56 QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITA 18/2—2014

AN EMPIRICAL ANALYSIS OF THE INFLUENCE OF
RISK FACTORS ON THE FREQUENCY AND IMPACT OF
SEVERE EVENTS ON THE SUPPLY CHAIN IN THE
CZECH REPUBLIC

DOI: 10.12776/QIP.V1812.416

JOSE MARIA CARIDAD Y OCERIN, JANA HANCLOVA,
JOSEFCERNY

Received 7 November 2014, Revised 20 November,28&depted 28 November 2014

1 INTRODUCTION

Dynamic changes in the world bring not only threbigd also opportunities.
Companies are exposed to many risks because ohebéd for adequate and
appropriate reactions to the changing environn@minesses need to be flexible
and/or agile in order to remain competitive. Relgerthe focus in a management
science has been changed from the behaviour ofichdil companies to the
management of whole chains or networks of companissally called the
supply chains or supply networks. The performarfcanandividual company in
the chain depends on the performances and activfi@ther companies in the
chain. This becomes the starting point for the diation of efforts of
practitioners and academicians in order to modaplsuchains.

The main challenge of risk management is the meéthbddentification and
reduction of risks for a successful realisationth&f business objectives. Thereby
chances and risks need to be systematically idedti#nd rated regarding their
incidence rate and then potential influence ondhen business objectiveEhe
intention is to prevent or reduce negative impaaits to increase chances.

In this article, there is analysed and evaluabedv risk factors influence
various severe events in supply chains’ flows of rerials, finance and
information. The focus primarily falls on manufacturing andstdbution
enterprises. The research activities are basederspecific conditions of the
Czech Republic during the turbulent time periodtlod year 2010, when the
world economy’s crisis took its disturbing effects.

The structure of this papes as follows. First, the role and challenges w8y
Chain Risk Management (SCRM) in a turbulent enviment are presented.
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Further, the main goal of this paper and its stmgcts introduced. Section 2
includes a review of supporting literature for deéfg Supply Chain Risk

Management. Section 3 addresses itself to methddtheo survey and the

procedures used in the analysis of the survey tees8kction 4 contains the
guestionnaire structure, the procedures for dataatimn, and the identification

of respondents. Section 5 up section 7 containetin@irical part. Section 5

evaluates severe events according to their frequehoccurrence and the level
of their impact on a company. In the following seat partial and grouped risk

factors in SC of focusing companies are identifiadalysed and evaluated.
Section 7 quantifies the dependency of criticalnéveon risk factors and the
sequential classification allows the clusters to diesen according to the
importance of the relationships. Finally, the cosadns section discusses and
summarizes the results.

2 LITERATURE REVIEW AND HYPOTHESIS

Supply chain risk management (SCRM) is aimed atldging an approach to
the identification, assessment, analysis and trestrof areas of vulnerability
and risk in supply chains. There are number ofcggees which manifest
themselves in increasing the risks, such as theeased use of outsourcing,
globalisation, reduction of the supplier base, éiased demand for on-time
deliveries or shorter product life cycles (Norrnaard Jansson, 2004).

2.11ssues in supply chain risk management

The Supply Chain Management (SCM) means a proacelaionship and
integration among various tiers in the chain (Trkmat al., 2007). We will
follow the definition of SCM by the Council of Sugp Management
Professionals: “Supply chain management is an tiate function with primary
responsibility for linking major business functioaisd business processes within
and across companies into a cohesive and highsparfg business model. It
includes all of the logistics management activitiested above, as well as
manufacturing operations, and it drives coordimatd processes and activities
with and across marketing, sales, product desigrgn€e, and information
technology” (Council, 2013, p. 187).

In the literature review, a supply chain is shovgnaasystem from multi-stage
companies with interrelationships among them. D#fieé events influence the
system from the outside and also they occur indlige system (Dorcak and
Delina, 2011). There are also events among thenthwlan have a risky
character and strong impact on the performanceobbnly one focus company
but the performance of all companies integratedupply chain or network. It
means that supply chains need to handle risksdoceethe impact of shocks
such as costs increasing, revenues decreasinglesmal negative synergies
given by supply chain integration. For companiescWhare part of complex
supply chains structurggsk management is getting increasingly importartis

ISSN 1335-1745 (print) ISSN 1338-984X (online)



58 QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITA 18/2—2014

development is the result of actual trends that lsarnobserved, especially in
manufacturing enterprises (Basl and Doucek, 2013).

Supply Chain Risk Managementcan be defined by Tang (2006) as the
management of supply chain risks through co-otainaor collaboration among
the supply chain partners so as to ensure prdftialind continuity. SCM also
means a proactive relationship and integration amibre various tiers in the
chain and, in practice, it means increased depeydbetween companies and
also increased exposure to risks facing other caepa

The process of risk management can be divided foltowing parts — supply
chain (SC) risk identification, risk analysis, atekign of appropriate response to
risks. In these phases, the various tools for Eslutan be used (Waters, 2007).
For the supply chairisk identificationmapping, SC audit, five whys, cause-and-
effect diagrams, Pareto analyses, and checklistbeaised. For thesk analysis
various methods can be used, such as FMEA, sceamailysis, simulation, and
network modelling. In the last phaseduction of risksand their implications,
transfer, share or deflect of risks, and creatifhigcantingency plans can be
utilized. Macurova, et al. (2011) focus their attem on treatment with risks in
logistics on the basis of questionnaire survey @utes in selected companies in
the Czech RepublicFindings provide evidence that it is necessary lie t
systematic risk management in SC.

Matook, et al. (2009) develop a five stage framdwdor supplier risk
management — entailing supplier risk identificatiaasessment of supplier risks,
reporting and decision of supplier risks, supplisk management responses, and
supplier risk performance outcomes. The operatidnthe framework is
illustrated in a single case study of a UK firm.ctea analysis is used as an
analytical tool. Blome and Schoenherr (2011) antdn2eand Drab (2010) use a
multiple case study approach to investigate subdesapproaches and
experiences by companies in dealing with supplyrchiaks. Authors develop a
set of propositions about how companies managel\suisgs in financial crises
and illustrate how risk management approaches bhifeed and how they are
related to Enterprise Risk Management.

2.2 Risk definition and classification

The term risk has different meanings in a lot afcgplines. In everyday life the
term risk is reduced to the possibility or the @ased feasibility of the
admittance of a negative rated incideéisiness risk by Veber (2000) presents a
danger of business failure, which is connected with hope of achieving
remarkably good economic performan&usiness risk has two sidgspsitive
(chances), which is connected with hope of succeeisis,applying on the market
and achieving a high profit; armkegative(dangers), showed by the danger of
achieving poorer economic performance than expectethe occurrence of loss
or even bankruptcy. According to Tang and Musa 20tisk sometimes is
interpreted as unreliable and uncertain resourcesating supply chain
interruption, whereas uncertainty can be explainedmatching risk between
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supply and demand in supply chain processes. Taey out a literature review
survey in order to identify and classify potentisk associated with different
material, cash and informational flows. They memtiosignificant research gaps,
especially in the lack of quantitative models arfdirdormation flows risks
attention.

There are several differewtassifications of riskand they focus only on the
prediction of disruptive events too often insteafl the root causes of
uncertainties. Trkman and McCormack (2009) empleatsiat the important and
often neglected risk factors are market, technglognpd environmental
turbulence in a supplier’s particular market segmiefluencing the relationship
between supplier's attributes, performance in a &6d the potential for
disruptions. The theoretical background of theirdelois contingency theory.
Risks may be divided into operational and disruptitsks (Tang, 2006). A
complementary division distinguishes between sfiafdactical and operational
risks (Ritchie and Brindley, 2007).

Hunter, et al. (2004) classified risks based orir thebability and importance.
Even subsets of risk were further classified ingixs from the environment of
customers/demand, suppliers and technology (LiLamd2006). Earlier research
often neglects an important division of risks adamg to the origin/sources into
endogenous and exogenous risks. In this case,impsrtant to monitor if we
deal with the risk sources at a single companylleveat a more extensive SC
network level. In the second point of view, th&kridassification can be extended
into risks arising from co-ordinating supply andndmd (external risks), and
risks arising from internal disruptions.

In this paper, our focus will start frothe risk classificatiorshown in Figure 1,
where risk factors are structured into space-franmd (internal risks inside a
company, risks of the relationship between orgaioiss, and external
environment risks) and logistic flows-framed rigksks of physical, financial,
and information flows).
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Figure 1 — Viewpoints at risks classification aggliin this paper
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2.3 Formulation of specific objectives

This paper will followthe analysis and valuation of frequencies and inhdc
severe events in selected compawieSC in context with assessing the relations
to risk factors. The proposed methodology usesrdéiselts of a questionnaire
survey in manufacturing and distribution enterise the Czech Republic in
2010. From the literature review above, the maioblmms of SCRM can be
summarized as follows:

* SC is an inherentlyrisky function and it has a strong influence on
company performance. Because of the mutoass connectionsof
processes in SCM, the holistic approach to SC isessary for risk
management, coordination and cooperation amongigsioms inside a
company but also among companies involved in SC.

* SCRM has recently been developed at tlothinternal and external level
but the turbulent environment and globalizationcess increase the risks
frequency and their impact in and on SC.

* Risks of thelinkages among members of &€ also highly significant.
Agreed andstandardized procedures for risk managenwmnot exist.

In this context, following partial objectives witle formulated and empirically
verified:

» Determination of the critical severe events in SCtérms of their
frequency and the intensity of their impact on¢benpany’s performance.

» Classification of the risk factors as the souraesfvere events, according
to their significance and variability.

« Quantification of the relations of the influenceaofisk factor in a severe
event and classification of the relations into t#us according to the
frequency and significance of the impact.

3 METHODOLOGY
In this section, we consider the methods and tmols
» analysis and evaluation of severe events and austiors,

e examining an asymmetric measure of the dependentnsity of
frequency, respectively impact, of a severe evardadected risk sources.

For a classification of statistically significansk factors effecting frequency and
impact,the hierarchical cluster analysis methodn be used, especially centroid
clustering (Anderberg, 1973). This procedure attsmiy identify relatively
homogeneous groups of the strength of dependencyitmfal severe events on
risk factors based on asymmetric Somedsssatistics.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITA18/2—2014 61

3.1 Measure of the ordinal variance

Statistical analysis of the data obtained in thestjonnaire survey starts with the
descriptive and graphical analysis. For assessiokitihe level of an ordinal
variable, the median is usually used and for messwf variability, the
standardized measure of ordinal variance comparédtiae observed maximum
of the ordinal variable is computed according ®fitormula:

K

dorvarziZcE(l— CF), 1)
K-17=

whereK represents the number of categori€g; denotes cumulative relative

frequency of the i-th categoripor var statistic measure can get the value from

the interval <0; 1>, where the zero value indicdbed the only one category is

represented in an ordinal variable.

3.2 Examining of dependencies of ordinal variables

Numerous and varied measures of association camwsbd to describe the
relationships between categorical variables wittiral scales (Hanclova, et al.,
2014). They tell us not only about the strengthihef association but also about
the direction. We will consider the ordinal measuof association based on the
difference between the number of concordant paidks gnd the number of
discordant pairs (D), calculated for all distineting of observations. A pair of
cases ixoncordantif the value of each variable is larger (or eaxkmaller) for
one case than for the other case. A pair of casdisgordantif the value of one
variable for a case is larger than the value ferdther case but the direction is
reversed for the second variable. The coefficightgsociationgamma also
called Goodman and Kruskal's gamma, isyametric measurahich varies
from -1 to +1, based on the difference between aaant pairs and discordant
pairs:

C-D
C+D’

Frontier values are gained in all casesP#0 (thenm =1), resp.D=1 (then
r=-1). The intensity of the dependency between focusedables is
decreased, it can be pointed, tlggmmaassociation of ordinal variables is
overestimated. For this reason, aymmetric extensioof gamma -Somersd
will be used. It differs only in the inclusion dfd number of pairs not tied on the
independent variabléd symmetric version of this statistic is also calculated as
follows:

(2)

4 - C-D _2(c-D))
X C+D+T, nz—zni’

3)

where Ty is a number of pairs tied ovi, but with a different value oK. N,
defines absolute marginal frequencies of rows ia tontingency table of
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variablesX andY. The advantage of this association is the asynineteasure

of dependencyy on X. Somers'd is a measure of association between two
ordinal variables that ranges frofhto 1. Values close to an absolute valuelof
indicate a strong relationship between the twoaldes, and values close @o
indicate little or no relationship between the ahtes.

Test the null hypothesis that there is no assaridbetween the variables using
the chi-square statistic. H, is rejected, then determine the strength of the
association using Somergl statistic. If Hy is rejected, then determine the
strength of the association using the magnitude, and dhrection of the
relationship using the sign of the test statistic.

4 CONCEPTION AND STRUCTURE OF THE QUESTIONNAIRE
SURVEY

The questionnaire survey has been chosen as atbasifor the identification,
analysis and evaluating the severe events andfaigkrs. In this section, the
conception and structure of the questionnaire,pifeeedure for gathering data
and the basic identifications of the respondergsdascribed.

4.1 Conception of the questionnaire survey

The research conception has resulted from the ¢kieal findings about SCRM,
methods for questionnaire survey design, experidrae the similar surveys,
data availability and brainstorming discussionte tesearch team. Persons from
the manufacturing, manufacturing-distribution anstribution enterprises were
the respondents. The emphasis was given to seajetttose with positions such
as logistic managers, purchasing managers, maouéachnd distribution
specialists, and company managers. The other iaritefr selection were to
include representatives of all various membersf@ply chain, several industry
fields, small-and-middle enterprises, big corpanadi type of owners (local,
foreign, both), and the rate of repetitiveness aidpction. Questions of all
blocks were designed to be closed and were supplechdy open questions in
order to allow problems to be expressed in moraildéithe questionnaire was
divided into 5 mutually linked sections, denotedfa$3, C, D and E. These five
sections were supplemented by the identificatiaiae of respondents. Figure 2
summarizes the structure of the questionnaire gurve

In the section A (severe events in supply chainsd,is dealt withthe frequency
of occurrencef the severe events (Al.x) and the analysis ofrtipact of these
severe events on business performance (A2.x), whetenotes the sequential
number of a particular severe event. With a helplitefature, professional
experience and brainstorming techniques of theareketeam, ten severe events
were defined (i.e. x=1,2,....,10): ‘violating of negwed terms against
customers’ (Al), ‘need to fulfil supplies to custers in parts with increased
costs’ (A2), ‘problems with a quality against cusgrs (A3), ‘lack of
inventories’ (A4), ‘surplus of inventories’ (A5)dépreciation of inventories’
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(A6), ‘rejecting of contracts on account of unreable requirements of
customers’ (A7), ‘lack of contracts’ (A8), ‘incapéty to stand prices negotiated
with customers’ (A9), ‘cancelling of semi-finishecbntracts by customers’
(A10). There was used a scale of six grades foergegvents Al.x: 1(never), 2
(very rarely), 3 (sometimes), 4 (often), 5 (veryea) and 6 (all the time). For an
appraisal of severe events according to the leiV#ieimpact A2.x, a six grade
scale was also used, where: 1 (no impact), 2 (shoafles), 3 (middle-sized
losses), 4 (heavy losses), 5 (very huge losses)6Gafitireat of the company
survival).

Risk management
and improvement in logistics

Sorts of Methods and
precautions techniques
D E
Risk factors S Risk events
Existing Expected trends Frequency Impact
B c Al A2

Figure 2 — Scheme of structure of the questionraureey

In thesection B (risk factors in SC)the risk sources (causes) are analysed. Risk
factor classification was set according to the cowiion of risk division into
internal-external and hereafter uses structuringisils according to effects on
processes of a focus company in SC. The resultingctare is illustrated in
Figure 3. Risk factors are then divided in 5 group$ (risks on the demand
side), B2 (risks on the supply side), B3 (risksmérnal processes), B4 (risks of
managing company), and B5 (external environmemks)isA description of the
risk factor labels is included in Annex A.

The first set of risk factors — Bficludes internal and external risks resulting
from the demand side (dependency on a small numbérg customers, high
demands of customers on delivery terms, unpredetlctuations of demand,
problems of customers with payments, efithe second set of risk factoB2
contains risks both on the buyer-side and on ttke sf distribution (dependency
on a small number of dominant suppliers, bankruptcguppliers, long delivery
terms in respect of demand fluctuation, quality aetiability of deliveries,
supplier localization, structure of the SC, depemgeon a specific means of
transport, damage on deliveryhe third set of risk factors B8orks with risks
floating from internal processes of SC (complexfythe structure of internal
SC, low quality against negotiated demands, urbifilla of manufacturing
facilities, storage systems, information systenalufes of a human factor,
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dependency of processes on the know-how of sekeyabmployees, financing
of operations)The fourth set of risk factors Bdcludes both internal and inter-
company risks of managing (insufficient technica¢paration, procedures for
correct calculation, unclear responsibility settingide or outside a company,
nonexistence of procedures documentation, wrongnuoamtation inside or

outside a company, insufficient inventory level mgement, insufficient

methods for demand forecasting, supplier selectimaethodology of planning

and manufacturing control, poor utilization of iodior of measurement and
assessment of services, controlling of cost¥)e last set of risk factors B5
focuses on other risks from the external envirorinfeses in prices and duties,
loans availability, legislative limitations, publiefrastructure disruptions, natural
disasters, terrorist attacks and wars, threatriddest of employees).

: §  EXTERNAL | i

Business |  SUPPLIERS | : COMPANIES : { CUSTOMERS

Process 2 >

with PROCUREMENT ) MANUFACTURING > DISTRIBUTION >

Supply

Chain

COMPANY B2 B3 B4 Bl
Risks on the Risks of the Risks of the| | Risks on th

Groups of supply size | | internal process demand siz

Potencial

Risk

Risks of the
external
environment

Figure 3 — Classification of risk factors in a facaompany of SC

Overall, there were 5 key risk factors sets to xemened with 46 specified risk
sources. The importance of the mentioned risk factwas assessed by
respondents with the use of six grade scale: Sigmificance), 2 (imponderable
and irregular), 3 (imponderable and regular), 4 rt{pl sometimes), 5
(predominant), and 6 (everlasting).

Section C (Expected trends in SC risks) containenoquestions relevant to
expected changes in the area of SC risks in tHewmlg two years. In the

section D (Managing the risks), approaches to mskagement in respondents’
companies are investigated. In the Section E (Ingreents in SC), procedures
and methods for improving the performance of SCeveatamined.

To summarize the contents of questionnaire, fosei®re events occurring in SC
the dependence on 46 risk factors classified insk factors groups will be
examined. Additionally, attention is given to 2@é&g of possible precautions and
actions for risk management and 11 methods andhigeds of managing for
improvements of performance in SC.
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4.2 Analysis of the identification data of the respondets

The questionnaire survey was realized in three gshasiring a time period of
June 2010 up to October 2010 in manufacturing aadufacturing distribution
companies, especially of the Moravian-Silesian @mMmouc regions. In the first
phase respondents were selected and addressed badils of past cooperation
with other researchers, in the second phase resptsavere selected from the
database Albertina and in the last phase respashaesre addressed only by e-
mails. The overall rate of return of the questiorenaurvey was 30.3%, i.e. 82
guestionnaires were useful for analysis. Data weflected with the use of MS
Excel and then exported to the statistical softv&®SS.

A brief analysis of the structure of respondentd & carried out. All valid
guestionnaires were classified with regard to thesiress field, number of
employees, type of production, position in SC, wpdsition of respondents, and
according to ownership.

From the view of business branch, 35% of resporsdeste from the machine-
tools industry, 14% of respondents were from th®motive industry, 12% of

respondents were from the pharmaceutical and claénimdustry, and the same
amount from electrotechnics. Rubber and plastiastry were represented with
10 %, metals production formed 9%, grocery industgk 7%, and paper and
cellulose industry only had 1% of respondents. €ifi@ation of respondents
according to number of employees was relativelyfasm with 32% with less

than 50 employees, 31% with number of employeas #06 to 250, and 37% of
respondents belonged to companies with more th@re@tployees.

Analysis of the SC position showed that the fimalduct manufacturers took the
largest portion of 44%, suppliers at all levelsS& formed altogether 47%, and
rest of respondents were distributors. From thekwawosition of respondents,
there were 27% from logistic managers, and the gaeneentage from members
of top management, 15% from specialists in purclmasmventory, 11% from

manufacture planning and operating, 15% distritajtand 5% from economic
and finance sectors of firms. The last identifioad analyzed the portion
between mainly Czech or foreign owners with theultethat 64% were from

companies with mainly Czech owners and 36% of nedeots belonged to
companies with primarily foreign owners.

An analysis of identification data showed a rekltfvbalanced structure of
respondents with regard to various criteria.

5 ANALYSIS OF SEVERE EVENTS AND CRITICAL EVENTS
DETERMINATION

After the exploring identification data, an anadysi severe events followed. All
of these events were examined according to theiémecy of occurrence and the
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impact on business performance. The severe evardfysgs proceeded in
following steps:

» descriptive and comparative analysis of measureslooétion and
variability of eventdrequency,

» analysis and comparison of measures of locationvanability of events
impact

» designing a map of frequency-impact of severe events andr thei
classification.

5.1 Analysis of frequency

Frequency of occurrence was taken from six graddesof questions Al.x,
where x = 1, ..., 10. With having ordinal variablése median was taken as a
measure of location and standardized measure afabrdariance dor var) as a
measure of variability. A problem arose with exgieg positive and negative
deviation from the median. The deviation provecklftdo be highly non-
symmetric. Negative deviation is acceptable becaigkds smaller, but positive
deviation is unadvisable for higher risk. Regagdinis fact, severe events were
primarily classified by the level of median and rth&ccording to the direction
and level of deviation from median in boxplots.

The severe events’ frequencieare sorted into 3 groups, as it is shown in the
Table 1. The first group includes severe events wiedian at the level,3.e.
central value is evaluated as “sometimes”. Varigbis 1 point minus, i. e.
negative deviation by 1 grade down (decreasingevker®e event frequency).
These events can be assessed as critical fromotheqd view of frequency of
their occurrence. Last two groups are formed byheveith median at the grade
2, 1. e. “very rarely”, and they differ only in tltirection of variance.

Table 1 — Classification of severe events accortingequency

Median | Deviation | Severe events

non4ulfillment of negotiated contract terms againsstamers (Al1.1);
3 - need to fulfill supplies to customers in parts witicreased costs
(Al.2); lack of inventories (Al1.4); lack of conttadA1.8)

surplus of inventories (Al.5); rejecting of contsa®n account of
2 + unrealizable requirements of customers (Al.7); lerols with the
quality against customers (A1.3)

incapability to stand prices negotiated with custom(Al.9);
2 - depreciation of inventories (Al.6); cancelling okns-finished
contracts by customers (A1.10)

The classification of adverse events within theggdips can be further divided
taking into account therdinal measure of varianclor var) of each event. The
computed results of these statistics are summaitiz€eble 2.
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Table 2 — The ordinal measure of variance of sewevents according to
frequency

Event | A1.1 | A1.2 | A13 | Al14 | A15 | Al6 | Al.7| A18 | A19| Al.10

Dor var | 0.386| 0.389| 0.240{ 0.451| 0.402| 0.295] 0.8 0.431| 0.325 0.290

Median 5 5 2 3 2 2 2 3 2 2

5.2 Analysis of impact

Analogously to section 5.1, it is possible to estigthe impact of severe events
on companies by questions A2.x, where x = 1, ..., d@f@ the impact
classification is shown in the Table 3.

Table 3 — Classification of severe events accortingpact

Median | Deviation | Severe events

3 - lack of contracts (A2.8)

2 + problems with the quality against customers (A2.3)

2 -+ cancelling of semi-finished contracts by custon{&z 10)

2 need to fulfill supplies to customers in parts witbreased costs (A2.2)

rejecting of contracts on account of unrealizabdguirements of
customers (Al1.7); lack of inventories (A2.4); inaBpity to stand prices
2 - negotiated with customer (A2.9); surplus of inveig® (A2.5); need to
fulfill supplies to customers in parts with incredscosts (A2.1);
depreciation of inventories (A2.6)

The computed results of the ordinal measure ofawae {or var) of each event
are presented in Table 4. The most critical evead determined to b&2.8, i. e.
lack of contracts, where the median grade was at the value 3 “mididied
losses” and the deviation was 1 grade down.

Table 4 — The ordinal measure of variance of seegsnts according to impact
Event A2.1 | A22 | A23| A24| A25| A2.6] A27 A28 | A2.9 | A2.10

Dorvar | 0.343| 0.270| 0.321] 0.373 0.343 0.309 0.4{ 0.478| 0.346| 0.368

Median 2 2 2 2 2 2 2 3 2 2

Classification of severe events

For severe events classification, it is necesgatgke into account not onthe
frequency of their occurrence but also the intensitytbé impact of severe
events in SC. Thanap of severe events locatiamas developed from the
integration of frequencies with impact into a twiondnsional matrix ordering.
This allows both factors to be considered.
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Table 5 demonstrates the map of severe eventsdndata XY space (frequency
— impact).The most critical severe eventare A8 (lack of contracts) with the
same evaluation for frequency and impact (3-; & evenA3 (problems with a
quality against customersyith evaluation (2+ ; 2+) , and possibly the evaat
(need to fulfil supplies to customers in parts viftbreased costs) with evaluation
(3-; 2). The other group can be formed by eventh wigh impact but less
frequent where falls the event A10 (cancelling efnsfinished contracts by
customers). The third group consists of events Wigh frequency but a lower
level of impact (A1,A4). The last group is formey those severe events with
both a low frequency of their occurrence and lowele of impact
(AB6,A9,A5,A7).

Table 5 — Map of severe events location with regarilequency and impact
Impact (Y)
3- A8

2+ A3

2-+ Al10

2 A2

2 A9 A7 A4
- A6 A5 | Al

Frequency X) | 2- 2 2+ 3-

At the end of this analysis, and with conformityttwthe first partial objective,
the lack of contracts (A8)can be determined as the most critical severeteven
both in term of frequency of occurrence and leehmact. Since the six grade
scale was used, evaluation of frequency and implad8 on the grade 3 can be
characterized as weak. Exposure of the lack ofraot# as the most critical is not
surprising because of the financial crisis in ye988-9.

6 ANALYSIS OF RISK FACTORS

We used 46 risk factors, classified in 5 groups. assessment of those risk
factors was made by means of six grade scale ésed| questions. An analysis
of grouped and single risk factors was realizedilang as in severe events
occurrence analysis. The results of the risk faat@lysis are in a Table 6.

From the group ofisks on a demand sidéactors with medium importance are:
‘dependency on a small number of big customers’.1B1'high demands of
customers on delivery terms’ (B1.2) and B1.3 andbBOther risk factors of this
group occur with a low level of importance with igsficant presence. The
second group evaluatessks both on the supply side, and purchase and
distribution risks The medium important risks is especially: ‘depamyeon a
small number of dominant suppliers’ (B2.1). The mpbrtion ofrisk factors
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connected with internal processes with a low significance (negligible and
irregular occurrence).

In the risk factor group of risk managemetite factor of ‘insufficient demand
forecasting’ (B4.10) was determined as medium ingodr with occasional
occurrence. Other risk factors of this group painte the low importance level
with negligible and irregular occurrence. The lgiup of risk factors followed
the influence of external environmeiespondents ranked the ‘rises in prices
and duties’ (B5.1), i. e. prices of inputs, taxemtes and duties in transport,
rentals of storage, and interests, to the importeit factors. Other factors
occurred insignificantly.

Table 6 — Evaluation of risks factors (label depticn of risk factors is given in
Annex A)

Characteristics Risk factors
Relative B1 B2 B3 B4 B5
evaluation median |deviation | demand supply internal risks of external
of risk processes| management | environment
importance
6
high 5
-+ B1.1 B2.1 B5.1
4 --+ B1.2
medium - B1.3, |B2.3,
B1.6 B2.5
-++
3 -+ B3.4,
B2.4 B35 B4.10
++ B3.1,
B1.5 B3.3 B4.1,B4.6 |B5.3
2 + B4.2 B4.7,
B2.10 B4.8, B4.9 B5.4
-++ B4.13,
low Bl14 |B2.6 B4.14, B4.11
-+ B2.7
’ B3.2, B4.3, B4.4,
e B3.6 B4.11, B4.17 2, Bl
B2.9
= B2.2 B5.5
1 + B4.5
B5.6, B5.7,
B5.8
Number of risk factors 6 10 6 15 9

In the risk factor group of risk managemetite factor of ‘insufficient demand
forecasting’ (B4.10) was determined as medium ingwdr with occasional
occurrence. Other risk factors of this group painte the low importance level
with negligible and irregular occurrence. The Iggup of risk factors followed
the influence of external environmeiespondents ranked the ‘rises in prices
and duties’ (B5.1), i. e. prices of inputs, taxestes and duties in transport,
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rentals of storage, and interests, to the importek factors. Other factors
occurred insignificantly.

Demand side (4 risks) and supply side (3 riskspypsoof risk factors and one
external environment risk factor turn to be the mirgportant with median level
at 4th grade. Analysis of single risks pointed gt most important risk sources,
above all: dependency on a small number of bigoooers, high demands of
customers on delivery terms, dependency on a smathber of dominant
suppliers, and rises in prices and duties.

7 DEPENDENCE CRITICAL EVENTS ON RISK FACTORS

In this section, the dependencies of critical severent ‘lack of contracts’ on
risk factors is examined using Somersmeasure of association. The
dependencies were tested on both frequency antdeirapact on companies in
SC. The relationship classification will be perf@unby hierarchical cluster
analysis.Testing the statistical significance opetaency of frequency and the
impact of lack of contracts on individual risk fact

In the first step of this analysis, the asymmeitnieasure of dependence of the
frequency or the impact of ‘lack of contracts’ omes risk factor will be
examined. Statistically significant dependencieslugs of the asymmetric
Somer’sd statistics) are summarized in Table 7.

Table 7 — Dependency of ‘lack of contracts’ frequeAl.8 and impact A2.8 on
Bx.y

risk/event Al.8 A2.8 |risk/event | Al1.8 A2.8
B1.1 0.22¢ 0.267 B4.4 0.361 0.22]
B1.2 0.221 0.23: B4.€ 0.20( 0.207
B1.3 0.22¢ B4.7 0.27¢
B1.€ 0.26° B4.8 0.27:
B3.1 0.34¢ B4.¢ 0.18¢ 0.209
B3.2 0.331 0.33¢ B4.10 0.13¢
B3.2 0.19:2 0.130 B4.11 0.24:
B3.4 0.26( B4.12 0.30¢ 0.26¢
B3.t 0.315 0.29( B4.13 0.24: 0.17¢
B3.€ 0.274 | 0.35¢ B4.14 0.26 0.19¢
B4.1 0.22¢ 0.28: B4.15 0.1€0 0.20¢
B4.Z 0.40¢ 0.281 B5.2 0.311 0.32¢
B4.3 0.29¢ 0.20i B5.¢ 0.21¢ 0.281

Legend: label description of risk factors is givierAnnex A.

For example, dependency of frequency of criticangéviack of contracts’ (A1.8)
on the risk factor ‘insufficient procedures for gaicalculation and economical
effectiveness assessment’ (B4.2) is 0.405. A gtheof the positive association
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is at the low level and the null hypothesis (thisr@o association between the
variables) is rejected using the chi-square siatég 5% of significance level.
Statistical significance of association was alsafeamted with economic
theoretical background. The results in Table 7 shimsvimportant risk factors,
determined according to influence the frequencyiamghct of severe event ‘lack
of contracts’ (A8). We identified also 18 risk fard influencing both sides. This
finding brings the conclusion that if we want taluee frequency, we mainly aim
on risks with effect on the frequency and if we wamreduce impact of risk
event, we aim on risks with effect on the impact.

Thelack of contractsappears to be high both in frequency and in imsacthe
risks to be handled at first are:

* ‘low quality against negotiated requirements’ (B3.5omers’ d > 0.3 on
both sides

* ‘unclear responsibility between external partnéB.4), ‘dependency of
processes on the know-how of several key employ¢B8.5) and
‘unsatisfactory level of the methodology for marattae planning and
processing’ (B4.12) Somers’ d > 0.3 according to the frequency of ‘lack
of contracts’ A8Band

» ‘financing of operations’ (B3.6), ‘complexity of ternal logistic chains’
(B3.1) and ‘unreliability of manufacturing faciks, storage systems,
information systems’ (B3.3) - Somers’ d > 0.3 according to impact of
severe event A8.

This procedure, described above, can help companiekentify important risk
factors influencing critical risk events and it@lsreates the basic platform for
modeling and simulation techniques utilization wathinkage to optimization of
cost/benefit side or production effectiveness.

Classification of individual risk factors accordingto statistically
significant strength of effect on lack of contrats

For graphical plotting of the strength of risk farst influences on frequency and
the impact of critical severe events, a scattet goused in Figure 4. The

strength was measured [8omers’sd statistic in absolute value and with a
significance level not higher than 5%. The graphprasentation shows that the
risk factors influencing the critical event ‘theckaof contracts’ (A8) could be

classified into 4 clusters using hierarchical cuisig.

Cluster 4 includes those risk factors which are to be aramlyand dealt with
because they have the biggest effect. There aaetbré from the 46 selected in
this cluster, in list: ‘financing of operations’ %), ‘low quality against
negotiated requirements’ (B3.2), ‘difficulties withans gaining for covering of
logistic costs’ (B5.2);dependency of processes on the know-how of sekeyal
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employees(B3.5), and ‘unsatisfactory level of the methodology famafacture
planning and processing’ (B4.12), where with botohtf denoted factors was
identified as medium important with regular occage. Cluster 3 contains the
risk factor ‘insufficient procedures for price aalation and economical
effectiveness assessment’ (B4.2) and ‘unclear respitity between external
partners’ (B4.4), which causes effects especiallyh@ frequency of the ‘lack of
contracts’ but its influence on the impact is imsiigant. Cluster 2 is
characterized by the significant dependency ofetrent’s impact on risk factors
but with a low influence of risk factors to the avdrequency: ‘unreliability of
manufacturing facilities, storage systems, infoiorasystems’ (B3.3), ‘treat of
mass leavings of employees to firms with betterddttons’ (B5.9), ‘insufficient
or low-quality technical documentations of manufiaet (B4.1) and ‘dependency
on a small number of big customers’ (B1.1). Thda @kuster 1 is the least
important because it is formed by 20 statisticatlsignificant risk factors. This
clustering approach is applicable for every seesent.

risk_group

o1
*3 Cluster 4
o4

os Cluster 2

0,40

0,357

53]

33

E3

©,

0,304

O

impact

0,15+

T T T T ]
015 0,20 025 0,30 035 0,40 0,45
frequencies

Figure 4 - The strength of effects of risk factanfr@quency and impact of event A8

8 CONCLUSION

The focus on this paper is given to an analysisemaduation of severe events in
the supply chains of primarily manufacturing firmSompanies in a SC are
influenced by various risk factors which affect finequency of occurrence and
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impact of severe event3his paper proposed how to classify severe events
according to their frequency of occurrence in comipa and their impact on
companies, then to classify the risk sources aneraene the major risks.

In the paper, we continue the analyses in searchingelationships and for
dependencies of severe events on single risk faasing estimateGomers’d
statistics separately for frequencies and impactthef severe events. We
performed a graphical plotting of strengths ofuefices of risk factors into a two
dimensional scatter plot and with a supplementdnster analysis we can
determine the risk factors groups influencing dingguency, or only impact, or
both dimensions.

For the 10 examined severe events in thetB€ most critical was found to be
event ‘lack of contractgA8) - taking account of both frequency and theeleof

impact on companies. This critical severe evenaiobd the result (3-; 3-) in a
six grade scale which means casual and irreguleurcence and middle-sized
impact on business health and performance. Inioeldab the economic crisis,
lack of contracts can be considered as likely toaberitical event. Other
relatively critical events were ‘need to fulfill gplies to customers in parts with
increased costs’ (A2) with the result occurrenaeselto the level “sometimes”
and impact of “low loses”, and ‘problems with theatjty against customers
(A3) with the occurrence at level “very rarely ahe impact at level “low loses”.

The classification and evaluation were based oatioe measurement by median
and variability. Analysis of risk factors was cadiout for 46 defined risk
sources, sorted into 5 groups (demand, supplyrnateprocesses, risk of
management, and external risks). In terms of aggpsssk groups, it was
confirmed that no source of risk had been ignomedhie worst - the most
important group (i.e. high, grade 5-6). In the tessut is shown that the most
significant sources of risk factors are groups @idnd and supply side and one
very important risk factor was identified in an extal factor group. The most
important risks have the highest level of mediam gtade. The reason can be
found in respondents’ discretion about problema aompany, where they work,
as it was mentioned abovEhe most significant risk factors are ‘dependengy o
a small number of big customers’, ‘high requirenseot customers on the terms
of delivery’, ‘dependency on a small number of d@nt or special suppliers’,
and ‘rises in prices and dutieslt is then obvious that where are the stronger
problems with the bargaining power of the focal pamy, and where is then
more problematic to diversify risk factors both e supply and the demand
side, more disruptions and dependencies take negstfects.

In the third empirical part, we examined the linkis risk sources and their
influence on the most critical event ‘lack of cauis’ (A8) using an asymmetric
measure for ordinal variables association. A haviaal cluster analysis was
used to classify relationships according to ocaweeand impactThe worst

cluster 4 encompassing 11% of examined risk factors, prdahedevidence of
the influence of not only the severe event occueehut also its impact on
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companies. There are 5 risk factors in this clusigks of the internal processes
(‘low quality against negotiated requirements’,pdadency of processes on the
know-how of several key employeesfinancing of operations’),risk of
managemeng unsatisfactory level of the methodology for méauiure planning
and processing’), andxternal risk factor(‘difficulties with loans gaining for
covering of logistic costs’). In other significadlusters (2 and 3), risk sources
are contained from the point of view of either iropar occurrence. The last
cluster 1 is formed by unimportant or insignificaisk factors. This list of risk
sources is possible to be plotted into scatter @hat analogically to the SWOT
analysis, design a plan to deal with the risks @sSand inside particular
companies. This process cannot be understood aedclbecause turbulent
internal and external environment influence botigk companies and entire SC
during any time period.

In our survey, it was confirmed th&C risk intensification can be expected
therefore the necessary condition for flexible hétrais to deal with risk
management systematically not only at a comparsi lewt at the more complex
supply chain or network level too. For a grouprdfuenceable risks, register of
risks is proper to create, evaluate the relatigpsifiorwards severe events, and
develop precaution principles gradually and cordusly.

The possibilities for further research can be sé&®nan examination of
relationships among severe events, risk factors, &t order to analyze chain
effects among severe events or risks, for exaniptee surplus of inventories
leads to their depreciation, etc. The analysisersessary to pursue repeatedly in
order to obtain the dynamics in the risk environtnéWith regard to re-
specification of the questionnaire survey in sadl@nswers and sample sizes,
various model designs, e.g. the ordinal regressiodel, can be still considered.

If problems of severe events occurrence and ristofa effects are explored the
SCRM should also aim the focus on the core prosessanected with the
critical severe events and risk factors, analysenttand run changes in order to
provide improvements.
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ANNEX A — THE LIST OF RISK FACTORS

B1 — Risks on the demand size
B1.1 — dependency on a small number of big custemer
B1.2 — high requirements of customers on the tefaelivery,
B1.3 — high and irregular fluctuations in demand,
B1.4 — demand fluctuations from the reason of sslg@porting actions,
B1.5 — campaigns in demand,
B1.6 - problems of customers with payments.
B2 — Risks on the supply size
B2.1 — dependency on a small number of dominaspecial suppliers,
B2.2 —risk of suppliers’ bankruptcy,
B2.3 — long terms of delivery of suppliers with aegjto demand changeability,
B2.4 — problems with the service level of deliveriguality, delivery terms reliability, quantity,
cover documents),
B2.5 - insufficient of items on market leading igthprice,
B2.6 — suppliers do not provide important inforroatabout treating problems on time,
B2.7 — suppliers are located in a distant and kardtessible territory,
B2.8 — complexity of SC by reason of many interiag¢purchase, distribution, transshipments,
controls between various subjects),
B2.9 — dependency of the flow process on meansn§port,
B2.10 — damages of deliveries by another subjestrijoutor).
B3 — Risks of the internal processes
B3.1 — complexity of internal logistic chains (mapnpcesses, flows, components),
B3.2 — low quality against negotiated requirements,
B3.3 — unreliability of manufacturing facilitiegosage systems, information systems,
B3.4 — error rate of employees in the manufactwezehouses, and by maintenance,
B3.5 — dependency of processes on the know-howwaral key employees,
B3.6 — financing of operations.
B4 — Risks of the management
B4.1 — insufficient or low-quality technical docuntations of manufacture,
B4.2 — insufficient procedures for price calculatand economical effectiveness assessment,
B4.3 — unclear responsibility of logistic chainside a company,
B4.4 — unclear responsibility between externalrgad,
B4.5 — non-existence of well-documented procedémerders handling, purchasing, manufacture
planning and realizing,
B4.6 — wrong communication between departmentsioflse — manufacture — sales,
B4.7 — wrong communication with suppliers,
B4.8 — wrong communication with customers,
B4.9 — insufficient level of inventory managemeystem (evidence and replenishment),
B4.10 — inadequate system of demand prediction,
B4.11 — small seriousness and objectivity in sugsplselecting and evaluating,
B4.12 — unsatisfactory level of the methodologyrf@nufacture planning and processing (long time
horizon of planning, slow reactions on changessimgscapacity calculations),
B4.13 — non-utilization of indicators for logisgervices level inside a company,
B4.14 — non-utilization of indicators for logisservices level between companies,
B4.15 — Inadequate measurement and controllinggétic costs.
B5 — Risks of the external environment
B5.1 —rises in prices and duties (input costdarents, interests),
B5.2 — difficulties with loans gaining for coverimg logistic costs,
B5.3 — legislative limitations in logistics (overtes limits, lorry usage limits, requirement of
certificates, limits in night operations, etc.)
B5.4 — public infrastructure disruptions (traffams, accidents, closures),
B5.5 — natural disasters (floods, earthquakes, storths, etc.),
B5.6 — terroristic attacks, war conflicts,
B5.7 — sabotages,
B5.8 — strikes,
B5.9 — treat of mass leavings of employees to fiwitls better conditions.
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