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Abstract

The purpose of this work is to assess the importance of environmental factors in a supply chain
with four partners as a preliminary step to select the competitive strategies and objectives. To
achieve this purpose, a real case study was carried out in a footwear supply chain, in which two
approaches were used: the grey system theory and uncertainty analysis tools for composite
indicators. In order to validate both approaches, a seven-phase research methodology was
developed and applied to our case study. In addition, the priorization of environmental factors
was calculated individually for each partner. The results allow managers to establish the
competitive strategy that best suits the prioritization of the most relevant factors and to define
the most appropriate objectives where the supply chain should invest its efforts and resources.
Key Words
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1. Introduction

Highly competitive products and services do not usually depend exclusively on the company
that manufactures them, but on all the companies that collaborate in making the final product
or service available to customers [1]. Nowadays, many factors make companies’ decision-
making highly dynamic and complex (the life cycle of products/services is getting shorter and
shorter, which leads to new products/services constantly being launched; changing processes
that require rapid adaptation; partners coming and going; various customer preferences;
modification of distribution channels; acceleration of technological obsolescence;
globalization; government regulations; etc.). For Stonebraker and Liao [2], the level of
environmental turbulence and the strategic orientation of a firm have a direct positive impact

on the degree, stages, and breadth of supply chain (SC) integration.



Accordingly, Lalmazloumian and Yew [3] reported how the intricate nature of SC networks,
the changing and complex environment, and the dynamic relationships between the different
sectors that comprise a SC mean that a certain degree of uncertainty in their management and
planning is inevitable, which must be dealt with in the best possible way. This uncertainty is
known as environmental uncertainty, which Miles and Snow [4] defined as “the predictability
of conditions in the organization’s environment.” Later, Milliken [5] defined environmental
uncertainty as “an individual’s perceived inability to predict something accurately” and
identified three types of perceived uncertainty about the environment: (a) state uncertainty —
the inability to predict the future state of the environment; (b) effect uncertainty — the decision-
makers’ inability to predict how environmental changes will impact their organizations; and (c)
response uncertainty — the managers’ inability to identify potential organizational actions and
their outcomes. Although much progress has been made to address the uncertainty problem in
SCs, it is still one of the most important problems and a main challenge [6]. This major research
task has become urgent in our current world [7].

In a supply chain, each partner has their own perception of the environmental factors that can
affect it. However, when you want to manage the SC as a global entity, you have to think about
those factors that have an influence on this global entity, even knowing that not all factors affect
all SC partners with the same intensity. This situation creates a need to prioritize the factors
from a SC point of view. Thus, in order to establish the strategy and objectives that will help
the SC to compete, the weight of the factors prioritized by consensus will have to be taken into
account. This shared vision enhances trust and equity among the partners of the SC.

For all these reasons, having an all-round vision of the SC is vital to tackle all its problems
globally. In this context, it is customary to redefine strategies and objectives that guide all SC
partners toward common goals so that all efforts converge equitably in the search for the best

overall performance. In the sector chosen to develop the case study of this work (the footwear



industry), as in other sectors, competitiveness is very high, and uncertainty factors have a great
influence.

The objective of this paper is to assess the importance of environmental factors in a SC context
as a preliminary step to select its competitive strategies and objectives. A case study carried out
in a footwear SC is outlined. As the assessment of factors uses the judgments of a group of
managers who represent all the companies that make up the SC, two approaches were chosen
that take into account the degree of uncertainty of value judgments. First, the Grey System
Theory (GST) is proposed as a quantitative method to address subjectivity in managers’
judgments. Second, the construction of a composite indicator (CI) is proposed to obtain a
ranking of the importance of environmental factors by considering the degree of uncertainty of
a group of managers’ opinions.

These two approaches are part of a methodology that provides three main contributions: a) it is
a universal methodology that can be used in any SC, regardless of the number of partners, the
sector in which it operates and the environmental factors analyzed; b) it provides the managers
with relevant information to set the competitive strategy of the SC in such a way that it is
aligned with the most important factors; c) it helps to compare the convergence of the prioritized
factors at the SC level in relation to the factors prioritized at the individual level by each partner.
This paper is organized as follows: Section 2 describes the background on the uncertainty of
environmental factors, decision-making and the GST. Section 3 deals with the research
methodology. Section 4 addresses the case study description. Finally, Section 5 presents the
conclusions.

2. Background

2.1. Uncertainty of environmental factors

Given the changing and dynamic environment in which companies currently operate, and

therefore the SC that they form part of; it is necessary to point out the uncertainty inherent in



the many environmental factors that affect the decision-making process as far as possible.
MacCarthy et al. [8] have identified six factors that affect SC evolution (technology and
innovation; policy and regulation; markets and competition; economics; procurement and
sourcing; and supply chain strategies and re-engineering). In this line, Simangunsong et al. [6]
presented an empirical study to investigate the effective management of SC uncertainty in the
Indonesian food industry. This study uses a previous conceptual model that identifies a set of
sources of uncertainty and their associated uncertainty management strategies [9]. After the
study, they proposed that “the management strategies that aim to reduce an uncertainty at its
source lead to better overall supply chain performance than strategies that merely cope with
uncertainty, which only have an impact on firm-level performance.”

Many decisions to be made both individually and collectively are done so in an uncertainty
context given either the nature of the information used in the decision-making process (partial,
incomplete, obsolete information, etc.) or the uncertain nature of the factors that affect or will
be affected by the decisions made. These factors may come from the microenvironment, which
is made up of competitors, customers, suppliers, potential incomers, substitute products and
providers of complementary products [10], or from the macroenvironment, which is made up
of the political, economic, ecological, societal and technological landscapes (PEEST) that
surround the business microenvironment [11]. At this point, it is also interesting to differentiate
between the factors that create uncertainty by affecting individuals (particularly SC partners)
and those that affect them in such a way that they create collective uncertainty. A complete
definition of collective uncertainty is provided by De Vasconcelos Gomes et al. [12]:
“collective uncertainty refers to situations in which the actors encounter difficulties with
predicting a relevant business aspect, such as the number of partners affected by a specific
uncertainty, how a given uncertainty affects the performance of these partners and how the

partners perceive and conceive (make sense) of an uncertainty.” For these authors, one



particular uncertainty can become a collective uncertainty due to uncertainty propagation. All
this further increases the complexity of the decision-making process. Flynn et al. [13]
differentiated between three key types of supply chain uncertainty (micro-, meso- and macro-
level). Each of these types of uncertainty has specific characteristics, but they all coexist in a
supply chain and may interact with each other. Micro-level and meso-level uncertainty are
positively related to SC integration, nevertheless macro-level uncertainty is inversely related to
it.

The uncertainty generated in the SC by micro- and macroenvironmental factors reflects the
impossibility of reasonably predicting how performance will evolve at both the individual and
SC levels. When managers cannot predict the business environment because sufficient
information is lacking, it can be understood as perceived environmental uncertainty [14]. This
environmental uncertainty creates high co-ordination costs and transaction risks [15], which
obliges companies to make changes (organizational, structural, strategic, etc.) that allow them
to quickly adapt to the circumstances imposed by this environment [16, 17]. When the degree
of uncertainty is high, it generates more dynamism in companies, which is not easy to manage.
On this aspect, Lee [18] highlighted the need for supply chains to develop strategies for coping
with environmental turbulence. The flexibility strategies that supply chain participants adopt in
response to various perceived environmental uncertainties is a very important factor [19].
Lonbani [17] talked about implementing a formal well-controlled and well-sustained
environmental scanning system.

The purpose of attempting to point out and/or reduce environmental uncertainty in the SC is to
acquire more and better information and to make it more solid to improve the decision-making
process through more reliable, effective and efficient performance management systems. Some
years ago, Boyle et al. [20] highlighted the tendency of supply chain researchers to neglect the

state of the supply chain environment as a factor affecting supply chain efficacy. For Agami et



al. [21], “today’s supply chain performance measurement systems are still too inward looking
as they ignore the external environmental factors that might affect overall future SC
performance when setting new targets.” The environment can influence management control
since both are closely related [22]. For Otley [7], what is surprising today is that most of our
planning and control devices seem to function as if uncertainty does not exist.

The approaches adopted in the literature to deal with environmental uncertainty in SCs assume
a more or less solid and uniform structure. However, the set of companies that make up a SC
have business models which, if viewed independently, often differ by having management
structures, technologies, procedures and processes that have nothing to do with one another.
This means that the uncertainty from the environment unequally affects each company in the
SC, which can have very serious implications. The problem is that studies on uncertainty at the
network level do not focus on managing the uncertainties that affect the network [23]. For
Huang et al. [24] “environmental uncertainty is multidimensional in nature and supply chain
integration facilitates the transfer of complex knowledge and sensitive information among
partners, and thereby contributes to overcoming the impact of technological uncertainty.”
Indeed excess, absence and/or lack of information for decision-making is usually the case,
which makes the definition, measurement and management of the objectives and competitive
strategies difficult. In order to define a competitive strategy, the uncertainty associated with
information from the environment must be taken into account. With a conceptual map,
Widyaningdyah et al. [25] have described the relationship that links the perceived uncertainty
of the business environment, the use of performance measurement systems and the competitive
advantage.

Uncertainty can be dealt with from several perspectives. One of the most traditional ones
pertains to strategic management and distinguishes between planning and adaptation

approaches [26, 27]. On the other hand, causation and effectuation are two fundamental



strategic decision-making logics that firms use to form strategies to cope with uncertainty [28].
In the study conducted by Yu et al. [29] to explore the effects of causation and effectuation on
firm performance in emerging economies, the authors found that firms should adopt causation
as a priority in a less uncertainty environment and should combine causation and effectuation
in a more uncertain environment. According to Vecchiato [11], no matter what kinds of
uncertainty there are, the main contribution that foresight efforts bring to strategy formulation
lies not in predicting the future (i.e., in the predictions themselves that represent the outputs of
foresight) but in preparing the managers of the organization to handle the future.

2.2. Decision-making and the Grey System Theory

Facilitating decisions under uncertainty conditions requires making a choice about how this
uncertainty should be modeled [30]. These authors identify different tools that can be used to
represent uncertain evaluations. The decision-making process carried out in any type of
organization often requires subjective and qualitative judgments based on incomplete or
imprecise information that cannot be easily turned into probability values. Such judgments give
rise to different uncertainty types, which include fuzziness, epistemic uncertainty, ignorance
and imprecision. According to [31], the four most recognized research methods employed for
the investigation of uncertain systems are: probability and statistics, fuzzy mathematics, grey

systems theory and rough set theory. Table 1 shows a comparison between these models [31].
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Table 1: Comparison of the different uncertainty models. Simplified from [31]




In particular, fuzzy logic is a good technique when uncertainty can be described by
discrete/continuous membership functions validated by experts. When problems are solved
using probability and statistics, the relevant distribution function must be known, or a high
volume of samples must be available in order to achieve the required validity [32]. However,
these premises cannot always be fully met, which is when other techniques must be used, e.g.
the GST, which is considered to be a multiple-attribute decision-making technique. Among the
advantages that GST offers is to tackle flexibly with the fuzziness situation [33, 34].
Furthermore, grey systems do not need previous information because they work with objective
data, while fuzzy mathematics holds certain prior information, usually based on experience
[35].

Considering that the purpose of this work is to assess the importance of environmental factors
in a supply chain, the intention is to prioritize these factors based on the opinion of managers
belonging to the CS in uncertain conditions. Multi-criteria decision-making (MCDM)
approaches have been widely used in this typology of problems. Some of the most used
approaches are: FAHP (Fuzzy Analytic Hierarchy Process), FANP (Fuzzy Analytic Network
Process), FTOPSIS (Fuzzy Technique for Order of Preference by Similarity to Ideal Solution)
and GST (Grey System Theory). Although other hybrid methods [36] have also been developed
in recent years (AHP+TOPSIS-Grey; FANP+TOPSIS; VIKOR+GRA; etc.), they have not yet
been tested in a wide variety of problems. Table 2 shows a comparison between the different

MCDM approaches [30, 37, 38], including the proposal of this work (GST-CI).
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Table 2: Comparison of the different MCDM approaches.

Among the most important characteristics that drive the use of the GST-CI approach are the
following: a) Information gathering is a simple, short and slightly tedious process, and only the
CI part is a bit more tedious due to the simulations of different scenarios. However, this
contributes to having more robust results; b) It does not need a consistency check; ¢) It does not
require paired comparisons of criteria and alternatives. It is necessary to define a probability
distribution function to assign uncertainty to the criteria weights in the CI methodology.

Although GST is relatively new and was developed by Deng [39], it has been widely used to
solve very diverse problems, where the information obtained by decision-makers or researchers
may be partially unknown, uncertain or incomplete [40]. This situation is common in most real
systems (economic, social, biological, etc.). Some papers historically reviewed the application
of this technique in recent decades [41, 42] and have demonstrated its practical usefulness in
many areas (Engineering, Operations Research Management Science, Business Economics,
Environmental Sciences Ecology, Mechanics, Mathematics, Materials Science, etc.). Current
grey system applications can be classified as evaluation, modeling, prediction, decision-making
and control [32]. Dong et al. [43] attempted to introduce a new approach to solve multicriteria
decision-making problems under uncertain conditions based on the concept of grey possibility
degree and linguistic variables. This technique helps conduct what-if analyses. Wei et al. [44]

have used a method based on grey theory to improve the understanding of work-related



accidents and to analyze the dynamic and future situation of work safety in mainland China.
Rajesh et al. [45] used an approach combining grey theory and digraph-matrix methodologies
for quantifying various supply chain risk mitigation strategies. Kaviani et al. [46] presented a
method to measure SC resilience based on a GST approach. Jahantigh et al. [32] developed an
integrated approach to prioritize strategic objectives under uncertainty using the balanced
scorecard as a reference framework. They combined two methods: focus group interviews as
the qualitative method and the GST as the quantitative method. Huang et al. [47] proposed a
new method of using the grey system theory to account for uncertainties in a project’s start
time, completion time, transportation time, as well as cost.
3. Research methodology
The followed process comprised these phases:

A. Selecting the SC

B. Creating a working group made up of representatives from each SC component

C. Determining the importance of factor typologies (criteria weights)

D. Selecting the environmental factors that affect the SC and their assessment for each

criterion

E. Assessing environmental factors via the GST

F. Assessing environmental factors via a composite indicator with an uncertainty analysis

G. Determining the ranking of the main environmental factors for each SC partner
The methodologies involved in phases C, D, E, F and G are further described below.
3.1. Evaluating environmental factors by the GST
In this work, the approach of Jahantigh et al. [32] based on the GST was adapted to obtain a
final classification of environmental factors according to their importance.
In the GST, the uncertainty of numerical parameters can be represented using grey numbers. A

grey number can be viewed as an interval of values [g, E], with a < a, meaning that the value



of a given numerical parameter is considered to be bound between a and a. In other words, a

grey number is not an interval, but an indeterminate number represented by an interval [58].

Grey numbers are usually denoted by prefixing or suffixing the symbol ® to them (or by just

this symbol alone), to distinguish them from ‘white’ numbers (i.e., usual numbers that represent

information with no uncertainty). Grey numbers can also be operated by following some stated

arithmetical rules (for instance, [48]).

In this study, grey numbers were used to model the uncertainty regarding the qualitative

assessments of both the relative importance of the criteria being considered (phase C of the

above procedure) and the environmental factors with regards to these criteria (phase D of the

above procedure) made by decision-makers. To be precise, this notation was followed:

= {Vi, ...,V } denotes the set of m environmental factors being assessed.

» {Q4,..,Q,} denotes the set of n typologies or criteria being considered to evaluate
environmental factors.

. {Dl, e Dp} denotes the set of p decision-makers or experts that evaluate the criteria and

environmental factors.
. ®wjk = [W_]k, ij] is the grey number that represents the weight given to criterion Q; by
decision-maker Dy, forj =1,..,n,k =1, ...,p.

. ®Gi’;=[c

ij» Gl'j] is the grey number that represents the evaluation of the importance of

environmental factor V; regarding criterion ¢; made by decision-maker Dy, fori = 1, ..., m,

Grey numbers ®ij and ®Gikj were obtained by transforming qualitative (i.e., linguistic)

evaluations into (grey) numerical information. These grey numbers represent the input data for
the evaluation methodology proposed herein.

According to Jahantigh et al. [32], the procedure to be carried out is the following:



Step 1. Determining ®wy, ..., ®w,,, the weight of the n typologies being considered, as:

J— 1 5
®w; = [ﬁ’ WJ’] R k=1 OW = [p k=1 Jk' Zk=1 W) ] ()
forallj=1,..,n

Step 2. Calculating the evaluation or rating of each environmental factor with regards to each

factor:
— =1 k_ |1 k1

®Gyy = |Gy, Gy = 2 Xh_, ®GE = | 23k Gk 2¥h_ GE |, @)
foralli=1,..,m,j=1,..,n
Step 3. Normalizing the values ®G;;:
®G; = |G G| = Y Gy 3

LJ} Gr’naX}G[‘nax ) ( )
where G"* = max{G } foralli=1,..,m,j=1,..,n 4)

The normalized grey numbers ®G;; are defined so that they are all included within the interval

[0,1].

Step 4. Calculating the weighted normalized grey decision matrix [@Nl 1]1 L.,
follows:

®N;; = [ U,NU] ®G;; - ®w; = [GU LG —-], (5)

foralli=1,..,m,j=1,..,n

Step 5. Calculating the ideal referential alternative vector {®V"*, ..., @,"**} as:

®ijax — [ijaxl ijax] = [mlax {&}, mlaX{Nij}], (6)
foreachj=1,..,n

Step 6. Calculating the grey possibility degree matrix [pi f]i

=1,..m;j=1,..,n



max{O,V}naX—Nij}—max{o,vjmax—N_U}

No.._nN..)_[max_y,max
(Nu ﬂ) (Vj Vi )

pij = Pr(®N; < ®V™) =

, (7

foralli =1,..,m,j = 1,...,n. Note that p;; is not a grey number, but it is a white number that
expresses the probability of the grey number ®N;; being less than the ideal value ®V;™.

Step 7. Finally, calculating the grey possibility degree for each environmental factor V; as:

1

Pi = Lj=1Pij» (8)
for each i = 1, ..., m. The value p; measures how the environmental factor V; compares against
an ideal alternative. The smaller the value p; is, the closer V; is to being ideal.

Step 8. As a result, the m environmental factors can be ranked according to p;; more precisely,
the smaller the value p;, the higher the rank of the environmental factor V;.

3.2 Evaluating environmental factors via a composite indicator with an uncertainty
analysis

As a way to complement the results offered by the GST, we propose also processing the
information produced by the working group using uncertainty analysis tools for composite
indicators. Let’s introduce what a composite indicator is and the process to apply an uncertainty
analysis to it.

A composite indicator (CI) is a mathematical model aggregation of a selected set of suitably
weighted indicators [49]. The model takes the following general expression:

Y = f(X, Xz, o, X)) = F(X) ©)
where Y is the output factor or CI value, and X; are the input factors or indicators that are
aggregated using a weighting scheme.

In this study, the goal of the CI construction is to obtain a ranking of the environmental factors
by regarding the uncertainty of decision-makers’ opinions. The model expression considered
in the case study is as follows:

Yi = wiXin + woXip + wiXis + wu Xy + - wp Xip (10)



where

Y; is the CI value for each environmental factor i (i = 1, ..., m);

w; is the weight given to criterion j (j = 1, ...,n); and

X;j is the evaluation of the importance of environmental factor i regarding criterion j made by

all the decision-makers k (k = 1, ..., p). The importance X;; is defined as:

GE+Gr
_\vp &ty
Xij = 2g=1—" (11)

where G/ and EZ- are defined in Section 3.1.
The Cl is constructed using linear aggregation by assuming that the values of the indicators X;;
can be compensated among themselves to obtain the CI value for each environmental factor.
The most debated problem in constructing composite indicators is the difficulty in properly
evaluating the plurality of perspectives and opinions about the relative importance of the
indicators. For this reason, the construction of composite indicators should be accompanied by
an uncertainty analysis, used as a tool for the quality assessment and robustness of composite
indicators to ensure good practices. An uncertainty analysis focuses on how the uncertainty in
the factors that affect CI construction propagates through the CI structure and affects the CI
value. In this study, evaluating the weight given to each criterion, w;, is considered a factor of
uncertainty. w; is defined by the group of decision-makers as a grey number, ®w;, which is
common for all the environmental factors.
Various methods are available to evaluate CI uncertainty. Here, the Monte Carlo approach was
presented and was adapted to our study context, based on performing multiple evaluations of
the model by considering uncertainty in the weighting scheme w. The procedure involved four
steps [50]:

1. Assigning a probability density function (pdf) to each weight w;. As the grey number

represents an interval of values [g, E], with a < a, which correspond to the least and



greatest importance of each criteria considering the decision-makers’ opinions, then the
best fitting pdf is the uniform distribution.

2. Randomly generating r combinations of weights w!, with [ = 1,...,7 (a set of weights
wh = (W{, s le),j =1,...,n, is called a weight sample).
Samples can be generated by various procedures, such as simple random sampling,
stratified sampling, and quasi-random sampling, among others [51]. The use of the quasi-
random sampling technique with low-discrepancy sequences is recommended because it
has the property of covering a space of dimension n more uniformly than a sequence of
random points does. The formula to compute the sample is defined in [52]. Note that the
number of samples is a power of base 2 according to the formula. In addition, the greater
the number of simulated samples, the smaller the discrepancy between points. The matrix

of weights obtained with the r weight samples is:

o 1 1
Wi w; wy
- l l l rXn
W:=[w; .. wj .. Wy|€ER (12)
r T r
| W1 Wj Wn

where le is the [-th simulated weight for criterion j, withl =1, ...,randj =1, ..., n.
3. Evaluating model Y for each environmental factor i regarding each weight sample

w!, which results in the following matrix:

Yl,Wl Yl,Wl e Yl,Wr
M:=|Y; 1t o Y o Yiur|€R™T (13)
Yiwt o Youwt oo Youwr

where Y; 1 is the value of the CI for environmental factor i (i = 1, ..., m) using weight

sample w! == (wi, ., w/) forj =1,..,n



4. Analyzing the resulting output vector ¥! := Y wb o Yinwtt with i = 1, .., 7 (the columns

of the matrix M). The sequence of ¥ allows the empirical pdf of output Y to be constructed.
The characteristics of the pdf, such as mean, variance and higher order moments, can be
estimated at an arbitrary level of precision, which is related to the size of the simulation r
and could be used to make comparisons between environmental factors.
4. Case study
Phase A: Selecting the SC.
For the case study, the SC of a footwear manufacturer located in Alicante (Spain) was selected.
This SC can represent a typical case of the Spanish footwear industry.
This sector features fashion and product variety, so product cycles are usually fast, and the
intensive pressure for on-time delivery is a critical issue that often causes low quality levels
[53]. In order to reduce the SC’s complexity and facilitate the meetings of the working group,
a four-echelon supply chain was chosen: one supplier of raw materials (liquid silicone and
polyurethane foam), the manufacturer, its main distributor and, finally, the customer with the
highest sales share, which is a multi-brand footwear store chain. These four partners have been
working together for more than 7 years and regularly collaborate in different processes.
Specifically, it was the manufacturer who chose the rest of the supply chain partners to
participate in the case study.
Phase B: Creating a working group consisting of representatives from each SC partner.
After a round of meetings held with the four companies in the SC, a decision was made to form
a working group with only two individuals to represent each partner — eight people in all. All
these individuals hold tactical/strategic positions (sales manager and process manager, or their
equivalent) and have ample experience in the footwear sector.

Phase C: Determining the importance of factor typologies (criteria weights).



After defining the working group, three face-to-face meetings were held. The first meeting
focused on the purpose of the study to be conducted and the methodology to be pursued. At the
second meeting, the working group discussed and selected the environmental factors that, in
the group’s opinion, could bring more uncertainty to the SC. To facilitate the definition and
selection of these factors, a list with a set of factors was shown to the working group. This list
had been previously prepared after reviewing different sources trying to obtain a vision that
encompasses both the general view (global footwear industry) and the local view (region and
country). Some of the factors compiled with the global vision were [54, 55]: E-commerce;
social media; sustainability and corporate social responsibility; eco footwear; trade agreements;
technological developments; ageing factors in the design of products for seniors;
personalization; consumer awareness; trend spotting; three-dimensional printing; and market
regulation. These factors were checked by reviewing the sources focused on the local vision
[56, 57, 58]: new technologies; online sales channel; strong competition in price; flexibility,
sustainable innovation; renewable materials; globalization; and productivity increase. After
showing this set of factors to the working group, fifteen environmental factors were initially
defined that were later grouped into four large typologies to cover the aspects of the micro- and
macroenvironment: marketplace (globalization, fashion trends, raw materials price, changing
taste of consumers, and recycling); government (tax increase, new hiring policies, and
environmental regulation); social changes (environmental awareness, fair trade, and influence
of social networks) and technological changes (3D-printing, smart footwear, productivity
increase with new processes, and new materials or substitutes). Since some of these
environmental factors may have a different interpretation depending on the context, the
following factors are described in more detail:

- Tax increase: This was defined by the working group as an environmental factor because

local or national governments can increase them at any time and companies do not have



the capacity to influence these decisions. Examples include the taxes paid for the
generation of waste from processes, materials, packaging, etc. and taxes for the use of non-
renewable energy sources.
- Changing taste of consumer: This was pointed out by the working group as an
environmental factor relative to the marketplace that directly influences the materials or
raw material used, the manufacturing process, the design, etc. For example, new colors,
models and intelligent materials force companies to modify their manufacturing processes
to adapt them to these consumer trends. This factor implies a high degree of uncertainty in
the footwear sector that affects decisions related to investments in process improvement,
design of new collections and replacement of old ones, etc.
- Productivity increase: This factor was included because Spanish manufacturing
companies consider that it has a direct influence on competitiveness in the sector,
especially in pricing, design of manufacturing processes, machinery, etc. However, after
the analysis carried out in the work, it has been possible to confirm (see Table 10) that it
occupies the last place in the ranking of factors once they have been prioritized.
Finally, at the third meeting, the importance of the four types of environmental factors (criteria
weights) was determined. To this end, the individual judgment of each working group member
was collected. To take into account the uncertainty of these trials, a questionnaire was employed
using grey numbers. Table 3 shows the scale used to establish the weight of the factor typologies
(criteria weights). Table 4 shows the opinions of all the working group members for each

criterion, along with the obtained results (Section 3.1, Step 1).

Scale ®OW
(VL) Very low [0.0, 0.1]
L) Low [0.1,0.3]
(ML) Medium low [0.3, 0.4]
™) Medium [0.4, 0.6]
(MH) Medium high [0.6, 0.7]
(H) High [0.7,0.9]
(VH) Very high [0.9, 1.0]

Table 3: The scale for establishing criteria weights



Supplier Manufacturer Distributor Customer

Criteria K; K> K; Ky Ks Ks K; Ks Grey number
MK Marketplace VH H VH VH H H VH VH [0.825, 0.962]
GV Government VH H VH VH H H M M [0.700, 0.862]
SC Social Changes L VL VH M L VL H M [0.325, 0.487]
TC  Technological Changes VH VH VH H ML M L L [0.537, 0.687]

Table 4: Criteria weights

Phase D: Selecting the environmental factors that affect the SC and their evaluation for each
criterion

Fifteen environmental factors were initially defined. However, in the second round, some of
these factors were questioned by various members of the working group. After analyzing each
factor one-by-one, the working group concluded that working with fifteen factors could be
excessive, taking into account that some factors were only defended by one or two members of
the working group. Therefore, after several rounds of discussion, only those factors with the
highest consensus were considered for the case study, which gave 10 factors in all (Table 5).

The numbering of the factors in Table 5 indicates neither order nor priority.

Ne Factor

() 3D-Printing

2) Recycling

3) Environmental regulation
4 Changing taste of consumers
5) Tax Increase

6) Productivity increase

7 New materials or substitutes
®) Environmental awareness
©)] Raw materials price
(10) Globalization

Table 5: The factors selected by the working group
Then, each factor was ranked according to all four factor typologies (criteria). To this end, each
member answered an individual questionnaire using the scale in Table 6 based on linguistic
variables and turned into grey numbers, according to that explained in Section 3.1 (Step 2). All
the collected information is outlined in Table 7, along with the aggregated assessment of each

factor per criterion.



Scale

®
£

(VP) Very poor [0, 1]
® Poor [1, 3]
(MP) Medium poor [3, 4]
F Fair [4, 6]
MG) Medium good [6, 7]
(6] Good [7,9]
VG) Very good [9, 10]

Table 6: Scale to assess the importance of each factor according to the different criteria

Factors Supplier Manufacturer Distributor Customer
\% Criteria K; K> K; Ky Ks Ks K7 Ks ®Gij
Vi MK MG F G VG F MP MP MP [4.875, 6.250]
GV P P MP P MP P P F [1.875,3.625]
SC P P P MP P P MP P [1.500, 3.250]
TC VG G VG VG VG VG G G [8.250, 9.625]
\% MK G G G VG G VG G G [7.500, 9.250]
GV G VG VG G G MG MG MG [7.125,8.500]
SC MG G VG G VG VG F G [7.250, 8.750]
TC MG MG G G VG G G MG  [6.875,8.375]
V3 MK F F F G MG F F F [4.625, 6.500]
GV VG VG VG VG G G MG F [7.500, 8.875]
SC G MG F F F MG F F [4.875, 6.625]
TC F F G G F F MG F [5.000, 6.875]
\2 MK G G G MG G G G G [6.875, 8.750]
GV P VP P P VP VP P VP [0.500, 2.000]
SC F MG G G MG MG F MG  [5.750, 7.250]
TC F F MP F MG F MG MG [4.625,6.125]
Vs MK P P P MP P P P MP [1.500, 3.250]
GV VG VG VG VG VG G VG VG [8.750, 9.875]
SC VP VP P P VP P P P [0.625,2.250]
TC P VP VP VP VP VP VP VP [0.125, 1.125]
Vs MK P P P P P P P P [1.000, 3.000]
GV VP VP VP P VP VP P VP [0.250, 1.500]
SC VP VP P VP VP VP VP P [0.250, 1.500]
TC G G VG VG VG VG G VG [8.250, 9.625]
\%i MK G G VG VG G G G G [7.500, 9.250]
GV F F F MP F MP  MP F [3.625, 5.250]
SC MG G G G G G VG G [7.125, 8.875]
TC VG VG VG VG G G VG VG [8.500, 9.750]
Vs MK F MP  MP F F F MG F [4.000, 5.625]
GV G G G G G VG VG G [7.500, 9.250]
SC G VG G VG VG VG VG G [8.250, 9.625]
TC G MG MG MG G F G MG  [6.125,7.625]
Vo MK G G G G G G MG G [6.875, 8.750]
GV G G VG G G MG G G [7.125, 8.875]
SC P MG MP P P P P MP [2.125, 3.750]
TC P P P P P P P P [1.000, 3.000]
Vio MK G G VG VG G VG MG G [7.625,9.125]
GV F MG G F F F F MP [4.500, 6.250]
SC MG G G G MG MG MG MG [6.375,7.750]
TC F F MG MG F G F MP [4.750, 6.375]

Table 7: Aggregated assessment of each factor per criterion
Phase E: Assessing environmental factors by the GST
In order to assess the importance of each environmental factor, it is compulsory to construct the
normalized grey weighted matrix (Section 3.1, Steps 3, 4 and 5) and to obtain positive optimal

alternatives first (Table 8).



®N;; MK GV sC TC
v [0.4347, 0.6503] [0.1329, 0.3166] [0.0506, 0.1646] [0.4548, 0.6786]
V) [0.6689, 0.9625] [0.5050, 0.7424] [0.2448, 0.4431] [0.3780, 0.5905]
Vs [0.4125, 0.6763] [0.5316, 0.7751] [0.1646, 0.3355] [0.2756, 0.4847]
Vi [0.6131, 0.9104] [0.0354, 0.1746] [0.1941, 0.3672] [0.2549, 0.4318]
Vs [0.1337, 0.3381] [0.6202, 0.8625] [0.0211, 0.1139] [0.0068, 0.0881]
\2 [0.0891, 0.3121] [0.0177, 0.1310] [0.0084, 0.0759] [0.4548, 0.6786]
\2 [0.6689, 0.9625] [0.2569, 0.4585] [0.2405, 0.4495] [0.4685, 0.6875]
Vs [0.3567, 0.5853] [0.5316, 0.8079] [0.2785, 0.4875] [0.3376, 0.5376]
Vo [0.6131, 0.9104] [0.5050, 0.7751] [0.0717, 0.1899] [0.0551, 0.2115]
Vio [0.6800, 0.9494] [0.3189, 0.5458] [0.2152, 0.3925] [0.2618, 0.4495]

V" [0.6800, 0.9625] [0.6202, 0.8625] [0.2785, 0.4875] [0.4685, 0.6875]

Next, the grey possibility degree ['pij]

Table 8: The normalized grey weighted matrix

calculated (Section 3.1, Step 6).

i=1,.m;j=1,..n

for each factor (Table 9) should be

MK GV SC TC
Vi 1 1 1 0.52551574
Va 0.50967742 0.74529858 0.59585492 0.71667908
V3 1 0.68110749 0.85 0.96218645
V4 0.6025641 1 0.7679558 1
Vs 1 0.5 1 1
Vs 1 1 1 0.52551574
Vs 0.50967742 1 0.59090909 0.5
Vg 1 0.63808361 0.5 0.83511859
Vo 0.6025641 0.69765287 1 1
Vio 0.51178451 1 0.70491803 1

Table 9: The grey possibility degree per factor

Finally, the overall importance of each environmental factor is determined (Section 3.1, Step

7). Table 10 shows the score obtained by each one. Those factors with a possibility degree

lower than their optimal value were more important.

D; Rank
Vi 3D-Printing 0.8813789 9
V2 Recycling 0.6418775 1
V3 Environmental regulation 0.8733234 7
Vi Changing taste of consumers 0.8426299 6
Vs Tax Increase 0.875 8
Vs Productivity increase 0.8813789 10
\%i New materials or substitutes 0.6501466 2
Vg Environmental awareness 0.7433005 3
Vo Raw materials price 0.8250542 5
Vio Globalization 0.8041756 4

Table 10: Score obtained by each environmental factor



In the case study, the three most important environmental factors were: recycling, new materials
or substitutes, and environmental awareness.

Phase F. Assessing environmental factors by a composite indicator with an uncertainty analysis
First, according to that explained in Section 3.2, a uniform distribution was assigned to each

criterion weight (Table 11) representing the grey number ®w; as an interval of uncertainty.

Criterion pdf
Marketplace w; € U(0.825,0.962)
Government w, € U (0.700,0.862)

Social Changes ws € U (0.325,0.487)
Technological Changes w, € U (0.537,0.687)

Table 11: Uniform distribution assigned to each criterion weight

Second, we generated r = 213 = 8,192 samples from each probability distribution function
using quasi-random sampling with low-discrepancy sequences. A large enough sample size was
considered so that the results would not be limited by the sample.

Then, we evaluated the model Y for each environmental factor regarding the uncertainty in the

criterion weights, w;, and applied the Monte Carlo methodology described in Section 3.2.

Finally, the box-and-whisker representation of the pdf that resulted for each environmental
factor is shown in Figure 1.

Overlapping of plots means that there are weight scenarios in which the positions of the
environmental factors might vary. Let’s explain the case of V7 and Vs. Regarding the median
(red line) of the possible positions for both factors, V7 is slightly more important than Vs.
However, both plots are very close and overlap, which means that there are scenarios of
weights, w;, that consider Vg better than V7. Therefore, the inclusion of uncertainty in the
criterion weights takes into account the possible overlaps between the positions of the
environmental factors and enables the distances between them to be determined as being similar
or clearly differentiated. This information is most interesting in the decision-making of

companies.



Figure 1: Uncertainty analysis results for each CI environmental factor
The results obtained with larger sample sizes were the same, which indicates that the results
obtained with the generated sample are robust enough.
Table 12 shows the environmental factors ranking after considering the distribution median for

each environmental factor pdf, and the GST results.

Rank  Rank

(GS) (€D
Vi 3D-Printing 9 8
V2 Recycling 1 1
V3 Environmental regulation 7 5
Vi Changing taste of consumers 6 7
Vs Tax Increase 8 9
Vs Productivity increase 10 10
\%i New materials or substitutes 2 2
Vs Environmental awareness 3 3
Vo Raw materials price 5 6
Vio Globalization 4 4

Table 12: GS vs. CI ranking

Both methodologies agree as to the position of factors 1, 2, 3, 4 and 10. However, the positions
of factors 5, 6, 7, 8 and 9 differ.

The CI methodology under uncertainty analysis considers 8,192 fixed weight scenarios for each
criterion (uniformly defined within the grey number range of the criteria), and thereby it obtains
a ranking of environmental factors bearing in mind each scenario. The objective of
complementing the GST method with the CI method under uncertainty is to provide greater
robustness for the results obtained by GST by proposing a greater uncertainty of possible weight
scenarios based on the grey number of each criterion defined by eight experts. In the CI
methodology, instead of working with 8 opinions and a grey number whose upper and lower
ends are taken into account for the definition of the ranking, there are 8,192 simulated sets of
fixed weights from the grey number of each criterion that simulate the opinion of 8,192 different
experts. Therefore, the CI method contemplates lots of uncertainty in the environmental factors

ranking model.



The advantage of the methodology proposed using CI with uncertainty analysis tools lies in
considering the uncertainty analysis, which includes the full range of numbers of the grey
number. However, the GST considers only the interval’s extremes of the grey number.

After assessing the uncertainty factors by the GST and CI methodologies, we can see that the
most important factors for the SC are (and in this order): recycling, new materials or substitutes,
environmental awareness, and globalization. These four factors maintain the position or degree
of importance regardless of the methodology used, which confers on them excellent robustness.
We can see that all the other environmental factors do not maintain the same position in the
applied methodologies. In our view, and as the use of CI with an uncertainty analysis includes
the full range of numbers of the grey numbers, CI methodology may have more strength than
the GST methodology. For this reason, it is convenient to follow the CI classification.

Phase G. Determining the ranking of the main environmental factors for each supply chain
partner

In the previous phase, the most important factors for the supply chain as a whole were
determined. This allows SC decision-makers to establish the SC’s strategy and its objectives to
be pursued by taking into account the key environmental factors. In this way, all partner efforts
and resources focus on addressing these factors, especially in the mid-term. Since the
assessment of environmental factors was carried out jointly by the representatives of the SC
partners, and the opinions and judgments of each partner form part of the assessment process,
it is easier for all the partners to feel included in devising the SC strategy and objectives by
acting not only as a set of cooperating and collaborative companies but instead as a global
organization. Moreover, the aspects associated with trust among partners, as well as the
coherence of the decisions to be made, facilitate balance and equity among them.

However, it would be of utmost importance to know if any partner has a distant vision of the

results obtained. This means that a partner can have a different prioritization of the



environmental factors with respect to other partners, which can lead to tensions when the
strategy and the consequent objectives are defined. For this reason, in this phase of the
methodology, the ranking of the main environmental factors for each SC partner will be
determined. Following the case study, a prioritized evaluation of only the four most important
environmental factors according to both applied methodologies has been carried out for each
partner (V2: recycling; V7: new materials or substitutes; Vg: environmental awareness; and Vo:
globalization). To perform this evaluation, the procedure described in Section 3.1 has been
followed. On this occasion, it is necessary to focus on each partner individually and calculate
the prioritization of the four factors mentioned above according to the decision-makers’
opinion. For this purpose, the information collected in Table 7 (Aggregated assessment of each

factor per criterion) is taken into account. The results are shown in Figure 2.

Figure 2: Prioritization of environmental factors for each partner

It is observed that the prioritization for the distributor coincides exactly with the global
prioritization. The prioritizations for the supplier and the manufacturer are very similar, shifting
only the order of factors Vio and Vg (third and fourth position). However, the prioritization of
the factors for the customer differs in the first three factors from the global prioritization of the
SC.

This situation, as mentioned above, creates major tensions that are sometimes not easy to
address. If you define a competitive strategy and global objectives that are not aligned with the
preferences or opinion of a partner, (in our case study, it happens with the customer), such a
partner will not feel integrated or represented. In this situation, the partner may not share
resources, information and efforts for the benefit of the entire SC. It is noted that for the
customer, the most relevant environmental factor is V7 (New materials or substitutes), followed
by Vg (Environmental awareness). Contrarily, for the rest of the partners, the most relevant

environmental factor is V2 (Recycling), being also relevant for the customer but less so than V7



and Vg. Given that the customer in our case study is a multi-brand footwear store chain, which
has direct contact with the final customers (buyers), it has a very valuable knowledge to
consider.

All the information obtained in the last two phases of the methodology is vital to establish the
SC competitive strategy, trying to align it perfectly under all partners’ vision. Thus, once the
SC common objectives are also defined, all partners will have a positive disposition when it
comes to using their resources in order to achieve mutual benefit.

With these results, and after several discussion sessions with the SC participants, the

competitive strategy and its associated objectives for the coming years were defined (Figure 3):

Figure 3: Strategy and objectives

Finally, we cannot highlight all objectives and actions plans defined for this SC because this
information is confidential for managers.
To sum up, the managerial implications of applying this research methodology are:

e To identify the main environmental factors in both the individual company and the SC,
which should serve to improve their medium-long term strategic decisions.

e To align their SC strategic decisions with their individual company’s ones regarding
key environmental factors. This will imply, among others, cost savings and brand image
improvement.

e To improve the SC and by extension, individual companies’ operations. The definition
of more focused environmental SC objectives will bring a higher degree of cohesion
and collaboration between SC partners, which should end in a higher degree of SC

flexibility, adaptability and operational improvement.



e To take the opportunity that this additional information offers, either by developing new
strategic lines or increasing existing ones such as product innovation based on these
identified environmental factors.

e To establish new business relationships at the SC level if, derived from the new
products/services to be developed, other SC partners, such as new raw material
suppliers, need to be sought.

e To improve SC business collaboration factors such as trust, equity or coherence, which

would turn into higher business profits.

5. Conclusions

Nowadays, many factors make the decision-making process in organizations very complex,
both individually in companies and collectively in supply chains. The origin of these factors
may be internal or external to the organization. This work specifically focused on external
factors (environmental factors) in the supply chain. The main objective was to assess the
importance of environmental factors in an SC context as a preliminary step to choose its
competitive strategies. Defining an adequate strategy that helps the SC to compete in a highly
dynamic and competitive environment requires, among other things, knowing the degree of
influence that environmental factors can have. Knowing these factors and evaluating and
prioritizing them are essential steps to select the strategy and consequent objectives that will
determine which efforts are to be made, and, consequently, the distribution of the resources to
be used within the SC. To a greater or lesser extent, these factors inherently entail a dose of
uncertainty, which is transferred to the decision-making process at both the intra- and
interorganizational levels.

In order to address the aforementioned problems, two approaches were used in this work: the

GST on the one hand, and uncertainty analysis tools for composite indicators on the other hand.



First, the GST is proposed as a quantitative method to tackle the subjectivity in managers’
judgments and to allow a final classification of factors to be obtained according to their
importance. Next, constructing a composite indicator was proposed to provide more robustness
for the results of GST by considering a high degree of uncertainty in the group of managers’
opinions based on the grey number defined in GST. The results of both approaches can be
compared to one another, which thus facilitates decision-making.

In order to validate both approaches, a seven-phase research methodology was followed and
applied to a real case study. An SC was selected from the footwear sector, which consisted of
four partners: supplier, manufacturer, distributor and customer. The working group, made up
of two members from each partner, chose what they considered were the 10 most important
environmental factors. After applying both the GST and CI approaches, the same result was
obtained for the first four environmental factors, but the ranking for the other factors did not
match. The results allowed managers to establish the competitive strategy that best suited the
prioritization of the most relevant factors and to define the most appropriate objectives where
the SC should invest its efforts and resources.

It should be pointed out that the robustness of both approaches was validated by the similarity
of the obtained results. However, the advantage of the proposed methodology using CI with
uncertainty analysis tools is that, when considering uncertainty, the full range of numbers of
the grey numbers was included, which allowed many possible scenarios to be studied according
to weights. However, the GST considers only the interval’s extremes of grey numbers. In
general, the developed methodology follows a simple, short and slightly tedious process
compared to other approaches. Only the CI part is a bit more tedious because of the simulations
of different scenarios and the computation of the alternatives’ rankings in each scenario.

However, it contributes to having more robust results.



Another interesting contribution of this work has been to calculate the prioritization of the
environmental factors for each partner. The result allows us to determine the affinity degree of
the SC global prioritization of the environmental factors, in relation to the individual
prioritization. This helps us to select the best strategy for the supply chain, highlighting the
perception of each partner and aligning it with the overall vision and mutual benefit.

In summary, the described methodology facilitates the decision process related to defining the
strategy in the CS in several ways: it highlights the environmental factors that most of the
partners believe may affect the CS; it helps align the prioritization of environmental factors
between the individual and CS levels; it helps to think about the influence that environmental
factors can have on the CS and facilitates the interaction among the partners in order to
understand the global vision of the CS.

One of the limitations of the methodology proposed in this study is that the weights assigned to
the criteria and the evaluation of each of the alternatives are based on expert judgments, so it is
not a purely mathematical and objective assignment. In this sense, it should be ensured that the
group of experts is as representative as possible and with common sense in order to make the
study as transparent and reliable as possible.

In order to validate these findings, our future research will experiment with more factors and
working group members. It would also be most interesting to ascertain the influence that these
factors have on each SC member, especially after a sufficient time period for the defined
strategy and objectives to be implemented. In addition, in the current work we have only
focused on the external environmental factors, but it would be advisable to also have a
prioritization of factors that included some internal factors (collaboration and maturity degree,
organizational structure, etc.), since these factors are also subject to a certain level of
uncertainty and therefore affect the decision-making process within the supply chain as well as

the process of defining the strategy and objectives.
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