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Abstract. Considering the increase in the dynamics of logistics, sales
markets and hence the uncertainty associated with planning, compa-
nies should be capable of make informed decisions under risk. The key
characteristic of risks involved in supply chain is that the risks extend
beyond the corporate boundaries. Furthermore, these extended bound-
aries can, in themselves, provide the source for the supply chain risks.
The present research aims to identify the supply chain risks of Zagros
Petrochemical Company, to prioritize the risks , and to make recom-
mendations to managers to confront them. To achieve these objectives,
Analytic Network Processes (ANP) are employed. The nature of the
research method is applied survey. The data for this research were col-
lected using questionnaires distributed among managers. It is concluded
that boycott are the most important risk involved in the supply chain
of Zagros Petrochemical Company.
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1. Introduction

A supply chain consists of a network of practitioners and various op-
erational channels within and outside the company which influence the
desirability of the supply chain outputs (Eng , 2006). Supply chain man-
agement activities aim to satisfy customer demands such that a product
of the highest quality is delivered to customers at lowest price (Christo-
pher, 2004).

Supply chain management is of paramount importance in compet-
itiveness of service and industrial sectors. Recently, organizations at-
tempt to create multiple parallel physical and informatic flows to ap-
proach efficient and advanced supply chains so as to produce high qual-
ity products at the appropriate time and in a cost-effective manner to
customers (Jttner, 2005).

The application of supply chain management in organizations is ac-
companied by both advantages and risks which should be considered
by companies. All oil projects and plans constitute the national re-
sources and investments of a country which should be optimally utilized
while providing the foundations for investment in other economic sectors
(Mills, 2009).

As supply chains are of a much larger scale in these industries they
are subject to higher levels of uncertainty. Thus, issues involved in man-
agement and the division of risks throughout the supply chain are of
much higher significance. As supply chain risks influence supply chain
outputs they eventually exert their effect on customers. Under these
sets of circumstances, the determining factors include the correct iden-
tification of the supply chain and its organized management towards
achieving competitive advantage, the appropriate reaction to opportu-
nities and environmental threats, consideration of facilities and inter-
nal inefficiencies of the company, balancing the entire supply chain and
timely delivery of products to customers. The risk management process
concentrates on the identification of existing risks and lessening their
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undesirable effects on the supply chain. It involves four phases: identi-
fication, assessment, control or management, and tracking risk-oriented
events (Ritchie & Brindley, 2007). Measures adopted in risk manage-
ment include avoidance, decreasing, transfer or sustaining/enduring the
risks.

Various factors influence the creation of supply chain risks. Never-
theless, the level of influence and the importance of these factors are not
to be equated. Thus, assessment and prioritization of risk factors are
from among the most important stages involved in risk management.
This is undertaken to determine the priority of each risk, as compared
to other risks, in terms of the specified characteristics such that the
decision maker be able to allocate and assign the existing resources to
confront each risk and to optimally use the facilities, budget, and his/her
limited time. Therefore, it is necessary to prioritize these factors in an
accurate and scientific manner subsequent to identifying them.

Prioritization of supply chain risks can be conducted quantitatively
and qualitatively. One of the most important approaches to risk man-
agement is the use of multi-criteria decision-making.

The present paper attempts to employ Analytic Network Processes
(ANP), as a quantitative approach, to prioritize risks and to allocate
existing resources for the purpose of confronting each risk factor. To
implement the risk management process in the network, each network
member should identify its own risk so as to manage it by themselves.
This is because the risks of each company are dependent upon the goals
and objectives of the same company and the main goal of a company is
to make profits, to survive and to develop whose pursuit mean differently
in different companies. On the other hand, as corporate interrelation-
ships within the network render them dependent the results emanat-
ing from these dependencies should also be considered in network risk
management. Thus, each company should assess and manage its own
risk and conditions from its own perspective. As a result, the present
case study attempts to identify supply chain risk factors relevant to Za-
gros Petrochemical Company prioritizing them using Analytic Network
Process (ANP). For this purpose, the following research questions are
considered:
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1) What are the risks interfering with or disrupting the supply chain?
2) What are the most salient supply chain risks in Zagros Petrochemical
Company?

2. Literature Review

2.1 Risks

Risk has been generally defined as the likelihood of danger, damage,
harm and injury or any other undesirable outcome (Harland et al., 2003).
Risks are evident in all modern-day processes and commercial activities.
This is indicative of the fact that it is likely for a process or activity not
to occur as planned leading to unfavourable outcomes. Risk has been
defined differently in various disciplines (Davis, Spekman, 2004).

2.2 The Risk Management Process As Applied to Net-
works

Within the process of risk management the decisions required to ac-
cept a risk are identified or the decisions necessary to implement mea-
sures to lessen the likelihood of occurrence of risks and their effects are
adopted. In other words, risk management is the systematic application
of management policies, procedures, and processes relevant to activities
involved in identifying, analyzing and controlling risks (Ritchie, Brind-
ley, 2007). The risk management process consists of four stages (Lin et
al., 2009):

1-Evaluation of the risks involved: To identify the risks confronting
a supply chain one can make use of instruments and tools such as brain-
storming, process inspection, business model analysis, questionnaires,
expert interviews, checklist preparation, etc (Bredell, 2004; Hallikas,
2004; Harland, 2003).

2-Evaluation of the specified risks: At this stage of the risk man-
agement process, the risks are measured. Thus, evaluation and priori-
tization of the risks to adopt appropriate management decisions on the
risks relevant to corporate conditions and network level become nec-
essary. The potential effects of an event must be identified from the
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perspective adopted by the company. The rationale for this is that an
event detrimental to a company may not be harmful to other companies
at all or even be beneficial to some.

3-Selection and implementation of measures appropriate to risk man-
agement: Companies should always analyse risks while taking appropri-
ate management decisions to protect and safeguard the company and the
network. Bredell (2004) distinguishes these measures, which are similar
to those of risk management, as follows:
I. Risk Avoidance: An informed decision to avert a risky situation.
II. Risk Reduction: Decreasing the frequency of occurrence and lessening
the effects emanating from the risk.
III. Risk Transfer: Finding resources which are more capable of manag-
ing risks. Risk Transfer is not necessarily to be equated with Reduction
of the risks.
IV. Risk Taking: Supply chain organizations only accept definitive risks.

4-Risk Monitoring: In today’s highly dynamic world, modifying do-
mestic, internal and external environments of a company signifies a
change in risks. Under these circumstances, new risks should be identi-
fied and appropriate measures must be adopted to confront them.

To implement the risk management process in the network, each
network member should initially identify and manage its own risk(s).
On the other hand, corporate interrelationships enhance dependencies
of the companies within the network the results emanating from these
dependencies should also be taken into consideration in risk manage-
ment. For the purpose of risk management, one should be cognizant of
the resources and various network risks.

2.3 The Supply Chain

A supply chain is a network comprising of independent and semi-independent
commercial processes ranging from the procurement of raw materials to
the use of the end product by the customer. In doing so, it connects
many companies eventually offering services and physical products to
customers. These processes are carried out either in multiple companies
or in a specific one (Christopher, 2004). In general, there are to different
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supply chains: the internal and the external.
The internal supply chains are mainly concerned with production

logistics, procurement and distribution and the external supply chains
deal with supply chain members and the interrelationships among the
suppliers and customers (Chopra, 2004). The internal supply chain con-
sists of all the activities relevant to the flow of internal supply within a
company whose main goal is to integrate these activities thus connecting
various subdivisions of the company within its entirety.

In the event of occurrence of a problem within the internal supply
chain of a company this can harm the large-scale supply chains even
if the external supply chain is managed in an optimal manner. Vari-
ous researcher have proposed succinct and comprehensive definitions for
supply chain which include the following:

Table 1: Definitions for supply chain
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2.4 The Supply Chain Risk

The recent developments in technology, commercial structures and busi-
ness activities enhance the dynamics and change all aspects of our daily
life. This assists in accelerating and intensifying the rate of change and
enlarging the scale of commercial outcome emanating from such changes.
Supply chain risks are typical examples of these changes themselves.

In 2004, Christopher defined supply chain risk as the risk existent
in an information, material and product flow ranging from the original
suppliers to the delivery of the end product (Christopher, 2004).

Risks have always existed in the supply chain. Therefore, they should
not be considered as a new phenomenon. Business organizations are
always subject to the supplier’s unsuccessful attempts to deliver the
right quantity, at the right time, with the right quality and at the right
price ( Ritchie, Brindley, 2004). There are three major reasons why
there is growing concern with risk management in supply chains:

1. The strategies and structures relevant to the supply chain have
gathered momentum and develop while securing competitive edge: The
movement towards more effective supply chains in recent years has led to
supply chains which are more vulnerable to interventions and disruptions
(Jttner, 2005).

2. Technological changes have provided opportunities for amending
the scale and the relationss between supply chains (Ritchie, Brindley,
2007).

3. In recent years, safety concepts have been incorporated through-
out supply chain due to common disruptions. In a global market in-
tertwined with technology, an earthquake in Asia can seriously disrupt
business and trade in North America or even Europe. For instance,
the Fluid Typhoon in America caused the Daimler Chrysler spare part
factory in southern Carolina to be submerged under water as a result
of which seven other factories in North America had to close down for
seven days (McGillivray, 2000).

2.4.1 Classification of Supply Chain Risks

Researchers have provided various classifications for supply chain risks
which are as follows:
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Table 2: Classifications for supply chain risks
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Generally speaking, it can be said that supply chain risk management
is concerned with managing external and internal supply chain risks
which is accomplished through the coordinated approach, among supply
chain members, towards lessening the vulnerability of the supply chain.
The risks involved are not necessarily those occurring among supply
chain members. Supply chain risk management can also be applied to
management of the risks within a specific company. Nevertheless, supply
chain risk management aims to avoid the occurrence of failures in the
supply chain which can lead to ripple effects influencing the entire supply
chain. To find and to analyzes these risks is the key to supply chain risk
management. On the other hand, an appropriate classification in risk
management assists managers act most optimally when prioritizing and
adopting suitable managerial measures.

3. Techniques Involved in Evaluation of Supply
Chain Risks

As was mentioned earlier, to manage supply chain risks the existing risk
factors should be initially identified and classified subsequent to which
they are managed with effective tools (Chopra, Sodhi ,2004). As risk
factors in a factory depend on corporate objectives (Hallikas et al.) ir-
respective of the type of industry and expert opinion, it is not possible
to determine several specific factors as supply chain risk factors for all
industries. Thus, an approach should be adopted whereby expert opin-
ions and Multiple-Criterion Decision-Making techniques are employed
to evaluate and rank supply chain risk factors.

The following is an overview of Multiple-Criterion Decision-Making
techniques in evaluation of supply chain risk factors.

While applying Multiple-Criterion Decision-Making Models it is of
crucial importance to select the appropriate method. This is because
there are numerous methods used in Multiple-Criterion Decision-Making
Models each of which possesses its own characteristics and limitations
which makes them inapplicable in some decision-making problems. From
among the criteria employed for selecting the appropriate method, one
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can refer to the effectiveness or the ineffectiveness of indexes as exerting
influence on one another, their quantitative or qualitative nature, nega-
tive or positive effects, accessibility or lack of accessibility to the relative
weight of indexes, the need or lack thereof for information as obtained
from decision-makers in the course of the process and similar instances.

1. Linmap: Due to the nonexistence of constraining assumptions
in this method, it can be employed in prioritization of supply chain
risks. Nevertheless, the requirement for pair-wise comparisons among
the options (i.e. risks) might render the use of this method problematic.

2. Topsis: In this method, the desirability of each index should be
uniformly increasing or decreasing such that the best existing value for
each characteristic/index is indicative of its ideal status while its worst
existing value represents negative ideals. Considering its simplicity, this
method is desirable.

3. MDS: In case there is a large number of indexes which are mostly
qualitative and an effective number ambiguous or unspecified, one can
make use of this method. The disadvantage is dependence on decision-
maker’s accurate and numerous judgments.

4. Electre: In this method, options which do not have any mathe-
matical priority over one another are evaluated with reference to non-
rank and paired comparisons while ineffective options are omitted. This
method is not impeded by any constraints which would render its supply
chain risk ranking impractical.

5. Linear Allocation: In this method, the given assumptions in a
problem are ranked on the basis of points obtained for each character-
istic/index and the final ranks of options are depicted via a linear com-
pensation process. The solution process proceeds in such a way as to
render redundant the need to bring to scale quantitative and qualitative
indexes.

6. Permutations: In this method, the analyst needs a decision-
making matrix and the weightings for each index. The method does
not investigate the intensity of superiority of an option as compared to
another. It only shows the superiority of an option over another.

7. Taxonomy: This method is capable of dividing a set into roughly-
homogenous subsets ranking them in terms of the level of their acquisi-
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tion of identical indices/characteristics.
8. AHP: This method has been developed on the basis of the hier-

archical structure of indexes. The risk ranks are extracted on the basis
of identical indexes.

9. ANP: The ANP is mainly used for problems whose characteristics
are not independent. It deals with the assumption of independence be-
tween the characteristics (an AHP limitation) (Lee & Wu, 2005). This
method was introduced by Saaty in 1996. ANP is a necessary tool
for connecting and delineating our understanding of a decision-making
problem. In this method, one can overcome the limitations of the lin-
ear hierarchical structures and their mathematical consequences (Saaty,
2004).

The ANP not only provides better and deeper understanding of
the intricate and complex relationships between evaluation criteria for
decision-making but it is capable of securing trust and confidence in
decision-making (Jharkharia & Shankar, 2007). The interrelations among
decision-making network nodes are subdivided into two categories: ex-
ternal and internal dependency. External dependency occurs when ele-
ments existing in a node exert an effect on elements of another. Internal
dependency, on the other hand, takes place when elements existing in a
node influence each other (Saaty & Vargas, 2006). Internal dependen-
cies are represented by a looped arrow. It is noteworthy that solving a
problem using networks relies on the expertise of the model-maker and
the formation of a network does not follow a specific procedure. Thus,
the solution to each problem is uniquely complicated and no single rule
can be proposed for the solution of a network problem.

4. The Proposed Model

4.1 The Selection of Appropriate Classification for Risks

Supply chain risk is a concept which can be viewed from different per-
spectives. As a result, there are numerous classifications for this type of
risk while one cannot consider one classification superior to another as
these classifications are not entirely distinct and independent. In fact,
each classification yields effectively to the views of the researcher and
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the specific environmental and industrial background. This means that
while risk management is being investigated in the petrochemical indus-
try a classification might be selected which may not be suitable for other
industrial conditions such as the electronics industry. Having said that,
to achieve the main objective of the present paper, i.e. to study supply
chain risks in Zagros Petrochemical Company, it becomes necessary to
decide on the type of classification suitable for supply chain risks in the
petrochemical industry.
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5. Case Study

I. The Selection of Classification Appropriate to the Risks
Reviewing the literature and conducting semi-structured interviews with
senior managers of Zagros Petrochemical Company and the specific con-
ditions governing supply chain it was concluded that the following clas-
sification offers better agreement with the conditions governing supply
chain. Therefore, it has been used as the primary basis for designing the
questionnaire. The classification is generally based on classification pro-
posed by Jttner (2005). The researcher (Jttner , 2005) categorizes the
supply chain risks into three types: internal risk sources, external risk
sources, and the source relying on connections between chain members.

Figure 2: Classification of Risk Factors

II. Identification of Risk Factors Specific to Each Classification: To
identify supply chain risks and respond to the first research question a
questionnaire comprising of 58 items was designed. To design the ques-
tionnaire, a literature review was initially undertaken. Considering the
classification assigned for the supply chain risks (internal, external and
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connections) the criteria relevant to this classification were identified.
Subsequently, the criteria were finalized and customized with reference
to interviews held with five experts adding Iran’s specific criteria and
omitting some other criteria due to the specific conditions governing the
supply chain. Furthermore, these criteria are measured via a five-point
Likert scale.

The questionnaire was distributed among 28 senior and intermediate
managers and supervisors of the company. To measure the reliability of
the questionnaire Chronbach’s Alpha was calculated ( ?=91.7) which is
indicative of the high reliability of the questionnaire. Responses were
transferred to Excel and factors whose probability of occurrence ex-
ceeded 50 were deemed by experts to be risk factors. The following is a
list of these factors:

Table 3: risk factors
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III. Investigation of Relations between Risk Factors: To draw the
decision-making network ANP modeling was employed. The ANP model
is constructed through consideration of major and minor agents and fac-
tors in the previous stage. Thus, the quality of relating these major fac-
tors or agents and the minor agents and factors are specified. To specify
the relations mentioned, in drawing the decision network, the relations
matrix, whose rows and columns constitute the effective factors/agents,
is initially determined. Then, an effective factor/agent is check marked
in the matrix with reference to responses made by experts (See Table
4).

Table 4: The Relations Matrix
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V. ANP Model Construction
The ANP model is composed of three stages. In the first stage, the aim
is to determine the weights of the subsidiary factors of the risk and to
prioritize them in the supply chain of Zagros Petrochemical Company.
In the second stage, the major factors are incorporated. Subsidary fac-
tors relevant to each major agent/factor are included in the third stage.
Subsequent to the establishment of relations between the factors, as was
the case in the previous stage, the relations are defined in Super Decision
software. The results emanating from the ANP model are indicated in
Figure 3.

Figure 3: The Decision Network Model
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V. Investigation and Prioritization of Risks: Subsequent to the es-
tablishment of the decision network model the pairwise comparisons
questionnaire, one of the software outputs, is distributed among eligible
subjects (managing board). After calculating the geometric mean of re-
sponses, the inconsistency ratio was evaluated (Max=0.0722, Min=0).
Thus, it can be asserted that there has been good agreement in re-
sponses.

Using the Super Decision software, the SuperMatrix and Weighted
Super Matrix were calculated. It has to be mentioned that in the ma-
trix the sum of all figures in a column in a cluster equals one. To
transform the Super Matrix into the Weighted Super Matrix it is neces-
sary to calculate the weightings for each matrix block. To calculate the
block weightings pairwise comparisons should be carried out between
the clusters. Through multiplying these weightings by each block of the
SuperMatrix, the Weighted Super Matrix is obtained (Tables 5,6,7).

To obtain the final weightings for the subsidiary factors the weight-
ings for major factors are obtained from the matrix clusters (See Table
5). Then, the relative weightings of subsidiary factors are extracted
from the unweighted matrix (Table 6). Through Multiplication of these
weightings the ultimate weightings of subsidiary factors are obtained
(Table 7).

Table 5: The Balanced Matrix of Clusters
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Table 6: Unweighted Super Matrix
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Table 7: Weighted Super Matrix
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Table 8: Prioritization of risk factors based on the final weight
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6. Conclusion

Risk management is concerned with identification of risk factors. Con-
sidering the limitations of organizations in accessing sufficient resources,
the presentation of approaches and allocation of the resources needed
to confront supply chain risks are conducted with reference to risk pri-
oritizations. Thus, prioritization of these factors is of paramount im-
portance. Considering the above table and the order of items in the
table salient conclusions can be obtained. Among the most important
conclusions are: Two factors mentioned in the table fall into the cate-
gory of factors existing in the external factors which is indicative of the
fact that external factors and factors existing in this category such as
sanctions and large-scale national policy change are more significant as
compared to other factors. It is evident that the weighting for sanctions
possesses a larger weighting as compared with those of other factors in
the table which should be given special attention by managers of Zagros
Petrochemical Company. The third and the fourth factor in the table
fall into the category of internal and operational factors. This demon-
strates the fact that the disruption and intervention factors in Zagros
Petrochemical Company’s operation unit play a major role in causing
supply chain risks. From among the salient features and distinctions be-
tween these factor and others one can refer to the existence of the human
being as a complex and dynamic but teachable entity having changing
thoughts and behaviours. In the case of supply chain risks, other chain
members can contribute to the creation of risks. Nevertheless, it seems
that , considering the specific conditions governing Zagros Petrochemi-
cal Company’s supply chain managers and other practitioners can play
a part in creation and prevention of risks . Thus, it can be reasonably
argued that investment in this realm will eventually exert remarkable
and positive effects on risks.
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