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Abstract: Decision support systems can play a role in improving the ability of
decision-makers to assess and decide as good as. We introduced new paradigm
in sustainable assessment in supply chain operations. Conceptual thinking is
conducted by analysing two types of thinking namely general framework of
supply chain risk management and assessment of sustainable supply chain. The
content of the two types of the conceptual thinking will be analysed by
observing diverse perspectives such as the constituent components, structuring
the components and process of adoption. We found that there are three aspects
in risks of sustainable supply chain namely economics, environment and social
politics aspects. Product, processes and information flow are elements that
interact with each aspect as a whole system. We proposed a conceptual model
of decision support for risk assessment of sustainable supply chain. It has
provided functional capabilities: modelling, data management, and knowledge
management to support all decision-making processes. All risk indicators are
arranged in the structure hierarchical. The proposed decision support is
applying non-numeric under multi decision-maker’s assessment. We presented
a decision support framework that applicable in principle. The proposed system
provided for eligibility proof to be implemented.
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1 Introduction

Recently, sustainability issues in context of economics, environment and social have
received growing attention so that topic of sustainable supply chain management (SCM)
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has become an increasingly popular research area (Carter and Easton, 2011). The
pressure from various stakeholders has encouraged supply chain (SC) managers face the
challenge to integrate sustainable practices in managing their SC. Practices like green
packaging, return of end-of-life and used products to the producer as well as the green
handling of these returns, recycling, remanufacturing and adequate waste disposal have
assumed importance (Faisal, 2010). In term of sustainability, total cost must calculate
costs that have incurred from the effects of resource depletion and the generation of
by-products. Resources that used have transformed into pollution and waste. Research
into the operational implications of various policies and how business can integrate
sustainability issues is critical and urgent to be performed, since current legal trends will
force many of these changes whether or not academe and practice is prepared (Linton
et al., 2007).

Many organisations need to establish suitable measures for effective green SC.
Because there have failed in SCM due to their inability to develop the key measures that
required for complete SC operations effectively (Olugu et al., 2010). A sustainable SCM
is intended to manage all processes of using environmentally friendly inputs and
transforming these inputs through change agents whose by products can improve or be
recycled within the existing environment. This process develops outputs that can be
reclaimed and re-used at the end of their life-cycle thus, creating sustainable SC
(Kushwaha, 2010). SCM has developed inseparable from the success of industrialisation
in a country. The process of industrialisation created the amazing human social wealth by
opportunities in economics sector. Obviously, this has continued to encourage the
resources exploration along with the increase of population, shortage of resources,
environmental pollution and ecological negative impact.

To this end, many companies have also pro-actively acted in favour of a
more sustainable development. It has derived SC to participate in cross-regional,
inter-countries, and multi-link feature. Their assertive approach toward the environment
has helped them to reap the benefits of an environment-friendly image, e.g., to gain or
retain environment-conscious consumers, to comply with the sometimes cumbersome and
blurry current legislation, and to anticipate necessary changes to cope with future legal
environmental standards (Neto et al., 2008). In recent years, most scholars focus on the
research, production and operation of sustainable SC model, corporate relations and
performance evaluation, only a small amount of research on sustainable SCM and related
issues discussed. It is vulnerable to the external environment and internal entities adverse
factors to form the SC risk.

Tang (2006a) has been reviewed various quantitative models for managing SC risks
and related various supply chain risk management (SCRM) strategies examined in the
research literature with actual practices. Risk management of a SC has a great influence
on the stability of dynamic cooperation among SC partners and hence very important for
the performance of the SC operations as a whole (Khan and Burnes, 2007). Various
factors contribute to the complexity of an SC risk system. Too many suppliers may make
it very difficult to maintain a stable relationship. Cross-production processes increase
complexity and uncertainty. A long chain can trigger the obsolescence risk. Expanded
product catalogues make service supporting system more complex a cycle affects
availability and increases the risk of inventory. According to Trkman and McCormack
(2009), several different classifications of risks and methodologies have focused only on
the prediction of disruptive events instead of the root causes of uncertainties. Disruptive
events such as bankruptcy, natural disaster or the possibility of a terrorist attack are
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considered, whereas continuous changes due to a turbulent environment such as a change
in customer tastes, technology shifts or supplier priorities are ignored. In this context, we
are believed that sustainable risks should consider economics, environment and social
politics aspects.

This paper suggests a decision support framework for the risk assessment of
sustainable based on economics, environment and social politics as interdependent
aspects. The framework that developed consists of structure, performance and attributes
as modified by previous relevance studies. The approach is grounded within concept of
SCRM and green SC. This framework is needed to assess the sustainability level of SC to
support the collaboration strategy. Managing uncertainties and risks in SC is difficult
organised only with single factor such as green or revenue.

The organisation of the paper is as follows: first, describe briefly and concisely about
substance and importance of sustainable SC issues in automotive industry. Second,
review the concepts that consist of sustainable SCM, performance measurement in SC
and automotive SC overview. Third, develop model that consist of critical control
functions, performance indicators and integrating concepts as a proposed system. Finally,
paper culminates with conclusions and recommendations for further studies in this area.

The paper is organised as follows. Literature reviews consist of sustainable SC,
SCRM and risk assessment approaches are presented in Section 2. Section 3 addresses
the framework design, and Section 4, the discussion of the framework evaluation, novelty
and reusability are presented. Finally, conclusions and directions for further research are
presented in the last section.

2 Literature review

2.1 Sustainable SC

Sustainable development undertakes to improve economy, society and environment for
the current generation, without ignoring the destiny of future generations to meet their
needs (Blengini and Shields, 2010). Sustainability refers to an integration of economic,
social, and environmental issues are simple and flexible enough to allow for multiple
interpretations, as well as application in a variety of circumstances and across sectors of
the economy (Carter and Rogers, 2008). That is, sustainability paradigm is a philosophy
that balances between economic development, environmental security, and social equity
(Sikdar, 2003).

According to Bloemhof (2005), the area of sustainable SCM was divide the area in
two fields: firstly, the triple-P concept, optimising profit (economic aspect), people
(social aspect) and environmental performance of a traditional forward SC, and secondly,
the closed-loop supply chain management (CLSC) concept, combining forward and
reverse SCs by closing material flows to limit emissions and residual waste. It is similarly
related with terms of reverse logistics (Pokharel and Mutha, 2009), CLSC (Guide and
van Wassenhove, 2009), green SCM (Shang et al., 2010), green marketing (Papadopoulos
etal., 2010), etc.

According to Linton et al. (2007), focus on SCs management is an approach towards
the broader adoption and development of sustainability, since the SC considers the
product from initial processing of raw materials to delivery to the customer. In an effort
to explore sustainability in a SC context, greater consideration needs to be given to the
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connection between first-, second-, and n-order SCs and the components and interfaces
thereof. Accordingly, the SC should be seen as not ending at the point of consumption,
but at another (or a new) point of origin (Svensson, 2007).

Multifaceted models have been discussed many researchers and it will increase as the
running time. A few models have developed to obtain the ways of solving sustainable
SCs problems such as Widodo (2010) proposed scenarios to optimise trade-off between
palm oil and furniture industries in Indonesia case study by simulated using the system
dynamic model. Solvang and Hakam (2010) proposed conceptual model about on
challenges to economic and environmental sustainability of logistics networks in sparsely
populated areas in Norway. Chung and Wee (2006) developed mathematical model to
investigate an optimal pricing and replenishment policy for a multi-echelon inventory
system with remanufacturing by considering the integration of the supplier, the
manufacturer, the retailer and the third party of the used product collection. In addition,
many literature reviews have been conducted to explain future direction of research in
sustainable SCM.

Seuring and Miiller (2008) have been taken a broad look at sustainable SCM and the
issues emerging in this field with point of view in environmental perspective. Pokharel
and Mutha (2009) have been reviewed many papers with reverse logistic perspective.
Sarkis et al. (2011) have been reviewed the literature on green SCM with a focus on
identifying applicable and explanatory organisational theories that have been utilised to
expand understanding and knowledge of this research field. Carter and Easton (2011)
have been provided a systematic review of the evolution of sustainable SCM over the
past 20 years. They have been argued that the sustainable SCM research has become
more theoretically rich and methodologically rigorous; there are numerous opportunities
for further advancing theory, methodology, and the managerial relevance of future
inquiries.

Benefits of sustainable SCM can be interpreted and summarised from Seuring and
Miiller (2008), Solvang and Hakam (2010), Sikdar (2003), Shang et al. (2010), and
Searcy et al. (2008) that is decrease cost and add the value to operations, increase
utilisation of key assets, mitigate risks (environmental, social, and market), be a catalyst
for supplier innovation, product differentiation, standardise operations and allow for
improve customer service, continuous improvement, and enhance company reputation.
Many benefits will obtained by companies when sustainable SCM has implemented.

2.2 Supply chain risk management

SCRM can be viewed as a strategic decision and analysis that it can affect SC operations.
Consequently, it will give affect toward operational, market and financial performance of
firms that involved in SC network system. In this connection, we must understand and
define two terms: SCM, and risk management. The main goal of SCM is aimed to
produce and deliver products or services for the consumers to satisfy the elements of
customer satisfaction. According to Gunasekaran (2004), SCM has been considered as a
competitive strategy for integrating suppliers and customers with the objective of
improving responsiveness and flexibility of manufacturing organisations. Generally,
SCM can be seen as the management process of material, information and financial flows
intra and inter organisations including suppliers, manufacturers, logistics providers,
wholesalers, distributors, retailers, and customer’s customer. Risk management in SCM is
managing the SC risks through a broad partnership which focused on coordination or
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collaboration to ensure profitability and continuity (Tang and Musa, 2011). Many
different functions are involved in a SC consisting of marketing, manufacturing, product
design, procurement, transportation, storing, warehousing, finance, and information
technology within the network of organisations.

Tang (2006b) has explained that one can address the issue of SCRM along two
dimensions: SC risk and mitigation approach. A SC risk is including operational risk and
disruption risk that appear from material flow. On the other hand, mitigation of risks
needs an approach to reduce or to eliminate risks that appear from uncertainty. Mitigation
is including supply management, demand management, product management, or
information management. Uncertainties can occur due to information that inaccurate,
incorrect and less rapidly. Uncertain in customer demand, supply, and cost is types of
operational risks. Types of disruption risks can cause by natural disaster such as
earthquakes, floods, hurricanes, and man-made disasters such as terrorist attacks. In most
cases, the disruption risks will be impact greater toward the business continuity than
operational risk. Bullwhip effect is one case of the complicated problems in SCRM.

Various definition of risk has been summarised in some literatures (Khan and Burnes,
2007; Tang and Musa, 2011). In particular, term of risk and uncertainty in SC operations
is still ambiguous. It should clear to distinguish. According to Tang and Musa (2011),
risk is interpreted as unreliable and uncertain resources creating SC interruption; whereas
uncertainty can be explained as matching risk between supply and demand in SC
processes. We believe that uncertainty can trigger the risk occurrence. The outcome of
risk impact and expectation of risk sources are two dimensions that are important in
discussing risk. Specifically, risk issue is associated with negative consequences of
impact (Christopher and Lee, 2004; Wagner and Bode, 2006). Uncertainty issue is
difficult to define but it is have specific characteristic such as unpredictable, ill-defined
and complex. A quality deficiency is an example of risk but it can be categorised as
certainty because of predictable and well-defined. Otherwise, wars, strikes or terrorist
attacks are examples as the real risk. Furthermore, a fundamental question is how to
determine the level of risk because the expectation is described as probability or
possibility. These questions has been became the reasons for having vague definitions of
risk. These have been debated for centuries by many researchers. A broad discussion
about risk assessment will describe below.

Tang and Tomlin (2008) have been identified the disruption risks that occur regularly.
There are six major types of SC risks:

1 Supply risks. Number of suppliers will increase level of risk so that managing a
small number of suppliers is more efficient. Risk mitigation can be done by reducing
the cost of managing multiple suppliers and fostering better supplier relationships.

2 Process risks. Process is internal operations that consist of in-bound and out-bound
logistics. These risks can be caused by fluctuations in effective capacity and quality.
Many firms have invested famous concept such as total quality management (TQM),
Six Sigma, lean and agile manufacturing to improve internal quality and capabilities.

3 Demand risks. Many firms have been selected a strategy to sell their products in
multiple countries with expectation to increase revenue. A risk source of demand is
not only the demand volume unpredictable but the demand mix too. Demand risk
therefore encompasses uncertainties in both volume and mix.
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4 Intellectual property (IP) risks. Sometimes a firm have made policy to develop their
system by out sourcing or off-shoring. They have believed that it can result in lower
manufacturing costs. It is difficult to protect IP and to eliminate the risk of
counterfeits when a multinational firm out-sourced their manufacturing operations to
their suppliers under certain licensing or contractual agreements.

5 Behavioural risks. A global SC network is always involving the large number of
partners. The level of visibility and control can be reduced significantly the
confidence of each SC partner. Kind of behavioural risk can be triggered regarding
the following information: the replenishment lead time/order status quoted by
upstream partners, and demand forecasts provided by downstream partners, etc.
Corrective actions such as SC visibility, timely communication, and coordinated are
needed to restore the confidence level of each SC partner.

6  Political and social risks. A global SC is subjected to social/political risks when
multiple countries are involved. A different of policy or social situation in particular
country where firms have been involved in global SC system is more contribute
toward the risk occurrence. When a country is not stable then it will affect against
the firms in the other countries.

Globalisation, improved infrastructure and information technology have led SCs to
become longer and more complex, resulting in higher SC vulnerability (Tang, 2006a,
2006b). SCRM has become very important aspect for many firms. In context of
globalisation, a financial crisis as political risk type is different from single suppliers
defaulting in a SC network, as the entire supply network, including the focal firm, may be
distressed. Furthermore, one could argue that the financial crisis may not only negatively
affect the focal firm; there can also be positive repercussions (Blome and Schoenherr,
2011)

2.3 Risk assessment for SC

Risk assessment is one of steps in risk management process. Basically, the risk
management process has the same phases in various environments. These steps are
applicable to risk management in SC processes as well. A typical process of risk
management consists of four steps (Tuncel and Alpan, 2010; Hallikasa et al., 2004)
namely:

1 Risk identification is first step which recognise the uncertainties to be able to manage
proactively. This step helps to develop a common understanding of the future
uncertainties surrounding the SC. Risk sources are not easy to identify. Sources of
SC risk are usually derived from material flow and information flow.

2 The second step is the risk assessment and prioritisation that are needed to be
able to choose suitable management actions according to the situation of SC. It is
important to assess the risk probabilities in the system and to identify the
consequences of these risk events. Risk probabilities assessment is not an easy task
and requires fidelity and accuracy the entire SC.

3 The third step is risk management actions. After risk identification and assessment, it
gives a more specific indication and where we shall focus the actions. Generally,
there are types of action as strategies for risk management, i.e., risk transfer, risk
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taking, risk elimination, and risk reduction. The aim of management action is to
reduce either the occurrence probability or the degree of severity of its consequences.
These actions could be called reactive actions and proactive actions.

4 Risk monitoring is final process where the system is supervised to anticipate the risks
occurrence. The company and its environment are dynamic, and this will stimulate
the consequences that changed status of each event. The defined risk sources can be
monitored to discover the potential increasing trends of risk probability or
consequences.

A SC system involves numerous suppliers, service providers, and ends consumers that
cause risks and vulnerability for everyone. Oke and Gopalakrishnan (2009) have argued
that SC risks may be categorised into two fairly distinct categories inherent and frequent
risks, i.e., high-likelihood or low-impact risks and disruption and infrequent risks, i.e.,
low-likelihood or high-impact risks. Analysis is not sufficient performed regard to one
particular company, but potential domino effects upon all SC units and relations have to
be reviewed (Pfohl et al., 2010). Role of SCRM is to investigate risks sources and make
appropriate decision to reduce or eliminate the risk. Reducing the vulnerability of the
entire SC can be achieved through the collaboration between players of the SC. Everyone
must identify and manage internal and external risks of the SC. SC risks that failed to be
anticipated have been proven disrupt companies to continue their operations. The
magnitude impact is decrease market share significantly. That is causes a great loss and
endanger the survival and development of enterprises. Therefore, risk preventive
programme is very important for the companies. The success of managing risk will be
able to make an expeditious response in the dynamic business environment (Yang and Li,
2010). Thus, risk management is not only preventing risks, but also increase the
endurance to escalate market opportunities and enhance the overall competitiveness.

Table 1 A summary of the various models (selected for last five years)
Approaches Authors Focuses
Mathematical Goh et al. (2007), Scheller-Wolf and Tayur Supply chain network
formulation (2009), Yu et al. (2009), Ben-Tal et al. including inventory,
(2011), Schmitt (2011), Hahn and Kuhn profit, and total cost
(2011)
Simulation Dabbene et al. (2008), Jacxsens et al. Product quality and
(2010), Finke et al. (2010), Vilko and quantity
Hallikas (2011), Olson and Wu (2011)
Analytic hierarchy Schoenherra et al. (2008), Zhang et al. Evaluation of risk factors
process (AHP) (2009), Faisal (2009), Yang and Li (2010),
Xia and Chen (2011), Wang et al. (2011)
Statistical testing Tapiero (2007), Thun and Hoenig (2009), Risk factors analysis

Pujawan and Geraldin (2009), Laeequddin
et al. (2009), Foerst et al. (2010)

Development of risk assessment models has attracted the attention of many researchers.
In this section, we only focus on the discussion of risk assessment models of the SC
alone. Basically, risk assessment model aims to quantify the probability of occurrence
and risk impact. A summary of the various models that have been developed can be seen
in Table 1. Previous studies have been showed that risk assessments have needed the
perceptual decision-makers and data availability. Mathematical models will greatly
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depend on the data availability while multi criteria decision-making (MCDM) methods
can overcome the unavailability of data through the experience of experts for
assessments. Meaning, models of risk assessment should consider historical data and
experts perceptions so that events that may occur can be assessed by carefully

3 The proposed framework

3.1 Conceptualisation

Several of the published work in the framework of risk SC assessment is based on
various perspectives and approaches. The initial steps must be performed before the
framework development process is to examine some of the previous framework. Term of
framework in this paper is a mechanism to assess the risk of SC that assembled from a
collection of risk indicators and equipped with the principles of computational. As stated
previously, framework that developed is intended to assess the risk of sustainable SC.
Sustainable is becoming a keyword that distinguishes with framework previously
developed by others. Many researchers have developed different framework/concept for
managing SC risks. Unfortunately, framework that elevated the sustainable issues in a
comprehensive have yet encountered. However, the previous study will be used in the
development process of a risk assessment framework for sustainable SC.

In general, several papers in majority must consider the economic aspects and
environmental aspects of sustainable assessment. For example, some paper are Nicolliera
et al. (2011), Biiyiikozkan and Berkol (2011), Winkler (2011), Gunasekaran and
Spalanzani (2011), Giannakis and Louis (2011), Tang and Musa (2011), Paju et al.
(2010), Fernandes et al. (2010), Ghadge et al. (2010), Chan (2010), Trkman and
McCormack (2009), Chen and Sheu (2009), Hu and Bidanda (2009), Kim et al. (2009),
Chung and Wee (2008), Seuring and Miiller (2008), Tang and Tomlin (2008), Chung
et al. (2008), and Svensson (2007). In contrast, most studies have ignored the social and
politics aspects excluding Biiyiikozkan and Berkol (2011), and Paju et al. (2010). We are
conclude clearly that green is not similar with sustainability term but a part of
sustainability. Rather, sustainability is an extension of meaning of the green which
coupled with social and political pressures such as law.

In addition, most papers discussed sustainable assessment in context of system among
others Nicolliera et al. (2011), Biiyiikozkan and Berkol (2011), Winkler (2011),
Gunasekaran and Spalanzani (2011), Giannakis and Louis (2011), Tang and Musa
(2011), Fernandes et al. (2010), Ghadge et al. (2010), Chan (2010), Trkman and
McCormack (2009), Chung and Wee (2008), Seuring and Miiller (2008), Tang and
Tomlin (2008), and Svensson (2007). Papers that discussed the process and products are
a few, of which Paju et al. (2010) and Chung et al. (2008) for process and Chen and Sheu
(2009), Hu and Bidanda (2009), and Kim et al. (2009) for product.

Conceptual thinking is conducted by analysing two types of thinking namely general
framework of SCRM and assessment of sustainable SC. The content of two types the
conceptual thinking will be analysed by observing diverse perspectives such as the
constituent components, structuring the components and process of adoption. We studied
some papers for last five years. We found that there are three aspects in risks of
sustainable SC namely economics, environment and social politics aspects. Risks that
related to SC operations to increase revenue and reduce operational costs. Risks related to
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SC operations that cause negative influence or impact on the surrounding environmental
conditions physically. Risks associated with SC operations that could potentially trigger
social unrest and political decision. In addition, we classify the focus of risk assessment
into product, process and a whole system. It is called as types of sustainable
implementation. The proposed paradigm can be seen in Figure 1.

Figure 1 Conceptual in risk assessment of sustainable SC
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In principle, the economics orientation is remains a major fundamental in the SC
operations. All activities are managed by considering the several of environment and
socio-political constraints. However, the final decision relating to production volumes,
the types of materials used and other things have considered environmental and social
politics issues. Material flow decided based on economic considerations that can be seen
based on flow pattern from left to right. In contrast, the planning decisions triggered by
socio-political issues as seen the information flow from left to right.

3.2 Structuring risk indicators

The next step is to identify and formulate risk indicators for each aspect. These indicators
are identified by considering the product, processes, and information flow. Previous
studies were show that assessment process should concern SC operations as a whole
system. Product, processes and information flow are elements that interact with each
other are called as a system. Three aspects of concern are economics, environmental and
social politics. Economics aspect is a paradigm for managing the SC to maximise profit.
Income is required the company to maintain its business viability. Through profits, a
company can increase its competitiveness even it can expand its business. In this context,
SC operations will use the resources such as material, energy and the other to produce
products. The role of environment becomes an important aspect in this regard.
Environmental aspect is an attempt by companies to make tradeoffs between economic
benefits and environmental concern through natural resources utilisation and saving
energy policies. Socio-political aspect is implementation policies by government such as
laws or other regulations which constitute threat potential to continuity of company’s
operations.



44 R.A. Hadiguna

The proposed framework has identified many indicators for each aspect. First,
indicators of economic aspect are demand volume, product price, quality of finished
product, production flow, timelines of delivery, product stock out, inventory cost
uncertainty, manufacturing cost uncertainty, and bullwhip effect. Demand volume is
number of demand in market. Demand volume is number of demand in market
which fluctuating so that it is trigger uncertainty potentially. Product price is a product
value that set by company to compete in the market. Quality of finished product is
specification the product accordance with customer requirement. Production flow is
number of stages in production processes by company to meet demand. Timelines of
delivery is an ability to meet schedule which has be negotiated with customers.
Product stock out is an event where demand cannot be fulfilled due to stock not exist or
less in warehouse. Inventory cost uncertainty is fluctuation of inventory costs that cannot
be estimated accurately. Uncertainty in manufacturing cost is determining production
cost without certainty policy. Bullwhip effect is distortion in information flow of entire
SC.

Second aspect is environmental concern with indicators are energy consumption
fluctuation, waste unmanageable, reuse and recycle material failure, natural disaster,
remanufacturing failure, environment violation, and technology shift. Energy
consumption is usage various sources of energy and for different types of activity
including manufacturing, transportation, lighting, etc. Waste unmanageable is unintended
output that is be produced by manufacturing activities but not managed properly due to
various things. Reuse and recycle material failure is activity that fail to produce product
by using second-hand goods for material as well as remanufacturing. Natural disasters are
natural events that become threat against the smooth operation of production and
transportation. Remanufacturing failure is conducting correction operation to
manufacture product with minor reject in accordance quality control. Environment
demolition is various actions that damage the physical environment directly. Technology
shift is a decision to replace technology that has risk of wasting energy and raw material
usage.

Finally, the social politics aspects is an equally important to be considered in
risk assessment of SC sustainability. Labour strike is not conducting production
activities and other operational triggered by pretension for salary increasing. Mass
demonstration is activity of massive community to reform policy issues related to
politics. Environment act and others regulations is government policies that designed
to regulate business activities. Local custom is belief and attitude of local communities
in responding to various situations that considered bringing hazard. Facilities location
is site to be denied its existence by public because of various considerations
subjectively. Crime/terrorist attack is potential threats of terrorist that disrupt economics
and business operations.

Various indicators that have been identified can be described in hierarchical structure
as seen in Table 2. Level 0 is main level which reflects the overall risk level. The next
level is first level as aspects of economic, environmental and social politics. Furthermore,
level 2 is a collection of various risk indicators for each aspect. This hierarchical structure
is needed to describe the relationship of each indicator as a whole.
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Table 2 Hierarchical structure of risk indicators

45

Aspects Indicators

Economics Demand volume uncertainty
Product price uncertainty
Quality of finished product
Production flow
Timelines of delivery
Product stock out
Inventory cost uncertainty
Manufacturing cost uncertainty
Bullwhip effect
Environmental Energy consumption fluctuation
Waste unmanageable
Reuse and recycle material failure
Natural disaster
Remanufacturing failure
Environment demolition
Technology shift
Socio-politics Labour strike
Mass demonstrations
Environment act and policy
Local custom
Facilities site

Crime/terrorist attack

3.3 Operating system

From the risk indicators presented above, we built a framework as platform in designing
decision support system of risk assessment for sustainable SC. The architecture of the
proposed framework is consisting of model base and knowledge base that connected with
user interface. Model base is a framework that serves as processor of decisions which has
been given by decision-makers. Generally, content of model base is algorithms, methods,
formulations, or others mathematical manner that used to process a set of inputs either
numeric or non-numeric. This framework applied a method that developed by Yager
(1993). We built a comprehensive procedure by to calculate a set of assessment from
group decision-making process. The selected method that applied in a decision support
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system will be advantage as well as drawback of the model. We believe that the selected
method is appropriate because this method has been widely applied in decision-making
groups. Base model will propose a compromise judgements based on different
assessment of decision-makers. The procedure that built in model base will serve to
process the aggregation of assessment results that has been made decision-makers for
each indicator. Furthermore, aggregation results are further processed for each indicator
to obtain aggregation level for all aspect. The process is operated by connecting between
risk and severity.

Figure 2 A framework of operating system
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Moreover, there are at least two kinds of knowledge that needed to make decision for
problem solving: knowledge on risk mitigation, and knowledge on sustainability. The
first aspect is taken care of in the knowledge base. The system requirements indicate that
should provide facilities to support decision-maker with relevant data, information, and
knowledge. Knowledge base is a very essential part of risk assessment in this framework.
It stores information that had counted namely as specific performance indicators.
Knowledge base also contains information about risk occurrence and risk severity
problem for easy reference by later users. User interface and knowledge base are being
linked so indicate that users can both obtain information from knowledge base and extend
the knowledge base with their expert knowledge. Such information contributes to
fulfilling the functional requirement of recognition and expression the proposed
framework.

As mentioned previously, this framework requires the user interface that is useful for
communication between users and system. User interface is consisting of input and
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output that can use easier. With the help of various features, the user interface supports
and guides users in executing each step in assessment steps. The user interface is
designed at least incorporate the functionalities namely risk occurrence assessment, risk
severity assessment, and results. The designed system is provide outcome namely an
overall risk level, risk for each aspect, risk for each indicators, and advice for risk
mitigation. The operating system can be seen in Figure 2.

Operation of decision support is arranged logically with the procedure that use input
the non-numeric. The system is using a decision-making group that consist of three to
seven people. This number is considered adequate to conduct risk assessments for
operational, tactical and strategic. The proposed framework of assessment process that
performed by people as well as model is specified in some steps namely:

Step 0 Top management determine number of decision-maker that involved in
assessment process.

Step 1 Decision-makers who selected perform assessment of each indicators risk as
well as severity for each decision-maker.

Step 2 System performs aggregation process of decision-makers assessment for each
indicator of risk as well as severity

Step 3  System performs aggregation process of risk indicators to obtain the risk level of
each aspect.

Step 4 System performs aggregation process of risk aspects to obtain the whole risk.
Step 5 System displays the advice of risk mitigation.
Step 6 Top management implement the recommendation.

Decision support framework that proposed can play a crucial role in the crisis
decision-making process by allowing the top management to navigate large amounts of
information quickly and compromising differences of opinion between the various parties
who involved in the SC system. In addition, it is explore interrelationships between
factors which may influence the decision.

4 Discussion

After the proposed decision support framework was built, we conducted a pilot test in a
number of settings. Basically, this phase is primarily aimed in reviewing the requirement.
We want to ensure that the requirements are clearly defined, consistent, and complete.
The review focuses on the intended use, configuration management, and fidelity to be
developed. The purpose of this test was primarily to identify potential drawbacks in the
prototype and process descriptions. There are two types of processes that have been done:
create a questionnaire and perform a computer programme. The questionnaire contains a
set of risk indicators and scale of assessment. The questionnaire was sent to seven
persons to fill out it. If there have felt less, they will provide comments. These seven
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people are practitioners and academics in field of SC and logistics. Computer
programmes testing carried out by filling out the values of where questionnaires filled out
by the respondents. Then, running the programme is checked to ensure that programme
has been working in accordance with the built assumptions and logic earlier.

The proposed model applies group decision-making approach. Consequently,
application of this model involves some decision-makers. We recommend that number of
decision-makers involved in risk assessment is three to seven persons. They are persons
who are believed to have the capability and good understanding toward discussed issue.
For example, the involved persons in decision-making group for this assessment include
general manager, production manager, procurement manager, purchasing manager,
marketing manager, research and development manager, and other relevant. Group
decision-making approach that applied in this framework is to accommodate the culture
in many companies often conduct a meeting to discuss and make decisions in problem
solving. Certainly, everyone has own tendencies to solve the problem. These tendencies
will compose the conflicts of opinion. The decision support framework can facilitate to
obtain the compromise through the aggregation process. Decision support framework is
not intended to replace the role of humans to the computer but as a tool to maintain
consistency of decision-makers.

Model provides the structural technique that is applicable to recognise the processes
and the dynamics of SC system. We selected the judgement method for the decision
process. In this model, we assume that the decision-makers usually make the work plan
collectively, face to face, and share the information. Risk assessment of sustainable SC is
a process of information processing and assessment failure is due to insufficient or wrong
information. This model is a kind of knowledge formulated in a set of rules that called as
organisational decision knowledge. Languages, words or linguistics variable are decision
knowledge manner that be articulated in decision assessment. For example, when facing
complex situation in the logistics, a logistics manager can make decision rapidly.
Manager who has made decision cannot articulate how he made the decision whereas his
decision is correct. It is prove that decision knowledge consists of one’s experiences,
wisdom, intuition, etc. It is usually called as tacit knowledge. Zhong (2008) described
characteristic of organisational decision knowledge namely:

e purpose is serve the decision-making (especially semi- and unstructured
decision-making)

e  carrier is tacit decision knowledge that stored in one’s brain
e types is know-how knowledge that takes a large proportion

e focuses is reducing or removing cognitive biases, improve mental models,
supporting and improving decision-making.

Overall, it helps firms to:

a satisfy the stakeholder expectation (customers, government, non-government
organisation) by designing and developing sustainable SC

b  ensure business growth and profitability
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¢ increase customers’ loyalty by formulating proper SC strategies.

Firms can easily evaluate different SC strategies using the assessment result. The risk
assessment model will help them to anticipate failure in the long-term return on
investment of tentative business strategies. In addition, it recommends risk mitigation so
that losses potential can be eliminated and reduced.

Information and computer technology has been applied in many areas including
SCM. Application artificial intelligence and the internet for decision support can greatly
increased the flexibility and expansion ability to assess risk of sustainable SC. This is
also the main development mode of the framework when implemented for particular SC.
The decision support framework based on natural language has become an interactive
human-machine system that has a strong learning ability and adaptation.

5 Conclusions and further work

We have proposed a conceptual model of decision support for risk assessment of
sustainable SC in this paper. It has provided functional capabilities: modelling, data
management, and knowledge management to support all decision-making processes.
Implementation of the proposed framework should provide personalised support,
integrity, and other important capabilities for the support of increasingly complex
problems in SCRM and sustainable SC. Until recently, stakeholder needs change
paradigm that focused on economic expectations such as reduced total cost of SC become
maximising sustainability.

We have introduced new paradigm in sustainable assessment in SC operations. We
have believed that environmental factors need to be divided into two aspects: the physical
environment and socio-politics aspects. Material flow pattern is managed refer to
economics considerations and on contrary, socio-politic is become the main driving to
produce the product volume, types of materials, and energy consumption. The
intersection of material flow and information flow is production volume and variety of
products. It has proved that the paradigm is feasible and reliable to be applied in the risk
assessment of sustainability in a SC system.

In accordance with system approach, we have designed interrelationship between data
base, model base and knowledge base in the proposed framework. It is important manner
in designing a decision support system. All risk indicators are arranged in the structure
hierarchical. Risk indicators have been verified by experts to ensure eligibility. The
proposed decision support is applying non-numeric under multi decision-maker’s
assessment.

We have presented a decision support framework that applicable in principle. The
proposed system provided for eligibility proof to be implemented, but still needs to be
extended in knowledge base content. In addition, user interfaces and presentation display
need to be polished in order to user friendly. However, the decision support framework
does not need to be changed relating to functionality. Additional development is needed
for practical use in reality.



50 R.A. Hadiguna

Acknowledgements

This paper is supported by a grant from Malaysia Logistics Council (MLC). The author
would like to thank Dr. Intan Rohana Endut as Director of Malaysia Institute of Transport
(MITRANS) and Dr. Harlina Suzanna Jaafar as Head of Malaysia Logistic and Supply
Chain Research Center Malaysia Institute of Transport (MITRANS), Universiti
Teknologi MARA (UiTM) for the support given and most grateful to anonymous
reviewers for their constructive and helpful comments.

References

Ben-Tal, A., Chung, B.D., Mandala, S.R. and Yao, T. (2011) ‘Robust optimization for emergency
logistics planning: Risk mitigation in humanitarian relief supply chains’, Transportation
Research Part B, Vol. 45, No. 8, pp.1177-1189.

Blengini, G.A. and Shields, D.J. (2010) ‘Overview of the building products supply chain in Italy’,
Management of Environmental Quality: An International Journal, Vol. 21, No. 4, pp.477-493.

Bloemhof, J. (2005) ‘Sustainable supply chains for the future’, Medium Econometrische
Toepassingen, Vol. 13, No. 1, pp.12-15.

Blome, C. and Schoenherr, T. (2011) ‘Supply chain risk management in financial crises — a
multiple case study approach’, International Journal of Production Economics, Vol. 134,
No. 1, pp.43-57.

Biiyiikozkan, G. and Berkol, C. (2011) ‘Designing a sustainable supply chain using an integrated
analytic network process and goal programming approach in quality function deployment’,
Expert Systems with Applications, Vol. 38, No. 11, pp.13731-13748.

Carter, C. and Rogers, D.S. (2008) ‘A framework of sustainable supply chain management: moving
toward new theory’, International Journal of Physical Distribution & Logistics Management,
Vol. 38, No. 5, pp.360-387.

Carter, C.R. and Easton, P.L. (2011) ‘Sustainable supply chain management: evolution and future
directions’, International Journal of Physical Distribution & Logistics Management, Vol. 41,
No. 1, pp.46-62.

Chan, H.K. (2010) ‘A process re-engineering framework for reverse logistics based on a case
study’, International Journal of Engineering Business Management, Vol. 2, No. 2, pp.61-66.

Chen, Y.J. and Sheu, J-B. (2009) ‘Environmental-regulation pricing strategies for green supply
chain management’, Transportation Research Part E, Vol. 45, No. 5, pp.667-677.

Christopher, M. and Lee, H. (2004) ‘Mitigating supply chain risk through improved confidence’,
International Journal of Physical Distribution and Logistics Management, Vol. 34, No. 5,
pp.388-396.

Chung, C-J. and Wee, H-M. (2008) ‘Green-component life-cycle value on design and reverse
manufacturing in semi-closed supply chain’, International Journal of Production Economics,
Vol. 113, No. 2, pp.528-545.

Chung, S.L. and Wee, HM. (2006) ‘Sustainable supply chain coordination policy using price
discounting’, Proceedings of the 7th Asia Pacific Industrial Engineering and Management
Systems Conference, 17-20 December, Bangkok, Thailand, pp.1899-1911.

Chung, S.L., Wee, H.M. and Yang, P.C. (2008) ‘Optimal policy for a closed-loop supply chain
inventory system with remanufacturing’, Mathematical and Computer Modelling, Vol. 48,
Nos. 5/6, pp.867-881.



Decision support framework for risk assessment of sustainable supply chain 51

Dabbene, F., Gay, P. and Sacco, N. (2008) ‘Optimisation of fresh-food supply chains in uncertain
environments, part I: background and methodology’, Biosystem Engineering, Vol. 99, No. 2,
pp-348-359.

Faisal, M.N. (2009) ‘Prioritization of risks in supply chains’, in Wu, T. and Blackhurst, J. (Eds.):
Managing Supply Chain Risk and Vulnerability, pp.41-66.

Faisal, M.N. (2010) ‘Sustainable supply chains: a study of interaction among the enablers’,
Business Process Management Journal, Vol. 16, No. 3, pp.508-529.

Fernandes, L.J., Barbosa-Povoa, A.P. and Relvas, S. (2010) ‘Risk management framework for the
petroleum supply chain’, Pierucci, S. and Ferraris, G.B. (Eds.): 20th European Symposium on
Computer Aided Process Engineering — ESCAPE20.

Finke, G.R., Schmitt, A.J. and Singh, M. (2010) ‘Modeling and simulating supply chain schedule
risk’, in Johansson, B., Jain, S., Montoya-Torres, J., Hugan, J. and Yiicesan, E. (Eds.):
Proceedings of the 2010 Winter Simulation Conference, pp.3472-3481.

Foerst, K., Reuter, C., Hartmann, E. and Blome, C. (2010) ‘Managing supplier sustainability risks
in a dynamically changing environment sustainable supplier management in the chemical
industry’, Journal of Purchasing & Supply Management, Vol. 16, No. 2, pp.118-130.

Ghadge, A., Dani, S. and Kalawsky, R. (2010) ‘A framework for managing risks in the aerospace
supply chain using systems thinking’, 5th International Conference on System of Systems
Engineering (SoSE), pp.1-6.

Giannakis, M. and Louis, M. (2011) ‘A multi-agent based framework for supply chain risk
management’, Journal of Purchasing & Supply Management, Vol. 17, No. 1, pp.23-31.

Goh, M., Lim, J.Y.S. and Meng, F. (2007) ‘A stochastic model for risk management in global
supply chain networks’, European Journal of Operational Research, Vol. 182, No. 1,
pp.164-173.

Guide, V.D.R., Jr. and van Wassenhove, L.N. (2009) ‘The evolution of closed-loop supply chain
research’, Operations Research, Vol. 57, No. 1, pp.10-18.

Gunasekaran, A. (2004) ‘Supply chain management: theory and applications’, Furopean Journal of
Operational Research, Vol. 159, No. 1, pp.265-268.

Gunasekaran, A. and Spalanzani, A. (2011) ‘Sustainability of manufacturing and services:
Investigations for research and applications’, International Journal of Production Economics,
article in press.

Hahn, G.J. and Kuhn, H. (2011) ‘Value-based performance and risk management in supply chains:
a robust optimization approach’, International Journal of Production Economics, article in
press

Hallikasa, J., Karvonenb, I., Pulkkinenb, U., Virolainenc, V. and Tuominen, M. (2004) ‘Risk
management processes in supplier networks’, International Journal of Production Economics,
Vol. 90, No. 1, pp.47-58.

Hu, G. and Bidanda, B. (2009) ‘Modeling sustainable product lifecycle decision support systems’,
International Journal of Production Economics, Vol. 122, No. 1, pp.366-375.

Jacxsens, L., Luning, P.A., van der Vorst, J.G.A.J., Devlieghere, F., Leemans, R. and
Uyttendaele, M. (2010) ‘Simulation modelling and risk assessment as tools to identify the
impact of climate change on microbiological food safety — the case study of fresh produce
supply chain’, Food Research International, Vol. 43, No. 7, pp.1925-1935.

Khan, O. and Burnes, B. (2007) ‘Risk and supply chain management: creating a research agenda’,
The International Journal of Logistics Management, Vol. 18, No. 2, pp.197-216.

Kim, H., Yang, J. and Lee, K-D. (2009) ‘Vehicle routing in reverse logistics for recycling
end-of-life consumer electronic goods in South Korea’, Transportation Research Part D,
Vol. 14, No. 5, pp.291-299.



52 R.A. Hadiguna

Kushwaha, G.S. (2010) ‘Sustainable development through strategic green supply chain
management’, International Journal of Engineering and Management Science, Vol. 1, No. 1,
pp.7-11.

Laeequddin, M., Sardana, G.D., Sahay, B.S., Waheed, K.A. and Sahay, V. (2009) ‘Supply chain
partners’ trust building process through risk evaluation: the perspectives of UAE packaged
food industry’, Supply Chain Management: An International Journal, Vol. 14, No. 4,
pp-280-290.

Linton, J.D., Klassen, R. and Jayaraman, V. (2007) ‘Sustainable supply chains: an introduction’,
Journal of Operations Management, Vol. 25, No. 6, pp.1075-1082.

Neto, J.Q.F., Ruwaard, J.M.B., van Nunen, J.A.E.E. and van Heck, E. (2008) ‘Designing and
evaluating sustainable logistics networks’, International Journal of Production Economics,
Vol. 111, No. 2, pp.195-208.

Nicolliera, T., Blanc, 1. and Erkman, S. (2011) ‘Towards a global criteria based framework for the
sustainability assessment of bioethanol supply chains application to the Swiss dilemma: is
local produced bioethanol more sustainable than bioethanol imported from Brazil?”,
Ecological Indicators, Vol. 11, No. 5, pp.1447-1458.

Oke, A. and Gopalakrishnan, M. (2009) ‘Managing disruptions in supply chains: a case study of a
retail supply chain’, International Journal of Production Economics, Vol. 118, No. 1,
pp-168—174.

Olson, D.L. and Wu, D. (2011) ‘Risk management models for supply chain: a scenario analysis of
outsourcing to China’, Supply Chain Management: An International Journal, Vol. 16, No. 6,
pp-401-408.

Olugu, E.U., Wong, K.Y. and Shaharoun, A.M. (2010) ‘Development of key performance measures
for the automobile green supply chain’, Resources, Conservation and Recycling, Vol. 55,
No. 6, pp.659-667.

Paju, M., Heilala, J., Hentula, M., Heikkild, A., Johansson, B., Leong, S. and Lyons, K. (2010)
‘Framework and indicators for a sustainable manufacturing mapping methodology’, in
Johansson, B., Jain, S., Montoya-Torres, J., Hugan, J. and Yiicesan, E. (Eds.): Proceedings of
the 2010 Winter Simulation Conference, pp.3411-3422.

Papadopoulos, 1., Karagouni, G., Trigkas, M. and Platogianni, E. (2010) ‘Green marketing: the case
of Greece in certified and sustainably managed timber products’, EuroMed Journal of
Business, Vol. 5, No. 2, pp.166—190.

Pfohl, H.C., Kéhler, H. and Thomas, D. (2010) ‘State of the art in supply chain risk management
research: empirical and conceptual findings and a roadmap for the implementation in
practice’, Logistics Research, Vol. 2, No. 1, pp.33—44.

Pokharel, S. and Mutha, A. (2009) ‘Perspectives in reverse logistics: a review resources’,
Conservation and Recycling, Vol. 53, No. 4, pp.175-182.

Pujawan, N. and Geraldin, L.H. (2009) ‘House of risk: a model for proactive supply chain risk
management’, Business Process Management Journal, Vol. 15, No. 6, pp.953-967.

Sarkis, J., Zhu, Q. and Lai, K.H. (2011) ‘An organizational theoretic review of green supply chain
management literature’, International Journal of Production Economics, Vol. 130, No. 2,
pp-1-15.

Scheller-Wolf, A. and Tayur, S. (2009) ‘Risk sharing in supply chains using order bands —
analytical results and managerial insights’, International Journal of Production Economics,
Vol. 121, No. 2, pp.715-727.

Schmitt, A.J. (2011) ‘Strategies for customer service level protection under multi-echelon supply
chain disruption risk’, Transportation Research Part B, Vol. 45, No. 8, pp.1266—1283.

Schoenherra, T., Tummalaa, V.M.R. and Harrison, T.P. (2008) ‘Assessing supply chain risks with
the analytic hierarchy process: providing decision support for the off shoring decision by a US
manufacturing company’, Journal of Purchasing & Supply Management, Vol. 14, No. 2,
pp.100-111.



Decision support framework for risk assessment of sustainable supply chain 53

Searcy, C., Karapetrovic, S. and McCartney, D. (2008) ‘Application of a systems approach to
sustainable development performance measurement’, International Journal of Productivity
and Performance Management, Vol. 57, No. 2, pp.182-197.

Seuring, S. and Miiller, M. (2008) ‘From a literature review to a conceptual framework for
sustainable supply chain management’, Journal of Cleaner Production, Vol. 16, No. 15,
pp.1699-1710.

Shang, K.C., Lu, C.S. and Li, S. (2010) ‘A taxonomy of green supply chain management capability
among electronics-related manufacturing firms in Taiwan’, Journal of Environmental
Management, Vol. 91, No. 5, pp.1218-1226.

Sikdar, S.K. (2003) ‘Sustainable development and sustainability metrics’, The American Institute of
Chemical Engineering Journal, Vol. 49, No. 8, pp.1928-1932.

Solvang, W.D. and Hakam, M.H. (2010) ‘Sustainable logistics networks in sparsely populated
areas’, Journal Service Science & Management, Vol. 3, No. 4, pp.72-77.

Svensson, G. (2007) ‘Aspects of sustainable supply chain management (SSCM): conceptual
framework and empirical example’, Supply Chain Management: An International Journal,
Vol. 12, No. 4, pp.262-266.

Tang, C. (2006a) ‘Perspectives in supply chain risk management’, International Journal of
Production Economics, Vol. 103, No. 2, pp.451-488.

Tang, C. (2006b) ‘Robust strategies for mitigating supply chain disruptions’, International Journal
of Logistics: Research and Applications, Vol. 9, No. 1, pp.33-45.

Tang, C. and Tomlin, B. (2008) ‘The power of flexibility for mitigating supply chain risks’,
International Journal of Production Economics, Vol. 116, No. 1, pp.12-27.

Tang, O. and Musa, S.N. (2011) ‘Identifying risk issues and research advancements in supply chain
risk management’, International Journal of Production Economics, Vol. 133, No. 1, pp.25-34.

Tapiero, C.S. (2007) ‘Consumers risk and quality control in a collaborative supply chain’,
European Journal of Operational Research, Vol. 182, No. 2, pp.683—694.

Thun J. and Hoenig, D. (2009) ‘An empirical analysis of supply chain risk management in the
German automotive industry’, International Journal of Production Economics, Vol. 131,
No. 1, pp.242-249.

Trkman, P. and McCormack, K. (2009) ‘Supply chain risk in turbulent environments — a conceptual
model for managing supply chain network risk’, International Journal of Production
Economics, Vol. 119, No. 2, pp.247-258.

Tuncel, G. and Alpan, G. (2010) ‘Risk assessment and management for supply chain networks: a
case study’, Computers in Industry, Vol. 61, No. 3, pp.250-259.

Vilko, J.P.P. and Hallikas, J.M. (2011) ‘Risk assessment in multi modal supply chains’,
International Journal of Production Economics, article in press.

Wagner, S.M. and Bode, C. (2006) ‘An empirical investigation into supply chain vulnerability’,
Journal of Purchasing and Supply Management, Vol. 12, No. 6, pp.301-312.

Wang, X., Chan, HK., Yee, RW.Y. and Diaz-Rainey, 1. (2011) ‘A two-stage fuzzy-AHP model
for risk assessment of implementing green initiatives in the fashion supply chain’,
International Journal of Production Economics, Vol. 135, No. 5, pp.595-606.

Widodo, K.H. (2010) ‘Sustainable supply chain based scenarios for optimizing trade-off between

Indonesian furniture and crude-palm-oil industries’, Operations and Supply Chain
Management: An International Journal, Vol. 3, No. 3, pp.176—185.

Winkler, H. (2011) ‘Closed-loop production systems — a sustainable supply chain approach’, CIRP
Journal of Manufacturing Science and Technology, Vol. 4, No. 33, pp.243-246.

Xia, D. and Chen, B. (2011) ‘A comprehensive decision-making model for risk management of
supply chain’, Expert Systems with Applications, Vol. 38, No. 5, pp.4957-4966.



54 R.A. Hadiguna

Yager, R.G. (1993) ‘Non numeric multi criteria multi person decision making’, Group Decision
and Negotiation, Vol. 2, No. 1, pp.81-93.

Yang, Z. and Li, J. (2010) ‘Assessment of green supply chain risk based on circular economy’,
IEEE 17Th International Conference on Industrial Engineering and Engineering
Management, pp.1276—1280.

Yu, H., Zeng, A.Z. and Zhao, L. (2009) ‘Single or dual sourcing: decision-making in the presence
of supply chain disruption risks’, Omega, Vol. 37, No. 4, pp.788-800.

Zhang, J., Lin, Y. and Yan, Y. (2009) ‘Research of risk in supply chain based on fuzzy evaluation
and BP neural network’, International Conference on Computational Intelligence and
Software Engineering, pp.1-4.

Zhong, Y. (2008) ‘The framework of total decision support based on knowledge management’,
International Seminar on Future Information Technology and Management Engineering IEEE
Computer Society, pp.516-520.



3/22/2015 International Journal of Logistics Economics and Globalisation (IJLEG) - Inderscience Publishers

Help Sitemap

LOGIN

\
| For Authors, Editors, Board Memb
NDERSCIENCE J;e:rt]af:;se itors, Board Members
P U B I_ I S H E R S LXXTYYYY )

Publishers of distinguished academic, scientific and professional journals Remember me Forgotten?

Home For Authors For Librarians Orders News Article search

[ Go |

Home > International Journal of Logistics Economics and Globalisation

International Journal of Logistics Economics and
Globalisation

Sign up for new issue alerts
Subscribe/buy articles/issues
View sample issue
Latestissue contents gy
Forthcoming articles

I  Editor in Chief: Prof. Siau Ching Lenny Koh

LT ISSN online: 1741-5381
Legistice Economics Journal information in

and Globalisation ISSN print: 1741-5373 ]
4 issues per year Calls for papers easy print format (PDF)

Subscription price

v v v v v 7

IJLEG addresses the development and application of logistics in the world
economy and globalised arena. With increased complexity and competition in
today's and tomorrow's supply chain and extended enterprise, logistical systems
and technologies play critical roles in ensuring the flow of tangible and intangible ethical guidelines (PDF)
goods and information in production networks. The economics perspective in this I View all calls for papers
context c_al!s for improved per_formance a_ssessment, evaluation and modelling of b Recommend tolallibrarian
such logistical systems, evolving around issues related to human capital, )
intellectual capital and knowledge capital. - Feedback to Editor

I Publishing with Inderscience:

- Find related journals
| About this journal Editorial Board Notes for authors - Find articles and other searches

& Topics covered include Keep up-to-date

o Logistics information systems, enterprise/distribution networks, economics

e Purchasing and procurement, transportation/warehouse management I:I Our Blog

e Logistics and transportation optimisation and global logistical networks oy Follow us on Twitter
o Outsourcing/off-shoring, third party logistics, reverse logistics n Visit us on Facebook
o Enterprise resource planning and ERPII, and the extended enterprise ﬁ Join us on Google+

« Emerging/mobile/connective technology, RFID/EDI for logistics performance

L i A ) | Our Newsletter (subscribe for
o Logistics network security, uncertainty/risk in a globalised supply network -

o Real-time and web-based logistical operations free)

« Data mining global supply chains, data exchange standards, e.g. RosettaNet k. RSSFeeds

o Supplier relationship management, customer relationship management | Newissue alerts
o Business to business/consumer, business intelligence, knowledge management B SHARE

o E-procurement, e-commerce, e-business and e-organisation
o Global supply chain management, demand chain management
o Order fulfilment and quick response in a globalised network
o Strategic alliances/partnerships, knowledge/technology transfer

More on this journal...

‘ Browse issues ;_.,'_,.3 IJLEG is indexed in:

Vol. 6 o Academic OneFile (Gale)

Vol. 5 o Business and Company Resource Center (Gale)
Vol. 4 o Educators Reference Complete (Gale)

Vol. 3 o Expanded Academic ASAP (Gale)

Vol. 2

Vol. 1 More indexes...

General BusinessFile ASAP International (Gale)

Google Scholar

InfoTrac Custom Journals (Gale)

Inspec (Institution of Engineering and Technology)
Mechanical & Transportation Engineering Abstracts (CSA)
RePEc

Hide

http://www.inderscience.com/jhome.php?jcode=ijleg#absindex 1/2


http://www.gale.cengage.com/PeriodicalSolutions/eduReference.htm
http://www.inderscience.com/info/ingeneral/inalert.php
http://www.inderscience.com/dev/search/index.php?action=basic
http://www.inderscience.com/www/authorethics.pdf
http://www.inderscience.com/info/inform/regnews.php
http://www.csa.com/factsheets/mechtrans-set-c.php
http://www.inderscience.com/callPapers.php
http://repec.org/
http://www.inderscience.com/info/inform/libraryform.php
http://www.inderscience.com/index.php
http://www.inderscience.com/info/ingeneral/forthcoming.php?jcode=ijleg
http://www.inderscience.com/index.html
http://gale.cengage.com/pdf/facts/CustomJournals.pdf
http://www.inderscience.com/index.php
http://www.inderscience.com/forgotpwd.php
http://www.inderscience.com/info/ingeneral/sample.php?jcode=ijleg
http://www.inderscience.com/librarians/index.php
http://www.inderscience.com/info/leaflet.php?filename=IJLEG_leaflet.pdf
http://www.inderscience.com/info/insubjall.php
http://www.gale.cengage.com/BusinessRC/
http://inderscience.blogspot.com/
http://www.inderscience.com/info/inprice.php?jcode=ijleg
http://www.inderscience.com/current_issues/ijleg.rss
http://www.inderscience.com/inorders.php
https://plus.google.com/+inderscience
http://twitter.com/inderscience
http://www.inderscience.com/info/ingeneral/cfplist.php?jcode=ijleg
http://www.inderscience.com/info/innews/index.php
http://www.inderscience.com/info/insitemap.php
http://gale.cengage.com/AcademicOneFile/
http://www.addthis.com/bookmark.php?v=250&pubid=ra-4f450fbe13c1ab3c
http://www.inderscience.com/info/highlights/
http://www.inderscience.com/info/inauthors.php
http://www.inderscience.com/info/ingeneral/inalert.php
http://www.inderscience.com/info/ingeneral/help.php
http://www.gale.cengage.com/PeriodicalSolutions/academicAsap.htm?grid=ExpandedAcademicASAPRedirect
mailto:S.C.L.Koh@sheffield.ac.uk?subject=Feedback%20on%20your%20Inderscience%20journal:%20International%20Journal%20of%20Logistics%20Economics%20and%20Globalisation
http://www.inderscience.com/inorders.php
http://www.facebook.com/pages/Inderscience-Publishers/196705204387
http://scholar.google.co.uk/intl/en/scholar/about.html
http://www.gale.cengage.com/servlet/ItemDetailServlet?region=9&imprint=000&titleCode=INFO13&cf=n&type=4&id=172036
http://www.inderscience.com/info/ingeneral/rssfeeds.php
http://www.theiet.org/publishing/inspec/

3/22/2015 International Journal of Logistics Economics and Globalisation (IJLEG) - Inderscience Publishers

E IJLEG is listed in:
e Australian Business Deans Council Journal Rankings List 2013
o Excellence in Research for Australia (ERA): Journal list 2012

Journal news

Could narbs help you tell your social media story?

Ananda Mitra of the Department of Communication, at Wake Forest University, Winston-Salem, North
Carolina and colleague Sanjay Mamani point out that there are increasing amounts of unstructured
data permeating the internet and in big databases. They refer to the narrative bits of unstructured data,

“e social media updates and the like as narbs. They have [...]
e details...

| Privacy and Cookies Statement | Terms and Conditions | © 2015 Inderscience

Contactus | AboutInderscience | OAIlRepository
Enterprises Ltd.

http://www.inderscience.com/jhome.php?jcode=ijleg#absindex

22


http://sciencespot.co.uk/could-narbs-help-you-tell-your-social-media-story.html
http://www.inderscience.com/info/ingeneral/privacy.php
http://www.inderscience.com/info/ingeneral/terms.php
http://www.arc.gov.au/era/era_2012/era_journal_list.htm
http://www.abdc.edu.au/29.125.0.0.1.0.htm
http://www.inderscience.com/info/ingeneral/oai.php
http://www.inderscience.com/info/ingeneral/contact.php
http://www.inderscience.com/info/ingeneral/about.php

3/22/2015 International Journal of Logistics Economics and Globalisation (IJLEG) - Inderscience Publishers

.
NDERSCIENCE
PUBLISHERS

Publishers of distinguished academic, scientific and professional journals

Home For Authors For Librarians Orders News

Home > International Journal of Logistics Economics and Globalisation

International Journal of Logistics Economics and
Globalisation

I  Editor in Chief: Prof. Siau Ching Lenny Koh

1:;;5;':: 5 — ISSN online: 1741-5381

and Globalisation ISSN print: 1741-5373
4 issues per year Calls for papers

Subscription price

intellectual capital and knowledge capital.

About this journal Editorial Board Notes for authors

IJLEG addresses the development and application of logistics in the world
economy and globalised arena. With increased complexity and competition in
today's and tomorrow's supply chain and extended enterprise, logistical systems
and technologies play critical roles in ensuring the flow of tangible and intangible
goods and information in production networks. The economics perspective in this
context calls for improved performance assessment, evaluation and modelling of
such logistical systems, evolving around issues related to human capital,

Editor in Chief

- Koh, Siau Ching Lenny, University of Sheffield, UK
(S.C.L.Kohi@sheffield.ac.uk)

Editor

1 Ganesh, K., McKinsey and Company, India

Associate Editors

Anbuudayasankar, S.P., Amrita Vishwa Vidyapeetham University, India

Ketikidis, Panayiotis H., University of Sheffield International Faculty, CITY College, Greece

2

2

- Markus, M. Lynne, Bentley College, USA
- Sohal, Amrik, Monash University, Australia

Editorial Board Members

Arunachalam, Subramaniam, University of East London, UK

Badiru, Adedeji B., Air Force Institute of Technology (AFIT/ENV), USA

Chen, Homin, National Taiwan University, Taiwan

Cheng, Kai, Brunel University, UK

Chi, Robert, California State University, Long Beach, USA

Cucchiella, Federica, University of L'Aquila, Italy

Gastaldi, Massimo, University of L’Aquila, Italy

Goldsby, Thomas J., University of Kentucky, USA

Greis, Noel P., University of North Carolina at Chapel Hill, USA
lilletofth, Per, Jonkdping University, Sweden

lakovou, Eleftherios, Aristotle University of Thessaloniki, Greece

Ibrahim, Abdul Razak, University of Malaysia Pahang, Malaysia

Kidachi, Manao, Chuo University, Japan

Kumar, Sameer, University of St. Thomas, USA

Kusiak, Andrew, University of lowa, USA

Lee, Tzong-Ru (Jiun-Shen), National Chung Hsing University, Taiwan

Mentzer, John T. (Tom), University of Tennessee, USA

Pires, Silvio R. I., Methodist University of Piracicaba (UNIMEP), Brazil

Sawhney, Rupy S., University of Tennessee, USA

¥ T v v v W v W

A

http://www.inderscience.com/jhome.php?jcode=ijleg#edboard

Help Sitemap
LOG IN
For Authors, Editors, Board Members
Username
Remember me Forgotten?

Article search

6o

Sign up for new issue alerts
Subscribe/buy articles/issues
View sample issue
Latestissue contents gy
Forthcoming articles

Journal information in

easy print format (PDF)

v v v v v 7

I Publishing with Inderscience:
ethical guidelines (PDF)

I View all calls for papers

- Recommend to a librarian

I Feedback to Editor

- Find related journals
I Find articles and other searches

Keep up-to-date

) OurBlog
oy Follow us on Twitter
fi Visitus on Facebook
ﬁ Join us on Google+
" | Our Newsletter (subscribe for
free)
by RSSFeeds

I Newissue alerts

3 SHARE

12


http://www.inderscience.com/info/ingeneral/inalert.php
http://www.inderscience.com/dev/search/index.php?action=basic
http://www.inderscience.com/www/authorethics.pdf
http://www.inderscience.com/info/inform/regnews.php
http://www.inderscience.com/callPapers.php
http://www.inderscience.com/info/inform/libraryform.php
http://www.inderscience.com/index.php
http://www.inderscience.com/info/ingeneral/forthcoming.php?jcode=ijleg
http://www.inderscience.com/index.html
http://www.inderscience.com/index.php
http://www.inderscience.com/forgotpwd.php
http://www.inderscience.com/info/ingeneral/sample.php?jcode=ijleg
http://www.inderscience.com/librarians/index.php
http://www.inderscience.com/info/leaflet.php?filename=IJLEG_leaflet.pdf
http://www.inderscience.com/info/insubjall.php
http://inderscience.blogspot.com/
http://www.inderscience.com/info/inprice.php?jcode=ijleg
http://www.inderscience.com/current_issues/ijleg.rss
http://www.inderscience.com/inorders.php
https://plus.google.com/+inderscience
http://twitter.com/inderscience
http://www.inderscience.com/info/ingeneral/cfplist.php?jcode=ijleg
http://www.inderscience.com/info/innews/index.php
http://www.inderscience.com/info/insitemap.php
http://www.addthis.com/bookmark.php?v=250&pubid=ra-4f450fbe13c1ab3c
http://www.inderscience.com/info/highlights/
http://www.inderscience.com/info/inauthors.php
http://www.inderscience.com/info/ingeneral/inalert.php
http://www.inderscience.com/info/ingeneral/help.php
mailto:S.C.L.Koh@sheffield.ac.uk?subject=Feedback%20on%20your%20Inderscience%20journal:%20International%20Journal%20of%20Logistics%20Economics%20and%20Globalisation
http://www.inderscience.com/inorders.php
http://www.facebook.com/pages/Inderscience-Publishers/196705204387
http://www.inderscience.com/info/ingeneral/rssfeeds.php

3/22/2015

1 Siau, Johann, University of Hertfordshire, UK
- Wang, Juite (Ray), National Chung Hsing University, Taiwan
- Zografos, Konstantinos G., Athens University of Economics and Business, Greece

Journal news

Could narbs help you tell your social media story?

Ananda Mitra of the Department of Communication, at Wake Forest University, Winston-Salem, North
Carolina and colleague Sanjay Mamani point out that there are increasing amounts of unstructured
data permeating the internet and in big databases. They refer to the narrative bits of unstructured data,

the social media updates and the like as narbs. They have [...]
More details...

| Privacy and Cookies Statement | Terms and Conditions

Contactus | AboutInderscience | OAIlRepository
Enterprises Ltd.

http://www.inderscience.com/jhome.php?jcode=ijleg#edboard

International Journal of Logistics Economics and Globalisation (IJLEG) - Inderscience Publishers

| ©2015 Inderscience

22


http://sciencespot.co.uk/could-narbs-help-you-tell-your-social-media-story.html
http://www.inderscience.com/info/ingeneral/privacy.php
http://www.inderscience.com/info/ingeneral/terms.php
http://www.inderscience.com/info/ingeneral/oai.php
http://www.inderscience.com/info/ingeneral/contact.php
http://www.inderscience.com/info/ingeneral/about.php

3/22/2015

.
NDERSCIENCE
PUBLISHERS

Publishers of distinguished academic, scientific and professional journals

For Authors

Home

For Librarians Orders News

Home > International Journal of Logistics Economics and Globalisation > 2012 Vol. 4 No. 1/2

Logistice Economics
and Globalisation

Browse issues

and Globalisation

2012 Vol. 4 No. 1/2

Special Issue on Research Trends in Global Logistics

Guest Editors: Dr. K. Ganesh, Dr. Matti Muhos and Dr. M.N.

Qureshi

Pages Title and authors

Resource optimisation through artificial neural network for
handling supply chain constraints

C.G. Sreenivasa; S.R. Devadasan; N.M. Sivaram; S. Karthi
DOI: 10.1504/IJLEG.2012.047211

Study on quality attributes of halal food supply chain
Lina Al Halaseh; Balan Sundarakani
DOI: 10.1504/IJLEG.2012.047212

Decision support framework for risk assessment of
sustainable supply chain

Rika Ampuh Hadiguna

DOI: 10.1504/IJLEG.2012.047213

Investigation of customer satisfaction in pump manufacturing
industries through customer feedback approach

C. Ramamoorthy; V. Selladurai; Rajesh Ranganathan

DOI: 10.1504/IJLEG.2012.047214

Minimisation of the total operating cost by using supply chain
optimisation model (COSCOM)

C. Sowmya Danalakshmi; G. Mohan Kumar; M. Gopalan

DOI: 10.1504/IJLEG.2012.047215

Open innovation in the IT strategic business models of
standards and patents

Masami Kajiura

DOI: 10.1504/IJLEG.2012.047216

Supply chain risk and security management: an interpretive
structural modelling approach

Anjali Saxena; Nitin Seth

DOI: 10.1504/IJLEG.2012.047217

Vol. 6 Editorial

Vol. 5

Vol. 4

Vol. 3

Vol. 2

Vol. 1 519
20-34
35-54
55-75
76-98
99-
116
117-
132

ntactus | AboutInderscience

| OAIRepository | Privacy and Cookies Statement |

Enterprises Ltd.

http://www.inderscience.com/info/inarticletoc.php?jcode=ijleg&year=2012&vol=4&issue=1/2

LOGIN

International Journal of Logistics Economics and Globalisation (IJLEG) - Inderscience Publishers

Help Sitemap

For Authors, Editors, Board Members
Username

Remember me

International Journal of Logistics Economics

v v v v v v

Forgotten?

Article search

6o

Sign up for new issue alerts
Subscribe/buy articles/issues
View sample issue
Latestissue contents 3
Forthcoming articles

Journal information in

easy print format (PDF)

Publishing with Inderscience:
ethical guidelines (pdf)

View all calls for papers
Recommend to a librarian
Feedback to Editor

Find related journals
Find articles and other searches

Keep up-to-date

) OurBlog

| =]

Follow us on Twitter

B Visitus on Facebook
E Join us on Google+

" | Our Newsletter (subscribe for

free)

by RSSFeeds

New issue alerts

3 SHARE

Terms and Conditions

| ©2015 Inderscience

17


http://twitter.com/inderscience
http://www.inderscience.com/info/ingeneral/about.php
http://www.addthis.com/bookmark.php?v=250&pubid=ra-4f450fbe13c1ab3c
http://www.inderscience.com/info/inarticle.php?artid=47215
http://www.inderscience.com/info/inarticle.php?artid=47214
http://www.inderscience.com/info/inform/libraryform.php
mailto:S.C.L.Koh@sheffield.ac.uk?subject=Feedback%20on%20your%20Inderscience%20journal:%20International%20Journal%20of%20Logistics%20Economics%20and%20Globalisation
http://www.inderscience.com/info/ingeneral/inalert.php
http://www.inderscience.com/info/ingeneral/inalert.php
http://www.inderscience.com/info/leaflet.php?filename=IJLEG_leaflet.pdf
http://www.inderscience.com/info/ingeneral/terms.php
http://www.inderscience.com/info/inarticle.php?artid=47212
http://www.inderscience.com/info/insitemap.php
http://www.inderscience.com/index.php
http://www.inderscience.com/info/ingeneral/oai.php
http://www.inderscience.com/info/ingeneral/privacy.php
http://www.inderscience.com/dev/search/index.php?action=basic
http://www.inderscience.com/info/insubjall.php
http://www.inderscience.com/info/inform/regnews.php
http://inderscience.blogspot.com/
http://www.inderscience.com/jhome.php?jcode=ijleg
http://www.inderscience.com/callPapers.php
https://plus.google.com/+inderscience
http://www.inderscience.com/info/ingeneral/sample.php?jcode=ijleg
http://www.inderscience.com/info/ingeneral/rssfeeds.php
http://www.inderscience.com/info/ingeneral/forthcoming.php?jcode=ijleg
http://www.inderscience.com/info/innews/index.php
http://www.inderscience.com/jhome.php?jcode=ijleg
http://www.inderscience.com/info/inarticle.php?artid=47217
http://www.inderscience.com/index.php
http://www.inderscience.com/jhome.php?jcode=ijleg
http://www.inderscience.com/browse/getEditorial.php?articleID=3083
http://www.inderscience.com/forgotpwd.php
http://www.inderscience.com/inorders.php
http://www.inderscience.com/info/ingeneral/contact.php
http://www.inderscience.com/info/index.html
http://www.inderscience.com/info/ingeneral/help.php
http://www.inderscience.com/info/highlights/
http://www.inderscience.com/www/authorethics.pdf
http://www.facebook.com/pages/Inderscience-Publishers/196705204387
http://www.inderscience.com/current_issues/ijleg.rss
http://www.inderscience.com/info/inarticle.php?artid=47216
http://www.inderscience.com/info/inarticle.php?artid=47211
http://www.inderscience.com/librarians/index.php
http://www.inderscience.com/info/inarticle.php?artid=47213
http://www.inderscience.com/info/inauthors.php
http://www.inderscience.com/inorders.php



