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Abstract
In the process of investment decision making, next to financial in-

dicators many other aspects of investment projects are increasingly
often considered. This leads to the multi-criteria evaluation of a proj-
ect. The advantage of multi-criteria methods is the ability to take into
account all (not only financial)  aspects of the attractiveness of an in-
vestment project. The selection of criteria of project assessment must
take into account the specificity of organization that makes a decision.
Along with traditional method this paper introduces new approach for
risk assessment based on each criterion characterizing the investment
project on hydrocarbon resources exploitation.
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INTRODUCTION
In the contemporary period of transition to mar-

ket economy, the decision-making on assessment
and selection of investment projects has an es-
sential importance for the full-scale investments
in exploitation of oil & gas resources. Evidently,
each investment project is characterized with
many groups of efficiency criteria, such as relia-
bility, affordability and environment- friendliness
(Rebiasz et al., 2014). Each of these criteria, on
its turn, creates a multitude of other criteria. The
transition to market economy in upstream oil &
gas industry, while maintaining the values of the
reliability and environment-friendliness criteria,
intensifies the attention to economic criteria, such
as: net present value (NPV), internal rate of re-
turn (IRR), payback period of project (PP), proj-
ect profitability index (PI) and other criteria
(Nedosekin, 2003). 

All above-noted criteria are necessary prereq-
uisites for selection of oil production projects.
However, they are clearly not sufficient for mak-
ing investment decisions, as decisions on selec-
tion of investment project cannot be made by
using just one criterion. Indeed, the nature, pur-
pose and requirements of each specific project
are different (Pashayev et al., 2014). The process
of oil resources exploitation itself is very com-
plicated, and in most case it is accompanied with
uncertainty and fuzziness. In this case, none of
criteria can, on its own, provide sufficient infor-
mation which can be used as a basis for judgment
on the project’s attractiveness. Such judgment is
possible only after study and assessment of each
criterion (indicator) of efficiency and risk (re-
sulted from the fuzziness of criteria), and after
estimation of the attractiveness of the project and
the cumulative risk based on all criteria (Andereu
et al., 1995). 

The presented paper examines the common
methods of risk assessment by each separate cri-
terion of investment efficiency in the process of
hydrocarbon resource exploitation. These meth-
ods enable to assess risk based on each of criteria
which are necessary for determination of cumu-
lative risk for hydrocarbon resource exploitation
projects.

Research background
In the process of investment decision making,

next to financial indicators many other aspects of
investment projects are increasingly often con-
sidered. This leads to the multi criteria evaluation
of a project. The advantage of multi criteria
methods is the ability to take into account all (not
only financial) aspects of the attractiveness of an
investment project. The selection of criteria of
project assessment must take into account the
specificity of organization that makes a decision.

There are several critical factors that are in-
volved in the process of project’s selection, in-
cluding financial aspects, market conditions,
availability of raw materials, technical aspects,
ecological problems, personnel problems, re-
gional aspects, government regulation, different
interests of stakeholders, etc. (Rebiasz et al.,
2014; Rebiasz, 2013). Analysis of decision-mak-
ing situations shows that the selection of projects
very often involves different goals, hence it is
necessary to evaluate the level of importance of
each goal and the weight that each project has in
comparison with each goal. Many decision prob-
lems are not clear-cut and the decision makers
have to find their way in the jungle of conflicting
objectives (Ustundag et al., 2010). In some cases,
there is also a lack of consensus on the relevance of
each goal and on the performance of each project
in comparison with each goal (Agrell et al., 2013).

Summarizing one can say that the decision-
making process in the selection of investments
has some specific characteristics: 

1. It has to take into consideration either finan-
cial or non-monetary effects 

2. It has to take into consideration either quan-
titative or qualitative effects 

3. Naturally occurring competitiveness and
even contradiction of criteria 

4. It has to take into consideration both the un-
certainty of each alternative and the uncertainty
originating from the difficulty to establish the im-
portance of every goal (Podgorski, 2015).

The pair-wise comparison method and the hi-
erarchical model were developed in 1980 by
Saaty in the context of the Analytical Hierarchy
Process (Saaty,1980؛Merino,1995؛Arche et al.,
1999). Many studies have explored the field of
the fuzzy extension of Saaty’s theory: (Van
laarhoven et al., 1983), (Buckley., 1989), (Buck-
ley et al., 1989), (Chang, 1996), (Chanas et al.,
1999), (Lootsma, 1997), (Ruoning et al, 1992),
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(Pan,1997), Enea et al., 2004), Chan et al., 2000),
McKown et al., 2001). 

(Liu et al., 2011) introduces an evaluation
method based on an uncertain linguistic weighted
operator to the risk evaluation of the high-tech
project investment.

(Rębiasz, 2013) presents the usage of proba-
bilistic and fuzzy approach for the evaluation of
projects and selection of the most profitable proj-
ect from the steel industry.

Fuzzy theory
By introducing the fuzzy theory for the first

time, (Zadeh, 1988) provided preliminaries for
modeling and simulation of inaccurate informa-
tion and approximate reasoning by mathematical
equations which in turn have led to a renaissance
in classical mathematics and logic. Fuzzy ap-
proximate reasoning approach- which is known
as fuzzy system- is proposed for systems with
high complexity and uncertainty that adequate
and accurate information is not available. In re-
cent decades the fuzzy sets theory has been a use-
ful tool in dealing with uncertain and ambiguous
data and models and some researchers have de-
veloped and expanded a variety of useful fuzzy
ways considering this ambiguity and uncertainty
(Braya et al., 2015).

According to the definition, if Mij= (lij, mij, uij)
is considered as a triangular fuzzy number. The
sum of two fuzzy numbers M1= (l1, m1, u1),
M2=(l2, m2, u2) and inverse is defined as follows:

Risk assessment for investments under fuzzy
indicators of efficiency

Let’s assume that the efficiency indicator of an
investment project N is given as fuzzy set
Ñ=(Nmin, µN, Nmax), where µN - membership func-
tion, Nmin, Nmax - respectively, left and right fron-
tiers of the set carrier Ñ, i.e. µN=0 when x  Nmin

and when x  Nmax. 
As far the limitary parameter С, we would assume

that it is given as a fuzzy set, too
with the conditions µC=0 if x  Cmin or x  Cmax.
µC - is taken as a membership function.                   

The graphs of µN(x) and µC(x) functions may
have different shapes and may lay differently in
respect to each other. For the ease of explanation,
we would assume that these graphs are located
on a coordinate plane as shown on Figure 1. 

Following (Rebiasz et al., 2013; Pashayev et
al., 2014) we can determine the risk zone and the
assessment of risk by means of  α- levels of Ñ
and fuzzy sets.

For certainty we will take the case when invest-
ment project is considered affordable for N indi-
cator, if the value of N is not below than that of
the limitary parameter. Then, the risk zone of N
and С for the given α-level will be the area where
N<С.

As seen from Figure 1, for α -levels with α  α0,
the risk zone is empty set (i.e. no risk exists), and
when α<α0 the risk zone is [Nmin, Cmax] segment.
In this case, each α -level (α<α0) will correspond
to some part of this segment. When α=0, the
whole segment will become a risk zone.

Now, to estimate the risk relevant to the given
α-level (α<α0), we will apply two approaches:

Fig 1. The graphs of membership function
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1. The approach where α-level of two Ñ and 
fuzzy sets is used – in this traditional approach
(Rebiasz et al., 2013; Pashayev et al., 2014; Mck-
own et al., 2001; Liu et al., 2011), we identify the
frontiers of the α-level for both Ñ and fuzzy sets. 

The frontiers are marked as and for the
fuzzy set and as and for the fuzzy set Ñ on
Figure 2. These frontier points are then depicted on
C and N axis, and the risk zone is defined. 

The geometric probability of the incidence of
point (C, N) to the risk zone (see Figure 3) is
taken as the estimation for the risk relevant to α-
level. The rectangle with bolded lines on Figure
3 – is the area of probable values of pairs (C, N)
for α-level, and the hatched area is the risk zone. 

Thus, each 0 α α0 will correspond to follow-
ing value:

(2)

Where S- is the square of the hatched triangle
on Figure 3, S�- is square of the rectangle with

bolded sides. We note that , , , values are
derived from evident correlations:

(3)

where - are the val-
ues of the invest function for the left (L) and the
right (R) parts of the membership function µC and
respectively µN.

Further, the final risk level of non-affordability
(inefficiency) of investment project is determined
with the following formula in the traditional ap-
proach [28]:

(4)

However, in our viewpoint, determination of
inefficiency risk of project with the formula (4)
cannot always accurately (correctly) reflect its
real value (estimation).

The reason of such circumstance can be ex-

Fig 2. The frontiers of the fuzzy set

Fig 3. The geometric probability of the inci-
dence of point to the risk zone

Fig 4. The areas of realization and risk
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plained with following considerations: 
Assume that we have defined the areas of all

possible realizations of the indicator  and the lim-
itations of C (see Figure 3) for some α-level and
identified risk zone in this area. Now, if we take
other α`-level, where α`<α, then the correspon-
ding areas of realization and risk will have pre-
vious areas respectively (as shown on Figure 4).
So, with consistent decrease of α, each consecu-
tive derived areas of the realization (rectangle)
and the risk (triangle) will contain preceding
areas respectively. Therefore, the results of the
operation on integration with such mutually-em-
bedded areas will contain much excess (surplus)
information, and may provide distorted view
about the genuine level of risk. 

For that reason, we believe that it is more ap-
propriate to deal with the maximum risk level
which is determined as the maximum of the vari-
able of α function: 

(5)

The computation of risk with the formula (4)
uses relatively less number of excess (i.e. not re-
lating to risk zone) information. The excess in-
formation is contained in the denominator of the
(α) function. The excessiveness of information
is due to the fact that the calculated square of the
rectangle contains the non-risk area as well. 

2. The second approach that we propose
doesn’t use such excess information. The essence
of this approach is that the function (α) is de-
fined only by means of the parameters of risk
zone at each α. To clarify the essence of this ap-

proach, let’s examine the intersection of fuzzy
sets and Ñ. 

(6)

P – Is the point at which µN(P)=µC(P).
Let’s examine some -level of this set. Since this

α-level is the α-level of primary and Ñ sets
(Figure 5), then

As seen from figures 2 and 5, the risk zone for
the indicator N is the segment   and for the indi-
cator С is the segment . If we depict these areas
to coordinate plane , then the following figure
will appear (Figure 6).

If we take the ratio of the triangle’s square to
the rectangle’s square as the value of risk relevant
to α-level, then the value of risk is calculated
with the following formula:

(7)

In this case, it is also expedient to consider the
cumulative risk not as the integral of 1(α) but
as the maximum value of 1(α), i.e.

(8)
Where αp=µML(P)=µCR(P)

Fig 5. The  α-level of primary and Ñ sets Fig 6. The risk zone for the indicator N
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As seen from the formula (8), in the approach
we propose the value of risk on inefficiency of
the project is determined only through the param-
eters of the primary risk zone. Thereby, it is pos-
sible to more precisely determine the risk. 

Hence, by determining risk level for each cri-
terion on efficiency assessment of hydrocarbon
resource exploitation projects, we can conduct a
multi-criterion analysis of the project’s efficiency
based on aggregate criteria. For instance, the cu-
mulative risk of a project, being the aggregate of
all criteria, can be determined as the weighted
sum of all risks:

(9)

Where n-number of criteria; i- the level of im-
portance of ith criterion Determination of the level
of importance (i) can be done by means of ex-
pert estimations or based on paired comparison
(Nedosekin, 2003; Andreu et al., 1995). 

CONCLUSION
Summarizing one can say that the decision-

making process in the selection of investments
has some specific characteristics:

• It has to take into consideration either finan-
cial or non-monetary effects;

• It has to take into consideration either quanti-
tative or qualitative effects; 

• Naturally occurring competitiveness and even
contradiction of criteria; and

• It has to take into consideration both the un-
certainty of each alternative and the uncertainty
originating from the difficulty to establish the im-
portance of every goal. 

The advantage of multi criteria methods is the
ability to take into account all (not only financial)
aspects of the attractiveness of an investment
project. The selection of criteria of project assess-
ment must take into account the specificity of or-
ganization that makes a decision. The last
decades have shown that the number and com-
plexity of dependencies both inside and outside
a company makes it difficult to use the probabil-
ity theory to represent all kinds of the uncertainty
appearing in case of the evaluation of investment
projects. Many authors have applied the alterna-
tive description of the uncertainty. First of all,

fuzzy numbers may be mentioned as an example
of the above. This leads to the hybrid description
of the uncertainty in the process of the evaluation
of the investment.

Along with traditional method this paper intro-
duces new approach for risk assessment based on
each criterion characterizing the investment proj-
ect on hydrocarbon resources exploitation. 

The approach is grounded on the use of fuzzy
sets which allow the determination of maximum
risk per each of criteria associated with the effi-
ciency assessment of hydrocarbon resources ex-
ploitation. These criteria, in aggregate, enable us
to determine the cumulative risk of a hydrocar-
bon resources exploitation project. 
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