€Y Routledge

g Taylor &Francis Group

ECONOMIC

sla=\=]g"] Economic Research-Ekonomska Istrazivanja

shraZivanpa

ISSN: 1331-677X (Print) 1848-9664 (Online) Journal homepage: http://www.tandfonline.com/loi/rero20

Environmental impact assessment based on group
decision-making methods in mining projects

Navid Rikhtegar, Nabiollah Mansouri, Amir Ahadi Oroumieh, Abdolreza
Yazdani-Chamzini, Edmundas Kazimieras Zavadskas & Simona Kildiené

To cite this article: Navid Rikhtegar, Nabiollah Mansouri, Amir Ahadi Oroumieh, Abdolreza
Yazdani-Chamzini, Edmundas Kazimieras Zavadskas & Simona Kildiené (2014) Environmental
impact assessment based on group decision-making methods in mining projects, Economic
Research-Ekonomska Istrazivanja, 27:1, 378-392, DOI: 10.1080/1331677X.2014.966971

To link to this article: http://dx.doi.org/10.1080/1331677X.2014.966971

© 2014 The Author(s). Published by Taylor &
Francis

ﬁ Published online: 27 Oct 2014.

N
CJ/ Submit your article to this journal &

||I| Article views: 807

A
& View related articles &'

@ View Crossmark data (&

CrossMark

@ Citing articles: 3 View citing articles &'

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=rero20

(Download by: [94.250.135.147] Date: 24 December 2016, At: O4:47>



http://www.tandfonline.com/action/journalInformation?journalCode=rero20
http://www.tandfonline.com/loi/rero20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2014.966971
http://dx.doi.org/10.1080/1331677X.2014.966971
http://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/1331677X.2014.966971
http://www.tandfonline.com/doi/mlt/10.1080/1331677X.2014.966971
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2014.966971&domain=pdf&date_stamp=2014-10-27
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2014.966971&domain=pdf&date_stamp=2014-10-27
http://www.tandfonline.com/doi/citedby/10.1080/1331677X.2014.966971#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/1331677X.2014.966971#tabModule

Economic Research-Ekonomska IstraZivanja, 2014

: Routledge
Vol. 27, No. 1, 378-392, http://dx.doi.org/10.1080/1331677X.2014.966971

Taylor &Francis Group

39a31LN0Y

Environmental impact assessment based on group decision-making
methods in mining projects

Navid Rikhtegar®, Nabiollah Mansouri®, Amir Ahadi Oroumieh®,
Abdolreza Yazdani-Chamzini®, Edmundas Kazimieras Zavadskas®* and Simona Kildiene?

“Department of Environment and Energy, Science and Research Branch, Islamic Azad University,
Tehran, Iran; "Production & Operation Management, Management faculty, Tehran University,
Tehran, Iran; “Young Researchers and Elite Club, South Tehran Branch, Islamic Azad University,
Tehran, Iran; dResearch Institute of Smart Building Technologies, Vilnius Gediminas Technical
University, Saulétekio al. 11, LT-10223 Vilnius, Lithuania

(Received 20 March 2014; accepted 28 August 2014)

Mining operations usually comprise a spread spectrum of environmental challenges,
which are often unique to each mine site. This is due to the fact that mining activi-
ties, directly or indirectly, have an adverse impact on environment and ecology. For
this reason, the environmental impact assessment (EIA) process has been developed
for evaluation of the possible impact of mine development and operations on the
environment, including the natural, social and economic aspects. In this article, an
EIA methodology based on analytic network process and fuzzy simple additive
weight (SAW) is proposed to formulate the environmental risks pertaining to mining
projects. In the system of the proposed model, the importance weights are calculated
by an ANP process. Then, fuzzy SAW is employed to evaluate the preference ratings
of the alternatives. The merit of using fuzzy logic is to handle the inherent uncer-
tainty in modelling an EIA problem by simplifying the sophisticated structure of the
problem under consideration. The proposed model is utilised to assess the environ-
mental impact generated by zinc and lead mining projects located in Zanjan, Iran to
shape the future industrial and mining structure of the region. Finally, the environ-
mental impacts are ranked from the most to the least risky.

Keywords: environmental impact assessment (EAI); analytic network process
(ANP); MCDM; fuzzy simple additive weight (SAW)

JEL classification: C4, Q32, Q56

1. Introduction

Mining activities are distinguished as one of the greatest threats to the planet’s environ-
ment. These activities produce a huge amount of waste that can have harmful effects for
decades. The environmental effects of the mining industry include destruction of natural
habitats, changes in river regimes and water tables, and other serious ecological impacts
(UNEP, 2000). Although the mining industry has been making improvements, some key
problems are still to be resolved. This means that there is a fundamental need to reduce
the severity and number of deleterious effect before, during, and after mining activities.
Therefore, environmental management measures are accomplished by mining societies
to mitigate the adverse impacts from mining operations in order to prevent, reduce or
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eliminate contamination or any degradation of the environment. This mitigation may be
a result of implementation of a project alternative or project modifications or environ-
mental protection measures, which simply reduce the number or magnitude of negative
impacts (Anjaneyulu & Manickam, 2007). Consequently, environmental impact asses-
sors and mining designers grapple with complex and costly invasive problems. There-
fore, it is of vital importance to assess the environmental impacts for conducting
stringent controls on pollution.

To achieve the aim, different models have been developed for formulating the
impacts of any developmental endeavour to ensure the activity does not harm the envi-
ronment. These include environmental impact assessments (EIAs), environmental man-
agement systems, environmental accounting, environmental audits and environmental
reports, and life cycle assessment (Sinding, 1999).

These methods aim at identifying all the parameters that contribute to the preserva-
tion and protection of the natural environment or have other impacts such as human
health, labour accidents (Daniel, Tsoulfas, Pappis, & Rachaniotis, 2004). EIA, one of
the most popular tools for environmental risk assessment, has been broadly employed as
proactive decision support tool to diminish or mitigate the potential impact connected
with any developmental activity (Collins et al., 2013; Deng, Hu, Deng, & Mahadevan,
2014; Garrain & Lecho, 2014; Haichao, Wenling, Lahdelma, Pinghua, & Shuhui, 2013;
Kim, Choi, Mha, & Joung, 2013; Liu, Sheu, & Tseng, 2013; Momtaz & Kabir, 2013;
Phillips, 2013; Salbu et al., 2013; Salomons & Hoberg, 2014).

The EIA is an activity designed to identify and predict the impact of a project on
environment and human health so as to recommend appropriate legislative measures,
programmes, and operational procedures to minimise the impact (Anjaneyulu &
Manickam, 2007). This technique uses a well-organised and systematic approach to help
authorities avoid costly effects of developmental activities to the environment. The EIA
has some salient features including: (1) the EIA helps to identify the positive and nega-
tive impacts to the environment in the short- and long-term; (2) the EIA decreases or
offsets the undesirable impacts of an activity leading to a reduction in environmental
degradation; and (3) The EIA provides a monitoring process to control and manage the
level of project implementation and the degree of successfulness of the environmental
protection measures.

However, the assessment of environmental impacts in order to make a decision can-
not be a straightforward process because a large number of parameters may significantly
affect the natural environment. Therefore, authorities are faced with a multi-criteria deci-
sion-making issue.

The simple additive weight (SAW) is one of the most popular techniques in model-
ling an a multi criteria decision making (MCDM) problem. This technique is employed
by different researchers for the following reasons: (1) the logic used in the process of
modelling is understandable and rational; (2) the computations are straightforward; and
(3) this method is clearly described by a simple mathematical form. However, the SAW
method is unable to deal with the imprecise and ambiguous detail involved in real-life
decision-making problems, so that, without taking the inherent uncertainty into account,
the results are unrealistic and may be a cause of unreliable assessment. Fuzzy logic is a
powerful mathematical tool for dealing with the inherent uncertainty. This method dem-
onstrates its worth as a practical problem-solving tool. On the other hand, analytical net-
work process has several advantages (Fouladgar, Yazdani-Chamzini, Zavadskas, &
Moini, 2012): (1) Analytic network process (ANP) can measure all tangible and intangi-
ble criteria in the model; (2) ANP is a relatively simple, intuitive approach that can be
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accepted by managers and other decision-makers; (3) ANP allows for more complex
relationship among the decision levels and attributes as it does not require a strict hierar-
chical structurel; and (4) ANP is more adapted with real world problems. In this article,
an integrated model based on ANP and fuzzy SAW is proposed to assess the environ-
mental impacts of lead and zinc mining projects located in Zanjan, Iran. For achieving
the aim, the ANP method is employed for computation of the relative importance of the
evaluation criteria and fuzzy SAW is applied for evaluation of the performance ratings
of the feasible alternatives by using linguistic terms.

2. Environmental impact assessment

EIA is defined as a systematic and organised process for identification and evaluation of
the potential impacts of any activity pertaining to the physical, chemical, biological, cul-
tural, and socioeconomic components of the total environment (Canter, 1996; Liu &
Lai, 2009). The EIA has been a significant development in environmental management
over the last two decades. This technique incorporates requirement for social, climatic,
and cultural characteristics to enable decision makers to carry out a comprehensive anal-
ysis on the problem under consideration.

3. Risk management by using importance—performance analysis

Importance—performance analysis (IPA), introduced by Martilla and James (1977), is a
useful framework to manage firms’ strategies. The IPA is a systematic tool to rank ele-
ments by taking both the importance and performance perspectives into account simulta-
neously. This method can assist decision-makers in identifying the most important
elements in order to make promotional efforts and further improvement. The IPA can be
employed for analysing the weaknesses in order to enable the authorities to promote the
environmental prevention measures.

This technique combines measures of attribute importance and performance into a
two-dimensional grid as shown in Liu and Yu (2009). The grid is divided into four
quadrants, where the y-axis depicts the importance and x-axis depicts the performance.
Therefore, each attribute is placed into one of the four quadrants, including quadrant I
(high importance/high performance), quadrant II (high importance/low performance),
quadrant III (low importance/low performance), and quadrant IV (low importance/high
performance).

Attributes located in quadrant I (maintain performance) indicate that the current situ-
ation has a high potential for developing; whereas, attributes located in quadrant II
(focus effort here) require immediate remedial action. Attributes located in quadrant III
(low priority) do not need extra effort; whereas, attributes located in quadrant IV
(reduce emphasis) indicate insignificant strengths for firms.

4. Fuzzy SAW

The SAW method is widely employed for modelling decision-making problems (Chou,
Chang, & Shen, 2008; Hashemkhani Zolfani, Sedaghat, & Zavadskas, 2012; Hwang &
Yoon, 1981; Medineckiené & Bjork, 2011; Palevicius, Paliulis, Venckauskaite, &
Vengrys, 2013; Sagar, Jayaswal, & Kushwah, 2013; Tamosaitiene, gipalis, Banaitis, &
Gaudutis, 2013). The basic concept of SAW is to acquire a weighted sum of the prefer-
ence ratings of each alternative with respect to the criteria under consideration. The
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SAW technique comprises two main steps (Chou et al., 2008; Hwang & Yoon, 1981):
(1) normalise the values of all attributes to make them comparable; and (2) sum up the
values of the all attributes for each alternative.

The SAW method uses a systematic methodology to rank the feasible alternatives in
descending order of preference. Although the SAW technique has been successfully
employed for decision-making problems, this method is less effective when faced with
the inherent uncertainty involved in the process of decision-making. The merit of using
fuzzy logic is to calculate the importance or preference of criteria and alternatives using
fuzzy numbers instead of crisp numbers to be more adapted to the real world cases
(Yazdani-Chamzini & Yakhchali, 2012).

This technique employs linguistic variable instead of traditional quantitative
expression, which is a very helpful concept for dealing with situations which are too
complex or not well-defined enough (Zadeh, 1965). Therefore, fuzzy SAW has been
developed to accurately model a decision-making problem.

This technique conducts a step-by-step approach to prioritise the feasible alternatives
based on their preference with ambiguous or rough data. The process of fuzzy SAW
can be mathematically defined as follows:

Step 1. Define the linguistic terms and fuzzy ratings.

Step 2. Form the decision-making matrix.

Step 3. Aggregate the decision matrices into the final decision matrix.

Step 4. Normalise the final matrix. The process of normalisation of the decision
matrix can be described as follows:

X = L if preferable is minimum of jth criterion 1)
i

= ij

X = , if preferable is maximum of jth -criterion 2)

max X;;
A

Step 5. Calculate the weighted normalised matrix. Values of the matrix are calcu-
lated by multiplying values of the elements of the normalised matrix with

the corresponding weights of significances of each criterion:
Step 6. Define the efficiency criterion for each ith alternative.

m ~
K = Z):Ciﬁ i=1..,nj=1..m @)
=

Step 7. Optimum variant and ranks of the alternatives are established by size K*:

m m
K*:{ai maXijicij}; j:l,...,m;i:1,...,n;ij:1 @)
1
7= =1

The schematic diagram of the fuzzy SAW is depicted step by step in Figure 1.
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Figure 1. Methodology of fuzzy SAW technique.
Source: Author calculation.

5. Analytic network process

The analytic hierarchy process (AHP) (Saaty, 1980), a mathematical-based model, is
employed for multi-criteria decision-making problem in order to help authorities to
accurately analyse the decision issue by decomposing a sophisticated problem into a
hierarchy structure. The structure of hierarchy in the AHP comprises a multi-level form,
including objectives, criteria, sub-criteria and alternatives. In the system of the AHP, a
fundamental scale of relative magnitudes expressed in dominance units is applied to rep-
resent judgements in the form of paired comparisons (Daniel et al., 2004). This model
is formed based on the assumptions of unidirectional, hierarchical relationship among
decision levels (Erdogmus, Kapanoglu, & Koc, 2005). Many decision problems cannot
be structured hierarchically because they involve the interaction and dependence of
higher-level elements in a hierarchy on lower-level elements, therefore creating a net-
work of elements is needed (Begicevi¢, Divjak, & Hunjak, 2010).

However, the AHP technique is not capable of handling the mutual relationships
between criteria. ANP, one of the most comprehensive frameworks of MCDM methods,
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is applied to identify the effects of the evaluation criteria on each other, to determine
their importance. The ANP technique is a general form of the AHP method (Saaty,
1996). The AHP is proposed to solve the decision-making problem while there is inde-
pendence among its elements; whereas, the ANP is developed to solve the problem
including dependence among the elements. The ANP method is capable to takes into
account both interaction and feedback within clusters of elements (inner dependence)
and between clusters (outer dependence) (Onut, Tuzkaya, & Torun, 2011). The relative
weights in a network are obtained similar to the AHP using pairwise comparisons and
judgements (Table 1).
The process of the ANP technique can be defined as follows:

Step 1. Identify the criteria and sub-criteria influencing the model significantly.

Step 2. Structure the decision hierarchy (goal, criteria, sub-criteria, and alternatives).

Step 3. Determine the local weights of the criteria and sub- criteria by using the
format of the AHP method based on the two-by-two comparisons (assume
that there is no dependence among the factors). The evaluator team uses
the scale given in Table 1 to measure the relative weights of the criteria
and sub-criteria.

Step 4.Calculate the mutual relationships among criteria by using the inner depen-
dence matrix of each criterion with respect to the other criteria. In order to
compute the final weights of the criteria, the local weights of the criteria
obtained in previous step are multiplied with the inner dependence matrix.

Step 5.Compute the overall weights of the sub-criteria. The overall weights are cal-
culated by multiplying the local weight of the sub-criteria with its corre-
sponding criteria.

6. The proposed model

The proposed model for evaluating the environmental impacts is established based on
the ANP and fuzzy SAW techniques in the framework of the IPA, in which the ANP
method obtains the importance component and the fuzzy SAW technique reflects the
performance component. The model comprises three main stages: (1) identify the evalu-
ation indicators; (2) obtain the importance weights of the indicators by the ANP method
based on the pairwise comparison process; and (3) evaluate the feasible alternatives by
using fuzzy SAW. The proposed model schematically is shown in Figure 2.

In the first stage, the evaluator team is formed and the problem under consideration
is clearly explained. Then, the feasible alternatives and evaluation indicators are identi-
fied for selection of the optimum alternatives. In the last step of this stage, the decision
hierarchy structure is constructed, including the overall goal (located in the first level),
the main factors (located in the second level), the indicators (situated in the third level),
and the feasible alternatives (located in the last level). Then, the relative importance of
the main criteria and indicators are calculated by using the ANP technique in the format
of pairwise comparison. In the last stage, the preference ratings of the alternatives with
respect to the evaluation indicators are evaluated by using linguistic terms. Eventually,
fuzzy SAW is utilised for evaluation of the alternatives and selection of the optimal
alternative.
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Table 1. Pair-wise comparison scale.

Definition Value
Equal importance 1
Weak importance 3
Essential importance 5
Demonstrated importance 7
Extreme importance 9
Intermediate values 2,4,6,8
Table 2. Local weights of the main factors.
Environmental Ecological Socioeconomic Local
pollution alteration disturbance weights

Environmental 1.00 1.31 0.78 0.36

pollution
Ecological alteration 0.76 1.00 0.46 0.21
Socioeconomic 1.28 2.17 1.00 0.43

disturbance
Group consistency 0.02

ratio
Source: Author calculation.
Table 3. Local weights of the environmental pollution sub-factors.
Environmental pollution Water Air Noise Solid waste Soil Local
sub-factors (ChH (C2) (C3) (C4) (CY) weights
Water (C1) 1.00 2.67 3.16 3.76 1.88 0.40
Air (C2) 0.37 1.00 1.12 1.45 0.59 0.15
Noise (C3) 0.32 0.89 1.00 0.96 0.63 0.13
Solid waster (C4) 0.27 0.69 1.04 1.00 0.68 0.12
Soil (C5) 0.53 1.69 1.59 1.47 1.00 0.21
Group consistency ratio 0.005
Source: Author calculation.
Table 4. Local weights of the ecological alteration sub-factors.
Ecological alteration sub-factors Aquatic(C6) Terrestrial(C7) Local weights
Aquatic (C6) 1 0.94 0.48
Terrestrial (C7) 1.06 1 0.52

Group consistency ratio 0.00

Source: Author calculation.

7. Environmental impact assessment in zinc and lead mining projects

Mining industry plays a significant role in Iran’s economy; so that, this industry
includes 5% of the country’s GDP'. The country is known as one of the most important
mineral producers in the world, ranked among 15 major mineral rich countries.
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Table 5. Local weights of the socioeconomic disturbance sub-factors.

Socioeconomic disturbance sub- Culture Society Economics Local
factors (C8) (C9) (C10) weights
OF 1.00 0.44 0.72 0.28
OP 2.27 1.00 1.35 0.38
OE 1.39 0.74 1.00 0.34
Group consistency ratio 0.06

Source: Author calculation.

Table 6. The inner dependence matrix of the factors with respect to the ‘environmental pollution
factor’.

Environmental pollution Ecological Socioeconomic Relative importance

factor alteration disturbance weights

Ecological alteration 1 2.14 0.68

Socioeconomic 0.47 1 0.32
disturbance

Source: Author calculation.

Table 7. The inner dependence matrix of the factors with respect to ‘ecological alteration
factor’.

Ecological alteration Environmental Socioeconomic Relative importance

factor pollution disturbance weights

Environmental 1 1.67 0.63
pollution

Socioeconomic 0.60 1 0.37
disturbance

Source: Author calculation.

Table 8. The inner dependence matrix of the factors with respect to ‘socioeconomic disturbance
factor’.

Socioeconomic disturbance Environmental Ecological Relative importance
factor pollution alteration weights
Environmental pollution 1 2.43 0.71
Ecological alteration 0.41 1 0.29

Source: Author calculation.

This industry comprises more than 7% of the world’s total mineral reserves. The coun-
try holds some 68 types of minerals, 37 billion tonnes of proven reserves and more than
57 billion tonnes of potential reserves (Fouladgar, Yazdani-Chamzini, & Zavadskas,
2011). Zinc and lead are two most important minerals in Iran, the first is located in the
highest rank and the latter is ranked the eleventh in the world. The country has over
220 million tonnes of proven zinc and lead ore reserves, including 11 million tonnes of
zinc metal constituent and 5 million tonnes of lead metal constituent'. As a result, Iran
solely has approximately 5% of the world’s metal constituent reserves.
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Figure 2. Schematic diagram of the proposed model.
Source: Author calculation.

Zanjan province, located in the northwest of Iran, is one of the most famous areas
in lead and zinc production. This province has a number of mines including Ghaleh
Joogh, Angouran, Elm Kandi, and Gamish tape. These mines are evaluated based on
environmental impacts by using the proposed model in the following part.

7.1. Determine the importance of the indicators

Firstly, the factors influencing environment are extracted from literature review and a
number of face-to-face interviews with expert team. The factors involved in the EIA
model can be divided into three major classes: (1) environmental pollution (EN); (2)
ecological alteration (EC); and (3) socioeconomic disturbance (SO). The first class com-
prises five indicators: water (C1), air (C2), noise (C3), solid waste, (C4), and soil (C5).
The second contains two indicators: aquatic (C6) and terrestrial (C7). The latter encom-
passes three indicators: culture (C8), society (C9), and economics (C10).
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The structure of the decision hierarchy for the problem under consideration is
depicted in Figure 3. The decision problem consists of four levels: the overall goal of
the problem is situated at the top level, the second level belongs to the main criteria,
the sub-criteria are located in the third level, and the last level belongs to the
alternatives.

Then, the local weights of the main and sub-criteria are calculated with the aid of
the format of the ANP questionnaire by expert team (including eight evaluators with a
high background in the field of risk management) based on the pairwise comparison
matrices. It is noted that the weights of the evaluators are considered as the same value.
After that, the comparison matrices are aggregated into the final comparison matrix by
applying the geometric mean method as presented in Tables 2—5. In order to valid the
matrices, the group consistency index (GCI) is calculated and then the group consis-
tency ratio (GCR) is computed. The GCI can be mathematically defined as:

How to determine the weights of the evaluators? Are their weights equal? It should
be noted clearly.

GCI = (Amax — 1) /n Q)

where A, 1s the largest eigenvalue; and n is the number of the criteria under consider-
ation. The GCR is obtained as

GCR = GCI/RCI (6)

The Random Consistency Index (RCI) is derived from a randomly generated square
matrix. The group judgement is consistent provided that the GCR is less than 0.1.

After computing the local weights, the interdependence relationships among the
environmental, ecological, and socioeconomic factors are calculated as presented in
Tables 6-8.

Next, the local weights of the main factors are multiplied with the interdependence
weights to obtain the global weights of the main factors.

Ghaleh Joogh (A1)

7

> Angouran (A2)

Noise

Environmental |— Solid waste
7'y

Soil

)

Ecological -
Terrestrial % Elm Kandi (A3) |

Y

Culture

Society
Gamish tape

Economics

Environmental impact

HEEEEE

A

Socioeconomic

Figure 3. Hierarchical structure of the problem.
Source: Author calculation.
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Figure 4. Relative weights of the indicators.
Source: Author calculation.

EN 1 063 0.71 0.36 0.40
EC{=1068 1 029| x|021| ={0.29
SO 032 037 1 0.43 0.31

As shown above, the results are significantly different from when the interdependent
weights are neglected. The final results change from 0.36 to 0.40, 0.21 to 0.29, and
0.43 to 0.31 for the priority values of factors EN, EC, and SO, respectively.

Finally, the importance weights of the evaluation indicators are calculated by multi-
plying the local weights of the sub-criteria with the global weights of the factor to
which it belongs. After normalising the weights, the global weights of the evaluation
indicators are presented in Figure 4 and Table 9.

Table 9. Overall weight of the evaluation indicators.

Weight of the Evaluation Local Global

Main factors factors indicators weights weights
Environmental pollution 0.40 Water (C1) 0.40 0.17
Air (C2) 0.15 0.07
Noise (C3) 0.13 0.06
Solid waste (C4) 0.12 0.05
Soil (C5) 0.21 0.09
Ecological alteration 0.29 Aquatic (C6) 0.48 0.15
Terrestrial (C7) 0.52 0.16
Socioeconomic 0.31 Culture (C8) 0.304 0.10

disturbance

Society (C9) 0.188 0.06
Economics (C10) 0.226 0.08

Source: Author calculation.
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Table 10. Linguistic terms for the performance rating of alternatives.

389

Linguistic term

Corresponding triangular fuzzy number

Very poor (VP)
Poor (P)

Fair (F)

Good (G)

Very good (VG)

0, 1,3)
(1, 3,95
3,57
5,7,9
(7,9, 10)

Source: Author calculation.

Table 11.

The aggregated fuzzy evaluation matrix.

Al

A2

A3

A4

Water (C1)

Air (C2)

Noise (C3)

Solid waste (C4)
Soil (C5)
Aquatic (C6)
Terrestrial (C7)
Culture (C8)
Society (C9)
Economics (C10)

(2.56, 4.56, 6.56)
(1.23, 3.45, 5.45)
(2.05, 4.05, 6.05)
(0.84, 2.16, 4.16)
(.17, 4.17, 6.17)
(0.48, 1.98, 3.98)
(0.74, 2.54, 4.54)
(1.24, 2.98, 4.98)
(.21, 421, 6.21)
(3.16, 5.16, 7.16)

(3.12, 5.12, 7.12)
(1.78, 3.78, 5.78)
(3.24, 5.24, 7.24)
(3.36, 5.36, 7.36)
(@.11, 6.11, 8.11)
(0.76, 2.32, 4.32)
(1.12, 3.08, 5.08)
(2.45, 4.45, 6.45)
(3.71, 5.71, 7.71)
(6.68, 8.68, 9.88)

(1.45, 3.45, 5.45)
(0.88, 2.58, 4.58)
(121, 3.12, 5.12)
(143, 3.26, 5.26)
(1.67, 3.67, 5.67)
(0.65, 2.15, 4.15)
(0.88, 2.58, 4.58)
(1.65, 3.65, 5.65)
(1.74, 3.74, 5.74)
(4.12, 4.12, 6.12)

(1.87, 3.87, 5.87)
(1.06, 2.81, 4.81)
(1.64, 3.64, 5.64)
(0.62, 1.92, 3.92)
(0.98, 2.64, 4.64)
(0.23, 1.45, 3.45)
(0.56, 2.12, 4.12)
(1.17, 3.06, 5.06)
(1.56, 3.56, 5.56)
(3.85, 5.85, 7.85)

Source: Author calculation.

Table 12. The weighted normalised decision matrix.
Al A2 A3 A4
Water (C1) 0.06 0.11 0.16 0.08 0.13 0.17 004 0.08 0.13 0.05 0.09 0.14
Air (C2) 0.01 0.04 0.06 0.02 0.04 0.07 001 0.03 0.05 0.01 003 0.05
Noise (C3) 0.02 0.03 0.05 0.03 0.04 0.06 0.01 0.02 0.04 0.01 0.03 0.04
Solid waste 0.01 0.02 0.03 0.02 0.04 0.05 0.01 0.02 0.04 0.00 001 0.03
(C4)
Soil (C5) 0.02 0.05 0.07 0.05 0.07 0.09 0.02 0.04 0.06 0.01 0.03 0.05
Aquatic (C6) 0.02 0.07 0.14 0.03 0.08 0.15 0.02 0.08 0.15 0.01 0.05 0.12
Terrestrial (C7) 0.02 0.08 0.15 0.04 0.10 0.16 0.03 0.08 0.15 0.02 0.07 0.13
Culture (C8) 0.10 0.04 0.02 0.05 0.03 0.02 0.07 0.03 0.02 0.10 0.04 0.02
Society (C9) 0.04 0.02 0.02 0.03 0.02 0.01 0.06 0.03 0.02 0.06 0.03 0.02
Economics 0.08 0.05 0.03 0.04 0.03 0.02 0.06 0.06 0.04 0.06 004 0.03
(C10)
K 0.54 0.584 0.501 0.473
Rank 2 1 3 4

Source: Author calculation.

7.2.  Determine of the performance ratings of the alternatives

After calculating the relative weights of the indicators, a linguistic scale for describing
the preference ratings of the alternatives is defined as presented in Table 10. The evalua-
tor team uses the scale given in the table to form the individual decision matrix. In order
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Figure 5. Rankings of projects according to K value.
Source: Author calculation.

to reflect all experts’ opinions, the primary decision matrix is aggregated into the final
decision matrix by using the arithmetic mean method as shown in Table 11.

7.3.  IPA for managing risk in EIA review

Based on the basic concepts of the IPA technique, the importance-performance matrix is
established by combining the values of both importance weights and performance rat-
ings into the final decision matrix. Next, the fuzzy SAW methodology is applied for
combining the importance weights of the indicators and performance ratings of the alter-
natives (Table 12). The alternatives are ranked in descending order as listed in Table 12.

According to K values, the ranking of the alternatives in descending order are A2,
Al, A3, and A4. The proposed model results indicate that Anguran mine project (A2) is
the riskiest project with K value of 0.584. Rankings of risks according to K values are
depicted in Figure 5.

8. Conclusion

EIA provides a systematic and organised tool for better decision-making. This method
can simultaneously take environmental, ecological, and socioeconomic perspectives into
account. The EIA technique uses the process of identifying, evaluating, and assessing
the environmental impacts of developmental activities. However, this problem is a
sophisticated and complex problem because of lack of information and different parame-
ters that may comprise tangible and intangible factors. The fuzzy set theory provides a
mathematical way to face with vagueness which often better formulate the real world
problems. In this article, an EIA approach based on an integrated model is proposed to
formulate zinc and lead mining projects located in Zanjan, Iran. In the system of the
proposed model, the ANP technique is employed for calculation of the criteria weights.
Then, fuzzy SAW is utilised to evaluate the environmental impact produced through dif-
ferent zinc and lead mining projects and rank the alternatives from the one with the
lowest impact to the highest. The proposed model is successfully employed for
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assessing the risk of zinc and lead mining projects in Zanjan. The model demonstrates
its potential application as a practical problem-solving tool. It is proposed for future
work to employ the proposed model for assessing the environmental impacts of different
construction projects.

Note
1. en.wikipedia.org.
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