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The existence of hydroelectric plants along Amazon River tributaries is a solution to satisfy the
energy demand in Brazil. However, these plants are subjected to multiple risk events because of
the geographic and socioeconomic characteristics of this region. In helping to address these esca-
lating challenges, this paper presents a framework that assesses the risk events of service packs
relevant to the plant. This framework presents a transparent approach for prioritizing risk events in
large projects. The weights of importance of risk events are estimated using the fuzzy analytic
hierarchy process. Chang’s extent analysis method takes into consideration the vagueness and im-
precision of subjective human judgments. The convergence of decisions is evaluated using two
aggregation approaches, namely the maximum-minimum method based on an arithmetic mean and
a geometric mean. The performances of the original and modified extent analysis methods are com-
pared using group Euclidean distance and distance between weights metrics. The degree of simi-
larity between the evaluation metrics is examined using Spearman’s rank correlation coefficient

Aggregation methods and average overlap approaches. Due to the inconsistency of the reported results, the final rankings

of the aggregation approaches are determined using a new aggregated multiple criteria decision
making method. The results indicate that the original extent analysis method using the maximum-
minimum method (arithmetic mean) is the best aggregation method. A Santo Antonio hydroelectric
plant in Brazil is used to demonstrate the application of the proposed framework.

© 2021 by the authors; licensee Growing Science, Canada

1. Introduction

An infrastructure project is exposed to multiple risk events arising from the environment. Achieving the project’s targets is
hindered by the uncertainty and complexity caused by the uncontrollable environment. Besides, the project comprises multiple
varying tasks with respect to time, size, and complexity (Kalinina et al., 2016; San Cristdbal et al., 2018). Therefore, infra-
structure projects are subjected to diverse risks arising from many causes, with multiple consequences. This diversity calls for
adopting risk management to identify and control the causes and consequences of risk events (Peddada, 2013). Risk refers to
the possibility of occurrence and severity of consequences for an uncertain event (Aven, 2016). This term includes the positive
and negative outcomes of the event, which could be seen as an opportunity or a threat. In this regard, risk management is
crucial for managing a construction project successfully because it helps mitigate the possible unexpected events. Otherwise,
the project will be subjected to cost and time overruns as well as failure to satisfy project objectives. Risk can be categorized
into (PMI, 2013): a) organizational such as lack of funds and conflicts with other projects, b) technical such as application of
complex technology, c) project management such as lack of technical and managerial skills, and d) external such as changes
in laws and regulations and unclear ownership rights. Hydroelectric plants are subjected to unpredictable events such as hy-
drological instability arising from seasonal rainfall and flow patterns and conflicts with social movements like the anti-dam
movements (Braga & Molion, 1999; Sobreiro Filho et al., 2016).
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The paper is organized as follows: In the next section, the multiple criteria decision analysis is introduced. The decision
analysis systems in risk assessment of hydroelectric projects are summarized in Section 3. The methodology employed in this
research is presented in Section 4. Sections 5 briefly explains each method used in the results section. Section 6 reports the
results of applying different decision analysis methods. The last section presents the major conclusions of the research study.

2. Multi-criteria decision analysis

Multi-criteria decision analysis (MCDA) methods compare the available alternatives against multiple conflicting criteria. For
example, a decision maker needs to evaluate criteria such as social strategies, health and safety, and stakeholder involvement
of the available suppliers to account for the social sustainability dimensions in supplier selection. There is no universal method
for classifying MCDA methods (Sen and Yang, 1998). These methods can be classified into multi-objective decision making
(MODM) and multi-attribute decision making (MADM) methods. The MODM method, unlike the MADM method, does not
require a pre-defined set of alternatives (Abdel-Malak et al., 2017). Another method categorized MCDA methods into three
classes (Belton and Stewart, 2002): a) value measurement models that assign numerical scores to the alternatives and rank
them accordingly, b) outranking models that conduct pairwise comparisons among the alternatives and set the strength of
preference of one alternative over another, and ¢) goal, aspiration and reference level models that select the closest alternative
to the goal. It is difficult to determine the merits and demerits of using one model over another in a specific research problem
(Zanakis et al., 1998). Besides, different results are obtained from the application of different methods to the same problem.
Therefore, it is important to conduct a comparative analysis of different multi-criteria decision making (MCDM) methods in
a particular decision problem (Malczewski and Rinner, 2015). The analytic hierarchy process (AHP), which belongs to the
value measurement class, was developed to decide the best alternative through conducting pairwise comparisons among tan-
gible and intangible factors (Saaty, 1980). It is the most widely-used decision making method because it has the highest
number of scientific publications compared to other MCDM methods (Forman, 2001; Wallenius et al., 2008). However, hu-
man judgment cannot be expressed using exact values as in the classical AHP. Therefore, fuzzy logic was introduced by
Zadeh (1965) to deal with vague inputs. In this regard, fuzzy AHP (FAHP) was proposed by Van Laarhoven and Pedrycz
(1983) to deal with the imprecision and uncertainties of the judgment. The FAHP technique was reported to be the most
popular fuzzy MCDM technique (Kahraman et al., 2015; Gul, 2018). Therefore, FAHP is employed in this research to reflect
the vagueness indicated in the pairwise comparisons. Maharani et al. (2019) used FAHP with an unsymmetrical triangular
fuzzy number to express the expert judgment for each pairwise comparison. The applicability of the proposed method was
examined using a case study for resin supplier selection in a fiberglass company. The decision hierarchy structure involved
three suppliers and four criteria, namely price, delivery lead time, payment method, and quality. The results confirmed the
ability of the FAHP technique to handle this fuzzy number. Tavana et al. (2020) proposed an integrated framework to select
the optimum manufacturer of consumer electronic goods while maximizing benefits and mitigating risks, simultaneously. The
suppliers were selected based on operational, supply, financial, and technological aspects. FAHP was utilized to compute the
weights of importance of the supply chain risks and benefits and fuzzy multi-objective optimization on the basis of ratio
analysis (MOORA) was applied to rank the suppliers. The output uncertainty was examined using sensitivity analysis. The
results yielded robust rankings, reflecting the model stability. Verdecho et al. (2020) applied an AHP technique to support
supplier selection based on two criteria which are; supply chain’s sustainability performance and sustainable supplier assess-
ment criteria. The methodology was applied to an agri-food supply chain to assess the development of suppliers towards
sustainability. The research recommended incorporating uncertainty into the developed model and validating this methodol-
ogy in other supply chains.

Few studies compared the results of different decision making methods. Elshaboury et al. (2020a) compared between MOORA
and technique for order preference by similarity to the ideal solution (TOPSIS) with respect to rehabilitation strategies of
water distribution networks. The correlation between rankings obtained from different decision making methods was assessed
using the Spearman correlation coefficient. The results showed that there was a very strong relationship between the afore-
mentioned techniques. However, Spearman’s rank correlation places equal emphasis on the top and bottom of the ranked list;
therefore, it cannot be considered as a good comparative method. In another study, Elshaboury and Marzouk (2020) applied
complex proportional assessment (COPRAS) and operational competitiveness ratings analysis (OCRA) to rank the available
fleets required for construction and demolition waste transportation. The time, cost, energy, and emissions generated from
transporting wastes to a recycling plant in New Cairo, Egypt were assessed. The rankings were aggregated using a half-
quadratic-based approach, yielding a consensus index and a trust level of 0.999 for the final ranking. Therefore, the ensemble
ranking could be accredited because there was a high level of agreement between the rankings.

3. Multi-criteria decision analysis methods in risk assessment

Large-scale hydroelectric projects are subjected to complex risk evaluations (Tang et al., 2018). Sharma and Kar (2018)
conducted questionnaire surveys among different experts in several organizations to analyze the technical, construction, socio-
political, and environmental risks in the hydroelectric projects. The collected data was utilized to rank the identified risk
events based on their probabilities of occurrences and severities of impact. The major risk factors were identified to be reset-
tlement and rehabilitation, land acquisition, flooding, non-availability of hydrological data, and project complexity.
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MCDA has been widely used in risk assessment (Arce et al., 2015; Govindan et al., 2015). Beltrao and Carvalho (2019) used
FAHP technique to prioritize the risk factors in Brazilian public enterprises. The model comprised risk identification, catego-
rization, and prioritization through conducting pairwise comparisons. The “difficulty in environmental licensing” was found
to be the most important risk. This model could be extended to suit risk assessment in various construction projects worldwide.
Ribas et al. (2019a) identified the risk events in a Brazilian hydroelectric plant using the FAHP technique. The model hierarchy
comprised one level of service packs and risk factors in the work breakdown structure and risk breakdown structure, respec-
tively. The proposed model had proved its efficiency in ranking the risk events from the perspective of the owner consortium
and the builder consortium.

Serrano-Gomez and Munoz-Hernandez (2019) combined the application of probabilistic fuzzy sets with AHP to conduct a
comprehensive risk assessment for a large renewable energy project. The probabilistic approach utilized Monte Carlo method
to extract data from the expert opinion. Additionally, the coherence of opinions was assessed using the confidence level
parameter. The model was tested at a 250-megawatt photovoltaic solar plant located in Spain. The results affirmed the accu-
racy of the developed model compared to the classic fuzzy methodology. Agarwal and Kansal (2020) presented a fuzzy TOP-
SIS methodology to estimate the initial cost of a hydropower project at the planning stage. The likelihood and impact of risk
factors were analyzed to evaluate the cost intervals per megawatt capacity. This methodology was applied to an Indian hy-
dropower project of 126-megawatt capacity. The research recommended computing the relative weights of the criteria using
the AHP technique.

The existing research in this area lacks one or more of the followings:

Applying and comparing the performance of multiple FAHP aggregation methods.
Suggesting suitable evaluation metrics to quantify the results of various aggregation methods.
Measuring the similarity among the results of the applied performance evaluation metrics.
Ranking the aggregation methods by deploying a decision analysis method.

In an attempt to address these limitations, this research computes the weights of risk events relevant to the plant using various
FAHP aggregation methods. The weights are obtained using the original and modified Chang’s extent analysis methods. The
maximum-minimum aggregation method using arithmetic and geometric means is applied to derive the group decision matrix.
Besides, the performance of these methods is evaluated using group Euclidean distance (GED) and distance between weights
(WD) metrics. The degree of similarity between the evaluation metrics is examined using Spearman’s rank correlation coef-
ficient and average overlap approaches. Due to the difference in the reported results, the final rankings of the aggregation
methods are determined using a weighted aggregated sum product assessment and TOPSIS (WASPAS-TOPSIS) method.
This framework is expected to provide a rational and transparent approach for risk evaluation in hydropower projects. A Santo
Antonio hydroelectric plant, which lies in the Brazilian Amazon rainforest, is used to demonstrate the application of the
proposed framework.

4. Research methodology

The framework to prioritize the risk factors of service packs in hydroelectric projects is illustrated in Fig. 1. The framework
comprises these components: a) fuzzifying and defuzzifying the pairwise comparisons to check their consistencies, b) forming
the group matrix using several FAHP aggregation methods, ¢) determining the priority weights of risk factors, d) comparing
the weights obtained from the aggregation methods using evaluation metrics, and e) measuring the similarity of the results
obtained from the evaluation metrics. However, the aggregation methods do not perform consistently throughout the evalua-
tion metrics. Therefore, this can be regarded as an MCDM problem which involves: a) computing the weights of evaluation
metrics, b) establishing the decision making model, and c) ranking the aggregation methods.

5. Materials and methods

5.1 Fuzzy analytic hierarchy process

The pairwise comparison matrices are constructed based on the gathered responses from the questionnaires. The pairwise
comparisons are conducted between the service packs and the related risk factors. The linguistic terms in pairwise comparisons
are translated into triangular fuzzy numbers using Saaty’s fuzzification scale (see Table 1). The triangular membership func-
tion has been adopted because it is the simplest membership model defined by only three numbers (Pedrycz et al., 2011). It is
represented by M = (I, m, u), where [, m and u stand for the lower, modal, and upper values, respectively. The fuzzy pair-
wise comparison matrices are converted into crisp matrices using a centroid defuzzification method called “center of gravity”
or “center of area”, as per Eq. 1 (Awasthi et al., 2018).

D=(+4m+u)/6 M

where; D represents the defuzzified value of the triangular fuzzy number.
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Fig. 1 Research framework

The consistency of pairwise comparisons is checked by calculating the consistency ratio as per Eq. 2 (Zadeh, 1965). It shall
be noted that only matrices with consistency ratios of less than or equal to 0.1 are involved in the analysis process.
CI Amax — T
CR =—, Cl =—— 2
RI n—1 @
Where; CR refers to the consistency ratio, CI refers to the consistency index, RI refers to the random inconsistency in-
dex, A4, refers to the average of the consistency vector components, and n is the matrix size.

The individual consistent pairwise comparisons are aggregated into a group comparison matrix using a) maximum-mini-
mum method with arithmetic mean as per Eq. 3-5 (Awasthi et al., 2018) and b) maximum-minimum method with geometric
mean as per Eq. 3-4, 6 (Liu et al., 2020).
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lijg‘r'oup = min {l”(k)} (3)
u;;97P = max {u; 0} @)
k
m; 97O = my¢ )/m 5
m
mijgr"“p = (1_[ ml.j(k))l/m (6)

k=1
Where; 1;; 977" m, ;970U and u;;(97°4P) represent the smallest, most likely, and largest possible values for the group

fuzzy comparison matrix, respectively. Besides, [;; O} m;j (9, and u; j () represent the minimum, most probable, and maxi-
mum values for the k" decision maker, respectively, and m refers to the number of decision makers.

Table 1
Saaty’s fuzzifying scale (Saaty 1980)
Saaty scale Linguistic terms Triangular fuzzy scale Triangular fuzzy reciprocal scale
1
1 Equally important (1,1,2) (E 1, 1)
11
2 Equally to moderately important (1,2,3) <§ TE 1)
. 111
3 Moderately important (2,3.4) (— P —)
4’32
. 111
4 Moderately to strongly important (3,4,5) (g,z.g)
111
5 Strongly important 45,6 (—,—.—)
gly imp (4.5,6) 653
6 Strongly to very strongly important (5,6,7) <7’E’§)
. 111
7 Very strongly important (6,7,8) (g 7 g)
. 111
8 Very strongly to extremely important (7,8,9) (6'5';)
9 Extremely important (8,9,9) (1 . 1)
X i 9, S
i 9'9'8

Chang’s (1996) extent analysis method has been used extensively to derive FAHP weights because of its computational sim-

plicity (Wang et al., 2008). The value of the fuzzy synthetic extent with respect to the i*" object is calculated using Eq. (7).

S5 = ( Z;riﬂij Z}”:lmi,- Z}n=1 U ) )
' =1 271=1uij =1 Z;'n=1 mj Yisq Z;'n=1lij
The modified extent analysis method updated the normalization process as per Eq. (8) (Wang et al., 2006).
5 _ < Y= lij Timy; g Wij ) ®
l Jet by Xkmt e 2= Uk Zk=1 Ljm1 My D Ui + D=t i D=1 lij

The possibility degree that a fuzzy triangular number is the greatest among several fuzzy numbers V (M, = M;) can be ob-

tained using Eq. (9).

1 lf m, > my
0 ifli=zu
V(M = M;) = { L, —u, ! 2 )
d) = otherwise
k () (my —uy) —(my — 1)

where; d is the ordinate of the highest intersection point D between the two membership functions iy, and pyy,-
The degree of possibility that a convex fuzzy number is greater than K convex fuzzy numbers M; (i=1, 2, 3....k) can be de-
fined as per Eq. (10).

VM =M, M,,..M) =V[(M=M,) and (M = M,) and ...and (M = M)] =min V(M

(10)
=My, =123 ..k
The minimum of these possibilities is used as the overall score of each criterion as per Eq. 11.
d' (M) =minV(S; = S,), k=123,.nandk #i (11)

Finally, these scores are normalized to obtain the non-fuzzy weights of the criteria as per Egs. (12-13).
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W = (d(My), d(My), d(M3), ... ooy A(My)) (13)

The modeling performance of the different FAHP aggregation methods needs to be evaluated. The application of group min-
imum violation and GED was illustrated in some examples (Yang et al., 2018). Elshaboury et al. (2020b) used the satisfactory,
group minimum violation, GED, and WD indices to assess different FAHP aggregation methods in the water engineering
field. In this research, two evaluation metrics are proposed to evaluate group FAHP methods. These metrics are GED “Eq.
14” and WD “Eq. 15” (Groselj et al., 2015). It shall be noted that lower values of these metrics indicate a higher consistency
of the derived weights.

1 nnl w;\ w;\ w;\
GM:EZ ZEEKH”-Q-%W#M#>+@#Mj>] (14)
J J

k=1 |i=1j=1

=%§1 Z(Wki_wi)z (15)

where; n refers to the number of criteria, w; and w; refer to the weights of importance of the i*" and j*" criterion, respectively,
and wy,; refers to the weight of the i*" criterion from the perspective of the k" decision maker.

5.2 Similarity measurement approaches

It is necessary to quantify the degree of similarity between the ranked lists of alternatives obtained from the evaluation metrics
(Sarraf & Mcguire, 2020). In this research, two evaluation approaches are employed, namely Spearman’s rank correlation
coefficient and average overlap (AO). The Spearman’s rank correlation coefficient (R) is defined as per Eq. (16).
6 Yi, di”
R=1-—Z—"“—"— 16
nn?—-1) (16)

where; d; refers to the rank difference at the i*" position and n is the number of ranks. The major drawback of Spearman’s
rank correlation coefficient is that it does not consider the relative importance of the top listed alternatives compared to the
bottom listed alternatives. Accordingly, any changes in the ranks of the alternatives are treated similarly. In an attempt to
overcome this limitation, the AO approach was proposed by Webber et al. (2010) to assign more weights to the top listed
alternatives. This approach compares the overlap between two rankings at incrementally increasing depths as per Eq. (17).

k
1o S, NT
AO(S,T,K) =Ezldd—d| (17)

where; S and T are the two ranking lists, d is the depth, and k is the evaluation depth. It is worth mentioning that this metric
ranges from zero, indicating no similar rankings, to one indicating identical rankings.

5.3 Shannon entropy
Shannon entropy method is one of the most common methods for computing weights in the literature (Shannon, 1948). The
computation procedures of this method are shown in the below steps (Hwang and Yoon, 1981):

The normalized score of the i*" alternative with respect to the j* attribute (P; ;) is calculated using Eq. 18.

Pij =sm
i=1%ij

1<ism1<j<n) (18)

where; x;; represents the measure of performance of the it" alternative with respect to the jt* attribute, m represents the num-
ber of alternatives, and n represents the number of attributes.

The entropy value of the jt" attribute (e;) is computed using Eq. 19.

1
€j = —k XZPU X lnPl-j ,k = (19)



N. Elshaboury / Journal of Project Management 6 (2021) 113

Finally, the weight of each attribute (W;) is obtained using Eq. 20. It shall be noted that higher weights reflect higher relative
importance from the decision makers’ perspectives and vice versa.

dj
Wi=sn g4 =1-¢ (20)
Jj=1"]

where; d; represents the variation coefficient of the j thattribute.
5.4 WASPAS-TOPSIS method

A new aggregated method that integrates between WASPAS and TOPSIS, namely WT method, is proposed. This method is
employed to rank the alternatives (i.e., FAHP aggregation methods) based on weights of attributes (i.e., evaluation metrics)
and measures of performance of alternatives. The computation process of this method involves (Davoudabadi et al., 2020): a)
calculating the WASPAS index for each alternative “Eq. 217, b) determining the positive and negative ideal solutions “Eq.
22-23”, and ¢) computing the closeness coefficient for each alternative “Eq. 24”. It shall be noted that a better alternative is
associated with a higher value of closeness coefficient.

K K
ve=T ) (e®Uyxw)+a-n| [e® " @)
k=1 k=1

where; 1; stands for the WASPAS index of the it" alternative, I' € [0,1], {4, ..., A;} refers to a set of alternatives,
{Wl, vy W]} refers to the weights of attributes, ¢ ® (4;) is the measure of performance for the i*" alternative from the percep-
tion of the k" decision maker.

™ =min;(;) (22)
r~ =max;(;) (23)
where; rTand r~ refer to the positive and negative ideal solutions, respectively.

_ [ — 77|
[P —7* |+ [y — 77|

where; C; refers to the closeness coefficient for the i" alternative.

C; (24)

6. Results and discussion

The data used in this research was acquired from the article, titled “Data and calculation approach of the fuzzy AHP risk
assessment of a large hydroelectric project” (Ribas et al., 2019b). The service packs under the work breakdown structure
(WBS) and the potential risk events under the risk breakdown structure (RBS) are used for the risk assessment process. The
service packs represent the activities necessary for satisfying the legal and contractual requirements while the risk events refer
to the negative actions that might affect the service packs. Six questionnaire surveys were conducted among representatives
of the builder consortium; project manager, contracts and civil works manager, electromechanical equipment manager, elec-
tromechanical assembly manager, contract administration manager, and environmental manager. The experts were asked to
fill pairwise comparison matrices of service packs and related risk events.

The WBS consists of five main service packs; contractual modality, river management, electromechanical assembly, civil
works, and workforce. The contractual modality illustrates the type of used contract while the river management refers to the
combination of sustainability, construction, and ecological principles to minimize the project impacts on the ecosystem. The
electromechanical assembly involves the installation of electromechanical elements such as turbines and generators. All the
construction works such as the dam and cofferdam belong to the civil works service pack. The last service pack, workforce,
describes the human resources necessary for electromechanical assemblies, civil works, and management/supervision ser-
vices.

The RBS comprises five risk sources or events; hydrological cycle, product specification, quality of service, interface, and
stoppages. The hydrological cycle describes the impact of climate seasonality on the planning and construction of projects.
The product specification covers the technical and functional characteristics of the materials, components, and equipment
involved in the plant. The quality of service ensures the compliance of the executed work, while the interface risk highlights
the importance of ensuring consistency among services and equipment to finish a product. The last risk factor, stoppages,
refers to the unscheduled work stoppages such as strikes leading to structural uniformity and delay problems.

The weights of importance of the risk events for an under-construction hydroelectric plant are computed in this section. The
service packs are arranged into a square matrix and their relative importance is measured using Saaty scale. This scale ranges
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between 1 (i.e., equal importance) and 9 (i.e., extreme importance). Table 2 depicts the scores indicated by the contracts and
civil works manager. For example, river management is moderately more important than civil works, thus 3 must be placed
in row 2 column 4. Besides, the workforce is extremely more important than the contractual modality, as a result 1/9 is placed
for contractual modality against workforce in the matrix. Finally, electromechanical assembly is very strongly more important
than contractual modality; therefore, 1/7 is entered in row 1 column 3.

Table 2
Pairwise comparison matrix of the service packs from the contracts and civil works manager’s perception

Service packs Contractual modality River management Electromechanical assembly Civil works Work force
Contractual modality 1 1/7 1/7 1/5 1/9
River management 7 1 1 3 173
Electromechanical assembly 7 1 1 3 1/3
Civil works 5 1/3 1/3 1 1/5
Work force 9 3 3 5 1

The resulted pairwise comparisons are then fuzzified using Saaty’s fuzzifying scale. For instance, the triangular fuzzy value
of the entry that reflects the degree of importance of river management over civil works is (2, 3, 4). Besides, the fuzzy value
of contractual modality over workforce is (1/9, 1/9, 1/8). The last crisp value while comparing contractual modality with
respect to electromechanical assembly is converted into (1/8, 1/7, 1/6). The fuzzy matrices are then defuzzified using the
center of area method to check for their consistencies. The crisp pairwise comparison matrix is normalized by dividing the
elements of a given column by the sum of that column. The average of each row in the normalized matrix represents the vector
of priorities. The relative importance of the service packs is calculated as (0.03, 0.21, 0.21, 0.10, 0.45). The priority vector
indicates that the most influential service pack is the workforce (0.45), followed by the river management and electromechan-
ical assembly (0.21), then the civil works (0.10), and finally the contractual modality (0.03). The principal eigenvalue (A max)
is calculated by multiplying the crisp comparison matrix by the vector of priorities and dividing the new vector by elements
of the priority vector. The average of the elements in the new vector (5.13, 5.36, 5.36, 5.13, 5.42), referred to as A max, is
calculated to be 5.28. The consistency index is computed as follows: (5.28 —=5) / (5 —1) = 0.07. Finally, the consistency ratio
is calculated by dividing the consistency index by the random index, 0.07 / 1.12=0.06. Therefore, this judgment is considered
consistent because the associated consistency ratio is less than 0.10. It is found that only four surveys are consistent and will
be included in the next steps of the analysis. The consistent matrices are aggregated to build a representative matrix of all
decision makers using the maximum-minimum method. This method decides the upper and lower bounds of the triangular
fuzzy values in the individual matrices. Besides, this method utilizes either arithmetic or geometric mean for the group middle
bound. The aggregated matrix for the service packs using the maximum-minimum method (arithmetic mean) is depicted in
Table 3. These calculations are performed in this research using Microsoft Excel.

Table 3
Aggregated matrix for the service packs using the maximum-minimum method (arithmetic mean)

Service packs Contractual modality River management Electromechanical assembly Civil works Work force
Contractual modality (1.0,1.0,1.0) (0.1,4.3,8.0) (0.1,1.6,4.0) (0.2,4.3,9.0) (0.1,3.1,8.0)
River management (0.1,1.9,8.0) (1.0,1.0,1.0) (0.2,0.4,2.0) (0.3,2.3,6.0) (0.1,1.0,4.0)
Electromechanical assembly (0.3,2.7,8.0) (1.0,3.5,6.0) (1.0,1.0,1.0) (2.0,4.5,8.0) (0.3,2.7,8.0)
Civil works (0.1,1.4,6.0) (0.2,1.1,4.0) (0.1,0.3,0.5) (1.0,1.0,1.0) (0.1,0.4,2.0)

Work force (0.1,3.6,9.0) (0.3,3.3,8.0) (0.1,1.6,4.0) (1.0,4.0,8.0) (1.0,1.0,1.0)

Concerning the maximum-minimum method using the arithmetic mean, the weighted vectors as a result of comparing the
service packs using the original and modified extent analysis method are shown below:
The fuzzy weights of the contractual modality, river management, electromechanical assembly, civil works, and workforce
service packs are calculated as follows:

1

S, = (1.53, 14.28, 30.00) x (

125.50°52.97°11.72

S, =(1.67, 6.60, 21.00) x (1

S, = (4.50, 14.33, 31.00) x (

1 1
25.50’ 52.97'11.72)
1 1

1
125.50°52.97°11.72
1

S, = (1.53,4.22, 13.50) x(

1 1
125.50°52.97°11.72

) = (0.01,0.27, 2.56)
= (0.01,0.12,1.79)

) = (0.04,0.27, 2.64)

) = (0.01,0.08,1.15)
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1 1
125.50°52.97°11.72

The degree of possibility between the service packs can be obtained as described below:

V(S = S,) = 1.00, V(S; = S3) = 1.00, V(S = S,) = 1.00, V(S = S5) =1.00

S5 = (2.50, 13.54, 30.00) X( ) = (0.02,0.26,2.56)

V(S;>5,) =093,  V(S,>S,) =092, V(S,>S,)=100, V(S,=>Ss)=0.93
V(S3>S5,) =100, V(S3>S,) =100 V(S3>S,)=100 V(S;=Ss)=1.00
V(S,=5,) =086 V(S,>5,)=096  V(S,>S5;) =085  V(S,>S:) =087

V(Ss=5,) =099, V(Ss>S,)=100  V(Ss=>S;) =099, V(S =S, =1.00

The overall score for each service pack is determined by computing the minimum of these possibilities as follows:

d'(My) =minV(S; = S,,55,55,55) = 1.00  d'(M;) = minV(S, = S;,55,54,85) = 092  d'(M3) = min V(S5 = 5,55, S4,55)

=1.00
d'(M,) = minV(S, = S;,5,,535,55) = 0.85  d’(Ms) = min V(S5 > Sy, S,,S5,5,) = 0.99
Finally, the normalized weight vectors of the service packs can be obtained as follows:
1.00 0.92
d(M,) = =0.210 d(M,) = 0.194

1.00 + 0.92 + 1.00 + 0.85 + 0.99 T 1.00+092 + 10%05+ 0.85 + 0.99

1.00 d(M,) = =0.179
My) = =0.21 4
d(M3) = 15657097 T 100 T 085 7099 ~ 210 1.00 + 0.92 + 1.00 + 0.85 + 0.99

0.99 W = (0.210,0.194,0.210,0.179, 0.208)
d(Ms) = = 0.208 ’ ’ ’ ’
(Ms) 1.00 + 0.92 + 1.00 + 0.85 + 0.99

The normalization stage differs in the modified extent analysis method than that in the original method. The weighted vec-
tors as a result of comparing the service packs are obtained as shown below:

(1.53, 14.28, 30.00)

51= ((21.00 + 31.00 + 13.50 + 30.00),52.97, (1.67 + 4.50 + 1.53 + 2.50))

= (0.02,0.27,2.94)

(1.67, 6.60, 21.00)
((30.00 + 31.00 + 13.50 + 30.00),52.97, (1.53 + 4.50 + 1.53 + 2.50))

S, = =(0.02,0.12,2.09)

. _ (4.50, 14.33, 31.00)
37 ((30.00 + 21.00 + 13.50 + 30.00),52.97, (1.53 + 1.67 + 1.53 + 2.50))

= (0.05,0.27, 4.29)

. (1.53,4.22, 13.50)
* 7 ((30.00 + 21.00 + 31.00 + 30.00),52.97, (1.53 + 1.67 + 4.50 + 2.50))

= (0.01,0.08,1.32)

(2.50, 13.54, 30.00)

S. =
5 ((30.00 + 21.00 + 31.00 + 13.50),52.97,(1.53 + 1.67 + 4.50 + 1.53))

= (0.03,0.26,3.25)

V(S =8,)=1.00, V(S >S5)=100, V(S =5)=100, V(S =S5 =100
V(S,>8,) =094, V(S,>S5,) =093, V(S,>S,)=100, V(S,>S;) =094
V(S;=8) =100  V(S3=5,)=100, V(S3=8,)=100  V(S3=S5)=1.00
V(S,=5,)=087, V(S5,=5,)=097, V(S,>S;)=087, V(S,=Ss)=0.88
V(Ss=S) =099, V(Ss=>S,) =100, V(Ss=5)=099, V(Ss=>S,) =100

d’(Ml) = min V(Sl > 52,53,54,55) =1.00 dl(Mz) = min V(SZ = 51,53,54,55) =0.93
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d,(M3) = min V(53 = 51,52,54,55) = 1.00 d,(M4) = min V(S4, = 51,52,53,55) =0.87
d,(Ms) = min V(SS > 51, 52,53, 54) = 0.99

1.00 0.87
d(M,) = =0.208 d(M,) = =0.181
(M) 1.00 + 0.93 + 1.00 + 0.87 + 0.99 (M2) 1.00 + 0.93 + 1.00 + 0.87 + 0.99
d(M,) = 093 =0.195 d(Ms) = 099 =0.207
2271.00 + 093+ 1.00 + 0.87 + 099 ~ 5/71.00 + 093 + 1.00 + 0.87 + 0.99
1.00 =
A0y = _ 0208 W = (0.208,0.195,0.208,0.181,0.207)

1.00 + 0.93 + 1.00 + 0.87 + 0.99

For the maximum-minimum method using the geometric mean, the weighted vectors using the original extent analysis method
are as follows: W = (0.207,0.192,0.215,0.177,0.209). On the other hand, the weighted vectors using the modified extent
analysis method are as follows: W = (0.206,0.193,0.213,0.179, 0.208). The results show that the electromechanical as-
sembly is the most important service pack because of the application of advanced technologies in the project. The workforce
and contractual modality are also major concerns from the builder consortium’s perspective. The workforce problem occurs
because of the strikes resulting in a shortage of qualified manpower. Additionally, the contract type used in this project (i.e.,
lump sum) transfers all the risks to the builder, who is responsible for satisfying the environmental and operational require-
ments of the power plant. The normalized weights of the risk events for each service pack are calculated in the same manner.
The normalized weights of the service packs are multiplied by the normalized weights of the related risk events, resulting in
the final risk event weights. The final risk event weights using the four aggregation approaches are presented in Table 4. The
results show that the stoppages and quality of service are the most crucial risk events. The stoppages are incurred, leading to
project delay. Besides, the quality of service problem refers to the failure to comply with the requirements in civil and elec-
tromechanical works. The hydrologic cycle is affected by pivotal risk factors because of the ability of the built dam and
cofferdam to mitigate the flooding impact during the wet season. The product specification is the next in order risk factor
because of the problems encountered in elements, requiring repair or replacement actions. The interface, reflecting the im-
portance of consistent services and equipment to finish a product, is the lowest risk factor.

Table 4
Final weights of risk events using FAHP aggregation methods
Original extent analysis method Modified extent analysis method
Aggregated (Max- . . Aggregated (Max-Min) - Aggregated (Max-Min)-
Min) - Arithmetic Aggregated (Max-Min)- Geometric Arithmetic Geometric
Hydrological cycle 20.9% 20.6% 20.8% 20.6%
Product specification 19.3% 19.2% 19.4% 19.3%
Quality of service 21.0% 21.4% 20.9% 21.2%
Interface 17.6% 17.7% 17.8% 17.9%
Stoppages 21.2% 21.0% 21.0% 20.9%

The performance of the FAHP aggregation methods is evaluated using the GED and WD measures. The values and ranking
results of the performance metrics are presented in Table 5. The GED and WD indices indicate that the original extent analysis
method using the maximum-minimum method (arithmetic mean) is the best FAHP aggregation method. Besides, the ranking
result of the modified extent analysis method using the maximum-minimum method (geometric mean) is identical with respect
to the applied metrics. However, the evaluation metrics yield different rankings for the remaining alternatives. Therefore, this
can be regarded as an MCDA problem that aims at prioritizing the FAHP aggregation methods.

Table 5

Evaluation metrics and associated rankings of the FAHP aggregation methods

Original extent analysis method Modified extent analysis method
Aggregated (Max-Min)  Aggregated (Max-Min)- Ge- Aggregated (Max-Min) - Aggregated (Max-Min)-
- Arithmetic ometric Arithmetic Geometric
Group Euclidean distance 12.852 12.880 12.879 12.903
Rank 1 3 2 4
Distance between weights 0.338 0.338 0.339 0.340
Rank 1 2 3 4
Table 6
Average overlap calculation between the performance metrics ()
Depth Group Euclidean distance Distance between weights Intersection Overlap at depth Average overlap
1 A A (A} 1 1
2 AC AB {A} 0.5 0.75
3 ACB ABC {ABC} 1 0.833
4 ACBD ABCD {ABCD} 1 0.875

1 A= Original (Max-Min) — Arithmetic, B= Original (Max-Min) — Geometric, C= Modified (Max-Min) — Arithmetic, D= Modified (Max-Min) — Geometric
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Spearman’s correlation coefficient between the evaluation metrics is computed to be 0.80. Besides, the average overlap result
between the evaluation metrics is calculated as 0.875 (see Table 6). The similarity measurement approaches indicate that the
results of the evaluation metrics are very close to each other. In the MCDA problem, the FAHP aggregation methods are
regarded as the alternatives and the performance metrics are considered as the attributes. The weights of the attributes are
calculated using the Shannon entropy method, as depicted in Table 7. It is found that the WD metric represents the highest
weight of importance (i.e., 76.76%) while the GED metric is associated with the lowest weight of importance (i.e., 23.24%).
The numerical outputs of the WT technique are described in Table 8. The results indicate that the original extent analysis
method using the maximum-minimum method (arithmetic mean) is the first-ranked FAHP aggregation method.

Table 7
Weights of the evaluation metrics using Shannon entropy method
Group Euclidean distance Distance between weights
Terms
Entropy value 1.00E+00 1.00E+00
Variation coefficient 7.11E-07 2.35E-06
Weights of criteria 23.24% 76.76%
Table 8
WT rankings of the FAHP aggregation methods
FAHP aggregation method Group Euclidean distance Distance between weights WASPAS index Closeness coefficient  Rank
Original (Max-Min) - Arithmetic 12.852 0.338 2.016 1.00 1
Original (Max-Min) - Geometric 12.880 0.338 2.021 0.53 2
Modified (Max-Min) - Arithmetic 12.879 0.339 2.021 0.42 3
Modified (Max-Min) - Geometric 12.903 0.340 2.025 0.00 4

7. Conclusion

Hydroelectric plants are subjected to serious risk events because of the geographic and socioeconomic characteristics of these
unique projects. Therefore, this research presents the comparative analysis of various aggregation methods for deriving
weights of the risk events in a large hydroelectric plant. The fuzzy analytic hierarchy process (FAHP) technique was employed
to calculate the weights of importance of the risk events. This method accounted for the imprecision and vagueness between
the factors. In this research, the original and modified extent analysis methods were applied using two aggregation methods,
namely the maximum-minimum method using an arithmetic mean and the maximum-minimum method using a geometric
mean. The former approach used the arithmetic mean of individual judgments, while the latter used a geometric mean for the
group modal value. Moreover, the performance of these aggregation methods was assessed using two evaluation measures,
namely group Euclidean distance and distance between weights. The degree of similarity between the evaluation metrics was
examined using Spearman’s rank correlation coefficient and average overlap approaches. The similarity measurement ap-
proaches indicated that the outcomes of the evaluation metrics were very close to each other. However, the results of the
evaluation measures were not consistent and therefore were further examined using a new aggregated multiple criteria deci-
sion making method. The results indicated that the original extent analysis method using the maximum-minimum method
(arithmetic mean) was the best FAHP aggregation method. A Brazilian hydroelectric plant was used to demonstrate the ap-
plication of the proposed framework. The proposed framework could assist decision makers in conducting an objective and
transparent risk assessment of large hydroelectric projects.

8. Declarations
Funding: The author did not receive support from any organization for the submitted work.

Conflicts of interest/Competing interests: The author has no conflicts of interest to declare that are relevant to the content
of this article.

Availability of data and material: All data and models generated or used during the study appear in the submitted article.

Code availability: Not applicable.



118

References

Abdel-malak, F. F., Issa, U. H., Miky, Y. H., & Osman, E. A. (2017). Applying decision-making techniques to Civil Engi-
neering Projects. Beni-Suef University Journal of Basic and Applied Sciences, 6(4), 326-331.

Agarwal, S. S., & Kansal, M. L. (2020). Risk based initial cost assessment while planning a hydropower project. Energy
Strategy Reviews, 31, 100517.

Arce, M. E., Saavedra, A., Miguez, J. L., & Granada, E. (2015). The use of grey-based methods in multi-criteria decision
analysis for the evaluation of sustainable energy systems: A review. Renewable and Sustainable Energy Reviews, 47, 924-
932.

Aven, T. (2016). Risk assessment and risk management: Review of recent advances on their foundation. European Journal
of Operational Research, 253(1), 1-13.

Awasthi, A., Govindan, K., & Gold, S. (2018). Multi-tier sustainable global supplier selection using a fuzzy AHP-VIKOR
based approach. International Journal of Production Economics, 195, 106-117.

Belton, V., & Stewart, T.J. (2002). Multiple criteria decision analysis: An integrated approach. London: Kluwer Academic
Publishers.

Beltrao, L. M., & Carvalho, M. T. (2019). Prioritizing construction risks using fuzzy AHP in Brazilian public enter-
prises. Journal of Construction Engineering and Management, 145(2), 05018018.

Braga, B.P.F., & Molion, L.C.B. (1999). Impacts of climate change on hydrology of South America. In: Van Dam ]JC (ed)
Impacts of climate change and climate variability on hydrological regimes. Cambridge: Cambridge Press.

Chang, D. Y. (1996). Applications of the extent analysis method on fuzzy AHP. European Journal of Operational Re-
search, 95(3), 649-655.

Davoudabadi, R., Mousavi, S. M., & Mohagheghi, V. (2019). A new last aggregation method of multi-attributes group deci-
sion making based on concepts of TODIM, WASPAS and TOPSIS under interval-valued intuitionistic fuzzy uncer-
tainty. Knowledge and Information Systems, 1-21.

Elshaboury, N., Attia, T., & Marzouk, M. (2020a). Application of evolutionary optimization algorithms for rehabilitation of
water distribution networks. Journal of Construction Engineering and Management, 146(7), 04020069.

Elshaboury, N., Attia, T., & Marzouk, M. (2020b). Comparison of several aggregation techniques for deriving analytic net-
work process weights. Water Resources Management, 34(15), 4901-4919.

Elshaboury, N., & Marzouk, M. (2020). Optimizing construction and demolition waste transportation for sustainable con-
struction projects. Engineering, Construction and Architectural Management.

Forman, E. H., & Gass, S. I. (2001). The analytic hierarchy process—an exposition. Operations Research, 49(4), 469-486.

Govindan, K., Rajendran, S., Sarkis, J., & Murugesan, P. (2015). Multi criteria decision making approaches for green supplier
evaluation and selection: a literature review. Journal of Cleaner Production, 98, 66-83.

Groselj, P., Stirn, L. Z., Ayrilmis, N., & Kuzman, M. K. (2015). Comparison of some aggregation techniques using group
analytic hierarchy process. Expert Systems with Applications, 42(4), 2198-2204.

Gul, M. (2018). A review of occupational health and safety risk assessment approaches based on multi-criteria decision-
making methods and their fuzzy versions. Human and Ecological Risk Assessment: An International Journal, 24(7), 1723-
1760.

Hwang, C.L., & Yoon, K. (1981). Multiple attribute decision making: methods and applications, a state-of-the-art survey.
Berlin: Springer.

Kahraman, C., Onar, S. C., & Oztaysi, B. (2015). Fuzzy multicriteria decision-making: a literature review. International Jour-
nal of Computational Intelligence Systems, 8(4), 637-666.

Kalinina, A., Spada, M., Marelli, S., Burgherr, P., & Sudret, B. (2016). Uncertainties in the risk assessment of hydropower
dams: State-of the-art and outlook. [Research Report] Zurich: Paul Scherrer Institute.

Liu, Y., Eckert, C. M., & Earl, C. (2020). A review of fuzzy AHP methods for decision-making with subjective judgments. Ex-
pert Systems with Applications, 113738.

Maharani, I.S., Astanti, R.D., & Ai, T.J. (2019). Fuzzy analytical hierarchy process with unsymmetrical triangular fuzzy
number for supplier selection process. In: 4th International Manufacturing Engineering Conference and 5th Asia Pacific
Conference on Manufacturing Systems (iIMEC-APCOMS 2019). Putrajaya, Malaysia, pp. 54-59.

Malczewski, J., & Rinner, C. (2015). Dealing with uncertainties. In: Multi-criteria decision analysis in geographic infor-
mation science. Berlin: Springer-Verlag, pp. 191-221.

Peddada, K. (2013). Risk assessment and control [Conference issue]. Journal of Governance and Regulation, 2(2), 51-59.

Pedrycz, W., Ekel, P., & Parreiras, R. (2011). Fuzzy multi-criteria decision-making: models, methods and applications. Chich-
ester: John Wiley & Sons.

PMI (2013). A guide to the project management body of knowledge. Pennsylvania: PMI.

Ribas, J. R., Arce, M. E., Sohler, F. A., & Suarez-Garcia, A. (2019a). Data and calculation approach of the fuzzy AHP risk
assessment of a large hydroelectric project. Data in Brief, 25, 104294.

Ribas, J. R., Arce, M. E., Sohler, F. A., & Sudrez-Garcia, A. (2019b). Multi-criteria risk assessment: case study of a large
hydroelectric project. Journal of Cleaner Production, 227,237-247.

Saaty, T.L. (1980). The analytic hierarchy process: planning, priority setting, resource allocation. New York: McGraw-Hill.



N. Elshaboury / Journal of Project Management 6 (2021) 119

San Cristobal, J.R., Carral, L., Diaz, E., Fraguela, J.A., & Iglesias, G. (2018). Complexity and project management: A general
overview. Complexity, 1-10.

Sarraf, R., & McGuire, M. P. (2020). Integration and comparison of multi-criteria decision making methods in safe route
planner. Expert Systems with Applications, 154, 113399.

Sen, P., & Yang, J.B. (1998). Multiple criteria decision support in engineering design. London: Springer.

Serrano-Gomez, L., & Munoz-Hernandez, J. I. (2019). Monte Carlo approach to fuzzy AHP risk analysis in renewable energy
construction projects. PloS one, 14(6), €0215943.

Shannon, C. E. (1948). A mathematical theory of communication. The Bell System Technical Journal, 27(3), 379-423.

Sharma, S., & Kar, S. (2018). Risk management and analysis in hydro-electric projects in India. International Journal of Civil
Engineering, 5(3), 1-7.

Sobreiro Filho, J., Fernandes, B.M., & Cunha, T.B. (2016). Water, land, socio-territorial movements, labor, and capital:
Territorial disputes and conflictuality in Brazil. In: Toris A (ed) Agriculture, environment and development - international
perspectives on water, land and politics. Basel: Springer.

Tang, W., Li, Z., & Tu, Y. (2018). Sustainability risk evaluation for large-scale hydropower projects with hybrid uncer-
tainty. Sustainability, 10(1), 138.

Tavana, M., Shaabani, A., Mansouri Mohammadabadi, S., & Varzgani, N. (2020). An integrated fuzzy AHP-fuzzy MULTI-
MOORA model for supply chain risk-benefit assessment and supplier selection. International Journal of Systems Science:
Operations & Logistics, 1-24.

Van Laarhoven, P. J., & Pedrycz, W. (1983). A fuzzy extension of Saaty's priority theory. Fuzzy sets and Systems, 11(1-3),
229-241.

Verdecho, M. J., Alarcon-Valero, F., Pérez-Perales, D., Alfaro-Saiz, J. J., & Rodriguez-Rodriguez, R. (2020). A methodology
to select suppliers to increase sustainability within supply chains. Central European Journal of Operations Research, 1-
21.

Wallenius, J., Dyer, J. S., Fishburn, P. C., Steuer, R. E., Zionts, S., & Deb, K. (2008). Multiple criteria decision making,
multiattribute utility theory: Recent accomplishments and what lies ahead. Management Science, 54(7), 1336-1349.

Wang, Y. M., Elhag, T. M., & Hua, Z. (2006). A modified fuzzy logarithmic least squares method for fuzzy analytic hierarchy
process. Fuzzy sets and Systems, 157(23), 3055-3071.

Wang, Y. M., Luo, Y., & Hua, Z. (2008). On the extent analysis method for fuzzy AHP and its applications. European Journal
of Operational Research, 186(2), 735-747.

Webber, W., Moffat, A., & Zobel, J. (2010). A similarity measure for indefinite rankings. ACM Transactions on Information
Systems (TOIS), 28(4), 1-38.

Yang, T., Yang, D., & Chao, X. (2018). A preference aggregation model and application in AHP group decision making. In:
American Institute of Physics (AIP) conference proceedings, Xi'an City, China.

Zadeh, L.A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353.

Zanakis, S.H., Solomon, A., Wishart, N., & Dublish, S. (1998). Multi-attribute decision making: A simulation comparison of
selection methods. European Journal of Operation Research 107(3), 507-529.



120

uted under the terms and conditions of the Creative Commons Attribution (CC-BY) license

© 2020 by the authors; licensee Growing Science, Canada. This is an open access article distrib-
® (http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


