similarly, the dynamic points of acceptability
of the project according to parameters ¢, v and FC can be
found from equation (7), respectively [10]:

c*=v+i 1 Lm-dep +dep+FC |, 9
Ql1-t{ a(ni)
t( 1 (1,+NPV.
=c——| —| +—"———-d dep+FC |, 1
V.=C Q[1—‘t{ a(n;i) ep]+ ep+ Cj (10)
FC*=Q(C—V)—1(W—depJ—dep. (11)
1-1 a(n;z)

As the value of NPV« grows, value ¢+ of the acceptable
price also grows while the acceptable costs v+, FC+ decrease.

Remark 2. Values of acceptability points can be obtained
using (8)—(11) exactly, moreover, «manually». The same
values can be found approximately as roots of equation (7)
using any application package. With a one-time finding
of acceptability points, the choice of the method for their
calculation is of no fundamental importance. However, if
it is required to find these points repeatedly in a computer
program that implements the scenario method or the Monte
Carlo method, then, in this case, it is much easier to program
explicit formulas (8) to (11) than a resort to the software
package each time.

Now it is possible to define concepts of investment ac-
ceptability margin of the project. The following values [10]
can be called relative margins of investment acceptability of
the project in terms of parameters Q, ¢, v,and FC, respectively:

ﬁQzQip_Q*=1—%, (12)
o, g
C, —Cs C.
B==1-T, (13)
p p
B=—t=1-2, (14)
FC.-FC FC
Bro=— ot =12 (15)

FC. FC

where Q,, ¢,, v,, FC, are real (actual) values of the IP para-
meters; Q= ¢+, v+, FC+ are dynamic points of the project
acceptability in terms of Q, ¢, v, FC parameters respectively
defined by formulas (8) to (11).

It is also possible to determine the dynamic point of ac-
ceptability and the margin of investment acceptability of the
project by parameter i (discount rate) but this can be done
for an arbitrary flow of project payments.

The margin values (12) to (15) can be negative if actual
values of some IP parameters turn out to be worse than the
corresponding acceptance points. If the IP allows for the

possibility of interactive intervention in the course of its
implementation, then one can try to adjust the values of its
parameters so that the values of all margins (12) to (15) be-
come positive and as large as possible. If relative margins (12)
to (15) are positive, then the IP has a certain margin of finan-
cial stability according to the listed parameters. Moreover,
the greater the value of the relative margin for some project
parameter, the less the risk of unacceptably low profitability
of the project associated with this parameter.

Values of the risk of unacceptably low profitability of the
IP for the listed design parameters were determined as follows:

—risk in terms of the production volume parameter for
one IP period:

Yo=1-By=Q./Q, (16)

— risk in terms of the price parameter per unit of IP product:

v.=1-B,=c. /¢, (7

—risk in terms of the parameter of specific variable pro-
duction costs:

Y, =1-B, =V, /v, (18)

— risk in terms of the parameter of total fixed production
costs for one IP period:

Ve =1-By = FC, / FC.. (19)

Ranges of values of introduced risks were found. At
Q,2Q-, ie, with production volumes acceptable for the
investor for 1 IP period, ype (0; 1] was obtained and the risk
reaches its maximum value of Q,=Q- (while margin py=0).
Now, let 0<Qy<Q,<Qs, iec., the real volume of production
be less than acceptable but still does not cross the breake-
ven limit, where the breakeven value of Qg can be obtained
by setting NPV:=0 in (8). In this case, ype (1; Q+/Qo].
Thus, for any breakeven value of the parameter Q,>Qy:
Yo€ (0; Q+/Qu]. Risk (16) is maximum at Q,=Q and decrea-
ses with the growth of Q,.

Similarly, for c¢,>c¢o, i.e. for breakeven price values,
v.€ (0; ¢+/cy], where the breakeven value ¢y can be obtained
from (9) at NPV+=0. Risk (17) decreases with price growth
and is maximum at ¢,=co.For price values acceptable to the
investor, the maximum risk value (17) is equal to 1 when
margin B.=0.

Further, at v,<uvy, i.e., for breakeven values of specific
variable production costs y,e (0; vg/v+], where the breakeven
value of vy can be obtained from (10) at NPV-=0. Risk (18)
decreases with a decrease in specific variable production
costs and is maximum at v,=vy. For values of price acceptable
to the investor, maximum risk value (18) is equal to 1 when
margin 3,=0.

At FC,<FCy, ie. for breakeven values of total fixed
production costs for 1 IP period: yrce (0; FCy/FC+], where
breakeven value FCy can be obtained from formula (11)
at NPV-=0. Risk (19) decreases with a decrease in total fixed
production costs and is maximum at FC,=FC,. For accept-
able values of FC,<FC, the maximum risk value is 1 when
the margin Brc=0.

If the value of any of the risks (16)—(19) exceeds its up-
per limit, this means that the project is unprofitable accord-
ing to the corresponding parameter and should be rejected.



Based on the risk values (16)—(19), it is possible to build
a rating of TP parameters in descending order of the risk of
unacceptably low profitability of the project. The parame-
ters at the top of this ranking (especially those with poor
predictive behavior) should be given increased attention due
to their potential to interfere with the successful implemen-
tation of the project.

Remark 3. In the study of the risk of the project for each
of its parameters, the case of production of only homogeneous
IP products was considered. However, all concepts intro-
duced in the paper can be used with appropriate adjustments
for the case of multi-product manufacture. Only the proceeds
from the sale of all types of IP products [9] must be consid-
ered instead of the production volume parameter.

5. 2. Assessment of integral risks of unacceptably low
profitability of the project as a whole in a situation of high
certainty

If the flow of IP payments is arbitrary, i.e., it is not
a simple constant annuity of the form (4), then it is also pos-
sible to introduce the concept of IP investment suitability
margins. With their help, it is possible to assess the risk of
unacceptably low profitability of the project as a whole in
all its parameters at once. However, values of margins will
be determined in this case by the values of integral indices
of financial efficiency of the project and not by values of the
design parameters.

Relative margins of investment eligibility of the IP were
determined as follows:

— according to NPV values:
NPV —NPV. PV,
vaz( - )z _N i ) (20)
NPV, NPV,

where the NPV= value of the lower limit of the IP profitability
acceptable to the investor is given in (2) and the NPV, value
was found for the planned arbitrary flow of project payments
according to (1);

— according to values of the PI (profitability index):

PI:(PIp PL)zl_&, .
PI, PI,
where PL-=1+NPV./Iy; PI,=1+NPV,/I,, the NPV: value is
given in (2) and the NPV, value is calculated according to (1).
If the investor has initially set the level of IP profitability
acceptable to him in a relative form, then the initial boundary
value of acceptable relative IP profitability will be PI-,
and the value of NPVs can be found using the formula:
NPV-=(PL—1)-Iy;
— according to values of the index of internal rate of ac-
ceptable return (IRAR) introduced in [9]:

(IRAR,-CC) ,__cc
P =—Tpar = IRAR

» P

: (22)

where CC is for the cost of capital of an IP, IRAR,, is the root
of equation (7) for parameter i (discount rate):

" CF
NPV(IRAR)=-I,+Y — ="t __—NPV.; 23
( )= ;(HIRAR)t 23)

—according to values of the new index of a discounted
period of acceptable return (DPAR) determined in this work:

n—DPAR DPAR
DPAR=( " p)=1_ n L, (24)
m—1 t
NPV. +1,—- CE, /(1+i
DPAR, =(m 1)+~ 2., O /(1] . (25)

CF, /(1+i)"

where m is the number of the project period in which its ab-
solute profitability reaches the NPV= value specified in (2) for
the first time. In the case of rental flow of IP payments when
a more accurate formula can be applied:

I,+NPV.)

DPARP:—ln(l—i( Iz ]/ln(1+i). (26)

With NPV:=0, (25), (26) are known formulas for the
index of project efficiency in the discounted payback pe-
riod (DPP).

Values of risks of unacceptably low IP profitability ac-
cording to the listed integral indices of financial efficiency
were determined as follows:

— risk in terms of NPV

1B, = NPV,
Y nev NV = Npy

r

(27)

where the margin Bypy is defined in (20);
— risk in terms of PI.

PI.
=1- =—,
Yer By Plp

(28)
where the margin Bpy is defined in (21);
— risk in terms of IRAR:

_1-B, = cC
Y irar IRAR = Tpap

P

(29)

where the margin Birar is defined in (22);
— risk in terms of DPAR index:

DPAR,

Yppar =1=Bppar = n )

(30)

where the margin Bppar is defined in (24).

Ranges of risk values were found (27)—(30).

Let NPV,>2NPV:, i.e., absolute profitability of IP is not
lower than an acceptable level. Then yypye (0; 1]. More-
over, Yypyv=1 at NPV,=NPV:, when the margin Bypy=0.
Now, let 0<NPVy<NPV,<NPV:, ie., absolute profitabi-
lity of IP is below an acceptable level but still positive.
Then: yypye (1; NPV:/NPV;]. At the same time, the margin
is Bapy<0. If the risk yypy>NPV+/NPV, then the IP is in
a «dangerous» zone, close to the unprofitable level. The pro-
ject is unprofitable at yypy<0 and should be rejected. Thus,
for any «safes» value NPV, > NPV, yypye (0; NPV</NPV;].

Risk (27) is maximum at NPV,=NPV, and decreases with
NPV, growth.

For any breakeven value of the index PI,>1: ypre (0; PI:].

Risk (28) is maximum at PI,=1 and decreases with an
increase in PI,. When vyp;>PI, the IP is unprofitable and
should be rejected. If values of PI,>PI- are acceptable for
the investor, the maximum risk value is equal to 1 when the
margin Bp;=0.



For any breakeven IP, ie. for CC<IRR, when IRR,
is the real value of the internal rate of return of the IP:
YIRARE (0, IRRP/IRAR’,]

The risk (29) is maximum at JRR,=CC (breakeven level
of TP profitability) and decreases with the growth of IRAR,,.
If Yirar>IRR,/IRAR,, the project is unprofitable and should
be rejected. With values of IRAR,>CC acceptable for the
investor, the maximum risk value is equal to 1, when the
margin B;rar=0.

If DPAR,<n, i.e. when the IP profitability is not less than
that acceptable to the investor, yYppare (0; 1]. Moreover, the
risk (30) is maximum at DPAR,=n, when the margin Bppir=0.
If yppar>1, then NPV, <NPV+, i.e., the IP profitability is be-
low the level acceptable to the investor.

When comparing two alternative IPs, there is a concept
of the Fisher point [3], i.e., such a discount rate ir at which
values of the NPV index of these projects coincide (the
NPV graphs of the projects intersect). At discount rates
less than i, i.e., at CC<ip, there is a contradiction between
preferences in terms of NPV and IRAR. This contradiction
remains valid for risks (27) and (29) as well. Therefore, it is
advisable to introduce the concept of cumulative integral risk
of unacceptably low profitability of the project for all four
main criteria of IP’s financial efficiency simultaneously. First,
the risks (27) to (30) were normalized:

1

Napy =Vpy / (Yzzvpv Yo Y irar Y ppar )E . (C1Y)
Mo =Ypr/ (Y?vpv +Yor Y irar + Yopar )% : (32)
Norar =Yirar / (Yaer + o +Yira +v%pAR)%, (33)
Nppar = Yprar / ('Yzzvpv Yo Y irar + Vopar )% NG

Obviously, after normalization, values of all risks (31)
to (34) belong to the interval (0; 1) (provided that all unpro-
fitable projects are excluded). The lower the values of (31)
to (34), the lower the risk of unacceptably low profitability
of the project in terms of the corresponding integral index of
the project’s financial efficiency.

Next, the total risk of IP for all four indices of financial
efficiency was determined as follows:

N=Nypy +Npr T Nigag + Nppar- (35)

When risks of two alternative PIs are assessed, the one
with lower total risk (35) is preferable. Index (35) gives
a correct assessment of the total risk of IP only on a condition
that absolute profitability of IP is not lower than the level
acceptable to the investor, i.e.. NPVp>NPV=. For the projects
that are close to unprofitable, the first term in (35) will clear-
ly prevail over the others.

5. 3. Assessment of the risk of unacceptably low pro-
fitability of the project in a situation of partial uncertainty
Let values of IP payments {CF/}*, under scenario k of
its development be known with a probability of less than one:

0<p,<i k=Lm Yp, =1,

k=1

(36)

where m is for the number of possible IP development scenarios.

Then the formula for calculating the value of the NPV
index for scenario % of IP development takes the form [10]:

n, k .
NPVk=—I§+2; 1in —, k=1m 37)
= k

In (37), the meaning of the design parameters for scena-
rio k of IP development is the same as in (1).

By analogy with (2), (3), IP profitability levels for sce-
nario k have the following forms:

1. The level of investment acceptability of the project for
its k-th scenario:

NPV, > NPV.> NPV, >0, k=1,m, (38)
where values of the NPV index for its k-th scenario were
calculated according to (35) and values of NPV«, NPV that
were set a priori have the same meaning as in inequality (2).

2. Actual level of the project profitability determined by
the flow of its payments specified by the scenario condition:

NPV =NPV,, k=1,m, (39)
where the value of NPV}, is found from formula (37).

Let the flow of net incomes from the operation of the
project according to its k-th probable scenario have the form
of a simple constant annuity:

CF! =(Q,(c,~v,)~ FC, —dep,)(1-1,)+dep,,

k=1,m; t=1,n, (40)
where the IP parameters for its probable scenario num-
bered k have the same meaning as in (4).

Then, to calculate the value of the NPV criterion for the A-th
probable project scenario, a formula similar to (5) is applicable:

NPV, =-I; +
Q (Ck - Uk)_ %
+|\=FC,—dep, ) |-a(ni,), k=1m, (41)
x(1-1,)+dep,
where the unit annuity discount factor is as follows:
(1=(1+i)™)
a(ny,i,)=~——-—~. (42)

b,

For each possible TP scenario, it is possible to assess the
risk of unacceptably low project profitability by one of its
parameters proceeding from the value of the investment
suitability margin for this parameter. First, it is necessary to
find critical values of design parameters corresponding to the
lower limit of the IP profitability acceptable to the investor
from the equations:

NPV, =NPV., k=1,m, (43)
where the left parts of equations (43) take the form of (41).

When solving equations (43) with respect to the parame-

ter of production volume with fixed values of the remaining
parameters, the following can be obtained by analogy with (8):



I;+NPV.
. ——| aln,,i + -
Q,;L 1-1, (m7e)  k=1m (44)
) —dep,
+FC, +dep,

The project output volume (44) for one period is called
a dynamic point of the project acceptability for this parame-
ter for the k-th design scenario.

The following expression is called a relative margin of
investment acceptability for one project period according
to its probable £-th scenario in terms of the production vo-
lume parameter:

S S I VP
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where values of dynamic points of acceptability were taken
from (44).
The risk of low IP profitability unacceptable to an inves-

tor for the k-th probable scenario in terms of parameter Q
was determined as follows:

k k Ql: —
Yo=1-Bo="" k=1m,
Q Q Qk m

(46)
Mathematical expectations of expressions (45), (46) for
all possible TP scenarios take the form:

M(Bg)=i(1—Q;/Qk)*pk=1—M(QQ], (47
o

M(yQ)zM(Q)=1—M(BQ). (48)

The expression (48) characterizes the risk of unaccept-
ably low profitability of the project as a whole in terms of
parameter Q, i.e. for all possible scenarios.

Similarly, dynamic points of acceptability can be found
and introduce the concepts of relative margins of investment
acceptability and risks of unacceptably low profitability of
the IP for its k-th probable scenario for other project para-
meters: ¢, v, FC.

Then their mathematical expectations can be found for
all scenarios of the project and rank the project parameters in
descending order of mathematical expectation of their risks.
The parameters leading in such a rank should be given in-
creased attention when implementing the project.

Risk (46) takes values from the following range:

16€(0:Q,/Q} ], k=1m, (49)
where Q) is the dynamic point of the project breakeven in
terms of parameter Q for its k-th probable scenario. Its value
can be found using formula (44) at NPV==0.

When y’é >Q, /Q), the IP is unprofitable for this sce-
nario at number kel,m. For breakeven values of the pa-
rameter, risk (46) is maximum at Q,=Q; and decreases
with an increase in the value of Q. For acceptable values of
Q,>0Q,, kelm, risk (46) takes values from (0; 1) and is
maximum at Q, =Q,, when margin (45) is equal to zero.

Risk (48) for all IP scenarios takes values from the in-

terval (O;M(Q* /QO)), where M(Q*/Q0)=ipk Q,/ Q). If
P

M(YQ) > M(Q* / QO), this means that the project is «on aver-
age» unprofitable in terms of the Q parameter (that is, taking
into account all scenarios) and should be rejected.

In the same way, it is possible to find ranges of change in
risks of unacceptably low profitabilityof the 1P for its k-th
probable scenario for other project parameters, i.e. ¢, v, FC.

If amounts of project payments under the %-th probable
scenario are arbitrary, i.e., the money flow is not a simple con-
stant annuity of the form (40), then it is impossible to obtain
project risk estimates in this case for each of its parameters
separately. Parameter i (the discount rate) is the exception.
Only the integral risk of the project can be evaluated for all
its parameters taken together using values of financial effi-
ciency indices.

The integral risk of unacceptably low profitability of the
project in terms of NPV index for the k-th project scenario
was determined as follows:

. NPV.

T nev :Wv k=1,m,

(50)

where the lower limit of the profitability acceptable to
the investor in terms of NPV indexis given in (38) and the
value of the NPV index for its k-th scenario was calcula-
ted using formula (41). If scenario value NPV,>NPV,>0,
then ¥,y €(0; NPV. / NPV, ], k=1,m. Risk (50) is maximum
at NPV,=NPV,,.

If the value of the risk (50) approaches the upper limit
of the values range, this means that the IP under this sce-
nario is close to being unprofitable. If the risk value is less
than zero, then the project is completely unprofitable under
this scenario.

Risk (50) is the less the greater the value of NPV for
the k-th scenario of the project. The risk (50) values belong
to the range (0; 1) for acceptable NPV}, values satisfying in-
equality (38).

To assess the integral risk of unacceptably low profit-
ability of the project in terms of NPV index for all probable
scenarios, mathematical expectation of risks (50) was found:

Wypy = Z'Yi/Pv P> (51)

k=1

where 0<p<1 is for the probability of implementation of the
k-th IP scenario, k=1,m. «Safe»values of risk (51) belong to
the range (0; NPV-/NPVy).

If the value of the risk (51) is close to the upper limit of
the range, this means that the IP is «on average» close to
being unprofitable. If the risk value is less than zero, then the
project is «on average» unprofitable and should be rejected.
The greater the value of the NPV index in the project sce-
narios the lower the risk. The risk (51) values belong to the
interval (0; 1) for acceptable NPV}, values.

By analogy with (50), it is possible to estimate the in-
tegral risk of unacceptably low IP profitability for the k-th
project scenario using other indices of IP’s financial efficien-
cy: PI, IRAR, DPAR. Then, by analogy with (51), we can pro-
ceed to mathematical expectations of corresponding scenario
risks. Finally, the obtained mathematical expectations can be
normalized as in (31) to (34) and the total IP risk can be de-
fined as a sum of normalized integral risks for all four indices
of the project efficiency taken together:

W=Hypy +Hp +Rppap + Rppag- (52)



After exclusion of all unprofitable IPs, values of each
summand in (52) belong to the interval (0; 1). When assess-
ing the risk of two alternative IPs, the one with the lowest
total risk (52) is preferable. Index (52) gives a correct as-
sessment of the total IP risk only on the condition that the
absolute IP profitability for all its scenarios is not lower than
the level acceptable to the investor, i.e. NPV, >NPV:-.

3. 4. Assessment of the project’s integral risk in a situ-
ation of partial uncertainty by direct calculation of unac-
ceptable scenario values

A fundamentally different approach to assessing the
integral risk of unacceptably low IP profitabilitywas also
considered for the case of partial uncertainty. This approach
is based on a direct calculation of unacceptable scenario va-
lues of any index of the IP’s financial efficiency. The expected
value (EV) of the NPV index for all IP scenarios is as follows:

EV(NPV) ZNPVk Do

k=1

(53)

where the value of the NPV index for its k-th scenario was
found from (41); 0<pp<1 is for a probability of realization of
the k-th IP scenario; m is for the number of all IP scenarios.
The greater the value (53), the greater the average absolute
IP’s profitability. If EV(NPV)<O0, then IP is «on average»
unprofitable and should be rejected. When EV(NPV)>0,
analysis of the risk of unacceptably low IP profitability can
be continued using the following new indices.

The expected unacceptability (EU) of the NPV index for
all IP scenarios was determined as follows:

EU(NPV)= |NPV |'p;, (54)
1

J=

where 0<p;<1; NPV <NPV,; j=11[; [<m; NPV~ is given
in (38). The lower the value of (54) the lower risk of unac-
ceptably low IP’s profitability.

Next, variation of unacceptability (VU) of the NPV in-
dex was determined for all IP scenarios:

1 .
U(NPV)=Y (EU(NPV) NPVj‘)z- P, (55)
j=t

The standard deviation of unacceptability (SDU) of the
NPV index for all IP scenarios was set as follows:

SDU(NPV)= VU (NPV). (56)

The coefficient of variation of unacceptability (CVU) of
the NPV index for all IP scenarios was determined as follows:

CVU(NPV)=SDU(NPV)/ EU(NPV). (57)

The lower the values of (54) to (57), the lower the risk of
unacceptably low IP’s profitability. The probability of imple-
menting the IP scenario with unacceptably low profitability
for the Monte Carlo method is as follows:

P(NPV,<NPV.)=1/m; [<m, (58)
and for the method of scenarios, it is equal to the sum of prob-
abilities of scenarios for which the IP’s profitability is below
the acceptable value.

Finally, the expected unacceptability ratio (EUR) of
the NPV index for all IP scenarios has the form:

EU(NPV)
EU(NPV)+EA(NPV)’

EUR(NPV)= (59)

where EA(NPV)= ZNPV*
j=t1

ty (EA) of the NPVindex for all IP scenarios, NPVJ.+ > NPV.;

j=1,r; r=m—I[. Values of the coefficient (59) belong to [0; 1].

The risk is maximum at EA(NPV)=0 (absence of acceptable

values) and minimum at EU(NPV)=0 (absence of unaccept-

able values).

All risk indices (53) to (59) can also be determined for other
integral indices of IP’s financial efficiency: PI, IRAR, DPAR.
These indices can be used to assess the risk of unacceptably
low IP’s profitability both in the method of scenarios and in
the Monte Carlo method.

p; is the expected acceptabili-

6. Discussion of the results obtained in the study of risks
of unacceptably low profitability of investment projects

The proposed approach to assessing financial risks of TP
has the following advantages compared to the conventional
methods: complex nature, a more general concept of risk,
availability of explicit formulas for calculating the risk va-
lues, knowledge of the ranges of risk value changes.

To demonstrate the distinctions and advantages of the
proposed approach, an example of a concrete IP from [8]
was considered. Let IP with payment flow (4) have the
following basic values of parameters:Iy=$150,000; n=10;
¢p=3$3.70; dep=$15,000; v,=$3.00; FC,=$30,000; i=0.1;
Q,=100,000 un.; t=0.35. A discrete version of sensitivity
analysis was used in [8] to assess the influence of parame-
ters on the IP results. Values of design parameters varied
according to the rule: £20 %; 10 % of the basic values. Next,
magnitudes of the NPV index changes were determined for
the varied values of parameters. The greater the NPV change
the more influential the parameter and the greater the risk
associated with this parameter. As a result, the following
rank of parameters was obtained in descending order of their
influence on the IP results and corresponding risks:

1) ¢ (price per product unit);

2) v (specific variable costs);

3) Q (production volume);

4) FC (total fixed costs).

Now, let us explore the risks of unacceptably low pro-
fitability of this IP in terms of the main design parameters
using the author’s approach implemented as a program in
Python language. Let the level of TP profitability accept-
able to an investor be equal to NPV-=$30.000. Let us find
dynamic points of IP acceptability for parameters Q, ¢, v, FC
according to (8)—(11): Q+=95.716 un.; c+=$3.67; v+=$3.03;
FC+=$33.019. For comparison, the dynamic breakeven point
of this IP is Qy=84.986 in terms of the Q parameter.

Let us estimate the risks of unacceptably low profitability
of this IP according to (16) to (19):

1) 1.=0.992;

2) v,=0.990;

3) 10=0957;

4) Yrc=0.909.

As can be seen, the ranks of IP parameters are the same for
both approaches. However, due to the availability of explicit



formulas, values of the risks themselves are also obtained and
not the values indirectly related to them. It can be concluded
from analysis of the risk values that values of all main IP pa-
rameters are critically close to their acceptability limits but
still do not go beyond them. With conventional sensitivity
analysis, such conclusions cannot be drawn since there are no
explicit values of the risks themselves. An example of using
another conventional version of sensitivity analysis based on
finding elasticity of the criterion of financial efficiency with
respect to design parameters was also considered [18]. Let ba-
sic values of the IP parameters with the flow of payments (4)
be as follows: I;=2,000; n=6; ¢,=50; dep=100; v,=40;
FC,=500;i=0.12; Q,=200; t=0.24.

Elasticities of the NPV indicesfor main IP parameters
were found in [18] and the following rank of parameters was
constructed in descending order of elasticities and the risks
associated with them (elasticity values are given in brackets):

1) ¢ (E.(NPV)=11.21);

2) v (E,(NPV)=8.97);

3) Q (Eq(NPV)=2.24);

4) FC (Erc(NPV)=0.56).

Apart from this comparative indirect analysis of the in-
fluence of IP parameters, no more information on the project
risks can be obtained. Using the proposed approach, let us
study the risks of unacceptably low profitability of this IP for
the level of the project profitability NPV-=2500 acceptable
to the investor. Let us find dynamic IP acceptability points
for parameters Q, ¢, v, FC according to (8)—(11): Q«=191;
c+=49.55; 0v-=40.46; FC-=591.08. For comparison, dynamic
breakeven points of this IP are as follows: Qy=111; ¢g=45.54;
09=44.46; FCy=1391.37. Let us find values of the risk of
unacceptably low profitability of this IP using (16) to (19):

1) 7.=0.991;

2) v,=0.989;

3) 10=0.955;

4) Yre=0.846.

Ratings of the IP parameter for both approaches are the
same. It can be concluded from the analysis of the risk values
that the values of all main IP parameters are critically close
to their acceptability limits. Let us find the risks of the un-
profitableness of this IP at NPV-=0:

1) 7,=0.911;

2) Yv=0~9;

3) 1=0.555;

4) Yrc=0.359.

The risks of unprofitableness in all parameters are
less (especially in terms of Q and FC). With an increase
in the level of IP profitability acceptable to the investor for
NPV:=3,000, all risks of unacceptably low profitability of
this IP will become more than 1. This means that the basic
values of all main parameters of this IP will go beyond their
acceptability limits.

Now, let us consider the state of affairs with an assessment
of the integral risk of IP in the case of high certainty. Of all
conventional methods, the discount rate correction method
is mainly used for this purpose [4, 15]. At the same time, the
risk of IP as a whole is assessed either by in-house procedures
or by an expert method, i.e. both are subjective methods.
Moreover, the risk assessment is indirect. It finds its expres-
sion in the value of the premium (risk premium) to the basic
discount rate. Thus, the main disadvantages of the method
consist inits subjectivity and one-factor nature. There was
another one: an incorrect growth of risk of the IP by the time
of its completion (this drawback seems to be corrected [4]).

According to (27)—(30), it is possible to obtain an explicit
numerical value of the integral IP risk with the help of the
proposed approach. For example, for the latter IP, the inte-
gral risk of unacceptably low profitability in terms of NPV
indexis as follows: yypy=NPV:/NPV,=2500/2786~0.897,
i.e., rather high.

For the case of partial uncertainty, there are effective
methods of quantifying the project risks:the method of
scenarios and the Monte Carlo method. However, firstly,
they could not assess the IP risks by individual parameters,
and, secondly, they assessed the risk of the project’s unprofi-
tableness. In the proposed approach, these methods were
modified to assess the risks of unacceptably low profitability
of IP. Now the scenario method can be used to measure risks
in terms of parameters (48) and integral risk (51). In addi-
tion, the authors proposed another alternative approach (53)
to (59) for assessing the integral risk of unacceptably low 1P
profitability. Let the parameters take the following values
for an IP with scenario payment flows (40): Qe [150;300];
k€ [35;55]; vpe [25;40]; FC=500; dep,=100; i,=0.1; n,=5;
[(’; =2000; ©7,=0.18; m=1000; k=1,2,..,m. To assess the risks
of this IP according to (53)—(59), the Monte Carlo method
implemented as a program in the Python language was used.
Two levels of TP profitability acceptable to an investor were
considered. With NPV-=0, the following values of indices
(58), (59) of the integral risk of IP unprofitableness were
obtained: P(NPV;<0)=0.24; EUR(NPV)=0.11. These es-
timates can be obtained using the conventional approach.
Since the values of the indices are relatively small, the in-
vestor is likely to agree to invest in this IP. At the level of
acceptable profitability, NPV-=2000: P(NPV;<2000)=0.48;
EUR(NPV)=0.18. The situation has changed significantly.
A risk-averse investor will not choose this IP for investment.

The considered examples show that the proposed ap-
proach, in comparison with conventional methods, provides
more useful information on the IP risks for potential inves-
tors. Instead of the risk of IP unprofitableness, it is advisable
to assess the risk of unacceptably low profitability of the
project since it is significantly higher. This may affect the
investor’s decision about the project. This approach is in the
investor’s interests.

The risk assessment for each project parameter is inappli-
cable when there is an arbitrary flow of project payments. One
can try to replace the arbitrary payment flow with an equiva-
lent annuity flow of a special structure with averaged values of
parameters. This is seen as a further study development line.

7. Conclusions

1. Explicit formulas have been obtained for assessing risks
of unacceptably low profitability of the project for each of its
parameters in a situation of high certainty. These formulas
give a quantitative measure of the risks themselves rather
than auxiliary values indirectly related to the IP risks. Ranges
of risk values were found. The risks change in the interval of
(0; 1] for acceptable parameter values.The risks are greater
than 1 for unacceptable values.

2. Explicit formulas have been derived for assessing in-
tegral risks of unacceptably low profitabilities for all main
indices of the IP’s financial efficiency in a situation of high
certainty. The obtained estimates are more objective than
the conventional ones. Ranges of risk values were found.
For low-income projects, values of integral risks are greater



than one. In order to coordinate the setting of the level of
acceptable profitability of the project, a new index of the IP’s
financial efficiency was introduced. This index is a discoun-
ted period of acceptable return (DPAR). The DPAR index
is more general than the well-known discounted payback
period (DPP) index and coincides with it when the profitabi-
lity level is set to zero. An explicit formula has been derived
for assessing the total integral risk of IP in a situation of high
certainty. This formula is useful when there are conflicting
recommendations in terms of NPV and IRAR (presence of the
Fisher point). However, it gives a correct assessment of total
IP risk only on a condition that absolute IP’s profitability is
not lower than the level acceptable to the investor.

3. An explicit formula has been derived for assessing the
IP risk in terms of the production volume parameter in a situ-
ation of partial uncertainty. Formulas for other design para-
meters can be obtained similarly. Such estimates are absent

in the known conventional methods. An explicit formula has
been derived for assessing the integral risk of unacceptably
low profitability of IP in terms of NPV in a situation of par-
tial uncertainty. A range of risk values was found: interval
(0; 1) for acceptable values of NPV} and (1; +eo) for unaccept-
able values. Formulas for other IP efficiency indices can be
derived in a similar way. An explicit formula was also derived
for assessing the total integral TP risk in a situation of partial
uncertainty. It is correct for acceptable IP profitability values.
4. Explicit formulas have been derived for an alternative
assessment of integral IP risks in terms of NPV in a situation of
partial uncertainty. Unlike conventional formulas of this type,
these formulas evaluate the integral risk of unacceptably low
profitability of IP and not the risk of unprofitableness, i.e., they
are more general. The range of values of risk indices (58), (59)
is the interval [0;1]. Similar formulas for other indices of fi-
nancial efficiency of IP can be obtained in a similar way.
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