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ABSTRACT

Environmental impact assessment (EIA) is an important technique to ensure that possible effects of
developmental projects have been fully identified and calculated for environment, and also its main purpose
is accurate predicting, identifying and analysing the all positive and negative impacts on the natural and
human environment. Assessment of the environmental impact requires a method or methods to do it. Due to
the lack of sufficient knowledge, potential effects of projects are qualitative for nature, and they cannot be
numerical exactly. One way to overcome this problem is using different types of uncertainty on EIA process.
The theory of D numbers is a new provision of unreliable information and it is developed version of Dempster-
Shafer theory. In this research, an assessment of environmental impact arising from the construction and
operation of Ghomeishlou highway has been evaluated using D theory of numbers.
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INTRODUCTION

Environmental impact assessment (EIA) is an important
technique to ensure that possible effects of developmental
projects in environment have been fully identified and cal-
culated (Sharafi et al. 2008), and its main purpose is accu-
rate predicting, identifying and analysing all positive and
negative impacts on the natural and human environment.
Assessment of environmental impact requires a method or
methods to do it. In this regard, the method which has been
presented by Leopold and his colleagues for assessing en-
vironmental impacts, can be considered as a first action in
response to this requirement. Also after them, many differ-
ent methods have been developed and introduced for envi-
ronmental impact assessment, by increasing knowledge and
awareness of researchers in this field, with the conducted
advancements in the field of IT, that each of them has their
own unique flaws and advantages. Although experts have
made introduction of several methods for assessing the ef-
fects of environmental effects, but considerable point is the
lack of a worldwide methodology that can be applied in all
the environmental conditions. Also, due to the lack of tech-
nical information, and need of training and gaining experi-
ence in expert judgment about the effects of projects on the
environment, the possibility of achieving such a methodol-
ogy is low (Jabarian 2011). Currently, several methods for
environmental assessment have been developed such as: Life
Cycle Assessment (LCA )(Stiel & Teuteberg 2014) is en-
velopment analysis of data (DEA)(Sueyoshi & Goto 2012)
and Rapid assessment matrix (RIAM) (Li et al. 2014).

Since assessment of environmental impact is multidi-
mensional and also a complex process with several criteria

and operators, therefore it needs the use of a multi criteria
decision making techniques (Wang et al. 2006). Dempster-
Shafer evidence theory has been applied to consider the
uncertainty caused by lack of knowledge and information,
or the inability of experts to provide accurate judgement
during expert judging in the EIA process. Because of inad-
equate knowledge and cognition, potential effects of projects
are qualitative in nature and cannot be determined numeri-
cally exactly. A way to overcome this problem is using dif-
ferent types of uncertainty in the EIA process. Till now sev-
eral theories have been presented associated with uncertain-
ties, including fuzzy set theory, rough set theory and Demp-
ster-Shafer theory. Among these theories, Dempster-Shafer
theory has the advantage of expressing uncertainty directly,
and in this theory the concept of basic probability assign-
ment (BAP) is used to represent uncertain information
(Dempster 1967, Shafer 1976). As Dempster has mentioned,
Dempster-Shafer theory has some limitations that assum-
ing independent and separate sources of evidence is the most
important one (Jahankhah et al. 2009), existence of exclu-
sive hypotheses, and the condition of completeness in a set
of numbers (Deng 2012, Deng et al. 2013), that these char-
acteristics provide restricted conditions for application of
this theory. Theory of D numbers is a new one providing
the unreliable information, and also a developed theory of
Dempster-Shafer and has not the limitations of Dempster-
Shafer theory. The purpose of this paper is to assess the en-
vironmental impacts of construction and operation of
Ghomeishlou highways using D number theory.

MATERIALS AND METHODS

D Numbers: This theory is defined as follow:
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Definition 1: Suppose that  is a finite non-empty set,
D numbers are as follows:

D: [0,1]        D (ø)=0    D (B)  1            ...(1)

That, ø is an empty set and B is a subset of . Defining
the D numbers  is as the same as the definition of sum func-
tion, but it should be noted that, 1) It is not necessary to
parameters of  set should be mutually incompatible with
each other, 2) the completeness condition has been removed
from all D numbers. Indeed if it is D (B) = 1 informa-
tion is complete and also if it is   D (B) it said that the
information is rudimentary.

Assume that a highway has been evaluated in the scale
distance of {1-100} and detection framework is represented
by experts as following:

m(a
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2
)=0/7          m(a
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3
)=0/1
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2
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3
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of (a
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3
) set do not have any similarities so this set is a

diagnostic framework. If another expert use the numbers D
for expression evaluation as below:
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1
+b

2
+b

3
)

are incompatible with each other. Example presented above
illustrates the difference between the translation and D nu-
merals. For every separated D numerals = b
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Or it is written at this form:
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that v
i
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Definition 2: Stability of contribution so that if there
are two D number as following:
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Definition 3: If D={(b1,v1),….(bi,vi),…,(bn,vn)} com-
bination of D will be as bellow: (Deng et al. 2014).

Table 1: Valuation of environmental impacts.

Description Numerical rating

Very good effect +5
Good effect +4
The medium effect +3
Weak effect +2
Trivial effect +1
No effect 0
Slight destruction -1
Weak destruction -2
Medium destruction -3
Excessive destruction -4
Too high destruction -5

Table 2: The integration of assessment results.

Environmental Factor Expert judgments Weight Factor Environmental Factor Expert judgments Weight Factor

Microkelima (-1,1) 0.06 Groundwater consumption (-1,0.6)(-2,0.2) 0.07
Air quality (-1,1) 0.07 Soil erosion (-1,0.5)(-1,0.4) 0.08
Sound (-2,0.5)(-2,0.5) 0.06 Soil characteristics (-2,0.8)(-1,0.2) 0.05
Flood regime (-1,1) 0.00 Soil stabilization (-2,0.2)(-3,0.8) 0.05
Surface Water Quality (-2,0.6)(-3,0.4) 0.06 Drainage (-1,0.6)(-2,0.4) 0.06
Groundwater quality (-3,0.4)(-2,0.6) 0.06 Shape of Land (-3,0.1)(-4,0.9) 0.06
Surface water consumption (-1,1) 0.06 Ground water level (-2,0.9)(-1,0.1) 0.08

Table 5: The sum of weighting in different environments for assessing the environmental impact of Qomaishloo highway.

Socio-economic environment (1/3) Biological environment (1/3) The physical environment (1/3)

Construction phase +6.01 -19.46 -12.56
Operational phase +7.65 -26.68 -10.24

Table 6: Final impact assessment of Ghomeishlou highway.

Socio-economic environment. Biological environment The physical environment

Overall assessment +4.55 -15.38 -7.60
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Forming hierarchical structure model to assess the en-
vironmental impacts of highway: Construction of a high-
way can have significant and comprehensive impact on the
environment, including the biological, socio-economic and
physical environments. While some factors are more im-
portant than others, so building a hierarchical structure is

necessary to survey the environmental
impact of highway. In this paper, the fac-
tors used to assess the environmental
impact of highway have been derived
directly from Falahatkar et al. (2010).

Assigning weight for each factor: At
this stage factors related to the physical,
biological, economic and social environ-
ment are recognized and evaluated mod-
erately. Weight of each factor is deter-
mined by the relative importance of that
factor at each level. At the next step we
must determine a standard assessment,
that experts determine effectiveness of
any construction activity and exploita-
tion of highway on the environment
based on that. For example, in this pa-
per the applied standard for environmen-
tal impact assessment of highway
Ghomeishlou is Leopold matrix. In this
matrix a little value is considered to as-
sess the effect of activation on the envi-
ronmental factor which is normally be-
tween 1 and 10 by the suggestion of
Leopold. But according to proposed
model of Makhdoom (1990) every
household will be evaluated according
to Table 1 that contains numbers from -
5 till +5 which means too much damag-
ing effect, +5 number means very good
and number zero means the no effect
(Table 1).

Calculating consolidated showing of
the evaluation factors: Suppose that
there are 10 experts in desired assess-
ment, If 5 expert assess effect too well
and four of them assess it at average
level, Showing this assessment by D
numbers is in the form of  (5,0/5) (3,0/4)
Table 2.

To provide the assessment results of
the physical environment as D numbers,
it is necessary to use an operation on D
numbers for process evaluation results.
Evaluation results of physical factors
which are written as D numbers are
summed as real numbers. For example,
the physical environment for assessing
the environmental impact of the highway
is shown in Fig. 1. Evaluation results
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Fig. 1: Weights of factors in each level.
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Table 3: The part of results of evaluation of biological effects in operation stage of Ghomeishlou highway by experts.
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Table 4: The part of conclusion of factors in evaluation biological effects in operation stage of Ghomeishlou highway.
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based on formula (3) are combined together as following:

Microkelima=I= [(-1, 0.6), (-2, 0.2)] = [(-1×0.6) +
(-2×0.2)] = -1
Air Quality =I= [(-1, 0.5), (-1, 0.4)] = [(-1×0.5) +
(-1×0.4)] = -0.9
Sound =I= [(-2, 0.8), (-1, 0.2)] = [(-2×0.8) + (-1×0.2)]
= -1.8
Flood regime =I= [(-2, 0.2), (-3, 0.8)] = [(-2×0.2) +
(-3×0.8)] = -2.8
Surface Water Quality =I= [-1, 0.6), (-2, 0.4)] = [(-1×0.6)
 + (-2×0.4)] = -1.4
Groundwater quality =I= [(-3, 0.1), (-4, 0.9)] = [(-3×0.1)
+ (-4×0.9)] = -3.9

Calculating total environmental impact: Suppose that F
contains n sub factors represented as follows:

f
i
, i = 1,2, ..., n. the weight of each sub factor is shown as

w
i
 and the result of evaluation is f

i
, R

i
, environmental im-

pact of total factor of F is shown RF and is calculated as
follows:

 
1

n

i
RF wiRi



        ...(4)

CASE STUDY

Ghomeishlou highway in Iran is 25 km far from Isfahan
Province, and isolated from Axis 4 of Mourchekhort region
and continues to the south, after cutting off the Aligudarz
main road in West of Najaf Abad and crossing over the
Isfahan-ZobAhan highway in neighbourhood of Gavpirneck
and also after confluence with the Zayanderud river at the
distance of 6 km from Mobarakeh Steel Complex-Sepahan
Cement Factory ends. According to experts, by construc-
tion of this highway, about 10 to 15 kilometres of
Ghomeishlou wildlife shelterhad been isolated, and this area
is endangered by the construction of the highway. In order
to demonstrate the application of D number theory in as-
sessment of environmental impact of Ghomeishlou high-
way, first a hierarchical structure model was formed for this
highway. Secondly, weighting and evaluation factors were
done by experts. Due to the high volume of data evaluation
by experts, in this article summary of  biological environ-
ment is given in Tables 3 and 4.

RESULTS AND CONCLUSION

The results show that due to the passage across this highway

of Ghomeishlou Wildlife Sanctuary, and damage to
environment, implementation of this plan is rejected.
Biological environment is undergoing the greatest negative
impact of this project. While the socio-economic
environment receives the lowest negative effects (Tables 5
and 6).

In this paper, a new method is proposed for assessing
environmental impacts of the highway. In the proposed
method, D numbers have been used for expression of un-
certainty in environmental impact assessment for highway.
This method can be applied in other fields such as risk
assessment, waste management, and crisis management
etc.
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