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ABSTRACT

Supply chain risk management (SCRM) is crucial for a long-term profitable, competitive and
sustainable supply chain. Since defining, classifying and prioritizing risks within the scope of
SCRM is an important issue in terms of both supply chain and business performance, the
study has aimed to offer a road map for the companies which includes identification of the
risks that companies operating in the manufacturing sector may encounter in their supply
chains, calculation of risk points consisting of probability and impact values of identified risks
and prioritization of risks. Using the survey method, data were collected on the probability
and impact of the risks that enterprises may encounter in their supply chains. SPSS and
AMOS programs were used for the validity and reliability calculations of the measurement
model and as a result, risk groups have been listed by calculating probability, impact and
significance scores for each risk element.

Keywords: Supply Chain Risk Management (SCRM), Risk Identification, Prioritization Of
Risks
JEL-Classification: C13,C51, M11

l. Introduction

Supply chain management, besides being one of the key processes of success for any
business in today's competitive global environment, is one of the main components of the
competitive strategy in increasing organizational efficiency and profitability (Gunasekaran,
Patel, & McGaughey, 2004: 333).

Supply chain management, which is the structure created by businesses to support the
production of goods or services (Keskin, 2015), includes all parties that have come together
directly or indirectly to fulfill the demands of the customer (Chopra & Meindl, 2004).
Thanks to this integrated system consisting of suppliers, manufacturers, warehouses,
retailers and customers, products can be produced and distributed throughout the system in
the right quantities, places and time to minimize costs and maximize services (Faizal &
Palaniappan, 2014: 20). Based on the definitions of various authors in the literature, the
definition of Supply Chain Management created by Tang (2006: 453) is as follows: “Supply
chain management aims to produce and offer products or services for consumers and is
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based on suppliers, manufacturers, logistics providers, wholesalers, distributors and
retailers. It is defined as the management of material, information and financial flows
through the network of organizations. It includes the coordination and cooperation of
processes and activities between different functions such as marketing, sales, production,
product design, procurement, logistics, finance and information technology within the
relevant organizational network.”

In this structure, which is also known as the value chain or demand chain, the relationship
of every business included in the chain is a strategic choice (Bowersox, Closs, & Cooper,
2002). This choice requires the integration of core business processes between the end user
and the first supplier to provide products, services and information that add value to
customers and other stakeholders (Lambert, Cooper, & Pagh, 1998). It is an important
management process that will enable businesses to get ahead of the competition by helping
them to offer their customers better products and services, at a lower cost and faster
(Demirci Orel & Akkan, 2018: 84). An efficient supply chain enables to improve business
performance by meeting customer needs in a timely manner (Punniyamoorthy,
Thamaraiselvan, & Manikandan, 2013: 79). Successfully managed supply chains are of
great importance in terms of both logistics performance and business performance (Ozgiiner
& Ozguiner, 2019: 67).

In order to increase cost pressure, increase productivity, meet the demands of emerging
markets and gain competitive advantages, businesses tend to use outsourcing strategies on
a global scale, which causes the expansion of their supply chain networks. Thus, the number
of connection points in the system is also increasing (Faizal & Palaniappan, 2014: 20; O.
Tang & Nurmaya Musa, 2010: 109). The complexity of the supply chain also increases the
risks it has to bear. Therefore, existing supply chains have become more vulnerable to
disruptions because of increasing network complexity, more interaction between different
businesses that make up the supply chain, more dependence on external suppliers, shorter
product life cycles and dynamic environment (Punniyamoorthy et al., 2013: 80). Increasing
complexity in a supply chain prevents the transparency of the system and reduces its control
over the process (Faizal & Palaniappan, 2014: 19). On the other hand, the increasing number
of businesses in the supply chain and the complexity of the chain have made supply chains
more cumbersome. However, the decrease in the ability to adapt to changes in the external
environment is another reason why it turns into a more fragile structure against disruptions
(Tang & Tomlin, 2008: 12). Political and environmental threats, which have been faced
especially recently, bring along problems in both the supply of raw materials and the
transportation of the produced goods and services to the markets (Ozgiiner & Ozgiiner,
2019: 68). These problems can lead to financial losses, a negative corporate image, and loss
of demand as well as reduced performance of the supply chain (Juttner, Peck, &
Christopher, 2003: 197). In order to reduce and control the negative consequences of
disruptions in the supply chain and reduce the vulnerability of the supply chain to risks,
Supply Chain Risk Management continues to gain importance as a discipline and researches
in this area are rapidly increasing (Hudnurkar, Deshpande, Rathod, & Jakhar, 2017: 183).

The aim of this study is to define the risk categories in the supply chain and evaluate the
risk factors in these categories in terms of probability and impact values. The main objective
of this study is to make a sector-specific risk ranking thanks to the findings obtained as a
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result of the research conducted with the enterprises operating in the production sector. In
the following sections of the study, the concept of risk factor in the supply chain will be
explained and various risk classifications in the literature will be included, followed by the
methodology, findings and results sections, respectively.

2. Risk Concept in Supply Chain

In the past years, the risk was less and easier to manage as businesses only produced in their
own factories, procured from local markets and sold directly to the customer (Faizal &
Palaniappan, 2014: 20). With the effect of globalization, the geographical boundaries of
countries have almost disappeared in business life, which has forced businesses to face some
changes. Products and production processes that become more complex in parallel with
increasing customer expectations, increase in competition, uncertainties, crises and losses,
decrease in ethical values and investor confidence are events that emphasize the importance
of risk management for businesses.

Shareholders wish the company value to increase, customers wish product and service
quality, employees wish salary, job security and job satisfaction, suppliers wish to maintain
honest and long-term cooperation, lenders wish on time pay loans, government wishes
rational use of resources, full and timely payment of state taxes, transparent accounts and
expects regulations to be followed. However, while companies are trying to reach their
goals and meet the expectations of their stakeholders, they are faced with internal and
external uncertainties and risks (Ozsoy, 2012: 170). Any material, financial or information
flow within the supply chain brings along the risk problems (Tang & Nurmaya Musa, 2010:
109).

The concept of risk, which is often used in the same sense as the concept of uncertainty, is
the probability of deviation from the situation we expect to occur due to a business
transaction (Ozsoy, 2012: 170). There are many risk factors that make it difficult and in
some cases impossible to provide the product and additional services to the customer
(Demirci Orel & Akkan, 2018: 84). All kinds of risks related to the flow of information and
materials in the process from the first supplier to the end consumer are within the scope of
supply chain risk (Juttner et al., 2003: 197). According to Heckman et al. (2015: 119),
possible losses in the quality of the supply chain, the occurrence of triggering events and
uncertain developments in the target values of the efficiency and effectiveness of the supply
chain create supply chain risks. These are the risks arising from both the supplier and the
general situation of the sector, reducing the ability of the enterprises to meet the demands
and expectations of the market or jeopardizing the continuity of the customer and resulting
in some financial losses (Zsidisin & Wagner, 2008: 401). When the various events that
businesses have experienced in the past years are examined, it is seen that it has become
necessary to manage supply chain risks, which include all kinds of events that will disrupt
the flow of products, information or services in the supply chain (Demirci Orel & Akkan,
2018: 87).

According to researchers, although the goal of completely eliminating supply chain risks is
unrealistic, it is a feasible goal to reduce the likelihood of a harmful event. Therefore, supply
chain risk management consists of purchasing efforts that reduce the likelihood of harmful
supply activities occurring and / or their impact on the firm (Zsidisin & Ellram, 2003: 15).
In this direction, coordination or cooperation between supply chain partners are necessary
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to manage risks on the one hand and ensure profitability and continuity on the other. (Tang,
2006: 453). Before businesses can design effective tools to reduce supply chain risks,
managers must understand the universe of risk categories and the events and conditions that
drive them. Then, businesses equipped with clear and specific information about these
important risks can continue to select and adapt the most effective mitigation strategies
(Chopra & Sodhi, 2004: 54).

Nowadays, it is more difficult to manage risks in the supply chain because the risks that
appear to be alone are often interdependent, and actions that reduce one risk can make the
other worse (Chopra & Sodhi, 2004: 54). Therefore, any risk management strategy requires
an integrated risk management approach due to this risk interaction in the supply chain
(Punniyamoorthy et al., 2013: 80). In this context, as in the transition from known risk
management to corporate risk management, in supply chain risk management, risks should
be evaluated with an integrated perspective rather than an independent and separate
approach.

Defining, evaluating and managing the risks that businesses will face in achieving the goal
of sustainable growth is a very important issue. For this reason, businesses see their risks as
a strategic factor and foresee to gain competitive advantage by managing them
systematically (Walker, Shenkir, & Barton, 2002).

In the logistics literature, it is seen that the studies on supply chain risks have increased in
recent years. Among these, the effects of risks on performance are examined (Ozgiiner &
Ozgiiner, 2019; Yolag, Tuzcuoglu, & Sahin, 2019), supply chain related risks are defined
and a risk management system is established (Blos, Quaddus, Wee, & Watanabe, 2009),
supplier and supplier risk assessment methodology was developed to measure, monitor and
analyze component-specific risks (Blackhurst, Scheibe, & Johnson, 2008), and the risk
assessment and prioritization tool was developed and tested for sectors with common risk
profiles (Punniyamoorthy et al., 2013; Wang, Jie. , & Abareshi, 2014).

Looking at the theoretical studies, studies assessing increasing importance of supply chain
risks with the effect of both legal regulations and changes in environmental conditions
(Ceritoglu, 2018), analyzing the origins of supply chain risks, the relationship between
supply chain risk and supply chain performance (Demirci Orel & Akkan, 2018), listing the
supply chain risks and the strategies that can be applied reducing these risks (Chopra &
Sodhi, 2004), identifying supply chain risk sources and listing them with content analysis
(Hudnurkar et al., 2017), the development stages of the supply chain risk management field,
how the risk is defined, the research methods used, the risks encountered in the sector
(Singhal, Agarwal, & Mittal, 2011) are some of the publications.

2.1.  Grouping Risks in Supply Chain Management

According to the Global Risk Report published by the World Economic Forum for the 14th
time in 2019, the risks that are most likely to occur in the world are classified according to
their importance, impact level and category. These risks are listed in Table 1 below.
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Table 1. Top 10 risk types according to probability and impact value in the world

Top 10 risks by level of probability Top 10 risks by impact level

1. Extreme climatic events (E) 1. Destruction by weapons of mass destruction
(<)

2. Climate change mitigation and climate 2. Climate change mitigation and climate

change failure to comply (E) change failure to live in compliance (E)

3. Natural disasters (E) 3. Extreme climatic events (E)

4. Data fraud / theft (T) 4. Water crises (S)

5. Cyber attacks (T) 5. Natural disasters (E)

6. Human-made environmental disasters (E) 6. The reduction of biodiversity, the collapse of the
ecosystem (E)

7. Large scale unwanted migration (S) 7. Cyber attacks (T)

8. The reduction of biodiversity, the collapse of |8.Deterioration of critical information infrastructure
the ecosystem (E) (T)

9. Water crises (S) 9. Human-made environmental disasters (E)

10. Asset bubbles in the general economy (Ec) |10. Spread of infectious diseases (E)
E: Environmental risk, T: Technologic risk, Ec: Economical risk, S: Social risk, G: Geopolitics risk

Reference: The Global Risks Report 2019: 14th Edition (World Economic Forum, 2019)

Another research conducted by the World Economic Forum is on the supply chain and
transportation risks. Various malfunctions occur in the supply chain and transportation
networks in daily periods. However, certain environmental factors, when combined with
vulnerabilities in existing networks, have the potential to cause widespread systemic
disruptions. Table 2 lists the environmental risk factors that may cause significant and
systemic effects on the supply chain or transportation networks (World Economic Forum,
2012).

Table 2.Environmental risk factors that trigger disruptions in the global supply chain

Risk type Environmental Risk Factors Rate
Environmental risk  [Natural disasters %59
group Bad weather %30
Outbreaks %11
Geopolitics risk group |Geopolitical conflict and political unrest %46
Export / import restrictions %33
Terror 2632
Corruption %17
Illegal trade and organized crime %15
Sea piracy %9
Nuclear / biological / chemical weapons %6
Economical risk group/Economic sudden demand shocks %44
[Excessive volatility in commodity prices %30
Border delays %26
Currency fluctuations %26
Global energy shortage %19
Ownership / investment restrictions %17
Labor shortage %17
Technological risk Technological information and communication %30
group interruptions
Transport infrastructure failures %6

Reference: New Models for Addressing Supply Chain and Transport Risk
(World Economic Forum, 2012)
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Defining various risk sources related to factors inside and outside the business in a supply
chain is important for understanding and managing risk (Punniyamoorthy et al., 2013: 95).
Identifying risks is an important first step in the supply chain risk management process.
Once risks are identified, it is important to categorize risks into different categories to enable
risk managers to understand the universe of risk categories and the events and conditions
that drive the risks. This understanding will then facilitate the selection and design of
different risk reduction strategies that are likely to be the most effective (Chopra & Sodhi,
2004: 54). Risks encountered in the supply chain are listed under different groupings in the
literature. This classification is included in the name of risk types or risk sources. It is
important to have a universally accepted classification of supply chain risks in order to
establish a common vocabulary for risk identification and assessment among organizations
in a supply chain and to standardize risk reduction strategies for known supply chain risks
(Hudnurkar et al., 2017: 185).

There are extensive studies in the supply chain management literature that define and
classify risk sources. Various supply chain risk classifications in the literature are shown in
Table 3 to provide a perspective.

Table 3.Supply chain risk classifications

SUPPLY CHAIN RISK MANAGEMENT: A SURVEY STUDY ON CLASSIFICATION

Risk types classification Author

market risk, logistics and transportation risk, technology risk, environmental| 2017)
risk, geopolitical risk,legal and bureaucratic risk, sector specific risk, risk related
to supply chain structure

Financial risk, organizational risk, supply risk, production risk, customer and| (Er Kara & Oktay Firat,

Product features, supply chain management processes, supply chain (Hudnurkar vd., 2017)
infrastructure, external environment and human resources

Operational, infrastructure, legal, cultural and social, economic, supplier, (Rogers, Srivastava,
storage risks arising from distribution, labor, natural disasters Pawar, & Shah, 2016)

Supplier-originated risks, manufacturer-originated risks, demand-driven risks, (Punniyamoorthy
logistics-based risks, information-based risks and environmental risks, 2013)

Internal and external risks but within the supply chain and outside the supply
chain risks

Material flow risks (source - single supplier risk, supplier flexibility risk, (Musa, 2012)
supplier selection, supply quality, supply capacity,

Production - product and process design risk, production capacity risk,
production stop Distribution - demand fluctuation / seasonality and balance of
unmet demand and excess stock

Information flow risks (information accuracy, information system security,
intellectual property and information outsourcing risk

Financial flow risks (currency risk, price and cost risk, supply chain

financial strength of its partners and financial transactions)

logistics risks, catastrophic risks
Internal, external and on-network, off-network risks

Supply-borne risks, demand-driven risks, process risks, environmental risks, (Sharma & Bhat, 2012)

Risks arising from suppliers, risks related to the manufacturer, and customer (Buyukozkan, 2008)
Risks caused by environmental factors

Supply risks, operational risks and demand risks (Manuj & Mentzer, 2008)
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and political / social risks

Supply risk, process risk, demand risk, intellectual property risk, behavioral risk| (C. Tang & Tomlin, 2008)

risk, purchasing risk, receivable risk, inventory risk and capacity risk.
Supplier sourced, business sourced or customer sourced risks

Delay risk, information systems related risks, forecast risk, intellectual property| (Chopra & Sodhi, 2004)

the supply chain risks

Inside the business, outside the business and within the supply chain, outside| (Christopher & Peck, 2004)

The risks faced by every business are different from each other. The risks may vary
according to many factors such as the field of activity of the business, the country, sector,
customer profiles, supply chain, employees, business model, intensity of technology use,
type of technology used, competition structure (Ozsoy, 2012: 176). In addition to all these
classifications, the occurrence of such a risk may be frequent or infrequent, causing short-
or long-term and minor to very large scale problems for affected organizations. A simple
delay along the chain may create a temporary risk, whereas the only supplier that forces the
producer to a price increase represents a long-term risk. While a machine failure may have
a relatively small effect on a manufacturing company with redundant capacity, a war on
transport routes has a major impact on a shipping company (Chopra & Sodhi, 2004: 54).
The types of risks used in this study and included in the classification of Punniyamoorthy
et al. (2013: 85) are briefly described below.

2.1.1. Supplier related risks

Businesses are exposed to numerous risks in their supply chains. Risks on the supply side
are found in supply products, purchasing and supplier relationships (Sharma & Bhat, 2012:
354). The risk arising from the supplier may occur between the producer business and the
supplier businesses or in the general supplier market.

The risk associated with the inability of the company to deliver the materials they need to
effectively meet the production requirements / demand forecasts due to incoming
uncertainties and is also referred to as input risk. (Ceritoglu, 2018: 206; Faizal &
Palaniappan, 2014: 20). Examples of supplier-related risks include quality problems,
complexity of critical material, incomplete supply, inelastic supplier, failure of the supplier
to fulfill its responsibilities, financial problems of the supplier, holding a single supplier,
frequent changes in the supplier, capacity constraints in the supply market, delays in supply,
intellectual property risks, key supplier not reducing prices, sudden increase in purchase
prices, emergence of unethical practices of suppliers (Punniyamoorthy et al., 2013: 82;
Sharma & Bhat, 2012: 356).

2.1.2. Manufacturer risks

Incorrect planning in the production and logistics process of the manufacturing company,
unexpected problems in human resources and production tools and the changes in
production time and quality as a result of these are the risks that cause production to be
interrupted or stopped (Ceritoglu, 2018: 210). Machine failure during production, strikes,
occupational accidents are examples of risks related to the producer's business processes
(Sharma & Bhat, 2012: 356). To increase internal quality and capacity, businesses have
been investing in programs such as Total Quality Management, Lean Manufacturing and
Six Sigma for more than 10 years. However, internal activities are still susceptible to
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problems that could cause fluctuations in effective capacity and quality. (Tang & Tomlin,
2008: 13)

2.1.3. Demand-driven risks

Unforeseen changes in the demand amount, fluctuations in production quantities and
delivery times, unexpected order cancellations put manufacturers and suppliers in a difficult
situation (BUyUkdzkan, 2008). Therefore, demand risk includes uncertainties in both
volume and product mix (Tang & Tomlin, 2008: 13). Variable demand, prediction error,
insufficient or complex information from customers, key customer loss and credit risk are
listed as demand-driven risks (Sharma & Bhat, 2012: 356) Demand-driven risks are risks
arising from the uncertainty of random consumer behavior (Nagurney, Cruz, Dong, &
Zhang, 2005: 120). In this context, an important problem affecting forecast quality and thus
causing an increase in demand fluctuations in the upstream flow of the supply chain is called
the bullwhip effect. The causes of the bullwhip effect are distorted information, sales
incentives, mass ordering, overreactions, unnecessary interventions, second guessing and
insecurity (Lee, Padmanabhan, & Wang, 1997: 546).

2.1.4. Logistics-related risks

Logistics disruptions affect the delivery to the end customer. Logistics and shipping risks
include risks associated with the storage, packaging and delivery of goods. The reasons for
the low logistics performance include the lack of professionalism in the logistics sector,
uncertain traffic conditions, problems at ports and customs gates due to traffic congestion
and poor infrastructure, blocked routes, stopping aircraft flights, and wrong practices at
highway toll booths (Er Kara & Oktay Firat, 2017: 48 ; Sharma & Bhat, 2012: 355).

2.1.5. Information based risks

Information based risks include information systems, communication systems, and
technology-related developments. Lack of information for information systems,
information delay, information infrastructure disruption, information sharing problems,
information system security, privacy risk, cyber attacks, system implementation and system
malfunctions are the main risk issues. Risks related to communication systems arise from
communication problems, unstable and inefficient communication networks and
infrastructure, and differences in communication standards. Risks arising from
technological developments refer to changes in technology, breakthrough scientific
discoveries, rapid technological developments, technology incompatibilities and
technological innovations in the sector (Er Kara & Oktay Firat, 2017: 48; Punniyamoorthy
et al., 2013: 83).

2.1.6. Environmental risks

This type of risk includes uncontrollable events caused by external factors. It consists of
uncertainties arising from the supply chain and environmental interactions. Natural
disasters, war or terrorist activities, changes in rules and regulations are examples of
environmental risks (Faizal & Palaniappan, 2014: 21). Authorities such as administrative,
legal, and regulatory agencies are an important factor of uncertainty in the establishment
and operation of the supply chain. Administrative barriers such as customs and trade
regulation can constrain the operational performance of supply chains. Legal changes often
involve sudden and difficult to predict situations. With new environmental regulations,
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investment in reverse logistics systems, changing conditions of logistics increase the
complexity of the supply chain (Sharma & Bhat, 2012: 355). The most recent example of
environmental risks can be given as epidemics. Coronavirus (COVID-19) threat, which is
effective worldwide, constituted the most important environmental risk factor in 2020.
Within the scope of the measures taken to prevent the spread of the virus, the closing of
borders, disruption of transportation, production stops and other quarantine measures have
caused supply chains to come to a standstill.

3. RESEARCH METHODOLOGY
3.1. Purpose of The Research

The purpose of risk assessment is to show which areas and activities in the value chain are
more sensitive to hazards. Risk management, on the other hand, is a broad planning and
decision-making activity designed to deal with risks. Understanding the types of risks, their
occurrence possibilities and effects is a starting point for businesses to develop effective
risk management strategies (Faizal & Palaniappan, 2014: 22). In this direction, the main
purpose of this study is to evaluate the types of risks that businesses may face in the supply
chain, the probability of occurrence of these risks and their effects, calculating the
importance score of each risk type and revealing the priority risks. For this purpose, the
answers of the following questions are investigated.

1. What are the risk groups encountered in supply chain management and the risks included
in these groups? (Description and classification)

2. When the risk groups in the supply chain are examined, what is the share of these groups
on the total risk? (Evaluation)

3. When these risks are evaluated with a risk score calculated on the basis of probability and
impact values, what are the primary risks? (Prioritization)

4. Is there any difference in terms of sector, operating year and size of risk groups according
to their importance? (Analysis of differences)

3.2. Research Method

Many different classifications have been made in the literature regarding the risks
encountered in the supply chain. This study was based on the risk classification proposed
by Punniyamoorthy et al. (2013: 85). According to this classification, the basic risk types
that can be encountered in a supply chain are; supplier-sourced risks, producer-sourced
risks, demand-driven risks, logistics-sourced risks, information-based risks and
environmental risks. In the questionnaire form used, supplier-sourced risk factors consist of
12 statements, producer-sourced risk factors consisted of 11 statements, demand-driven risk
factors were composed of 6 statements, logistics-sourced risk factors were composed of 7
statements, information-based risk factors were composed of 4 statements, and
environmental risks were composed of 6 statements. For the probability of occurrence in
this developed risk scale, a 5-point Likert scale was used. While the scale expressions were
evaluated by the survey participants in terms of probability, the expression frequency of the
occurrence of the relevant risk is very small if it is a year, small if it is quarterly, medium if
it is once a month, high if it is once a week and very high if it is every day. Here, very small
probability of occurrence is represented by 1 and very high probability of occurrence is
represented by 5. While evaluating in terms of the impact on the business, the expressions
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used are very light if the effect is very low, light if limited, moderate if there is a moderate
effect, serious if there is a serious / permanent effect, and very serious if there is an effect
that causes the business to close / bankruptcy. Here, very light expression is represented by
1 and very serious expression is represented by 5. The questionnaire form used is included
in the appendices of the study. First, reliability and validity analyzes were made for the scale
used. Then, by calculating the probability, impact and importance scores for each risk
element, the risks and risk groups were listed.300 enterprises operating in various fields in
the production sector within the borders of Istanbul constitute the sample of this study. The
main sectors of the enterprises surveyed are listed as food, textile, metal, automotive,
electronics, medicine and construction. The survey study started in October 2020 and
continued until December.

3.3. Research Findings

In the first part of the questionnaire questions used for the research, descriptive information
was requested on three subjects: the sector of the enterprise, its size and the activity period.
In line with the data obtained; It is seen that the sectors of the participating enterprises are
mainly composed of food (34%), textile (13%), metal (13%), automotive (12%) and other
(27%) sectors. 45% of these enterprises are in the small business category, 20% are in the
medium, again 20% are in the large and 15% are in the very large business category. Finally,
43% of the enterprises are 25 years and above, 8% 20-24 years, 7% 15-19 years, 10% 10-
14 years, 17% 5-9 years and 15% has been operating in the range of 1-4 years.

Table 4. Results of validity and reliability analysis of supply chain risks measurement

model
Risk Groups Number | Cronbach’s| CMIN/DF| GFI CFI RMSEA
of items | alpha

Supplier-sourced risk | 12 0922 1,355 0,910 | 0976 | 0,061

factors
% | Producer-sourced 11 0,932 1,529 0,900 | 0,966 | 0,074
i risk factors
= | Demand-driven risk | 6 0,827 1,097 0972 | 099 | 0,032
E factors
U | Logistics-sourced risk | 7 0911 1,572 0,955 | 0,987 | 0,077
;: factors
g- Information-based 4 0,918 2,838 0,974 | 0987 | 0,038
® | risks

Environmental risks 6 0,865 1,241 0,976 | 0,994 | 0,050

CMIN/DE:1,592 GFI:0,958 CF1:0,988 RMSEA:0,079
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» Ranking all risk items and risk groups in terms of probability values,
» Ranking all risk items and risk groups in terms of impact values,

» Ranking of all risk items and risk groups in terms of importance scores (importance score
= probability x impact) have been performed.

The measurement model used has been tested for reliability and validity. Cronbach's alpha
coefficient was used for the reliability value. It has been observed that all risk groups have
sufficient reliability values. (o> 0.70) Confirmatory factor analysis was also performed for
scale validity. The goodness of fit values found as a result of the confirmatory factor analysis
have good or acceptable fit values. The values found and the total risk model factor loadings
are shown in the table.

The graphical view in which the risk groups are listed by using probability values and all
items are included according to their probability values is given in Table 5 below. In the
first place, it is seen that demand-driven risk factors have the highest probability value,
while information-based factors are in the last place. When all items are examined, it has
been found that the top five are the items belonging to demand and environmental factors,
respectively, unexpected / temporary customers (D1), credit risk (D4), uncertainty in
government regulations and laws (E3), macroeconomic uncertainty (E2) and change in
customer preferences (D5).

Table 5. Risk groups and risk items ranking by probability value

Demand

Environmental

Logistics

Producer

Supplier

Information

2,1354

1,9467

1,7639

1,7357

1,7259

1,5747
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1,5000

1,0000

A,
0,..1000

0,0000
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D4
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E2
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53
D2
L7
E4
P3
P11
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D3
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P2

54

Probability

1]
LS
P10
E1
P5
S10

55
D&
s1

L2
P&
S6
512

59

s7
Pa
7
L3
P1
52
511
K]
P4
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When the risk groups for the impact values were examined, it was found that the
environmental risk factors were the first risk group. Lastly, there are risk factors originating
from the supplier. When we look at risk items, factors such as cessation of production (P1),
war, terrorism, natural disasters, strikes, insurrection (E6), reputational risk (D6), lack of
qualification (E5) and receivable risk (D4) appear. Table 6 shows the ranking of risk groups

and risk items.

Table 6. Ranking of risk groups and risk items according to the impact value

Environmental Demand Information Producer Logistics Supplier
3,0601 2,9124 2,8247 2,7488 2,6406 2,6271
Impact Value

5,0000

4,0000

3,0000

2,0000

1,0000

0,0000

P1

E6

D&

ES
D4
E3

3
E2
D3
D2
s7
E1
P4

s10

12
S8
L7
P8
51
P5

1
14
E4
L5
P2
L1

P11
P3

S11
s4
S9
P7

P10
S5
D5
L3

P9
L2
s12
D1

The importance score is calculated by multiplying the probability and impact value of each item. This
value is also called risk score (Yazici, 2018: 24). The chart in which the risk groups are ranked according
to priority order and importance scores is given in the table 7 below. According to this; uncertainty in
government regulations and laws (E3), risk of receivables (D4), macroeconomic uncertainty (E2),
unexpected / temporary customers (D1), and significant estimation errors in demand (D2) are the top
five and environmental and demand-driven risk factors. The ranking of risk groups is also similar to the
order in probability values with a small difference.
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Table 7. Ranking of risk groups and risk items according to importance score

Dermand Ervironmental Producer Logistics Supplier Information
6,4983 6,3814 4,941 4,8848 4,8411 4,597%
Importance

8,0000

7.0000

65,0000

5,0000

4,0000

3,0000

2,0000

4:0000

0,0000

2Bl 83580 HBRBIAGIRZER "R B 8RB EIED

It has been investigated whether risk groups differ in terms of sector, operating year and size according
to their probability, impact and importance. As a result of the Anova analysis, no significant difference
was found. (p> 0.05)

4. Conclusion

With the increasing dependency on external resources from the past to the present, businesses focus
better on their core capabilities and thus achieve their competitive advantage, efficiency and productivity
targets, and on the other hand, their dependence on non-business supply chain members increases and
they encounter negative situations such as uncertainty and disruptions arising from this situation. From
a management perspective, the responsibility of supply chain managers in managing supply chain risks
is increasing day by day. For this reason, it is necessary to identify and evaluate important risks, to
manage them with the right methods, to review them regularly and to carry out these studies with a
holistic perspective in which all employees are included at certain points throughout the enterprise. This
is also the main purpose of supply chain risk management. By grouping and prioritizing supply chain
risks, it is possible for senior management to focus on priority risks and manage them by planning
accordingly.

In recent years, many studies focusing on supply chain risks have been published. These studies define
and classify supply chain risks (Heckmann et al., 2015; Hudnurkar et al., 2017; Musa, 2012;
Punniyamoorthy et al., 2013; Singhal et al., 2011). It is of great importance to prioritize these risks as
there are both time and cost constraints so that managers can focus on all risks at the same time. For this
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reason, in this study, the risks in the supply chain were first identified and grouped with a comprehensive
literature review. Then, using the data obtained from the survey study conducted with the participation
of 300 companies operating in the manufacturing sector, the importance scores were calculated using
the probability and impact values of the supply chain risks, and both the risk groups and the items that
make up each risk group were listed. A total of 46 risk items are classified under 6 basic risk groups.
The measurement model used was found to have high validity and reliability values. There was no need
for any item to be removed from the relevant risk group due to low factor load or similar reasons.
Studies usually focus on high probability and low impact risks, while ignoring low probability and high
impact risks. This is because there is not enough data available to make the necessary estimates for
infrequent risk situations. (Er Kara & Oktay Firat, 2017: 49). However, when considered in terms of
importance value, both cases will have similar importance values. For this reason, it is recommended
that businesses develop management techniques by prioritizing risks based on importance scores and
calculation of importance points using realistic probability and impact values using a number of
estimation methods, rather than just looking at probability or impact value unilaterally.

This study is thought to contribute to the supply chain management and risk management literature by
defining and grouping supply chain risks and ranking in terms of risk factors in line with their
probability, impact and importance scores. When the results obtained were evaluated, it was concluded
that the risks in demand-driven and environmental-related risk groups were at the top. Receivable risk,
especially in the demand-driven risk group, is among the top five risk factors in terms of probability,
impact and importance scores. In addition, unexpected / temporary customers from demand-driven risks
and macroeconomic uncertainty from the environmental risk group and uncertainty risks in government
regulations and laws are among the top five risk factors for both probability and importance scores.
When the impact values are analyzed, demand and environmental risks are also in the first place, while
the risk of stopping production, one of the production-related risk factors, is the first.

In the relevant study, some findings were reached in line with the data obtained from the enterprises in
the production sector. In future studies, it is thought that it will be beneficial to carry out new studies on
the determination of supply chain risks for different sectors and their effects on business performance.
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APPENDICE: QUESTIONNAIRE APPLIED

Information About The Business:

What are the main industrial / commercial activities of your business? Which sector does it operate in?

How many years has your business been operating?

1-4 years [ 5-9 years [1 10-14 years [115-19 years [ 20-24 years [ 25 years and more

O

Number of people working (As employee):

Small(1-50) 0  Medium (51-250) [ Large (251-2000) 1 Very Large

Evaluate the following supply chain risk factors in terms of their likelihood of occurrence and their
impact on your business. Use the following scale when evaluating.

When  assessing the probability  of When evaluating the impact on your

occurrence: business:
1: Very small => Once a 1: Very Light => Very low impact
year 2: Light => With limited impact

2: Small => Quarterly
3: Medium =>0Once a month
4: High => Once a week

3: Moderate => Medium impact
4: Serious => Serious impact
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5: Very High => Everyday

5: Very Serious => Which caused the
business to close / bankruptcy

Supplier Sourced Risk Factors

Possibility of
occur

Impact

Business

on

1| 2] 34|5|1

2

3

1. Poor quality of the supplied material

2. Uncertain supplier acceptance / audit procedure

3. Supplier sends missing material

4. Supplier not being flexible / adapting to changing
conditions

5. Lack of supplier technical knowledge (production method,
requested specific testing, equipment, packaging etc.)

6. Supplier's inability to provide technical drawing, material
technical document etc.

7. The supplier failure to fulfill its obligations.

8. Single supplier dependance for critical and long lead-time
materials

9. Frequent change of suppliers of critical materials

10. Frequent delay in material supply

11. Intellectual property risk (supplier distrust)

12. Complexity of critical material

Producer Sourced Risk Factors

Possibility of
occur

Impact

Business

on

1| 20 34|51

2

3

Cessation of production

High level of variability in the production process

Variable product production time

Insufficient production capacity

Capacity is not flexible

Lack of flexible layout

Unclear inspection and acceptance procedures

Frequent product recalls

©® N O ~wWINIE

Design in a way that causes the loss of basic skills

10. Uniform storage of strategic warehouses / inventory
handling / maintenance

11. Problems with organizational issues

Demand Driven Risk Factors

Possibility of
occur

Impact

Business

on

1| 20 34|51

2

3

Unexpected / temporary customers

Significant prediction errors in demand

Large delays in customer delivery

Risk of receivables

Change in customer preferences

oMW INIE

Reputational risk
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Logistics Based Risk Factors Possibility of | Impact on
occur Business
1] 2 314 [5|1] 2 34]|5
1. The operational / financial power of the logistics business
to be insufficient
2. Storage issues
3. The distribution network is poorly designed
4. Wrong selection of transport mode
5. Improper packing and marking
6. Improper stacking / accident damage
7. Delay in shipping process
Information Based Risk Factors Possibility of | Impact on
occur Business
1| 2 314 |5|1| 2 34]|5
1. Delays in the information and communication
infrastructure inside or outside the enterprise
2. Crashes in internal / external information infrastructure
3. Inadequate security in information systems
4. Wrong selection of communication / information sharing
medium
Environmental Risk Factors Possibility of | Impact on
occur Business
1] 2 314 [5|1] 2 34]|5
1. Uncertain policies
2. Macroeconomic uncertainty
3. Uncertainty in government regulations and laws
4. Social uncertainty
5. Lack of qualification power
6. Uncontrolable issues such as war, terrorism, natural
disasters, strikes

Reference: Punniyamoorthy, M., Thamaraiselvan, N., & Manikandan, L. (2013). Assessment of Supply
Chain Risk : Scale Development and Validation. Benchmarking: An International Journal, 20(1), 79-105.
https://doi.org/10.1108/14635771311299506




