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Natural gas pipeline has been regarded as the most cost effective and safest channel of gas transportation and has extraordinary
strategic significance for the country.There is a need to control the risks during the operation so as to operate the pipeline safely and
smoothly under the complicated business environment. In order to evaluate the risk of natural gas pipeline operationmanagement,
this paper proposed an approach to evaluate the risk of natural gas pipeline operationmanagement in intuitionistic fuzzy linguistic
environments. Firstly, the evaluation criteria of the risk of natural gas pipeline operation management are established from the
strategic risk, market risk, financial risk, operation risk, and legal risk aspects. Then experts are invited to evaluate the risk level
and the weight of criteria using the linguistic terms. Rating values with regard to the criteria are in linguistic forms; the linguistic
terms are modeled with the intuitionistic fuzzy linguistic model. The linguistic ratings are aggregated as the final results. Finally,
the example is given to illustrate the feasibility and practicability of the proposed method.

1. Introduction

Oil and gas are strategic to a country and play a crucial
role in economic development [1]. Pipeline is regarded as
the most cost effective and safest channel to transport the
oil and gas from upstream oil field or port to the down-
stream users or refineries [2]. It will bring large scale of
loss and chaos to the society if the pipeline is accidental
malfunction. It is necessary for the pipeline operators to
identify, eliminate, control, avoid, or transfer the risk in
case of accident or enterprise operation break in the normal
operation. Risk of pipeline operation becomes a hot topic
among the international pipeline operation companies on
how to ensure that the pipeline transportation is safe and
effective [3–11]. Many studies of the risk of pipeline operation
are conducted from various aspects. For example, the risk
of operating cross-country petroleum pipelines in India is
analyzed [3]. The project risks are analyzed and applied to
an oil pipeline construction project in India [4]. The case
of Savadkooh in Iran is studied for Pipeline risk assessment
[5]. The emerging threats to natural gas pipeline systems

after a natural disaster are detected [6]. The risk to the long
gas and oil pipeline project in China caused by landslides
during its construction is assessed [7]. Reliability and risk
of a port oil pipeline transportation system in variable
operation conditions are evaluated [8]. Urban natural gas
pipeline networks are assessed from the qualitative aspects
and the quantitative aspect [9]. The uncertainty involved in
the pipeline risk assessment modeled with the fuzzy logic is
developed [10]. The quantitative risk assessment for natural
gas pipelines is proposed [11]. However, these researches put
focus on the technical perspective but not the operation
management perspective.

In order to resolve the problem, in this paper, we pro-
posed the approach to the evaluation of the risk of natural gas
pipeline operation management. Firstly, the evaluation cri-
teria are established. The risks are identified from enterprise
strategy,marketing, operation, finance, and law aspects. Since
these risks are difficult to be measured quantitatively, the
linguistic values of expert evaluation are preferred. Secondly,
with intuitionistic fuzzy set [12–14], the method for dealing
with the linguistic evaluation information is proposed.
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The structure of the rest of this paper is as follows:
Section 2 reviews the intuitionistic fuzzy set. In the following
section, the evaluation criteria are constructed. Section 4
presents the method to deal with linguistic information.
Section 5 provides an illustrate example. The final section
concludes the paper.

2. Intuitionistic Fuzzy Sets

Due to the complexity and uncertainty of candidates, some
criteria are more suitable for evaluation in linguistic form.
The linguistic terms are mostly modeled with triangular
fuzzy number [15, 16]. Afterwards, intuitionistic fuzzy sets are
proposed to model the linguistic terms [17]. Compared with
fuzzy sets which only consider the degree of membership,
intuitionistic fuzzy sets is characterized by both a member-
ship function and a nonmembership function and the sum of
both values is allowed to be less than one [18]. It has been used
such as in the area of search algorithm selection [19], Rural
Logistics Center Location [20], information system project
selection [21], and green supply chain [22]. In the following,
intuitionistic fuzzy sets are reviewed briefly [17, 18, 23–25].

Definition 1 (see [17]). Let X be a given finite set; then define
an intuitionistic fuzzy set on X as A.

𝐴 = {[𝑥, 𝜇𝐴 (𝑥) , V𝐴 (𝑥)] | 𝑥 ∈ 𝑋} (1)

in which 𝜇𝐴 : 𝑋 → [0, 1] and V𝐴 : 𝑋 →[0, 1] are, respectively, the membership function and the
nonmembership function, with the condition 0 ≤ 𝜇𝐴(𝑥) +
V𝐴(𝑥) ≤ 1.

In addition, 𝜋𝐴(𝑥) = 1 − 𝜇𝐴(𝑥) − V𝐴(𝑥) represents the
intuitionistic fuzzy index or hesitancy degree of whether 𝑥
belongs to 𝐴 or not, with the condition 0 ≤ 𝜋𝐴(𝑥) ≤ 1.
Definition 2 (see [18]). Arithmetic operations on intuitionis-
tic fuzzy numbers

Let both 𝛼 = (𝜇𝐴, V𝐴) and 𝛽 = (𝜇𝐵, V𝐵) be intuitionistic
fuzzy numbers and 𝜆 be real number. The arithmetic opera-
tions on intuitionistic fuzzy numbers are defined as follows:

(1) 𝛼 ⊕ 𝛽 = (𝜇𝐴 + 𝜇𝐵 − 𝜇𝐴𝜇𝐵, V𝐴V𝐵) (2)

(2) 𝜆𝛼 = (1 − (1 − 𝜇𝐴)𝜆 , V𝐴𝜆) , 𝜆 > 0 (3)

(3) 𝛼 ⊗ 𝛽 = (𝜇𝐴𝜇𝐵, V𝐴 + V𝐵 − V𝐴V𝐵) (4)

(4) 𝛼𝜆 = (𝜇𝜆𝐴, 1 − (1 − V𝐴)𝜆) , 𝜆 > 0 (5)

(5) 𝛼𝛽 = (min (𝜇𝐴, 𝜇𝐵) ,max (V𝐴, V𝐵)) (6)

Definition 3 (see [25]). For intuitionistic fuzzy numbers, the
score function of 𝛼 is defined as

𝑠 (𝛼) = 𝑘𝜇𝛼 − 𝑘V𝛼 + (1 − 2𝑘) 1 − (𝜇 + V𝛼) , (7)

where k reflects the decision attitude of the evaluator and 0 <𝑘 < 1.

Definition 4 (see [24]). Entropy for intuitionistic fuzzy num-
bers is as follows.

For intuitionistic fuzzy set 𝐴 ∈ 𝐼𝐹𝑆(𝑥), the improved
entropy is defined as

𝐸 (A) = 1
n

𝑛∑
𝑖=1

[𝜋𝐴 (𝑥𝑖) + √22 (1 − 𝜋𝐴 (𝑥𝑖))

− √22 𝜇𝐴 (𝑥𝑖) − V𝐴 (𝑥𝑖)]
(8)

Definition 5 (see [23]). Cross entropy of intuitionistic fuzzy
numbers is as follows.

For intuitionistic fuzzy set 𝐴, 𝐵 ∈ 𝐼𝐹𝑆(𝑥), the cross
entropy is defined as

𝐷 (𝐴, 𝐵) = 𝑛∑
𝑖=1

[𝜇𝐴 (𝑥𝑖) ln 𝜇𝐴 (𝑥𝑖)(1/2) (𝜇𝐴 (𝑥𝑖) + 𝜇𝐵 (𝑥𝑖))
+ V𝐴 (𝑥𝑖) ln V𝐴 (𝑥𝑖)(1/2) (V𝐴 (𝑥𝑖) + V𝐵 (𝑥𝑖))]
+ 𝑛∑
𝑖=1

[𝜇𝐵 (𝑥𝑖) ln 𝜇𝐵 (𝑥𝑖)(1/2) (𝜇𝐴 (𝑥𝑖) + 𝜇𝐵 (𝑥𝑖))
+ V𝐵 (𝑥𝑖) ln V𝐵 (𝑥𝑖)(1/2) (V𝐴 (𝑥𝑖) + V𝐵 (𝑥𝑖))]

(9)

3. Evaluation Criteria of the Risk of Natural
Gas Pipeline Operation Management

Natural gas is a national strategic resource, and its prod-
uct characteristic determines its unique risk in the market
competition. From the perspective of overall corporate risk,
pipeline operation company, like other enterprises, shares the
same risks in terms of strategy, law, and human resources.
According to [26, 28, 29], the first level is gotten. Then the
evaluation criteria are established based on [11, 26, 28–70],
which are shown in Table 1.

3.1. Strategic Risk. Strategic risk of the natural gas pipeline
company includes the external macro environment, the
industries, the resources, and capabilities in the enterprises
[30–32]

3.1.1. Macro Environment. National policies and regulations
have influences on themacro environment. To encourage and
support the exploration and utilization of natural gas, a series
of preferential policies are issued [33]. If these preferential
policies change, the company will be influenced significantly.
Pipeline companies sell natural gas to downstream industrial
and commercial enterprises to make profits [34]. If the
domestic economy goes down, the pipeline enterprises will
face the decrease of downstream users and the reduction of
gas consumption [35].
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Table 1: Evaluation criteria of the risk of natural gas pipeline
operation management.

First level Second level

Strategic
risk(C1)
[30–32]

Macro environment(C11) [33–35]
Industry environment(C12) [36]

Internal resources and
capabilities(C13) [37]

Market
risk(C2)
[38–40]

Downstream user(C21) [41]
Imbalance between supply and

demand(C22)
Price(C23)

Competition(C24)

Financial
risk(C3)
[42, 43]

Debt paying ability(C31)
Operating ability(C32) [43–51]
Profitability ability(C33) [52]
Development ability(C34) [53]

Operation
risk(C4)
[26, 54, 55]

Human resources(C41) [56–59]
Material purchase (C42) [60–62]

Management system(C43)
HSE(C44) [63–65]

Legal
risk(C5) [63]

Contract(C51) [66, 67]
Safety and environmental

protection law(C52) [11, 68–70]
Labor Law(C53)

Operating compliance(C54)

3.1.2. Industry and Competition Risk. In most countries, the
natural gas industry is monopolized [36]. The transportation
and sales of natural gas are controlled by the natural gas
pipeline company. The alternative pipeline transportation
product such as LNG, photovoltaic, and wind energy will
break the monopoly. Meanwhile, with the introducing of
new competitors, companies will have to reduce margins to
participate in competitions.

3.1.3. Internal Resources and Capacity Risk. Strategic plan-
ning, implementation, investment decision-making, and
operational capability have influence on the internal
resources and capacity risk [37]. It is mainly reflected in the
unreasonable strategic decision-making, market positioning
is not accurate, and the development strategy is not clear.
The mismatch between the organizational structure and
operation mode and the development strategy will lead to
the results that the implementation of the strategy is blocked
and the strategic awareness of all staff in the organization is
weak, and the planning and execution of the unit cannot be
carried out in good accordance with the corporate strategy.

3.2. Market Risk. Market risk refers to the interaction
between participants in the market competition, which
causes the change of supply and demand in the market, and
the uncertainty of this change forms the market risk [38].

The market risk factors of the enterprise can be summed
up in four aspects: downstream user risk, unbalanced market

supply and demand risk, market price risk, and competition
risk [39, 40].

3.2.1. Downstream User Risk. Downstream natural gas pipe-
line users include industrial users, city gas, LNG, and CNG
[41]. Downstream user risk is mainly reflected in the gas
consumption instability and downstream users stickiness
instability. The instability of the gas season will bring unbal-
anced supply andmarketing risks to the upstream exploration
and development and midstream pipeline transportation
enterprises. In the precondition that the gas has no much
more price advantage compared with the oil, coal, and other
traditional energy fuel, the cost of equipment replacement
and branch line construction will reduce the customer stick-
iness.

3.2.2. The Imbalance between Supply and Demand Risks.
The relationship between supply and demand in the market
determines the position of buyers and sellers in the market.
For example, in this country with undeveloped industry, the
average daily gas consumption is much less than the optimal
designed annual gas transmission volume. As a result, the
new developed natural gas field is overproduction, forming a
buyer’s market, and the profit margins of upstream gas fields
andmidstream processing plants and pipeline enterprises are
declining.

3.2.3. Price Risk. The major income resource of the natural
gas pipeline companies is pipeline transportation fee. The
pricing mechanism of natural gas prices mainly refer to the
price of natural gas and natural gas substitute fuels such
as oil prices in the international market and then calculate
the domestic various types of rates, tax rates, and upstream
mining costs and profits to make a comprehensive pricing.
With the increase of postproduction costs and operating
costs, natural gas prices will be raised accordingly. Gas power
plants, ceramics factories, and cement plants are sensitive to
price changes. Natural gas prices rise will inevitably lead to
the loss of some customers.

3.2.4. Competition Risk. The market competition risks of
natural gas pipeline enterprises are mainly reflected in the
competition risks of the main alternative energy utilization
and competitor risks. The technological development and
price changes of alternative energy sources will directly
compete with the consumption of natural gas. With the
development of technologies such as LNG and LPG, more
and more countries export LNG and LPG, and LNG and
LPG in the international market will also compete with
their own countries’ natural gas enterprises. Meanwhile, the
other natural gas pipeline will also compete with pipeline
companies for customer resources.

3.3. Financial Risk. Corporate financial risk refers to the risk
of financial loss caused by the lack of financial rules and
regulations, financial operations, and fund management and
other noncompliance. The financial risk includes corporate
solvency, capital operation ability, corporate profitability, and
sustainable development capacity aspects [42, 43].
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3.3.1. Corporate Solvency Risk. The liquidity ratio and the
quick ratio reflect the ability of the enterprise to repay the
current debt in the short term, and they are, respectively,
equal to the circulating assets and the ratio of the quick
assets to the cash liabilities in a financial period. The
ratio of firm’s equity reflects the strength and weakness of
the stability of the basic financial structure from a single
perspective. Interest guarantee rate is used to measure the
profitability of the enterprise in the current period to repay
interest. The cash flow debt ratio of a company is used to
measure the current ability of an enterprise to repay short-
term debts. Long-term asset suitability of enterprises can
be used to measure the strength of long-term corporate
solvency.

3.3.2. Enterprise Operational Capacity Risk . The analysis of
the risk of an enterprise’s operational capability can be started
by calculating the financial indicators related to the turnover
of the enterprise’s capital [43–45]. Enterprise accounts receiv-
able [46] turnover rate can be used to measure the flow
of corporate accounts receivable. The enterprise inventory
turnover rate [47] can be used tomeasure the turnover rate of
the enterprise inventory. Liquidity [48] turnover can be used
to measure the profitability of liquid assets in the enterprise.
The total asset turnover [49] of an enterprise can be used to
measure the rate at which an enterprise invests its assets into
output during the business cycle. Nonperforming assets ratio
[50] refers to the ratio of nonperforming assets to the total
assets of an enterprise in a financial period, which can be used
tomeasure the nonperforming assets of enterprises.The asset
loss [51] rate refers to the ratio of the loss on fixed assets to the
beginning of the total fixed assets in a financial period, which
reflects the loss of fixed assets of the enterprise.

3.3.3. Enterprise Profitability Risk. The analysis of corporate
profitability risk can be measured from the following indica-
tors [52]. Operating profit margins measure howmuch profit
a business unit makes. Return on total assets can measure the
size of the company’s assets operating efficiency. Capital rate
of return can reflect the ability of its own capital to obtain net
income.The cost-of-business profit marginmeasures the cost
of investing the profit per unit of business.

3.3.4. Enterprise Development Capability Risk. Analysis of
enterprise development capability risk can start with the
following indicators. Sales growth rate refers to the ratio
of sales revenue growth and total sales revenue in the last
financial cycle in a financial cycle. It is an important indicator
to reflect whether the enterprise is in good condition and the
market possession ability is strong or weak [53].

3.4. Operational Risk. Operational risks of natural gas pipe-
line operation management are classified into human re-
source risk, material procurement management risk, man-
agement system risk, and HSE risk [26, 54, 55].

3.4.1. Human Resource Risk. Human resources risk is mainly
in the following areas [56–58]. The unqualified person may

be recruited into the enterprise due to the asymmetric
information in the labor market or the unclear job demand
analysis of the recruiters. The loss of staff wastage occurs
when the employee’s contribution to the enterprise has not
reached the capital cost invested by the enterprise. Employees
neglect their duties, abuse their powers, or violate the enter-
prise management system to cause financial and reputation
losses to the enterprise. Staff injuries cause the enterprise
income loss and expenses. Human resource managers’ lack-
ing of ability and management ethics causes the managerial
corruption [59].

3.4.2. Material Procurement Risk. Thematerial procurement
is mainly reflected in three aspects: procurement cost, pro-
curement quality, and procurement time [60]. When it is
impossible to purchase materials and spare parts for the
daily operation and maintenance of the pipeline at home, the
enterprises must invite tenders fromabroad for procurement.
The procurement cost risk is incurred in international pro-
curement due to price fluctuation, exchange rate fluctuation,
and default of bidders. Purchasing quality is influenced
by suppliers’ noncompliance of supplier quality, incomplete
quality supervision, and unqualified quality inspection. The
procurement time also has influence on the risk since the pro-
duction operation is blocked due to the poor procurement,
the equipment operation risk increases, and the emergency
requirement cannot be satisfied [61, 62].

3.4.3. Management System Risk. The risk of management
system ismainly manifested in the fact that due to this natural
gas pipeline management company just taking over the oper-
ation from the construction parties, various management
systems in daily operation and management have not been
established yet. It will lead to risks such as unscrupulous
operation, inefficiency, and poor risk control.

3.4.4. HSE Risk. HSE (Health, Safety, and Environment)
[63] risk refers to the risk caused by the HSE management
which is not in place, and HSE management system is not
established or not completed. HSE budget is insufficient.
Safety hazards may not be rectified timely. Many other factors
also have influence on the HSE risk such as lacking of staff
safety education, fatal accidents, pipeline explosion, leakage
accidents, and employee occupational injuries [64, 65].

3.5. Legal Risk. Natural gas transmission pipeline has long
distance and wide coverage. The relationship between enter-
prises and local governments is complicated. There are con-
tract risks, legal risks of safety and environmental protection,
labor law risks, and operation compliance risks in operation
of natural gas pipeline [63].

3.5.1. Contract Risk. The contract risk is reflected in the
signing and fulfillment of the contract [66]. The natural
gas pipeline company is in the middle position in the oil
and gas industry chain and plays a role of transformation.
Therefore, many contracts and market transactions exist
between pipeline companies and upstream gas fields and
downstream users. Once the contract is formulated and
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implemented, the enterprise will face the risk of breach of
contract [67].

3.5.2. Safety and Environmental Legal Risks. Natural gas pipe-
line transportation industry belongs to the high-risk industry
[11, 68]. The massive natural gas leakage will cause some
pollution to the environment [69, 70]. The high-pressure
natural gas pipeline passes through the villages and cities
along the pipeline route. Once the leakage, explosion, and
fire accidents occur, the consequences will be disastrous.
Therefore, the pipeline safety management is under strict
supervision of local authorities.

3.5.3. Labor Law Risks. The operation of pipelines employs
many workers and has diversified employment patterns.
There are protection mechanisms for employees’ rights.
Especially with the improvement of the education level of the
staff, the awareness of rights protection is very strong.

3.5.4. Operation Compliance Risk. Operation compliance
risks are mainly reflected in the business-related licenses or
qualifications that have not been obtained for a business.
There is no synchronization with the latest laws, regulations,
or industry standards promulgated by the state. Company
may be charged with illegal business operations and so on.

4. Method to Deal with the Linguistic
Evaluation Information in Intuitionistic
Fuzzy Linguistic Environment

Let 𝐸 = {𝑒1, 𝑒2, . . . , 𝑒𝑠} be the set of evaluators, 𝑚𝑖 be the
alternative, and 𝐶 = 𝐶1 ∪ 𝐶2 ∪ ⋅ ⋅ ⋅ ∪ 𝐶𝑙 = {𝑐1, 𝑐2, . . . , 𝑐𝑛} be
the criteria. The weight vector of the evaluator obtained by
subjective weighting method is 𝜆 = (𝜆1, 𝜆2, . . . , 𝜆𝑠)𝑇, with the
condition 0 ≤ 𝜆𝑘 ≤ 1, 𝑘 = 1, 2, . . . , 𝑠 and ∑𝑠𝑘=1 𝜆𝑘 = 1.

Evaluators 𝑒𝑘 evaluate the alternative 𝑚𝑖 according to the
criterion 𝑐𝑗 to obtain the intuitionistic fuzzy decision matrix
𝑅𝑘 = (𝛼𝑘𝑖𝑗)𝑛×𝑚 under the attribute of the alternative, in which
𝛼𝑘𝑖𝑗 = (𝜇𝑘𝑖𝑗, V𝑘𝑖𝑗), 0 ≤ 𝜇𝑘𝑖𝑗 ≤ 1, 0 ≤ V𝑘𝑖𝑗 ≤ 1, 0 ≤ 𝜇𝑘𝑖𝑗+V𝑘𝑖𝑗 ≤1, 𝜋𝑘𝑖𝑗 = 1 − 𝜇𝑘𝑖𝑗 − V𝑘𝑖𝑗, and 𝜇𝑘𝑖𝑗, V𝑘𝑖𝑗, 𝜋𝑘𝑖𝑗 respectively, expresses the
satisfaction, dissatisfaction, and hesitancy degree of evaluator𝑒𝑘 under the attributes 𝑐𝑗 of the alternative 𝑚𝑖.

The higher the consistency of experts’ opinion on eval-
uation of criteria weight, the greater the weight of experts
in weight evaluation [71]. More experts agree on the criteria
weight and risk assessment; the more understanding of the
criteria and the enterprise risk, the greater the weight of the
experts in the risk assessment. In the following, based on the
work [23–25, 71, 72], the linguistic evaluation information is
dealt with by the following steps.

Step 1. Assume that the rating of alternative mi with respect
to criterion 𝑐𝑗 given by the evaluators 𝑒𝑘 can be expressed
in IFS 𝑟(𝑘)𝑖𝑗 = (𝜇(𝑘)𝑖𝑗 , V(𝑘)𝑖𝑗 , 𝜋(𝑘)𝑖𝑗 ); the rating of importance of
criterion 𝑐𝑗 given by the evaluators𝑒𝑘 can be expressed in
IFS 𝑤(𝑘)𝑗 = (𝜇(𝑘)𝑗 , V(𝑘)𝑗 , 𝜋(𝑘)𝑗 ). Therefore, the corresponding

intuitionistic fuzzy decision matrices 𝑅(𝑘) and 𝑊(𝑘) can be
expressed in matrix form concisely as follows:

𝑅(𝑘) = (𝑟(𝑘)𝑖𝑗 )𝑛×𝑚 =
[[[[[[[
[

𝑟(𝑘)11 𝑟(𝑘)12 ⋅ ⋅ ⋅ 𝑟(𝑘)1𝑛
𝑟(𝑘)21 𝑟(𝑘)22 ⋅ ⋅ ⋅ 𝑟(𝑘)2𝑛... ... ... ...
𝑟(𝑘)𝑚1 𝑟(𝑘)𝑚2 ⋅ ⋅ ⋅ 𝑟(𝑘)𝑚𝑛

]]]]]]]
]
,

𝑊(𝑘) = (𝑤(𝑘)1 , 𝑤(𝑘)2 , . . . , 𝑤(𝑘)𝑛 )

(10)

where 𝑟(𝑘)𝑖𝑗 = (𝜇(𝑘)𝑖𝑗 , V(𝑘)𝑖𝑗 , 𝜋(𝑘)𝑖𝑗 ), 𝑤(𝑘)𝑗 = (𝜇(𝑘)𝑗 , V(𝑘)𝑗 , 𝜋(𝑘)𝑗 )
Step 2. Construct the initial aggregated intuitionistic fuzzy
decision matrix separately.

Step 2.1
According to (3), construct the aggregated intuitionistic

fuzzy decision matrix 𝑃 = (𝛿1, 𝛿2, . . . , 𝛿𝑛) based on the
importance of criteria by

𝛿𝑗 = 𝑠⨁
𝑘=1

𝑤(𝑘)𝑗 𝜆𝑘 = (𝜇𝑗, V𝑗) , (11)

𝜇𝑖 = 1 − 𝑠∏
𝑘=1

(1 − 𝜇(𝑘)𝑗 )𝑤(𝑘)𝑗 ,

V𝑘𝑖 =
𝑠∏
𝑘=1

(V(𝑘)𝑗 )𝑤(𝑘)𝑗
(12)

Step 2.2
According to (3), construct the initial aggregated intu-

itionistic fuzzy decision matrix 𝑄 = (𝛼𝑖𝑗)𝑛×𝑚 based on the
rating of alternative by

𝛼𝑖𝑗 = 𝑠⨁
𝐾=1

𝑟𝑘𝑖𝑗𝜆𝑘 = (𝜇𝑖𝑗, V𝑖𝑗)

= (1 − 𝑠∏
𝑘=1

(1 − 𝜇𝑘𝑖𝑗)𝜆𝑘 , 𝑠∏
𝑘=1

(V𝑘𝑖𝑗)𝜆𝑘)
(13)

Step 3. Obtain the entropy weight.
Step 3.1
Based on (8), obtain the entropy weight𝐻𝑐(𝑒𝑘) of evalua-

tors 𝑒𝑘 on the evaluation of criteria by

𝐸𝑘𝑐 = 1
n

𝑛∑
𝑖=1

[𝜋(𝑘)𝑗 + √22 (1 − 𝜋(𝑘)𝑗 ) − √22 𝜇(𝑘)𝑗 − V(𝑘)𝑗
] (14)

𝐻𝑐 (𝑒𝑘) = (1 − 𝐸𝑘𝑐)(𝑠 − ∑𝑠𝑘=1 𝐸𝑘𝑐 ) . (15)
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Step 3.2
Based on (8), obtain the entropy weight 𝐻𝑚𝑖(𝑒𝑘) of

evaluators on the evaluation of alternative 𝑚𝑖 by
𝐸𝑘𝑖 = 1

n

𝑛∑
𝑖=1

[𝜋(𝑘)𝑖𝑗 + √22 (1 − 𝜋(𝑘)𝑖𝑗 ) − √22 𝜇(𝑘)𝑖𝑗 − V𝑘𝑖𝑗
] (16)

𝐻𝑚𝑖 (𝑒𝑘) = (1 − 𝐸𝑘𝑖 )(𝑠 − ∑𝑠𝑘=1 𝐸𝑘𝑖 ) . (17)

Step 4. Calculate the cross entropy weight.
Step 4.1
Based on (9), Calculate the cross entropy weight𝐶𝑐(𝑒𝑘) of

evaluator 𝑒𝑘 on the evaluation of criteria using

𝐷𝑐 (𝑌𝑘𝑐 ,𝑋𝑐) = 𝑛∑
𝑗=1

[
[
𝜇(𝑘)𝑗 ln

𝜇(𝑘)𝑗
(1/2) (𝜇(𝑘)𝑗 +𝜇𝑗)

+ V(𝑘)𝑖𝑗 ln
V(𝑘)𝑗

(1/2) (V(𝑘)𝑗 +V𝑗)]]
+ 𝑛∑
𝑗=1

[
[
𝜇𝑗 ln 𝜇𝑗

(1/2) (𝜇(𝑘)𝑗 +𝜇𝑗)
+ V𝑗 ln

V𝑗
(1/2) (V(𝑘)𝑗 +V𝑗)]]

(18)

𝐶𝑐 (𝑒𝑘) = 1/𝐷𝑐 (𝑌𝑘𝑐 ,𝑋𝑐)
∑𝑠𝑘=1 (1/𝐷𝑐 (𝑌𝑘𝑐 ,𝑋𝑐)) (19)

Step 4.2
Based on (9), calculate the cross entropy weight𝐶𝑚𝑖(𝑒𝑘) on the evaluation of alternative 𝑚𝑖 using
𝐷𝑚𝑖

(𝑌𝑘𝑚𝑖 ,𝑋𝑚𝑖) =
𝑛∑
𝑗=1

[
[
𝜇(𝑘)𝑖𝑗 ln

𝜇(𝑘)𝑖𝑗
(1/2) (𝜇(𝑘)𝑖𝑗 +𝜇𝑖𝑗)

+ V(𝑘)𝑖𝑗 ln
V(𝑘)𝑖𝑗

(1/2) (V(𝑘)𝑖𝑗 +V𝑖𝑗)]]
+ 𝑛∑
𝑗=1

[
[
𝜇𝑖𝑗 ln 𝜇𝑖𝑗

(1/2) (𝜇(𝑘)𝑖𝑗 +𝜇𝑖𝑗)
+ V𝑖𝑗 ln

V𝑖𝑗
(1/2) (V(𝑘)𝑖𝑗 +V𝑖𝑗)]]

,

(20)

𝐶𝑚𝑖 (𝑒𝑘) = 1/𝐷𝑚𝑖 (𝑌𝑘𝑚𝑖 ,𝑋𝑚𝑖)∑𝑠𝑘=1 (1/𝐷𝑚𝑖 (𝑌𝑘𝑚𝑖 ,𝑋𝑚𝑖)) (21)

Step 5. Attain the corresponding final weight based on the
cross entropy weights and entropy weights of evaluator 𝑒𝑘.

Step 5.1
According to the cross entropy weights and entropy

weights of evaluator 𝑒𝑘 on the evaluation of importance of
criteria, we can get the corresponding final weight 𝜂𝑘𝑐 by

𝜂𝑘𝑐 = 𝛼𝐶𝑐 (𝑒𝑘) + (1 − 𝛼)𝐻𝑐 (𝑒𝑘) . (22)

where 0 ≤ 𝛼 ≤ 1.
Step 5.2
According to the cross entropy weights and entropy

weights of evaluators on the evaluation of alternative 𝑚𝑖, we
can get the corresponding final weight 𝜂𝐾𝑖 by

𝜂𝑘𝑖 = 𝛼𝐶𝑚𝑖 (𝑒𝑘) + (1 − 𝛼)𝐻𝑚𝑖 (𝑒𝑘) . (23)

where 0 ≤ 𝛼 ≤ 1.
Step 5.3
Based on 𝜂𝑘𝑐 and 𝜂𝑘𝑖 , calculate the corresponding final

weight 𝜂𝑘, which comprehensively considers the consistency
of indicator evaluation and the indicator scores of evaluators
by

𝜂𝑘 = 𝜃𝜂𝑘𝑐 + (1 − 𝜃) 𝜂𝑘𝑖 (24)

where 0 ≤ 𝜃 ≤ 1.
Step 6. Calculate the integrated evaluation result matrix.

Step 6.1
Integrating the weight based on the rating of criteria

of evaluators, based on (4), the integrated evaluation result
matrix 𝐵𝑐 = (𝛽1, 𝛽2, . . . , 𝛽𝑛) of criteria can be obtained by

𝛽𝑗 = 𝑠∑
𝑘=1

𝑤(𝑘)𝑗 𝜂𝑘𝑐 = (𝜌𝑗, 𝜎𝑗) . (25)

Step 6.2
Integrating the weight based on both the rating of

alternatives and the rating of criteria of evaluators, based on
(4), the integrated evaluation result matrix 𝐵𝑚𝑖 = (𝛽𝑖𝑗)𝑛×𝑚 of
alternative 𝑚𝑖 is derived by

𝛽𝑖𝑗 = 𝑠∑
𝑘=1

𝛼(𝑘)𝑖𝑗 𝜂𝑘 = (𝜌𝑖𝑗, 𝜎𝑖𝑗) . (26)

Step 7. Determine the final evaluation results. Based on
(2)–(6), the weighted evaluation value of the alternative 𝑚𝑖
with respect to the parent criteria 𝐶𝑙 can be derived by

𝜉𝑖𝑙 = ∑𝑐𝑗∈𝐶𝑙 𝛽𝑖𝑗 ⊗ 𝛽𝑗∑𝑐𝑗∈𝐶𝑙 𝛽𝑗 = ∑𝑐𝑗∈𝐶𝑙 (𝜌𝑖𝑗, 𝜎𝑖𝑗) ⊗ (𝜌𝑗, 𝜎𝑗)∑𝑐𝑗∈𝐶𝑙 (𝜌𝑗, 𝜎𝑗)
= (𝜌𝑖𝑙, 𝜎𝑖𝑙) ,

(27)

Step 8. In the condition that the weighted rating of the
alternative with the parent criteria needs to be compared,
based on (7), the score function can be used as

𝑠 (𝜉𝑖𝑙) = 𝑘𝜌𝑖𝑙 − 𝑘𝜎𝑖𝑙 + (1 − 2𝑘) 1 − (𝜌𝑖𝑙 + 𝜎𝑖𝑙) (28)
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Table 2: Linguistic term sets.

Linguistic terms for
weight of criteria

Linguistic terms
for risk level IFNs

Very importance(VI) Very high(VH) (0.90, 0.05, 0.05)
Importance(I) High(H) (0.75, 0.20, 0.05)
Medium(F) Medium(F) (0.50, 0.40, 0.10)
Unimportance(U) Low(L) (0.25, 0.60,0.15)
Very
unimportance(VU) Very low(VL) (0.10, 0.80, 0.10)

5. Illustrate Example

In order to control the risks of X Gas Pipeline Company, the
proposed approach is used to evaluate the risks. Seven people
are invited to evaluate the risk of company and the weight of
criteria using the linguistic terms in Table 2.

5.1. Deriving the Evaluation Results

Step 1. Construct the individual intuitionistic fuzzy decision
matrix.

Using Table 2, the initial ratings are converted into the
intuitionistic fuzzy forms in Tables 3 and 4.

Step 2. Construct the initial aggregated intuitionistic fuzzy
decision matrix separately.

Step 2.1
Weights of the experts are equal; then with (11)-(12) the

matrix can be derived, as is in the fourth column of Table 5.
Step 2.2
Weights of the experts are equal; with (13), the initial

aggregated intuitionistic fuzzy decision matrix of risk level
of the company can be derived, as in the second column of
Table 5.

Step 3. Obtain the entropy weight.
Step 3.1
The entropy weights of evaluators based on the evaluation

of the criteria can be calculated with (14)-(15).

𝐻𝑐 (𝑒1) = 0.19,
𝐻𝑐 (𝑒2) = 0.19,
𝐻𝑐 (𝑒3) = 0.11,
𝐻𝑐 (𝑒4) = 0.12,
𝐻𝑐 (𝑒5) = 0.12,
𝐻𝑐 (𝑒6) = 0.13,
𝐻𝑐 (𝑒7) = 0.12.

(29)

Step 3.2
The entropy weights of evaluators based on the evaluation

of the company can be calculated with (16)-(17).

𝐻𝑥 (𝑒1) = 0.13,

𝐻𝑥 (𝑒2) = 0.14,
𝐻𝑥 (𝑒3) = 0.15,
𝐻𝑥 (𝑒4) = 0.17,
𝐻𝑥 (𝑒5) = 0.14,
𝐻𝑥 (𝑒6) = 0.13,
𝐻𝑥 (𝑒7) = 0.14.

(30)

Step 4. Calculate the cross entropy weight.
Step 4.1
With (18)-(19), the cross entropy weight of evaluators

based on evaluation of the criteria can be derived.
𝐶𝑐 (𝑒1)=0.14,
𝐶𝑐 (𝑒2) = 0.10,
𝐶𝑐 (𝑒3) = 0.19,
𝐶𝑐 (𝑒4) = 0.12,
𝐶𝑐 (𝑒5) = 0.16,
𝐶𝑐 (𝑒6) = 0.13,
𝐶𝑐 (𝑒7) = 0.16.

(31)

Step 4.2
With (20)-(21), the cross entropy weight of evaluators

based on evaluation of the company can be derived.

𝐶𝑥 (𝑒1) = 0.14,
𝐶𝑥 (𝑒2) = 0.19,
𝐶𝑥 (𝑒3) = 0.14,
𝐶𝑥 (𝑒4) = 0.10,
𝐶𝑥 (𝑒5) = 0.15,
𝐶𝑥 (𝑒6) = 0.13,
𝐶𝑥 (𝑒7) = 0.15.

(32)

Step 5. Attain the corresponding final weight based on the
cross entropy weights and entropy weights.

Step 5.1
Let 𝛼 = 0.6, 𝛽 = 0.4; then using (22), the final weight of

evaluators based on the evaluation of criteria can be gotten.

𝜂1𝑐 = 0.16,
𝜂2𝑐 = 0.14,
𝜂3𝑐 = 0.16,
𝜂4𝑐 = 0.12,
𝜂5𝑐 = 0.15,
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Table 5: Intuitionistic fuzzy decision matrixes.

Criteria
Initial

aggregated risk
level of the
company

Ratings of the
company with

weight of
experts

Initial
aggregated
weight of
criteria

Weighted
ratings of
criteria

C11 (0.19, 0.70) (0.19, 0.70) (0.70, 0.22) (0.70, 0.22)
C12 (0.25, 0.60) (0.25, 0.60) (0.47, 0.42) (0.47, 0.42)
C13 (0.72, 0.22) (0.72, 0.22) (0.67, 0.24) (0.68, 0.24)
C21 (0.36, 0.53) (0.37, 0.52) (0.59, 0.33) (0.59, 0.33)
C22 (0.24, 0.64) (0.24, 0.64) (0.35, 0.53) (0.36, 0.52)
C23 (0.36, 0.53) (0.37, 0.52) (0.48, 0.42) (0.49, 0.42)
C24 (0.36, 0.53) (0.37, 0.52) (0.59, 0.29) (0.61, 0.28)
C31 (0.70, 0.21) (0.69, 0.22) (0.57, 0.35) (0.59, 0.33)
C32 (0.49, 0.41) (0.49, 0.41) (0.62, 0.29) (0.62, 0.28)
C33 (0.41, 0.48) (0.41, 0.47) (0.60, 0.30) (0.61, 0.29)
C34 (0.60, 0.30) (0.60, 0.30) (0.74, 0.18) (0.75, 0.18)
C41 (0.54, 0.37) (0.54, 0.37) (0.70, 0.22) (0.70, 0.22)
C42 (0.60, 0.28) (0.59, 0.30) (0.57, 0.35) (0.57, 0.34)
C43 (0.64, 0.20) (0.64, 0.30) (0.73, 0.19) (0.73, 0.19)
C44 (0.71, 0.38) (0.71, 0.20) (0.79, 0.15) (0.79, 0.14)
C51 (0.53, 0.35) (0.54, 0.37) (0.79, 0.15) (0.79, 0.15)
C52 (0.56, 0.35) (0.57, 0.35) (0.71, 0.20) (0.72, 0.19)
C53 (0.45, 0.50) (0.45, 0.45) (0.71, 0.20) (0.71, 0.20)
C54 (0.19, 0.70) (0.19, 0.70) (0.73, 0.19) (0.73, 0.19)

𝜂6𝑐 = 0.13,
𝜂7𝑐 = 0.15.

(33)

Step 5.2
Let 𝛼 = 0.6, 𝛽 = 0.4; then using (23), the final weight

of evaluators based on the evaluation of evaluation of the
company can be gotten.

𝜂1𝑥 = 0.13,
𝜂2𝑥 = 0.17,
𝜂3𝑥 = 0.14,
𝜂4𝑥 = 0.13,
𝜂5𝑥 = 0.15,
𝜂6𝑥 = 0.13,
𝜂7𝑥 = 0.14.

(34)

Step 5.3
Let 𝜃 = 0.5; based on 𝜂𝑘𝑐 and 𝜂𝑘𝑖 , calculate the corre-

sponding final weight 𝜂𝑘, which comprehensively considers
the consistency of evaluation indicators of evaluators and the
indicator scores by (24).

𝜂1 = 0.15,

𝜂2 = 0.15,
𝜂3 = 0.15,
𝜂4 = 0.12,
𝜂5 = 0.15,
𝜂6 = 0.13,
𝜂7 = 0.14.

(35)

Step 6. Calculate the integrated evaluation result matrix.
Step 6.1
The weighted evaluation result of the criteria can be

derived with (25). The results are shown in the fifth column
of Table 5.

Step 6.2
The ratings of risk level of the company integrated with

weight of experts can be derived with (26). The results are
shown in the third column of Table 5.

Step 7 and 8
Let 𝑘 = 0.5. By using (27)-(28), the weighted evaluation

value of the company with respect to the parent criteria and
the corresponding score value can be derived, which are
shown in Table 6.
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Table 6: Weighted evaluation value of the company in the first level.

Criteria Weighted evaluation value Score value Rank
Strategic risk (0.61, 0.24) 0.19 Fourth
Market risk (0.55, 0.26) 0.14 Fifth
Financial risk (0.83, 0.07) 0.38 Second
Operation risk (0.90, 0.04) 0.43 First
Legal risk (0.80, 0.09) 0.35 Third

Overall, the risk of gas pipeline operation management is
not high. Among the risks, the operation risk is higher than
other risks and market risk is lowest.

6. Conclusions

As the risks control is important for safeguarding the opera-
tion of natural gas pipelines. In the paper, the evaluation of the
risk of natural gas pipeline operation management is studied.
Firstly, the comprehensive evaluation criteria for the risk of
natural gas pipeline operation management are constructed.
It is constructed from the strategic risk, market risk, financial
risk, operation risk, and legal risk aspects. Since the ratings
are given in linguistic terms. In order to deal with these
ratings, the intuitionistic fuzzy model is used to represent the
linguistic terms. The illustrated example shows the proposed
approach is feasible.
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