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ABSTRACT

Sustainability is of essential interest for many organizations and is defined as the
ability to maintain existing resources at a certain rate or level when encountered with
barriers. Factors affecting sustainability are categorized as enablers (capacities) and
barriers (challenges) that have positive and negative effects on sustainability,
respectively. To evaluate the status of sustainability, organizations need a
measurement method to account for all the aspects of the sustainability classified into
social, economic, and environmental tiers. Previously, many researchers have
provided indicators for measuring sustainability in specific fields, which is not

applicable to organizations operating in other areas.

The main purposes of this research are to investigate how statistical methods are used
to improve previous methods of sustainability measurement as well as to propose a
new approach to sustainability measurement at organizational and supply chain
management (SCM) levels. Emphasis is particularly devoted to determining how the
sustainability of supply chains may be measured in the presence of exponentially

distributed indicators for both independent and dependent variable cases.

Keywords: Statistical Performance Measurement, Bootstrap Re-sampling, AHP,
TBL (Triple Bottom Line), Independent and Dependent Exponentially Distributed

Indicators, Supply Chain Stakeholders, Copula Function



OZ

Stirdiiriilebilirlik bir¢ok kurulus icin biiylik 6nem tasimakta ve mevcut kaynaklarin
engellerle karsilasildiginda belirli bir oranda veya seviyede korunabilmesi becerisi
olarak tanimlanmaktadir. Siirdiiriilebilirligi etkileyen faktorler, siirdiiriilebilirlik
iizerinde olumlu ve olumsuz etkileri olan kolaylastiricilar (kapasiteler) ve engeller
(zorluklar) olarak siniflandirilmastir. Stirdiiriilebilirligin durumunu
degerlendirebilmek icin, kuruluslarin, sirdiiriilebilirligin sosyal, ekonomik ve
cevresel katmanlarda smiflandirilan tiim yonlerini hesaba katacak bir o6lgiim
yontemine ihtiyaglari vardir. Daha Once yapilan ¢alismalarda arastirmacilar, her
alanda faaliyet goOsteren kuruluslara degil, sadece iizerinde ¢alisilan alanda

uygulanabilecek siirdiiriilebilirlik géstergeleri onermislerdir.

Bu aragtirmanin temel amaglari, Onceki strdiiriilebilirlik 6l¢tim yontemlerini
gelistirmek icin istatistiksel yontemlerin nasil kullanildigini aragtirmanin yani sira,
organizasyonel ve tedarik zinciri yonetimi (SCM) dizeylerinde strduralebilirlik
dl¢iimiine yeni bir yaklasim onermektir. Ozellikle Uzerinde durulan nokta, stel
olarak dagitilmis gostergelerde bagimsiz ve bagimli degiskenlerin her ikisi i¢in de

tedarik zincirlerinin stirdiiriilebilirliginin nasil 6l¢iilecegi ile ilgilidir.

Anahtar Kelimeler: Istatistiksel Performans Olgiimii, Ozyiikleme Yeniden
Ornekleme, AHP, TBL (Uglii Sonug), Bagimsiz ve Bagimli Ustel Olarak Dagitilmis

Gostergeler, Tedarik Zinciri Paydaslari, Kopula Fonksiyonu
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Chapter 1

INTRODUCTION

Finally, sustainability has become a real and measurable concept that has helped

micro-decision makers and senior policymakers to formulate strategies at all levels of

the organization and supply chains for optimal retention and utilization of resources.

Gimenez and Tachizawa (2012) had demonstrated how understanding the concept of

sustainability and applying its calculation methods has been able to change the

traditional thinking of managers about the value of primary resources.

In order to cover the goals that mentioned in the abstract, the following five

objectives are considered:

1-

Application of bootstrap resampling method to solve difficulty of finding
unbiased point estimators of population’s parameters. Objective 1
investigates a statistical method to measure the sustainability and the
application of the bootstrap re-sampling method in order to overcome the
problem with normality assumption when the sample size is not large enough
and thus develop a more realistic stochastic model. The Bootstrap re-
sampling method enables the unbiased estimation of population parameters
such as mean and standard deviation. The proposed method is evaluated by
comparing its results with those found in the literature.

Application of Analytical Hierarchy Process (AHP) model to find weights of

indicators according to expert views. Objective 2 represents a weighted



statistical stochastic based Analytical Hierarchy Process (AHP) model for
modeling the potential barriers and enablers of sustainability for measuring
and assessing sustainability. For context dependent potential barriers and
enablers, the proposed model takes basis of the properties of the variables
describing the sustainability functions and was developed into a realistic
analytical model for sustainable behavior of an organization. Previously,
many models, mathematical, statistical and theoretical based AHP methods
have been used by researchers, amongst all statistically based methods for
measuring sustainability is the of most interest in this study and hence a
strong weighted stochastic AHP based procedure that measure sustainability
in it real amount was achieved. A case study scenario of a widely reported
major Canadian electric utility was adopted to demonstrate the applicability
of the developed model and comparatively examined its results with those of
equal weighted model method. Variations in the sustainability of a company,
as fluctuations were figured out during the time. By obtaining relatively
necessary informative measurement indicators, the model can practically and
effectively evaluate the sustainability extent of any organization and to
determine fluctuations in the organization over time.

Developing a Triple Bottom Line (TBL) approach for measuring sustainability
performance at the company level. By providing relatively simple and
informative measurement, the model developed in Objective 3 presents an
exponentially distributed stochastic model for the purpose of measuring the
sustainability of .healthcare system. The aim of this study is to provide a
sustainability measuring model that is driven by the actual distribution status

of the sustainability indicators. In this paper, the notions of the "Triple



Bottom Line" (TBL) are followed in deriving the sustainability challenge and
capacity indicators for the environmental, social, and economic indicators.
Since basic challenges and capacities depend on the modes of the
organization, the study proposes an exponentially distributed stochastic
model for measuring sustainability. A numerical illustration of Iranian
healthcare is presented to demonstrate the efficiency of the model. In the
results obtained, the sustainability index for environmental, economic, and
social are 54.40%, 48.80%, and 66.80% respectively. It indicates the
healthcare achieved some sustainability through the social aspect; therefore,
improving the environmental and economic aspect of the TBL is necessary.
The proposed model can be used as a panoramic tool for measurement of the
sustainability level of any healthcare system.

Developing a stakeholder perspective of the social sustainability performance
framework for the broader context of the supply chain with independent
exponentially distributed indicators. Furthermore, by providing an original
and a straightforward analytical approach, the model developed in Objective
4 is one of the first to explicitly adopt probabilistic approaches for
sustainability measurement in the supply chain context. The model can be
employed as integrative, multi-dimensional tools for evaluating changes in
the sustainability status of a supply chain over time. This study demonstrates
a stochastic exponential distribution model for measuring the social
sustainability status of a supply chain based on stakeholder theory. Iranian
healthcare situated in Tehran is studied to illustrate the applicability of the
proposed framework. In the results obtained, the sustainability index for

Suppliers, Patients, Patient relatives, Employees, and Government &



Decision makers are 47%, 60%, 59%, 75%, and 56% respectively. The
proposed model can be applied as an extensive tool for measurement of the
social sustainability level of any supply chain system.

Developing a stakeholder perspective of the social sustainability performance
framework for the broader context of the supply chain with dependent
exponentially distributed indicators. Last objective is in the proposition of a
probabilistic model for evaluating corporate social sustainability performance
on value creation from among complex-criteria of stakeholders’ participation
and contribution. The majority of the literature has capitalized on the
influence of the stakeholders’ decision as sole criteria for adopting social and
environmental practices. Previous supply chain sustainability measuring
techniques has suggested the Irreplaceable resources at national or regional
levels as major factors. Meanwhile, the use of statistical models to earnestly
assess the sustainability performance of the supply chain through its
dependent indicators is few. This has paved the way for the application of
probabilistic techniques. In this article, we assessed and evaluated the
dependency of some factors to suggest that stakeholders’ decision does not
only influence the adoption social practices, it also determines the strict
relationship between capacity and challenge factors. In the proposed model,
all the variables employed for the performance evaluation are exponentially
distributed and correlated with one another, unlike the previous techniques
that focus only on the independent variables. In previous studies, factor
independence was considered, leading to anemia that was sometimes

overestimated or underestimated. To overcome these drawings, a statistical



model is constructed for the calculation of sustainability with dependent

factors using copula functions.



Chapter 2

LITERATURE REVIEW

2.1 Introduction

Sustainability is most often defined as meeting the needs of the present without

compromising the ability of future generations to meet their’s (Cassen, 1987).

Sustainability is a concept that incorporates social, economic and environmental
Pillars (Govindan, 2015; Wilson et al., 2017). The most popular pillar, i.e. the
environmental aspect, considers the reduction of carbon footprints, water usage and
the effect of developments, productions and technology on the environment while the
two other pillars provide social and economic welfare of the present and to

subsequent generations (Hansmann et al., 2012).

Some claim that as long as the value of total capital is increased or at least not
decreased, consumption of natural capital for the production of manufactured capital
is justified. In other words, they consider manufactured capital as a substitution
natural capital (Gutés, 2009). (Solow, 1993) reasoned that economic capital in the
mainstream can replace all-natural capitals apart from distinctive locations including
Yosemite National Park and Grand Canyon. On the opposition, some consider
natural resources of unique elements vital to human well-being which cannot be
substituted with other forms of capital (Ayres, 2008). This group claims that the

degradation of one natural resource would expose limitations on available options for

6



future generations. These conflicts of ideas have led to a debate between weak and

strong sustainability.
2.2 Weak versus strong sustainability

According to weak sustainability, natural capital and manufactured capital are
substitutable and there is no vital difference between the kinds of well-being they
generate (Ekins et al., 2003; Sinha et al., 2007; Neumayer, 2012). From this point of
view, the only important issue is that the total value of the aggregate stock of capital
should be ideally increased or at least maintained for the sake of future generations
(Solow, 1993). In such a perspective: “it does not matter whether the current
generation uses up nonrenewable resources or dumps CO2 into the atmosphere as
long as enough machinery, roads, and ports are built-in compensation”(Neumayer,
2003). Such a position leads to maximizing monetary compensations for
environmental degradation. In addition, from a weak sustainability perspective,
technological progress is presumed to solve the environmental problems caused by

the increased production of goods and services (Ekins et al., 2003).

On the other hand, strong sustainability prohibits the consideration of natural capital
as an equivalent to manufactured resources and relies on nature as the sole provider
of resources and services vital to human beings ((Ekins et al., 2003; De Groot et al.,
2003; Brand, 2009; Dedeurwaerdere, 2013; Ekin, 2014; Pelenc and Ballet, 2015;
Phillips and Whiting, 2016). Since these resources are degradable, they must be
maintained beyond a critical level (Ekins et al, 2003; Brand, 2009; Chiesura and De
Groot, 2003; Dietz and Neumayer, 2007). Thus, it is of great importance to be able to
measure the dependence of human well-being on natural capital and thus

constructing tools to assess sustainability.



Sustainability assessment methods are crucial to decision-makers in their movement
towards sustainability. Developing a comprehensive approach inclusive of all the
tiers of sustainability and applicable to all fields has always been a challenge that not
many studies have pursued. Developed methods limited their evaluation to a specific
industry, used the indicators, and features specific to that particular sector. Following

is an abstract review of methods and tools, introduces in literature.
2.3 Triple Bottom Line (TBL)

Sustainability of an organization or a supply chain in terms of the triple bottom line,
in researches, relies on the link between increasing profit and environmental
protection, and often the social dimension is less attentive. In the early concept,
sustainability was the optimal use of resources in the field to preserve the next
generation's share; the focus today is on natural resource extraction and production
control as well as optimal consumption. The notion that economic sustainability
means sustainable profits from planned approaches that are sensitive to social and
environmental contexts is a fundamental approach. Businesses and supply chains use
different metering systems to establish links between factors and sustainability in the
social, economic, and environmental domains that point to the triple bottom line
(TBL) approach. (Wikstrom, 2010). The TBL approach is used to balance different
aspects of sustainability in supply chains across different product and service areas.
Balance or optimization refers to the access to goals that begin with the targeting and

continue with the measurement of indicators and actions. (Allaoui et al., 2019).

Table 2.1 summarizes the concept, overall goals, expected results, characteristics,
key areas, and related factors of each social, economic, and environmental

sustainability perspective.



Table 2.1: Basic concepts related to the social, economic, and environmental

sustainability

perspectives.

Social sustainability

Economic sustainability

Environmental
sustainability

Meaning

To what extent should the
ability of a system to meet
a specific and an
acceptable level of social
welfare be achieved? In a
balanced  society, all
citizens, while having the
right to live with adequate
opportunities, must have
this right for the benefit of
future generations, which
means establishing the
necessary standards of
social welfare and
complying with it for
access to the present and
future generations.

To what extent should
the ability of a system
to meet a specific and
an acceptable level of
economic welfare be
achieved?

Economic  prosperity
means the optimal use
of environmentally
friendly natural
resources to increase
production efficiency,
especially sensitive and
important  resources,
such as water and
minerals, which are
promoted by innovation
in the industry.

The ability of a
socioeconomic system to
optimally  utilize raw
material  resources is
focused on avoiding
environmental pollution
and conserving scarce
resources. Concentrated
social welfare production
and concentrated social
welfare must be
developed in a way that is
not at the expense of
destroying environmental
ecosystems.

Object-Goals

The humanitarian benefit
of a community of their
fundamental rights
(privacy, social dignity,
and cultural requirements)
realized by committed
leaders and discerning
decision-makers

Human societies have
access to financial
independence and the
support of economic
systems to ensure that
this  prosperity  is
sustained.

Adjusting the economic
accessibility of
humankind  emphasizes
maintaining an ecological
balance to enable the
reconstruction of
resources

Expected
effects
TBL
evaluation
criteria

on

Social factors such as level
of individual and social
health, access to shelter,
social  rights,  gender
equality, individual culture
and beliefs, rights of the
disabled and deprived,
personal and social justice,
etc.

Economic factors such
as adequate budget
allocation, support for

jobs and small
industries, investment,
development, optimal
consumption  pattern,

cost-of-living  balance,
employment-based
education, etc.

Environmental  factors,
including renewable and
non-renewable  natural
resources, climate quality,
greenhouse gas emission
alert, industrial waste,
environmentally harmful
waste, environmental
landscape, etc.

Specifications

In a sustainable social
system, equal
opportunities  for  all,
regardless of gender and
humanity, are available,
with a particular emphasis
on education and health as
well as on the importance
of public participation in
the social sphere.

In a sustainable
economic system,
special emphasis is
placed on the
production of goods
and services on a
continuous and high-
quality basis, and there
is a trade-off between
domestic revenue and

In an environmentally
sustainable system,
access to sustainable
resources, avoids the
unnecessary  use  of
environmentally

damaging systems, and
special attention is given
to replacing non-
renewable resources with

losses from imports, | renewable resources.
with particular attention

being paid to the

domestic producer.

Main themes | Proper distribution not | Maintaining and | Optimal allocation of
only of social facilities and | strengthening domestic | resources to deal with
access, but also of | and foreign investment | production mechanisms
educational equality, | this  underpins  the | that damage
which are the fundamental | optimal economic | environmental

9




underpinnings of | production and | ecosystems.
development. balances the short and
long-term investment.
Type of | Safety, security, health, | Income, job creation, | Waste, energy, water, air
indicators quality of life, wellness development, quality,  transportation,
employment, land use
investment, job
stability

* Adopted from Lehtonen (2004), Spangenberg (2005), Morelli (2011), Fauzi et al. (2010), Eizenberg
and Jabareen (2017), Boyer et al. (2016), Sridhar and Jones (2013), and Foy (2009).

2.4 Methods of measuring sustainability performance at the

organizational level

One of the most well-known methods for evaluating sustainability is Life Cycle
Assessment (LCA) which quantifies all the environmental impacts of a product from
providing the raw material, through the production and down to its disposal (Gan and
Griffin, 2018). One of the benefits of the LCA method is that it avoids the shifting of
the impact from one point in the life cycle of the product to another point. Many
variations of LCA have evolved through the years such as Life Cycle Costing (LCC)
which additionally accounts for costs and Social LCA (SLCA) that also considers the
social pillar of sustainability. LCA, mostly based on ISO 14040, is a data-intensive
method and the reliability of the results is highly dependent on the collected data,
thus it is not so desirable when exact data is not at hand. Another drawback of using
LCA is the high complexity and uncertainty of the results that makes it hard for

decision-makers to understand it.

Cumulative Energy Demand (CED) is considered as a derivative of LCA that
indicates the energy requirements. This method requires less data compared with
LCA. CED indicates the energy used during a full life cycle of a product and is easier
to use for non-expert users, but with the price of losing detail information (Huijbregts

et al., 2006).
10



Energy Life Cycle Assessment (E-LCA) considers energy losses in a process and

also accounts for the quality degradation of the resources.

Carbon Footprint (CF) indicates the emissions of greenhouse gases over the full life
cycle of a product or process. CF uses 1SO 14064 to compute the emissions of
greenhouse gases and mostly focuses on climate change impact and as a result,
compared to LCA is less data-intensive, easier to understand and the results are more
precise. These benefits are the reasons that have caused CF to be widely used in the
industry. Water Footprint (WF), first introduced by (Hoekstra, 2017 is another
assessment method that evaluates environmental aspects of sustainability. WF
presents quantified water-related impacts of a product or process. Although WF only
considers the water element, the complete life cycle of the product is considered in
its calculations and the vitality of water to human beings makes this method highly
important. Since LCA does not thoroughly account for water impact, WF may be

used as a complement to LCA.

The Material Input Per Service (MIPS) introduced in 1990, indicates the productivity
of the natural resources used to provide a particular product or service and is
performed by quantifying the resources. One of the advantages of this method is its
simple calculations and results (Ritthoff et al., 2002). MIPS can be used to compare
different products based on the quantity of the material used in their production. One

of the disadvantages of this method is ignoring quality.

Partial Equilibrium Model (PEM) is used alongside LCA to evaluate the impact of
policy changes on the market and the economy. This model is used to scrutinize the

effect of substituting a good or a set of goods with other products and the potential
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consequences regarding the environment. (Freire et al., 2001) developed LCAA in
the LCA framework which is based on Activity Analysis (AA). LCAA accounts for
physical flows between the processes and the environment. Similar to LCA, LCAA

is data intensive and requires the cooperation of experts in various fields.

Eco-Efficiency (EE) is a vital criterion for evaluating the green performance of an
organization that is recently highlighted by the movement of organizations towards
sustainable development. The merit of EE is that it links the environmental impacts
directly with some kind of economic performance and it works as a valuable tool
towards sustainable development (Caiado et al., 2017; Ma et al, 2018). Introduced by
(European Environment Agency. 1999), Eco-Efficiency Analysis (EEA/EE) aims to
deliver products and services and meet the market demand while progressively
decreasing ecological impacts, at least to the level of the earth’s carrying capacity.
The goal of EE is to create more and have less impact. EEA is based on different

approaches developed for measuring EE.

Socio-Eco-Efficiency Analysis (SEEBALANCE) is a method developed by BASF
that evaluates the environmental and societal impacts and costs of a specific product.
SEEBALANCE quantifies and evaluates all three pillars of sustainability in an
organization. This method evaluates the social impact in five groups, including
employees, the international community, the future generation, consumers and local

& national communities. Evaluation of each group is limited to specific indicators.

Product Sustainability Assessment (PROSA) determines changes required to move
towards sustainable development. Some applications of this method include strategic

planning, product policy, sustainable consumption and product development and
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marketing. Three pillars of sustainability are considered in this method throughout

the life cycle of a product.

(Khan et al., 2004) proposed the Life Cycle Index (LinX), which facilitates the
process of selection and design of products. LinX is comprised of factors such as the
environment and technology. Each of these factors includes several parameters. LinX
does not consider some parts of the life cycle. Sustainable Value (SustV) indicates
the monetary value a company has produced during its course of life compared to
other companies in the same sector. SustV covers the most common aspects of
environmental issues and the basic social and economic aspects of sustainability in
the production phase. It also reflects how efficient the company uses its resources.

SustV uses only one indicator that facilitates comparison among companies.

To investigate whether remaining stocks of natural capital are adequate to sustain the
anticipated load of the human economy into the next century, (Rees and
Wackernagel, 1996) introduced Ecological Footprint (EF) to assess capital stocks,
physical flows, and corresponding ecosystems areas required to support the
economy. The ecological footprint measures how much bio productive area (land or
water) a population would require to produce all the resources it consumes and to

absorb the waste it generates, using the prevalent technology.

Similar to the ecological footprint metric, the Surplus Biocapacity (SB) measure
measures the sustainability of consumption patterns, but accounts the difference
between a country’s ecological footprint and its domestic production area of the

ecologically productive land and water (Giannetti et al., 2010).
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Drawing on the above, sustainability measurement methods can be summarized in

Table 2.2.

Table 2.2: Sustainability measures. *

Method Focus on Tier Cons Pros
Life Cycle Environment and Total
Assessment Quality Management Environmental
(LCA) (TQM)
The distinction between Data-intensive Comprehensiv
Life Cycle whole life costs and life | Environmental Complexit e
Costing (LCC) cycle costs of products Economic plexity evaluation of
. Uncertainty
and services factors
Social Life Cycle | Investigating the social .
. . Environmental
Assessment impacts of a product's Social
(SLCA) life cycle
Less data-
Cumulative Lost of intensive
Energy Demand) Energy Consumption Environmental information compared to
CED LCA
User-friendly
Exegetic Life Inability to .
. - Considers
Cycle Evaluation of resource . optimize
. Environmental - energy +
Assessment (E- consumption chemical valit
LCA) processes quality
I_gnorlng Informed
environmental decisions to
Carbon Footprint | Effects of production on . damages like
. Environmental ; overcome
(CF) climate change depletion of :
environmental
natural
change
resources
Water Footprint Amount of used . Limited to Reduu_ng
freshwater for the Environmental production
(WF) ; water X
process of production risks
Material Input Quantity of directly or . .
. . LS Environmental Ignoring S
Per Service unit | indirectly resources used ualit Simplicity
(MIPS) for production quatity
Keeping a
Partial Environmental Impacts Oﬁ?d[)essfisv balance
Equilibrium of Production Policy Economic yby between
models and
Model (PEM) Changes f supply and
actors
demand
Explicit
Life _C)_/cle Effects of optimal Data-intensive recognition of
Activity . . and alternative
: resource allocation on Environmental .
Analysis the environment Complicated ways of
(LCAA) calculations production and
distribution
. . Compatible
Eco-Efficiency More production, less Environmental Setpng with today's
resource use and less . quantitative :
(EE) . Economic economic
pollution goals
system
Socio-Eco- . . . . Limitation of
e Incorporating social Environmental Compatible .
Efficiency A h - evaluations to
. sustainability into Economic with I1ISO
Analysis environmental analysis Social 14040 some selected
(SEEBALANCE Y criteria
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)
Pr(_)duc_t_ Energy consumption and _ Little chance _Increas_lng
Sustainability socio-economic Economic innovation-
. to assess future .
Assessment consequences of the Social developments reducing
(PROSA) product P complexity
Life Cycle Index . Environmental Is ﬂ.EX'ble of Life Cycle is
. Process design - different not accounted
(LinX) Social -
impacts for completely
Mainly
. hypothetical Ease of use at
Ecological . . land use and -
- Ecological Impact Environmental different scales
Footprint (EF) resource use e
are of organization
oversimplified
Improvement Svnerav in
(Sustainable . of SB being ynergy
N Environmental | . environmental
Brand Index) Stakeholder priorities . impacted by ;
Social and social
SBI larger o
. responsibilities
corporations

* Adopted from (Gan and Griffin, 2018; Huijbregts et al., 2006; Hoekstra, 2017; Ritthoff et al., 2002;
Freire et al, 2001; Caiado et al., 2017; Ma et al., 2018; Khan et al., 2004; Rees and Wackernagel,
1996; Giannetti et al., 2009)

Sustainability is a multi-dimensional concept, in which economic, social and
environmental aspects must be equally considered and integrated (Azimifard et al.,
2018). For instance, there is no particular quantification of corporate sustainability
and every company requires contriving its own description of sustainability that is
consistent with its aims, nevertheless they presume that corporate communal

responsibility and corporate sustainability are equipollent.

The business case for corporate sustainability has also been broadly investigated in
the literature (Soleimani, 2018; Pactwa et al., 2018; Fattahi et al., 2018). In an
endeavor to address sustainability at the company level, plenty of strategies, policies,
programs, and other improvisations have been exposed. There is a growing body of
research on corporate sustainability reportage (Brown et al., 2009), sustainability
inspecting (Srivastava et al., 2013), codes of behavior (Bondy et al., 2008), and
standard systems for environmental and socially liable handling (Castka and

Balzarova, 2008).
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Aside from summarized sustainability measures, there have been many indexes and
indicators developed for a particular field which of course are not expandable to
other environments. In continuing some of the studies of this kind will be discussed

in brief.

(Gomez-Limdn and Sanchez-Fernandez, 2010) assessed the sustainability of farms
through an assessment method comprising 16 indicators that covered three bottom
tiers of sustainability and was proved to improve sustainability and agricultural
policies. Using the IDEA method (Bertocchi et al., 2016; Zahm et al., 2008)
integrated 41 sustainability indicators to support the agriculture sector by comparing
different production systems in terms of sustainability. (Van Cauwenbergh et al.,
2007) proposed a framework to select indicators and reference values that are used to
assess the sustainability of an agro-ecosystem. (Rasul and Thapa, 2004) used twelve
indicators to compare the effects of ecological and conventional agriculture on
sustainability. They resulted that ecological agriculture has more tendency towards
sustainability. Similarly, (Orlova and Sharabarina, 2015) Proposed an interaction
matrix that yields two types of indicators to assess the impact of a specific
production system on the environment (Agro-Ecological Indicators) and to
investigate the common impact of all production systems on the environment
(Indicators of Environmental Impact). These indicators are supposed to help
decision-makers in the selection of the farming system in terms of economic and
environmental factors. ( Ofiate et al., 2000) illustrated that environmental Regulation
can have a positive impact on Agricultural lands by agri-environmental indicators.
(Mohamed et al., 2016) applied the Farmer Sustainability Index (FSI), which is

comprised of 33 production systems, each having a positive or negative score.
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Changes in FSI would reflect the changes of ecological sustainability thus enabling

farmers to know about their position in their movement towards sustainability.

(Wernick and Ausubel, 1995) highlighted that from a scientific point of view, it is
highly unlikely to provide one comprehensive metric or index of sustainability that
could satisfy all the requirements posed by different philosophies (e.g., weak and
strong sustainability perspectives). Also (Kinnear and Ogden, 2014) states that the
sustainability evaluation requires the development of a multidimensional assessment

tool that integrates economic, environmental and social issues.

Pearce (1988) noted about the close probabilistic relation between the stability of
natural capital and sustainability. Destroying natural resources may decline the
amount of sustainability in different aspects. By this view, improving sustainability,
especially environmental sustainability must be an important issue of organizations
in these years (Kuan et al., 2013). This shows the importance of studies on finding
methods of measuring sustainability by adopting a strong sense in preferable levels

of a supply chain or individual companies.

Schaefer et al., (2006) mentioned that there is a competition between nature and
human about restoring renewable resources with the ability to replenish or revived
and consuming it. Because of more consuming than restoring, mankind always is the
winner of this contest. The ecological footprint (EF) refers to the amount of the
reproductive area that mankind demands when consuming resources in a sustainable
way and conversely, biocapacity (BC) is the quantity of existing reproductive supply
within a specific area. EF and BC can be assumed as demand and supply by using an

economic perspective. Surplus biocapacity (SB) as reported by Gianetti et al., (2010)
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can be defined as the absolute value of the difference between EF and BC in a
mathematical view. Selecting appropriate metrics for measuring and analyzing these
concepts is vital. For instance, SB of an area can be obtained from the differences
between EF of the area, its indoor production area of land and water ecologically
productivity. The difference between the sustainability views (economic,
environmental, and social) with various theoretical and practical methods of
sustainability assessment and measurement, resulted in a big challenge for

organizations and decision makers of supply chains (Dzemydiene., 2008).

According to the most usable description of sustainability as reported by (WCED.,
1987), humanity has the ultimate powers of ensuring sustainability by getting their
present necessities without jeopardizing the needs of the next descendants.
Moreover, impressions of EF and SB failed to fully establish and accounted for the
range of environmental problems. This was also opined by Schaefer et al., (2006)
that nature seems not to have significant capacity to absorb some important obstacles
in the environment and the thereby acts as contaminants and impurities of high-
density materials. Nijkamp et al., (2004) in their research showed that the biological
view of measuring the productivity of an area, may not necessarily consider the
resources in the absence of renew-ability of capacity. For instance, in the study of the
amount of co, emissions from domestic gas consumption, cremated fuel remaining is
not considered as a metric. Most of the metrics of EF and SB concepts are obtained
according to an analysis of a system in a static situation, in this situation, every

individual metric will lose its power to predict future (Rees., 2006).

The development of this model, is therefore based on the fact that there will always

be both effective factors of sustainability (barriers and enablers) which are the
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catalysts for the growth of the organization necessary for its sustainability without
hampering its capacity. With this in mind, organizational sustainability can be
idealized in terms of its capacity to move progressively to subdue the challenges
imposed on it. Consequentially, the capacity of the organization is manipulated by
particular exterior or interior situations. Thus purposed model in this paper admits

these facts that those catalysts vary between organizations.

It should be noted that not all factors imported in sustainability measurements are
relevant therefore possible barriers and enablers to sustainability are usually at the
instance of the prevailing conditions at the subjected organization. It is worthy of
note that priority assigned to relevant variable changes over time. It becomes more
complicated when different variables are given in diverse units or even in quality
measures, then the correlation among the variables perhaps uncharted (Marchini et
al., 2009). Putz Huber and Hasenauer (2010) corroborated this by applying a
probabilistically method of sustainability insulated from probabilistic measures as a

pragmatic and feasible approach.

2.5 Methods of measuring sustainability performance at the supply

chain level

Supply Chain Sustainability From the perspective of stakeholder requirements,
various approaches have been taken, including the discretion of supply chain focal
companies to balance social, economic, and environmental goals. Note that there is a
significant relationship between these three goals so that disregarding one of them

also disrupts others.
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Nine models are AHP, BSC, SCOR, DEA, LCA, Equilibrium models, Input-Output
analysis, MCDM, Composite Metrics. Before looking at the application of these
models, we have a glance at the concept of each model.

2.5.1 AHP

The model, which is used to solve multi-criteria decision-making problems in the
manufacturing and service industries, is based on the assumption that such problems
can be solved by considering hierarchical relationships between levels. The main
objective at the top level and the associated constraints at the intermediate levels and
finally at the lower levels of the alternatives is organized and calculated by pairwise
comparisons of the positive weight of each factor (Stefanovic et al., 2016). Based on
pairwise comparisons using standard tables, AHP is used to find priorities. The
comparisons are made based on the experts' opinions and finally, the overall
objective is divided into measurable criteria. Decisions are made based on pairwise
comparisons on a numerical scale from one (equality of importance) to nine (a very
important activity) (Dos Santos et al., 2019). AHP has been used by many
researchers in various fields of industry, services and supply chains to support
decision making. (Subramanian and Ramanathan, 2012). This model operates on a
hierarchical structure such that each decision criterion is subdivided into lower
levels. This process results in the weighting of decision-makers by considering the
subjective opinions of the experts in the field, and by answering pre- questionnaire
questions about the importance of the factors. Due to the inability of the traditional
AHP model to fully understand the qualitative factors, recently the AHP fuzzy model
has been considered. This approach is one of the most widely used multi-criteria

decision-making approaches with qualitative factors (Calabrese et al., 2016).
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2.5.2BSC

Managers who only used financial metrics to evaluate the sustainability of their
organizations have been criticized until the modified BSC model created in 1992 by
Kaplan and Norton came to their attention with a focus on stakeholder satisfaction,
internal process integration, social expectations, and reputation for a more accurate
presentation on sustainability. According to the BSC concept that was used as a tool
to balance short-term activities with long-term goals, there is a causal relationship
between the financial and other non-financial aspects with considering qualitative
and quantitative information from inside and outside of an organization. Although
BSC had recently used a combination of Enterprise Planning Resources (ERP) to
align financial and non-financial assets to strategic goals, a new approach called BSC
fuzzy network has helped to understand the interdependencies of sustainability
factors (Lin et al., 2013). The sustainable balanced scorecard (SBSC) model was a
derivative of BSC, based on a hierarchical structure that relies on four approaches:
financial, customer satisfaction, internal processes, and growth and learning. The
SBSC model not only recognizes the environmental goals of the organization, but
also enhances the value-added of social factors and later becomes a tool for managers
to increase their awareness and understanding of their responsibilities (Zhao and Li.,
2015). The financial approach emphasizes the organization's financial concerns and
how the organization behaves to ensure continued growth and protection of
shareholders' equity and financial balance. The customer perspective refers to
understanding the needs and expectations of potential and actual customers to grow
and survive the organization in a competitive environment. All internal processes and
customer expectations are usually the outcomes of the demands that the organization

should necessarily implement their internal processes. The growth and learning
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dimension is a set of intangible assets of the organization that refers to optimizing the
flow of information through the use of related systems. To implement the model, the
organization needs highly skilled staff to understand the concept of innovation and to
employ strategic tools to meet customer needs that lead to the organization's financial
profit. In achieving the organization or supply chain with strategic goals, a variety of
methods have been proposed by researchers that the BSC has become a powerful tool
for balancing the four equilibrium perspectives (Mendes et al., 2015).

2.5.3 SCOR- supply chain operations reference

A model aimed at improving supply chain performance that serves as a link between
optimally identifying process elements and finding the best way to mark effective
and efficient core activities for measuring sustainability. In short, the model is the
interface between the supplier and the customer. SCOR cycle: production planning
according to customer's needs, a supply of storage for order maintenance,
manufacture and production of order, delivery of goods to the customer, the supply
of raw materials for planning (Tramarico et al., 2017). Today, the traditional SCOR
goes beyond the boundaries of measuring and improving organizational performance
with a more realistic approach, considering environmental concerns and playing a
role in its new role as Green SCOR. The model in its interactive cycle enables
organizations to supply and refine value chain approaches and activities. The model
has been rapidly applied in a variety of production field and service-oriented areas,
from the automotive industry to the tourism, from the wood industry to information
systems consulting, from the oil industry to geographic information systems, and
although it has also demonstrated its environmental impact, but has a greater impact
on the economy field (Ntabe et al., 2015). The cycle steps must be sequenced and

reviewed at predetermined time intervals to be used effectively in the organization or

22


https://www.sciencedirect.com/science/article/pii/S0959652616305844#!

supply chain. The quality of implementation of this model is closely related to the
level of training and knowledge of staff (Bendul et al., 2017).

2.5.4 DEA

DEA is a non-parametric mathematical model for evaluating the performance of a
decision-making unit (DMU) with multiple inputs and outputs. Traditional DEA
(classic DEA) was introduced by Charnes in the Year 1978. The range of efficiency
changes between zero and one, which Values close to one represent the unit with
excellent efficiency. The model has been developed in a variety of areas like urban,
banking, hospitals and supply chains, one of which is a two-integrated model, which
has been used to assess the efficiency of the Chinese road transport service in terms
of technical, environmental, and ecological dimensions (Xie et al., 2019). The DEA
model has recently been applied to a wide range of private and public sectors such as
technical evaluation of thermal power plants, evaluation of electricity generation
performance, assessment of the sustainability performance of the automotive
industry with an emphasis on environmental protection, which sometimes results in
the creation of integrated sustainability models. Like other decision-making models,
the DEA has its own set of limitations and challenges, one of which is determining
the number of decision units. It has been agreed by the researchers that the number of
decision units should be at least equal to three times the sum of the model inputs and
outputs. In many model applications, the number of decision units is insufficient.
Although several solutions have been proposed to overcome this limitation, it should
be noted that, in spite of these limitations, the different models developed have
different and often unexpected results (Mahmoudi et al., 2019). Another challenge
was the existence of a large number of highly effective tenants in several areas,

including utilities. Recently, DEA-based models have been developed to overcome
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this challenge, which has made DEA a multi-criteria decision-making approach. In
this application, decision-making units are categorized into efficient and inefficient
branches that have been used by researchers in various fields of agriculture, energy,
environment, and supply chain management (Pozo et al., 2019).

255LCA

The traditional Life Cycle Assessment model was used as a means of linking
organizational plans to achieve a good level of employee satisfaction, but today it is
used as a means of achieving stability in production and maintaining value within the
supply chain. The main purpose of the developed LCA model is to reduce the
environmental impacts by emphasizing the impact of the products (Gestring, 2017).
The following cycle can be considered for a model that examines the relationship
between the environmental impacts associated with the product life cycle. LCA
cycle: Targeting and setting boundaries of activity, Determining and measuring
inputs and outputs, Indexing of environmental factors, Conclusions based on cause
and effect relationships among indices. In recent years, a variety of applications of
traditional LCA and social life cycle assessment (S-LCA) have been used in various
applications including environmental impact assessment of sugarcane industry as
well as the use of a computer simulator to evaluate environmental indicators.
However, analyzing the outputs of these models that result in, the weighting of
different products or scenarios is sometimes difficult to understand for decision-
makers. To address this difficulty, assigning equal or stochastic weights to all
indicators was proposed and applied, which led to the overriding of preferences as
well as the ineffectiveness of multi-criteria decision-making models. The most
appropriate solution is based on assigning a random weight of all possible

compounds to find the optimal weight (Du et al., 2019). Today, LCA is one of the
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most widely used methods for measuring the environmental impact of products and
services used in developed countries as well as booming economies. Other
approaches, such as the energy model alongside the LCA model, are used as the Eco-
LCA model as a supplement to measuring sustainability in assessing environmental
impacts in industrial areas, agricultural productivity, value-added mining, and other
areas. This integrated approach is also used to evaluate the effectiveness of strategic
planning (Liu et al., 2019). Another application of the LCA model has focused on
reducing the environmental impacts of food supply chains. (Noya et al., 2018). The
program has four steps in succession: identifying effective units and defining system
boundaries, system input, and storage of output, probing the effects of predefined
scenarios and interpreting outputs and outputs (Smol et al., 2019). The LCA model
can also be used to optimally manage the use of harmful environmental waste (waste
incineration to generate energy and generate electricity from landfills) (Ghose et al.,
2017). Because this model can simultaneously consider the environmental impacts of
each stage of the life cycle and introduce an environmentally friendly model. The
LCA has also been used as an effective tool for the development of waste
management programs, examining different landfills without energy recovery, waste
recycling with energy recovery, and model results indicate that waste incineration is
a better option (Bartolozzi et al., 2018).

2.5.6 Equilibrium models

The equilibrium model is derived from an economic network aimed at balancing
production rates and optimal transportation costs. The equilibrium model applies to
the overall and partial supply chain sustainability assessment. For example, retailers
are looking to balance the maximization of profits and shipping costs, as well as the

end consumer interested in balancing optimum consumption and payment costs
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(Nagurney et al., 2002). A supply chain generally involves suppliers, manufacturers,
distributors, retailers, and end-users who each seek to maximize their needs and
requirements, leading to equilibrium. Other measurement models, such as AHP, have
also been used occasionally to check for sustainability and achieve equilibrium
solutions. The discussion of supply chain sustainability with the help of the
equilibrium model refers to balancing all the components involved so that if one
component tries to change its behavior to enhance its sustainability, it may reduce the
sustainability of the entire supply chain (Hsueh and Chang, 2008).

2.5.7 I0A analysis

This top-down method that Introduced to illustrate the relationship between
commodity production and the exchange of materials in economic firms, now
considers the protection of resources and the environment at the enterprise
production stage. Although this model was not introduced to identify the internal
organizational segments, it is nowadays used as a tool for investigating supply chain
actions and responses and is very powerful in identifying communications (Wang et
al., 2017). The I0OA method is closely related to the LCA model and is capable of
describing the economic system with the help of the linear equation system:ax + y
In this system x and y are the vector of total production and total demand and A is
the relationship between input and output of the system. Specifies that each x and y
member generates a segment's production efficiency as well as their net consumption
efficiency (Tan et al., 2018). In the environmental field, this model illustrates the
direct and indirect effects of environmental impacts as well as ecosystem degradation
by integrating effective elements within an economic network (Pang et al., 2019).

The model also has sufficient rationale for evaluating supply chain sustainability, by
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analyzing the functional actions and their interactions within each component of the
chain (Bappy et al., 2019).

2.5.8 MCDM

The MCDM model has been used to rank existing options and prioritize them and is
nowadays used in various areas including waste management. In this program, the
model assists decision-makers in assessing the social, economic, and environmental
impacts and selecting the appropriate criteria and ultimately what to make. MCDM
approaches are separated into two groups, Multi-attribute Decision Making (MADM)
consist of value-based methods, outranking methods, and distance-based methods,
and Multi-Objective Decision Making (MODM), which evaluate a certain number of
alternatives according to criteria (Brookes et al., 2014). In the model, in addition to
resource constraints, there is an objective function that must sometimes be
maximized (profit) and sometimes minimized (cost). In multi-criteria decision
making, different models such as TOPSIS (Remote Axis), PROMETHEE (Priority
Based Integration), ELECTRE (Elimination and Choice Translating algorithm), and
AHP (Priority Oriented) models are used to evaluate organizational sustainability
and supply chain management. But in supply chains with multi-stakeholders, the
AHP model is dominant. However, it seems that the combined use of two or more
models will lead to more reliable results. Nowadays, MCDM methods are sometimes
in fuzzy form, to evaluate the efficiency and sustainability of metropolitan decisions
(choice of method and location of landfill or solid waste incineration, environmental
pollutant control, sustainable transport system, level of health services) (Coban et al.,
2018). Sometimes the vector weighting is based on incomplete, which is a drawback
of MDCM models. However, methods such as the maximum deviation model or the

use of expert opinions can be helpful (Wang et al., 2018).
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2.5.9 Composite metrics

Composite metrics is a centralized application tool for aggregating complex and
multi-dimensional problems into a single metric. While model metrics are more
subjective than objective, they are used by researchers to evaluate organizational
performance and supply chain, given the fact that it uses a good weighting system to
combine different factors (Singh et al., 2007). The last but not least model used in
supply chain sustainability measurement is a model based on composite metrics or
criteria. This approach uses composite metrics to summarize multifaceted and
complex factors that lead to results based on factor weight. The subjectivity of the
model has been criticized by some researchers (Bappy et al., 2019). Recently, many
studies have been conducted on various organizational or supply chain sustainability
assessment models, which, after reviewing the concept of each model, provide a list

of each application in Table 2.3.

Table 2.3: List of sustainability measurement models in supply chains with emphasis

on key findings.

Method Authors Highlights

AHP How et al. e Focus on the non-responsiveness of process optimization to

(2018) improve the biomass product life cycle in the supply chain.

e Application of the AHP model to prioritize sustainability
dimensions of social, economic, and environmental aspects.

e Investigation of three different environmental pollution
scenarios in a case study in Malaysia to evaluate the efficiency

of the model.
Govindan e Investigating and categorizing thirty potential barriers to
et al. sustainable consumption in the supply chain.
(2017) e Apply a fuzzy-based AHP model to prioritize the barriers

mentioned, with a view to eliminating or minimizing the
factors that influence it.

e A case study in the Indian automotive industry to understand
the factors.

Ansari et e ldentify and prioritize performance outcomes related to

al. (2019) organizational reorganization factors.

e Introducing a hybrid AHP model to obtain weights and
TOPSIS to prioritize factors.

e A case study of the manufacturing industries in India to show
step by step the continuous improvement of performance.

Chand et e ldentifying effective factors as business barriers at the global

al. (2018) supply chain level.

e Using performance measurement models, SAP and LAP and

28




combining them with AHP to understand how decision-makers
prioritize behavior.

A case study in India to understand the complexities of supply
chains with the aim of helping managers understand the role of
global decision-makers.

Luthra et
al. (2017)

Emphasis on the importance and role of suppliers in the
sustainable supply chain.

Twenty-two criteria for selecting a sustainable supplier in the
social, economic, and environmental areas and using AHP to
understand the importance of the criteria.

A case study in the automotive industry in India to select five
important factors in selecting a sustainable supplier and
suggest that this model can also be used to compare and
categorize efficient suppliers.

Balanced
scorecard
based
model
(BSC)

Callado
and Jack
(2015)

Examine the roles of suppliers, manufacturers, distributors, and
retailers in the supply chain that have provided a new
perspective on the use of performance metrics.

Performance appraisal should be based on the measurement of
effective factors for different units.

The results showed that finding a viable and collaborative
solution for evaluating the sustainability of different parts of
the supply chain is very difficult and other options should be
considered.

Bhagwat
and
Sharma
(2007)

Classifying different metrics of strategic supply chain
management into the financial, customer, internal processes,
and growth perspectives that are the main pillars of the BSC
model.

Three case studies at the level of SMEs in India to examine
supply chain performance.

Varma et
al. (2008)

Emphasizing the complexity of the supply chain in the
petroleum industry and using hybrid models to evaluate
performance to quantify qualitative data.

Combining AHP to select the influencing factors of the four
domains and BSC to find the relative importance of the criteria
based on pairwise comparisons across domains.

The results showed that AHP criteria are in descending order
of importance for the customer, financial, internal processes,
and learning growth, respectively.

Bigliardi
and
Bottani
(2010)

Application of Integrated BSC and Delphi to Measure Food
Supply Chain Performance in Quadrilateral Areas.

Presenting case study results based on similar perspectives in
the areas of customer, finance, internal processes and divergent
results in growth and learning.

Emphasize that the findings of the application of the food
supply chain model cannot be generalized to other types of
supply chains.

Motevali
Haghighi
et al.
(2016)

Call attention to the choice of a supply chain performance
measurement system to maximize the efficiency of
manufacturing and service activities.

Using a sustainability model of balancing factors: social
(meeting social expectations), economic (maximizing
economic) and environment (minimizing environmental
damage from productive activities).

Applying multi-stage DEA and BSC model for creating
balance between the performance of units and two case studies
in production and service.

SCOR

Cai et al.
(2009)

Emphasis on a systematic approach to the continuous
improvement of supply chain performance indicators based on
internal analysis of indicators.
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Using a process-driven SCOR model to identify important
indicators that reinforce them will lead to synergies in supply
chain components.

Tramarico
et al.
(2017)

Bring attention to the evaluation of training in the chemical
supply chain.

The Score model is used for factor selection and the AHP
model is used to rank individuals and organizational interest
options.

The output of the model emphasizes the incremental
effectiveness of individual and organizational learning.

Daghfous,
and Zoubi
(2017)

Exploring the importance of knowledge management as a key
role in improving supply chain sustainability in production and
service.

Providing combined knowledge management and scoring
model as a benchmark for measuring organizations and supply
chains in knowledge management deployment.

A functional case study of model performance in the UAE

Sellito et
al. (2015)

A comparative literature review of the SCOR model was
performed to evaluate the sustainability of supply chain
management.

The application of the SCOR model in the Brazilian shoe
industry was examined from a process and functional
perspective. The process dimension included source,
production, delivery, and efficiency, while the functional
dimension included cost, quality, delivery, and flexibility.

The sustainability of a supply chain was evaluated based on
four suppliers; two distributors, one return channel, as well as
eighty-five operational factors, and constructive suggestions
were made to apply this model to other supply chains.

Kocaoglu
et al.
(2015)

Conflicts between senior supply chain decision-makers and
sustainability evaluators focus on how to implement
improvement strategies and emphasize the alignment of
strategic and operational goals.

In this regard, the AHP model based on the integrated approach
to weighting the criteria as well as a TOPSIS model based on
the order of priority separation has been used to analyze the
hierarchical criteria.

Data
envelopm
ent
analysis
(DEA)

Wang
(2015)

The emphasis was on ignoring the optimization of the
industrial supply chain and paying more attention to economic
and environmental developments.

To evaluate the environmental chain efficiency, a DEA model
with ecological constraints was used.

The findings showed that the relative efficiency of
environmental chains can be increased by continuous
optimization and rearrangement of strategic goals.

Tajbakhsh
and
Hassini
(2015)

The focus was on measuring the environmental efficiency of a
supply chain and examining the number of DMUs in
commerce more than others.

The two-step DEA model was used to illustrate how to
maximize overall efficiency, focusing on finding optimal
solutions for each step.

A case study in China was used to improve productivity that
resulted in potentially valuable results for managers in
reducing environmental pollutants.

Yousefi et
al. (2017)

The focus was on improving solutions for developing supply
chain performance ratings that were used to convert targets into
phased values.

In the DIA model, the mean and standard deviation of the units
were used as target deviation values, which were intended to
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minimize these values.

Using a case study, the performance of the model was shown
to evaluate the ranking of different types of network supply
chains.

Rentizelas
et al.
(2019)

The survey was on finding alternative paths (compared to
efficiency) in the biomass supply chains.

Multiple measures of environmental performance were applied
simultaneously to a DEA model and sensitivity analysis was
performed.

The field of study was a case study in Latin America that
resulted in potential suggestions for improving and supporting
short and long term decisions of managers.

Babazadeh
et al.
(2017)

The focal point was on finding appropriate solutions to address
worrisome phenomena such as global warming, lack of
nutrition, and the spread of environmentally damaging human
activities.

A two-stage DEA model was applied, which were ranked in
the first stage of the crop according to social and climatic
factors, and in the second stage, places with high-performance
scores were proposed for crop production.

The model was implemented in Iran and resulted in potential
suggestions for decision-makers at the macro level.

LCA

Khoo et
al. (2019)

The focus was on the hybrid LCA model, supply chain risk
factors (production, distribution, end-product sales), as well as
geographic information systems (spatial data clarity).

A case study was conducted to investigate the performance of
the model in eight different scenarios in China, the United
States, Germany, Japan, and Singapore. The results were
analyzed using multivariate optimization techniques.

Ingrao et
al. (2019)

Environmental Impact Assessment of Tomato Supply Chain in
Planting, Processing, Distribution, and Consumption and
Emphasis on LCA Model to Increase Cycle sustainability.

A case study was carried out on the production of tomato puree
in Italy to identify environmental factors and to present
improvement strategies.

The results of the study were summarized on optimization of
soil management, drip irrigation, and finally replacement of
damaged packaging materials.

Skunca et
al. (2018)

Performance evaluation of poultry supply chain performance
on environmental factors (global warming hazards,
environmental acidification, soil erosion, ozone depletion, and
energy demand) was investigated using the LCA model.

A case study was carried out on 119 farms and 500 households
to investigate the environmental impact of the chain.

The results showed that controlling the protein source of
chicken feed and optimizing energy consumption had the
greatest impact on preventing environmental degradation.

Neto et al.
(2013)

Environmental Impact of the White Wine Supply Chain in
Portugal was investigated to identify factors and provide
solutions to mitigate the detrimental effects.

The stages of production were identified (vineyards, wine
production, wine distribution, and production) as well as feed
units (methods of consuming materials and energy, greenhouse
gases, soil and water requirements).

The model LCA applied and output showed that vineyard and
wine production were the most damaging factors and wine
production and distribution were next. Sensitivity analysis
showed that the optimization of dosages and herbal products
caused the greatest improvement in yield.
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Gava et al.
(2018)

Using the Life Cycle Assessment Model to Achieve Food
Security in Agriculture by Identifying, Monitoring, Reducing
and Finally Removing Traumatic Factors.

The results showed that the combination of LCA methods with
economic evaluations can be used to obtain more exaggerated
results.

Equilibriu
m models

Daultani et
al. (2015)

Countering the barriers affecting the performance of supply
chain segments plays an important role in ensuring the integrity
of the whole chain.

The network equilibrium model was developed based on
maximal profit, and minimal risk.

Three simulated case studies were used to find strategic
solutions for supply chain decision-makers.

Han et al.
(2017)

Overcoming the challenges of construction companies in their
production or outsourcing is critical to measuring the
sustainability and productivity of an organization.

A comprehensive equilibrium model was designed and
implemented in a simulated study for the supply chain. A large
contractor with the capability of producing and outsourcing as
well as a small outsourcing contractor was considered.

The results show that the level of sustainability of small
contractor’s increases as outsourcing increases and large
contractors increase with self-producing, and supply chain
sustainability depends on factors such as market size, type of
consumers, and strategic decisions.

Zhang et
al. 2005)

The focus is on adjusting the supply chain network equilibrium
model to examine the competitive behavior of demand-based
producers and retailers in the market.

The output of the equilibrium model is used to create the
equilibrium conditions and the economic interpretation of the
above conditions. The output is obtained using the variables
inequality model.

Meng et
al. (2007)

Balancing focus of interurban urban supply chain network with
random demand to minimize distances.

A hybrid factor-based equilibrium model with eleven
benchmark samples was used to demonstrate the model's
performance.

Xu and
Cau
(2017)

The focus is on creating a network equilibrium supply chain
model for manufacturers, retailers, and consumer markets for
optimal pricing.

The equilibrium model by examining the current and optimal
behavior of decision-makers with the approach of change
equality has been achieved.

The outputs of the model include suggested solutions for
improving the level of production technology used and
increasing the share of the product used, which in the
sensitivity analysis discusses the effect of some parameters on
the equilibrium model.

Input-
output
analysis
(I0A)

Albino et
al. (2002)

Emphasis on the localization of supply chain management in a
specific geographic area as a network of manufacturing
processes.

To evaluate the sustainability of the supply chain localization
model, an adequate input and output approach has been used
with sufficient interconnections between manufacturing
processes and the environment.

Weinzettel
and Wood
(2017)

Application of Input-Output Model to Reduce Damage to
Environmental Ecosystem Chains Due to Human Life Cycle
and Production Cycle.

A comparative study focusing on the strengths and weaknesses
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of the model of finding sustainable production patterns for
export products.

Sensitivity analysis of the case study in China showed that the
given model is capable of identifying and segmenting export
products whose production chains are less likely to be harmful
to the environment.

Owen et
al. (2017)

Using environmental accounting tools to understand the
relationships between elements of the food supply chain
(energy, water, production).

A case study in the UK using the input-output model to balance
attitudes between energy, water, and food as well as
understanding the interplay of factors.

The use of sensitivity analysis and structural path analysis
showed that optimizing resource efficiency strategies could
enhance the sustainability of food supply chain elements.

Cruz et al.
(2009)

The input and output model was presented to simulate the
system for measuring the sustainability of the Bioenergy
supply chains, assuming that the level of production in the next
phase of the chain will be adjusted to the goals of the current
time period.

To investigate the model behavior in possible scenarios, a
simulated study was performed and the results were compared
with the actual biological system.

Model sensitivity analysis reveals the high performance of the
model to investigate the dynamic properties of emerging fuel
chains.

Johansen
et al.
(2017)

Focus on using a combination of macroeconomic research
practices and policies to support forest supply chain decision-
makers to maintain sustainability.

Combined with different approaches and using the input-output
model in a case study of Norway, practical approaches to
preserve and increase forest volume and area were achieved.

Multi-
criteria
decision
making
(MCDM)
models

Tamosaiti
ene et al.
(2017)

Material management is a major challenge for supply chain
decision-makers, and choosing the right supplier is one of the
most influential factors.

A multi-criteria decision model was used to measure the
contradictions of criteria and decision-makers based on eight
effective factors (cost, quality, delivery, reliability, validity,
level of technology, adaptability, and finally development
capability).

The AHP model to find priorities and the Hovanov model was
used to normalize the weight values.

Poh and
Liang
(2017)

Paying attention to improving the social, economic and
environmental performance of supply chains to maximize
productivity and minimize unnecessary environmental damage
to compete globally is a concern of today's business owners.
To assist supply chain decision-makers in developing
sustainable chain management models, an AHP-based multi-
criteria  decision-making model and Process Analytical
Network Process (ANP) model were introduced to understand
interdependence.

Four strategies were used for the evaluation of sustainability,
and reverse logistics was selected as the optimal strategy.

Erol et al.
(2011)

The importance of paying attention to the dimensions of
sustainability in the social, economic, and environmental
aspects of a supply chain and to ensure that all aspects of
driving sustainability can be measured with a one-dimensional
standard.

To solve this problem, a model based on multi-criteria
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evaluation was introduced. However, even with this model, not
all decision-makers' needs can be met.

Using a case study from a food retailer in Turkey, the model's
performance was investigated and the proposed framework for
real data was tested.

Sreekumar
and
Rajmohan
(2018)

Using a Multi-Criteria Decision Making Approach to
Prioritizing Sustainability Criteria in Choosing Sustainable
Development Strategies in Supply Chains.

The selective model is a combination of HP for weighting, an
integrated mental and objective weighting approach, as well as
TOPSIS for an ideal solution.

A case study of India's production chains showed that the
model enables managers to incorporate the appropriate level of
subjectivity into their decisions based on their abilities.

Banasik et
al. (2018)

Emphasis on the effectiveness of multi-criteria decision-
making models for designing green (environmentally friendly)
supply chains based on measured decision support.

An in-depth comparative study of the multi-criteria decision-
making applications that focus mainly on production problems
and a new field of research in green chain design is applied.
The results showed that more attention should be paid to
compliance with the actual loss criteria, attention to fuzzy data,
as well as minimizing environmental damaging factors.

Composit
e metrics

Ngai et al.
(2013)

Study on the design and development of a corporate
sustainability-based (composite) model for performance
analysis of companies and supply chains that can be supported
by modern management theories.

The proposed model, which had no prior record of such
models, is the first application of a prototype for CSP analysis
that can be extended to industrial applications.

Bdohringer
and
Jochem
(2007)

Introducing indicators of social, economic, and environmental
conditions under the heading of Sustainability Indicators and
the need to create a balance between the three indices for
measuring sustainability.

Presenting a composite model based on sustainability
indicators in the policy domain that can lead to misleading
results if the policies adopted are not in line with the strategic
goals, which will discredit the indicators.

Dietz et al.
(2018)

The increasing tendency of global markets to create sustainable
value-added supply chains has increased the need for new ways
of measuring sustainability.

A new methodological model based on composite indexing has
been introduced to evaluate and compare the power of
standards, and ninety-two topics have been identified and
weighted for the sustainability of global coffee production.
Model outputs were computed based on a comparison of
sustainability levels across the four social, economic,
environmental, and adaptability domains and significant topics
were selected.

Talukder
et al.
(2017)

Given the multidimensional nature and sometimes the use of
indices with different measurement units in measuring the
sustainability of agricultural systems, it has been a major
challenge.

Fifty indices in the areas of productivity, stability, efficiency,
durability, rug rate, and shareholder rights were selected for
agricultural sustainability issues and mathematical analysis was
used to construct the final composite index.

After a comparative study of the various models and discussion

Singh et

Steel companies that have recently taken up the issue of
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al. (2007) sustainability measurement often have a large number of
indicators that sometimes interfere with the use of the
appropriate approach.

e A model based on the integration of key indicators and their
conversion into composite indicators is presented that
examines sustainability in social, economic, and environmental
aspects as well as two aspects of organizational management
and technical aspects.

e The model was used in a case study of the Indian steel
industry. In this model AHP was used for weight allocation.

2.6 Stakeholder analysis approaches to sustainability measurement

of supply chain

An organization or supply chain that meets its needs and considers the rights of
future generations to exploit resources is moving towards sustainable development.
There are individuals or groups whose presence and understanding of their needs (by
defining and measuring appropriate indicators) is a fundamental principle of
sustainability that their stakeholders are concerned with (Sardina et al., 2011). The
stakeholder is someone or group that is affected by the activity of the organization or
chain. In the comparative literature, stakeholders are divided into internal (direct
involvement in decision making) and external (influenced by actions), while others
propose main (essential to organizational survival) and sub-legal (influenced by core
group) categories. In general, the indicators involved are classified into general and
specific. Stakeholders' general indicators are defined in the three areas of social,
economic, environmental, while specific indicators vary by type of organization or
chain activities (Poplawska et al., 2015). Stakeholder theory, based on the hub-and-
spoke model, is part of the strategic management that deals with the direct and
interconnected supply chain and stakeholder relationships that today include indirect

relationships (Carvalho et al., 2019).
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Stakeholder theory is used for stakeholder analysis. The performance analysis
consists of the following three steps:
e Definition of social and natural phenomena affecting decision or activity.
e |dentify the individuals or groups that influence the phenomena or are
affected by the activities.
e Prioritize the views of these groups in decision-making that lead to

stakeholder alignment decisions.

Adaptive literature is increasingly moving towards sustainable development with an
emphasis on stakeholder roles. To this end, the balance between aligning and
contrast interests of the stakeholders has been discussed (Castka and Prajogo, 2013).

Researchers can explore different approaches to stakeholder management using
decision support techniques and a combination of stakeholder perspectives. Recently,
the use of fuzzy approaches to assess the social and financial performance of the
supply chain has been prioritized by stakeholders in environmental risk management
as well as evaluating stakeholders' commitment to the organization. The fuzzy
approach also utilizes a three-dimensional graphical model to give stakeholders a

prioritization approach (Gil-Lafuente and Barcellos Paula, 2013).

Table 2.4: List of sustainability measurement views in supply chains with a

stakeholder approach and key findings.
Reviews Method &Key findings

Chowdhury e Emphasizing the dynamic and competitive environment for organizations to
et al. adopt sustainable approaches to achieving economic goals, this paper
(2019) examines how organizational stakeholder changes are facilitated by a case

study in the Bangladeshi garment industry.

e By using a mixed fuzzy QFD decision support structure for supply chain
sustainability identifies and prioritizes optimal and effective strategies in a
dynamic environment

e The main findings of the research are the use of flexible organizational
approaches commensurate with the changes in the priorities of the
stakeholders and the positive impacts on empowering efficient managers to
balance economic, social and environmental factors.
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Silvestre et
al. (2018)

Supply chain corruption has been discussed as an obstacle to sustainable supply
chain performance. The focus is on the factors and consequences of corruption in the
Brazilian beef supply chain.

The findings of the review are as follows:

The importance of properly understanding management's impact on supply
chain management.

Involving supply chain stakeholders sometimes
corruption.

Understand how the supply chain corruption triangle is integrated.

Training programs to increase managers' awareness of corruption
prevention.

lead to increased

Hofmann
et al.
(2014)

A review of the comparative literature on supply chain risk management
revealed that the missing link is the neglect of supply chain stakeholders,
which impedes the use of supply chain risk mitigation.

The necessity to apply the views of the stakeholders of the chain that
contribute to the sustainability of the supply chain.

Meixell
and
Luoma
(2015)

The importance of influencing supply chain stakeholder demands on supply chain
performance was examined. Triple findings include:

Involving chain stakeholders redefines macro goals as well as setting up
more stations to make the supply chain more aware of sustainability

Paying attention to stakeholder views in different areas of the supply chain
leads to a variety of decisions.

The effects of stakeholder views on environmental sustainability are
prominent in social sustainability.

Castillo et
al. (2018)

Stakeholders' increasing emphasis on supply chains for environmental and
social sustainability and integrated practice has given rise to a new concept
of sustainability called supply chain integration.

This concept can help examine how social and environmental decisions
depend on supply chain sustainability.

Logistic regression was used to measure the concept of integration and the
concept of sustainability of structural and ethical dimensions was measured.

Rezaee
(2018)

Consider the challenges facing supply chains in adapting sustainability
strategies in the social, ethical, and environmental areas to create added
value for stakeholders.

Emphasize the need to balance financial and non-financial sustainability
with the required standards in the areas of design, purchase, production,
distribution and... to meet stakeholder requirements for sustainability.

Rebs et al.
(2017)

Stakeholders' views on economic, environmental, and social supply chains
have been addressed by researchers.

Subject literature to examine stakeholder-related risks has shown that there
is a greater emphasis on economic risks than on environmental and social
risks.

Studies have shown that qualitative studies focus on multiple stakeholders
and quantitative studies focus on operational risks.

Khan et al.
(2018)

Social sustainability in the .healthcare supply chain in the United Arab
Emirates was assessed using a questionnaire designed and collected by
experts in the field.

The five social factors of organizational practices, media and reputation,
organizational excellence, technology and innovation, and organizational
attitudes were considered based on supply chain stakeholder preferences.
The results showed that organizational attitudes and practices have the
greatest and the least impact on social sustainability, respectively.

Using a model to compare social sustainability across supply chains in
different domains has been suggested as a comprehensive social
sustainability tool.

Camilleri
(2017)

Keeping in mind that companies and supply chains in the areas of social
performance and sustainable innovation must focus on stakeholder
priorities.
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The result of the model was the adoption of conscious strategies of the
organizations called the management of the supply chain of social
responsibility that would lead to a sustainable competitive advantage for the
organization.

A sustainable responsible supply chain management should strive to
develop appropriate relationships with the suppliers and distributors
involved in the value chain.

Searcy
(2017)

The need to maintain supply chain sustainability levels with multiple
stakeholders and to create a sustainability threshold where the supply chain
must operate at that sustainability level.

Identify and utilize the four elements of preparing the learning contexts,
formulating standards, formulating executive mechanisms, and issuing
labels and certificates, all of which work within a theoretical framework.
The results focused on the involvement of all internal and external
stakeholders in the supply chain in the partnership and implementation, as
well as the proposal to consider other factors.
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Chapter 3

APPLICATION OF BOOTSTRAP RESAMPLING
METHOD TO SOLVE DIFFICULTY OF FINDING
UNBIASED POINT ESTIMATORS OF POPULATIONS’S

PARAMETERS

3.1 Introduction

Excessive consumption of natural resources, global warming, and depletion of the
ozone layer, forest degradation and other environmental and socio-economic
disasters in the last decades brought the concept of sustainability as a great concern

and solution into the minds.

In a study performed in 2010 over 50 percent of participating CEOs marked
sustainability as important while in 2017 this percentage increased to 90.
Furthermore, 60 percent of participants had invested in sustainability or had planned
strategies toward sustainability (Sroufe 2017). The effect of public pressure on
governmental organizations has been one of the factors leading to this trend

organizations (Atlason and Gerstlberger 2017).

To control sustainability, decision-makers and managers need tools to evaluate and
measure its value. There have been many tools devised by researchers. However, the

application of these tools is either limited to the specific field of their domain is only

39



limited to some aspects of the sustainability and thus they are not deemed as

comprehensive.

In 2014 Ahi and Searcy proposed a stochastic approach based on statistical
definitions to measure sustainability in an organization. However, the number of
observations is limited, the assumption of normality is endangered, and thus the
result of their methods deviates from precision. In this study, the application of the

bootstrap resampling method proposes as a remedy to this problem.

The rest of the paper is organized as follows: In the next section definitions,
measures and previous works are presented. Section 3.3 describes the proposed
method. A problem solved in (Ahi and Searcy 2014) is revisited and solved by the
proposed methods in section 3.4. The results are discussed in section 3.5 and finally
section 3.6 pertains to conclusions.

3.2 Model structure

In 2014, (Ahi and Searcy 2014) proposed a statistical method for measuring
sustainability, which accounts for all the aspects and factors existing in an

organization.

In the model presented by (Ahi and Searcy 2014) , population parameters (u & o)
were used to calculate organizational sustainability. However, in the absence of such
data, statistics of a small-size sample (X & s) were used which were not unbiased

estimators of those parameters and therefore makes the results deviated from reality.
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In this chapter, the bootstrap re-sampling method is used to find unbiased point
estimators of population parameters and more accurate values of sustainability. The

results are compared and discussed.

In spite of previous methods that used a set of indices of various aspects of
sustainability, the new method measures sustainability by categorizing all the factors
into capacity and challenge factors. Capacity factors are those having a positive
effect on sustainability and challenge factors are those reducing sustainability. To be
sustainable, an organization should reinforce capacity factors and tackle the
challenge ones. For measuring the sustainability of an organization, the first
appropriate metrics for capacity and challenge factors are determined. Then
sustainability is specified as the probability that capacity factors of the organization
surpass or overcome the challenge factors:

Sus = P(H < () (3.1)
Where Sus, P, C and H stand for Sustainability, probability, capacity factor and
challenge factor, respectively. It’s supposed that capacities and challenges are
random variables. Thus, one can define a Probability Density Function (PDF) and

Cumulative Distribution Function (CDF) of two factors, such that F(h) =
J," f()dh and F(c) = f,” f(c)dc. Substituting the probability density functions,
equation (1) can be rewritten as Sus = P(H < C) = [.” ()|, f(R)dh]dc . By the
assumption of a normal distribution of both types of factors and using a normal
probability density function in equations we would have:

—(c=pe)? —(h-up)?
Sus = [ — 207 |[C———e 2% dh|dc (3.2)

0 2 € 0 2
2mo¢ Oh |2T0},
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In equation (3.2) u; and u, indicate the mean of the challenge and capacity factors
respectively and o7 and o2 stand for their variances. A simplified form of the

equation (3.2) proposed as illustrated in equation (3.3):

Sus=1—¢ (— %) (3.3)

(c2+0}
Using equation (3.3) and by using the values of the corresponding normal
distribution function, one can calculate the numerical value of sustainability in
percentage. To acquire equation (3.3) it is supposed that the challenge and capacity
populations are normally distributed. For information about the parameters of the
population is not available, the point estimators of the parameters are acquired by
statistics of the samples taken from the population. According to the central limit
theorem, if the sample size is not big enough, unbiased estimators of the population
parameters cannot be achieved. In such a case, the bootstrap resampling method
proposed by (Efron, 1983) can be used to tackle the problem. Bootstrap is simply
defined as taking samples with replacement from the original sample. The bootstrap
method was widely recognized as a statistical tool used for approximating standard
errors in 1983 after the publication of Efron’s monograph. The main purpose of this
method is to find unbiased point estimators of the population parameters based on the
sample statistics and to evaluate the accuracy of the estimators. Using the bootstrap
resampling method, the size of the existing sample is increased such that the

population distribution can be extended to sample distribution.

The idea behind the bootstrap method is to use sample distribution instead of
population distribution. A sample distribution is a probability distribution that
assigns the probability 1/n for each sample properties of the estimator such as its

standard error are determined. Assume there is element. Based on sample
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distribution, a sample of size n based on which a population parameter (6) is to be
estimated (). The accuracy of 8 is determined according to the distribution function
F, which gives a probability 1/n to any member of the sample. Bootstrap distribution
is calculated by consecutive samplings with replacement (k times) and acquiring the
estimator (@) for each sample. Therefore, the standard deviation of the estimator can
be calculated by the standard deviation of the bootstrap distribution for  — 6. In this
way, for any population parameter such as mean, median and standard deviation, an
estimator can be found and its accuracy can be validated. The resampling method of
bootstrap includes two steps:
1. Taking the samples from the population and determination of the parameter

2. Calculation of the estimator for that parameter based on the existing sample.

These two steps should be repeated k times and according to (Efron, 1983), the k
should be at least equal to one hundred in order to decrease the error of estimators.
By doing so, a Monte Carlo approximation is obtained for the distribution of . The
standard deviation of this approximation is a good to estimate of estimator’s standard
deviation. When k is large, the difference between bootstrap estimator and Monte
Carlo approximation is negligible. In other words, with the increase of k, the
difference between the distribution of bootstrap and Monte Carlo diminishes. It is
possible to obtain the bootstrap estimator directly and without Monte Carlo

approximation. (Efron, 1983) found a bootstrap estimator for the mean of a variable

_111/2
in population with the standard deviation?rBOOTz["T1 , Where &=

1
O — f)z] Zand x; is the value of i" observation and x is the sample

[n(nl— 1)

mean. The other discrimination between the bootstrap sample and the original
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sample is that in a bootstrap sample an observation may be repeated more than once.
In addition, it is possible that observation in the original sample is not present in the
bootstrap sample, therefore the values of 6* is different from one sample to another.
The probability of selection of a member of the original sample (x;) for j times are
calculated by multinomial distribution (Chernick and Murthy, 1985). (Efron, 1983)
used these probabilities to calculate the ratio of standard deviation and the estimator.
The main idea behind the bootstrap is to find the variability of 8* based on the actual
distribution function of the population F around the actual value of the parameterd.
It’s obvious that for large values of n, the distribution of the sample (F,) would be in
accordance with the distribution of the population (F). The rule of large numbers for
random independently identically distributed variables indicates that with the
probability of one, the distribution of the bootstrap samples is identical with that of
the population (F). According to a theory proved by Glivenko-Cantelli theorem, the

bootstrap estimator is valid when it covers the real parameters of the population.
3.3 Case study

In the case study of this research, the data obtained from Hydro-Quebec Company is
used. This data is acquired from the study performed by (Ahi and Searcy, 2014) and
the results are compared accordingly. It is noteworthy that in the (Ahi and Searcy,
2014), information on sustainability factors (challenges and capacities) was used in
the 2009-2011 interval, while this information was expanded based on Hydro-
Quebec sustainability reports by 2018. Clearly, more information has led to a better
understanding of how the process of sustainability changes, as well as a better

comparison of the results of the original model and the developed model.
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3.3.1 Hydro-Quebec

Hydro Quebec is one of the main electric generators and distributors in North
America located in Canada owning a nuclear production station and sixty
hydroelectric stations. Hydro-Quebec has a sustainable approach to environmental
and future priorities pursuing social and economic goals and has organized its
activities according to the needs of its stakeholders. It works to generate, transmit,
and distribute electricity using renewable sources, especially hydropower in
production and wind power in the transmission system (Hydro-Quebec, 2018). From
the reports published annually by this company, five capacity factors and five

challenge factors are selected from the existing factors.

According to (Ebert and Welsch, 2004) the values reported for sustainability should
be mentioned in percentages and thus Table 3.2 reports the sustainability values for

selected factors by percentages.

Table 3.1: Sustainability reports acquired from Hydro Quebec

Challenge factors Year
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Area of transmission-line right-of- 2737 | 2936 | 2205 | 2.8 0.73 04 | 602 | 208 | 475 5.4

way treated with herbicides

Area of dikes and dams treated with
herbicides

GHG emissions (by CO2 only) from
thermal electricity generation
relative to total GHG emissions (by
CO2 only) from all reported sources
Indirect emissions with power
transmission and distribution
relative to emissions avoided by
exports of electricity

Spills due to equipment breakage 45 56 51.5 57 62 60 59 51 53 49

49.28 26.69 38.48 54.19 42.03 32.02 43.49 49.24 48.16 53.96

86.82 79.03 79.35 80.23 79.26 80.19 79.92 78.99 81.7 81.91

2.17 2.49 0.81 0.2 0.085 0.37 0.19 0.064 0.094 0.0105

Capacity factors

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
97.58 | 97.81 | 97.91 | 97.56 | 99.84 99.82 | 98.45 99.12 99.75 99.18

Renewable energy generated
relative to total energy generated
Energy saved through conservation
a efficiency improvement plans
Underground hookups on the
distribution system

Residual hazardous materials
(RHMS) diverted from landfill
Insulating oil recovered and reused
internally

0 19.71 40.26 32.45 36.41 39.15 44.12 38.92 44.16 46.28

32 36 40 42 41 46 43 46 48 48

95 95 94 95 96 93 95 97 94 96

88.4 91 88.8 80.09 | 81.16 9222 | 93.34 | 87.86 95.84 96.15
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Since the sample size is not large enough, even with the assumption of the normal
distribution of factor parameters, one cannot use the sample statistics as unbiased
point estimators of the population’s parameters and subsequently, they cannot be
used in the equation (3.3). Therefore, in this study, the bootstrap technique is utilized
to obtain the unbiased parameters of the population. To do this, 10000 samples are
taken from the challenge factors and capacity factors, by sampling with replacement
technique and the unbiased point estimators of parameters are estimated and used to
obtain sustainability values.

3.4 Results

Unbiased point estimators acquired from the samples are illustrated in Table 3.3

along with the point estimators used by (Ahi and Searcy, 2014).

Table 3.2: Unbiased point estimators obtained with the bootstrap method compared
with those in (Ahi and Searcy, 2014)

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Regmar 0.4213 0.3871 0.3844 0.3888 0.3682 0.3460 0.3772 0.3627 0.3754 0.3806
A method
H
BOOtStI’ap 0.41912 0.38542 0.38221 0.3817 0.36543 0.3422 0.3731 0.3622 0.3719 0.3813
method
Regmar 0.6260 0.6790 0.7219 0.6942 0.7088 0.7404 0.7478 0.7378 0.7635 0.7712
P method
C
BOOtStrap 0.6229 0.6766 0.7238 0.6915 0.7013 0.7395 0.7398 0.74011 0.7612 0.7723
method
Regmar 0.31110 0.29447 0.29702 0.35604 0.35757 0.35608 0.34207 0.34242 0.34566 0.34676
5 method
H
BOOtStrap 0.25469 0.25288 0.25490 0.2811 0.28971 0.27115 0.2911 0.29114 0.2942 0.2977
method
Regmar 0.44142 0.37089 0.29448 0.30326 0.30234 0.28975 0.28564 0.29011 0.27744 0.27406
5 method
c
E]c(l_)}?l‘:ztéap 0.36662 0.32393 0.26114 0.2511 0.23115 0.20633 0.21015 0.21095 0.1978 0.2019

The resulting sustainability values calculated by equation (3.3) using the data found

in Table 3.2 are illustrated and compared with the previous study in Figure 3.1.
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Figure 3.1: Sustainability comparison of Hydro-Quebec Company during the period
of 2009-2018

The results indicate that using an unbiased point estimator of parameters acquired by
the bootstrap method provides for a more realistic report on sustainability. Using
unbiased point estimators in measurement of sustainability makes a significant

difference in the results and reflects the precise status for decision-makers.

As shown in Figure 3.1, the sustainability values calculated using the Bootstrap
method were higher than values by previous method over all the years studied,
illustrating a more realistic sustainability status for decision-makers. Table 3.1 gives
further information on the performance differences of the considered methods. In this
table the mean values of two methods are very close together while the standard
deviations of the bootstrap model (which are population parameters) are lower than
the previous method. These smaller values of standard deviation cause smaller values
of standard normal random variables in equation 3.3 and, consequently, larger values

of probability (sustainability) for the Bootstrap method.
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There is a great movement among organizations towards sustainability. To provide
their strategic plan to achieve sustainability, organizations need to know their exact
sustainability status. Deviated reports would hinder their achievements and as a
result, the resources may not be used to their fullest capacity. This study proposes the
application of the bootstrap method for calculating the unbiased point estimator of
the population parameters that consequently enables the acquisition of more reliable
results that would facilitate the process of decision-making and strategic planning to

achieve sustainability.
3.5 Conclusion

The concept of sustainability is vital to the survival of both human beings and
organizations. To improve sustainability one should be able to determine a method to
evaluate and measure it. Previously, many studies proposed methods or indexes that
either were designed to a particular field and purpose or simply did not account for
all the aspects of sustainability. In the novel approach introduced by Ahi and Searcy,
2014 for measuring organizational sustainability, there is a close relationship
between the sample size of the available factors and the accuracy level of estimating
the sustainability value. With a large enough sample, the organization's improvement
planning based on sustainability value will be more reliable. But with the small
sample size, there will be a significant difference between the calculated
sustainability and the actual value. To overcome this shortcoming, there is a greater
need for statistical approaches such as Bootstrap. To further emphasize the
importance of sample size, we observe a difference of 2.9 to 5.4 percent of the
sustainability values in successive years. With increasing sample size, the
sustainability difference calculated by the two methods will be reduced. Bootstrap

method is specifically noticeable when taking large-sized samples is either
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impossible or costly. By applying the proposed method on the same data used in (Ahi
and Searcy, 2014), it is proved that there is a significant difference in the results
obtained after applying the bootstrap method and using unbiased estimators acquired
from the bootstrap method. Having a clear vision of sustainability status is of
paramount importance to organizations seeking improvements in sustainability and

this issue highlights the importance of this study.

In this study, it was supposed that the parameters are normally distributed. Future
studies can consider other distributions where the nonparametric bootstrap method or
other statistical non-parametric methods are applicable where the sample size is not
big enough. Furthermore, the factors considered in the case study belong to the
environmental tier of sustainability, and the described methods can incorporate other
factors in order to account for other aspects of sustainability in case needed.
Eventually, the model assumes that each challenge and capacity factors concur in the
same way in determining the final sustainability results. However, it seems hard to
believe that all elements have the same role in determining the sustainability
performance of a specific company. Therefore, maybe a future development of this
approach would be to apply specific weights to each factor that gives us more
reliable results. Obviously, the main problem would be on how correctly determine
such weights. For example, the possibility to explore a multi-non-parametriccriteria
analysis following the literature on the Data Envelopment Analysis (DEA) (Charnes
et al., 1978) and the Preference Ranking Organization method for the Enrichment of
Evaluations (PROMETHEE) (Brans and Vincke, 1985 ; Ishizaka and Nemery, 2013;

Caravaggio et al., 2019) could be an option in future researches.

49



Chapter 4

APPLICATION OF ANALYTICAL HIERARCHY
PROCESS (AHP) MODEL TO FIND WEIGHTS OF

INDICATORS ACCORDING TO EXPERT VIEWS

4.1 Introduction

Severe and continuous competition globally has provoked the necessity of improving
the effectiveness and efficiency of systems, processes and products. This
consequentially complicates and expands the range of variables that are usually
examined in any improvement initiative. The reflection is seen in the current efforts
geared at embedding sustainability principles in the aims, motives, and expectations
of the society in all ramifications. Therefore, moving toward sustainability and also
measurement methods must be vital for every organization. Nowadays practitioners
and decision-makers try to find and design policy for supporting sustainable
development (Collins et al., 2017) or “meeting the needs of the present without
compromising the ability of future generations to meet their own needs” (World
Commission on Environment and Development., 1987). For moving toward
sustainable development, an organization must define appropriate policies and also
methods. But most researchers only tried to define different aspects of sustainability

and fewer studies have proposed an evaluation of policy (Collins et al., 2017).
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Sustainability has two opposing paradigms, could be divided into weak and strong
sustainability views. Weak sustainability as defined by the concept of sustainability
of man-made for natural capital contains manpower, machine and knowledge (Victor
2005) and Effective and strong sustainability approach according to Neumayer
(2012) supposes sustainability concept among natural form of capital (air, water, soil
and vital things for living) and another form of capital (social, material, cultural,
intellectual) can be measured only in some specific situations. in these cases, virgin
capital must not be ruined or change to other forms of capital. By this view, strong

sustainability is seen as keeping the security of mankind. Pelenc (2015).

Recent studies, especially those of Galdeano-Gomez et al (2017) have all focused on
the evaluation of general sustainability in terms of challenges of modern-day society,
which are usually divided into three pillars namely environmental, economic and
social terms- the 3Ps. These 3Ps described the importance of sustainability
acknowledging social, environmental, and economic. These 3Ps are appraised
together in order to identify factors that improves managing and planning for human

systems on a long-term basis.

One of the most important methodologies is a sustainability assessment (SA). This
method inculcates multidisciplinary (environmental, economic and social) elements
with other cultural and value-based elements. It is widely known for its ability to
support the broader decision making and policy development. Other concepts the
Integrated Assessment and Sustainability Assessment have been utilized to bring in
new appraising dimension to impact assessment that is tailored toward planning and

decision making for sustainable advancement (Sala et al., 2015).
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AHP (Analytical Hierarchy Process) applies to model complicated problems where
appropriate factor weights are determined based on some criteria. Saaty (1977; 2001)
presented criteria and alternatives to aim and motives establishing relationships. AHP
on the other hand, consists of stratified puzzlement format, adjudication, pairwise
comparisons, a unique method for finding weights, and test of stability (Kasperczyk
and Knickel, 2003). There are many variables that either allow or disallow progress
towards sustainability. These variables vary according to the organization’s inherit
situations. To adequately measure improvement in sustainability, enhanced
knowledge of the context of the organization prevailing factors are necessary (Ball
and Srinivasan., 1994) (Nguyen and Fong. 2010). Because of simplicity, AHP has
been widely used by decision-makers in different areas such as Planning, Production,

Optimization, and many more (Vaidya and S. Kumar., 2006), (Roy, 2004).

This chapter contributes to this requirement through the consideration of a special
case of a weighted base stochastic model for realistic sustainability measurement.
The model adopted a weighted stochastic approach to sustainability measurement
and assessment, thereafter measures and assesses the sustainability of an organization
from the strong sustainability perspective. The additionally to section 4.1, Section 4.2
gave the theoretical considerations where the basic principle underlying the proposed
sustainability, actual AHP model structure and the proposed stochastic AHP
procedures. Section 4.3 presented a numerical illustration of the proposed approach,

comments in section 4.4 conclude the article.
4.2 Model structure
Factors that affect challenge and capacity are firstly determined. Thereafter, the

probability distributions of these factors are computed for the sustainability of the
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organization. Here probability for a sustainable organization is equal that requires to
subdue challenges are less than the organization’s capacity. This assertion of Ahi and
Searcy (2014) by statistical method for measuring sustainability is employed.
Therefore:

Sus = P(H < () 4.2)
In (4.1) Sus refers to the sustainability of the organization, H is the organizational
challenge and C is the capacity of the organization. If f(h) will be the probability
density function (PDF) of challenge factors, then the equivalent cumulative

distribution function (CDF) could be expressed as:

F(h) = J," f(h)dh (42)
There is the same scenario for capacity factors of organization, so CDF and PDF of

capacity factors could be shown below:

F(c) = [, f(c)dc (4.3)
By these assumptions, sustainability in a simple case (organization) is defined as the
probability of inflicting challenge factors do not surpass the organization’s capacity.

Then sustainability can be expressed as:
Sus=P(H < C) = [ f(©)f, f(Wdh]dc (4.4)

h is the randomized challenge variable, c is the randomized capacity variables.

Sustainability performance when viewed economically can lead to the reduction and
controlling of environmental risks (green economics), which is considered to be the
preliminary elements that effect challenge and capacity factors of an organization.
Another assumption of this study is that both challenge and capacity factors are
normally distributed. Therefore, by considering this normality assumption, the

sustainability of the organization can be expressed as:
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~(c=p0)? ~(h—ip)?
Sus= [ ——e 2% |[["—2—e 2% dh|dc (4.5)

0 2 0 2
2mog Op |2T0};

Where u;, and o/ are the mean value and variance of challenge factors, u. and o7 are

the mean value and variance of capacity factors.

The proposed model is thereby simplified as expressed Eq. (4.6)

Sus = ¢(—E<E_ (4.6)

(o2+a?) 2
By Eqg. (4.6) with a standard normal table, the sustainability of the organization is

hereby estimated.

Khosravi et al., (2019) applied that new look to sustainability in the presence of
exponentially challenges and capacity indicators and by using probability density

function of joint difference distribution of two exponential variables obtained:

e}VAZ
A+ y <0
Sus =< " 4.7)
e
A+ A, y>0

Where 4, and 4, are parameters of challenge and capacity Indicators.
4.3 Analytical hierarchy based weighing procedures

Step 1: Defining the aim and motive of the model:

According to Expert AHP questionnaires, analysis is carried out to establish the
weights of the capacity and challenge factors.

Step 2: Selection model variables:

The behaviors in the first hierarchy included challenge variables which are
Percentage of transmission-line area fumigated with herbicides, Percentage of range
of ditches and clogs fumigated by herbicides, Percentage of green Home Gas emitted
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compared with those previously reported, Percentage of emissions produced
concomitantly along transporting and dispensing power proportionately to those
circumvented by net of electricity exported, Percentage of leakage due to device
fracture, Percentage of renewable energy produced in accordance with total energy
produced, Percentage of energy harvested through thorough supervision and
adequate enhancement schedules, Percentage of Sneaky hookups due to the
dispensing arrangements, Percentage of remaining dangerous materials transferred
from landfill, Percentage of salvaged oil being consumed internally.

Step 3: Questionnaire designing:

The questionnaire is structured to promote pair-wise comparisons among the
challenge and capacity variables separately. A popular nine-point scale for an AHP
questionnaire as proposed by Saaty (1980) was used and presented in Table 4.1,
Table 4.2 shows a simple example of the questionnaire, in which five factors are
selected: Factors Chl, Ch2, Ch3, Ch4, and Ch5. According to Table 4.2, Ch1 is twice
important as Ch2 with a ratio of %. Row 1 corresponds to the ratio of Chl to Ch2.
Similarly, the importance ratio of Chl to Ch3, Ch4, and Ch5 are 6, 5, and 5
respectively. The importance ratio of Ch2 to Ch3, Ch4, and Ch5 are 2, 3, and 2. The
importance ratio of Ch3 to Ch4 and Ch5 is ¥, and /3, the ratio of Ch4 to Ch5 is 1.

The same was repeated for capacity factors and was layout in Table 4.2,

Table 4.1 Saaty’s scale for pairwise comparison
The intensity of Definition
Relative Importance

1 Equivalent priority
3 The moderate priority of one factor over another
5 Essential or strong priority
7 Determined priority
9 Absolute priority
2,4,6,8 Intermediate values between the two neighboring

scales
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Table 4.2: A sample questionnaire (Challenge factors)

Factor 9|18 | 7|6 |54 3|2 |12 |3]|4|5|6]7]|8]9]| Factor
Ch1 v Ch2
Ch1 v Cch3
Ch1 v Ch4
Ch1 v Chs
Ch2 v Ch3
Cch2 v Ch4
Ch2 v Chs
Cch3 v Ch4
Cch3 v Chs
Ch4 v Chs

Step 4: Using a questionnaire:
After administering the questionnaires, a matrix of outcomes for pair-wise
comparisons is constructed and presented in Table 4.3. The matrix is a balanced and

double-faced matrix for the pair-wise comparisons among factors.

Table 4.3: A matrix is an example of the importance ratio created by an expert

Challenge Factors Capacity Factors

1 2 6 5 5 1 1 1/8 1/2 1/3
[1/2 1 2 3 2 1 1 1/7 1/2 1/3
1/6 1/2 1 1/2 1/3 8 7 1 3 2
[1/5 1/3 2 1 1‘ 2 2 1/3 1 1/2
1/5 1/2 3 1 1 3 3 1/2 2 1

Step 5: Consistency Index Tests:
Consistency Index (CI) was estimated according to Saaty (1980) as given in the

max— 1

. yl
expression CI = :
n—1

Amax 1S the maximum eigenvalue of the matrix, n is the number of factors.

Constituency Ratio (CR) as defined Saaty (1980) is: CR = %.

Random Index (RI) is as given in Table 4. Maximum acceptable level of CR

(Consistency ratio) is 0.1, otherwise it is rejected.
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Table 4.4: Values of Random Index
n 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

4.4 Explanatory case study on the application of the model

Widely reported Hydro-Quebec was used to illustrate the proposed model. The
challenge and capacity factors were evaluated based on the environmental indicators
reported in Hydro-Quebec sustainability reports (2010-2016). The identified
indicators amounting to the challenge and capacity factors are summarized in Tables
4.1 and 4.2 respectively. The sustainability of generating, transmitting and
distributing between 2010 and 2016 was estimated separately for each year. The
results were presented in Fig. 1 from where the sustainability of Hydro-Quebec in the
period of 6 years (2010-2016) was determined. For instance, the outcome explains
that with a probability of 80.45 %, Hydro-Quebec successfully prevailed over its

inherent challenges, and thus moved towards sustainability in 2016.

For this consistency test, 8 experts passed based on challenge factors while 7 experts
passed based on capacity factors and those that failed were excluded from taking part
in further estimations. Index values with the weight values were combined to

estimate the geometric means for both capacity and challenge factors.
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Table 4.5: Notified environmental performance indexes of challenge factors

Year
2010 2011 2012 2013 2014 2015 2016
Area of transmission-line | 0.2936 | 0.2205 0.028 0.0073 | 0.0040 | 0.0602 | 0.0208
rights-of-way treated  with
herbicides (%)
Area of dikes and dams treated | 0.2669 | 0.3848 54.19 0.4203 | 0.3202 | 0.4349 | 0.4924
with herbicides (%)
CHG emissions from thermal | 0.7903 | 0.7935 | 0.8023 | 0.7926 | 0.8019 | 0.7992 | 0.7899
electricity generation relative
to total CHG emissions from
all reported sources (%)
Indirect emissions associated | 0.0249 | 0.0081 0.002 | 0.00085 | 0.0037 | 0.0019 | 0.00064
with power transmission and
distribution relative to
emissions avoided by next
experts of electricity (%)
Spills due to equipment 0.56 0.515 0.57 0.62 0.60 0.59 0.51
breakage (%)

Challenge factors

Table 4.6: notified environmental performance indexes of capacity factors

Year
2010 2011 2012 2013 2014 2015 2016
Renewable energy generated | 0.9781 | 0.9791 | 0.9756 | 0.9984 | 0.9982 | 0.9845 | 0.9912
relative to total energy
generated (%)
Energy saved through | 0.1971 | 0.4026 | 0.3245 | 0.3641 | 0.3915 | 0.4412 | 0.3892
conservation and/or efficiency
improvement plans (%)
Underground hookups on the 0.36 0.40 0.42 0.41 0.46 0.43 0.46
distribution system (%)
Residual hazardous materials 0.95 0.94 0.95 0.96 0.93 0.95 0.97
(RHMs) diverted from landfill
(%)
Insulating oil recovered and 0.91 0.888 0.8009 | 0.8116 | 0.9222 | 0.9334 | 0.8786
reused internally (%)

Capacity factors

Furthermore, going by Eq. (4.6), in case the challenge and capacity variables are
concurrently intensified, little or insignificant progress would be observed towards
sustainability. Alternatively, if the factors are moving in the opposite directions, a
move towards, or away from sustainability is expected as the case may be.
Sustainability data stacked up in Tables 4.5 and 4.6 displays variations in terms of
occurrence of fluctuations in the challenge and capacity variables within the duration
of operation (2010-2016) studied. Decision-makers may decide to assign different
weights to the capacity and challenge factors they dimmed are having specific and
significant importance of the factor concerned. Thus Table 4.7 and Figure 4.1 show
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the real weight for challenge and capacity factors on Hydro-Quebec sustainability

over time.

Table 4.7: Summary table combining expert questionnaire with weighted values
Original AHP weight

Sustainability Factors

weight value value
Area of transmission-line rights-of-way treated with herbicides (%) 1 0.35
g Area of dikes and dams treated with herbicides (%) 1 0.22
g CHG emissions from thermal electricity generation relative to total 1 012
© CHG emissions from all reported sources (%) )
% Indirect emissions associated with power transmission and
= distribution relative to emissions avoided by the next experts of 1 0.15
S electricity (%)
Spills due to equipment breakage (%) 1 0.16
Renewable energy generated relative to total energy generated (%) 1 0.08
>0 Energy saved through conservation and/or efficiency improvement 1 01
S g plans (%) '
=3 § Underground hookups on the distribution system (%) 1 0.35
o Residual hazardous materials (RHMs) diverted from landfill (%) 1 0.19
Insulating oil recovered and reused internally (%) 1 0.28

82 -
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Figure 4.1: Comparative sustainability obtained for Hydro-Quebec Company in the
duration of 2010-2016 using the proposed model

Figure 4.1 shows the sustainability progress made each year by Hydro-Quebec. The
trend of the challenge and capacity variables utilization is also presented. Similarly,
fluctuations in the company’s sustainability were easily evaluated over time. This is
one of the strengths of the proposed model. However, large data from the previously

reported was highly utilized by the model since on few sustainability data have been
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previously reported. It should be emphasized that the proposed sustainability model
can be well adapted for making comparisons between organizations operating within
the same sector. This would, however, necessitate that variable indicators be
measured absolutely in the same method. Ahi and Searcy (2014) research also

corroborates this assertion.
4.5 Conclusion

The studies show that the model presents a simple and straight-forward approach to
evaluating the sustainability performance of an organization. The model explicitly
adopted stochastic based AHP procedures that consequently give relatively simple
and informative data to sustainability. The model can be used practically for dynamic
evaluation of the sustainability, efficiency of any given organization over time
thereby making the decision-making process more effective. The proposed
sustainability model can adequately provide comparisons between organizations
operating in the same sector have the same indicators that are dimensioned in the
same way. However, lack of adequate data comparability could make it difficult to
perform comparisons between different organizations. Furthermore, given its
effective and strong concepts coupled with its stochastic nature, the proposed AHP
sustainability model can provide adequate, informative data with uncertainty
behaviors that have been previously obtained through the application of probability

techniques in most ecological studies.
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Chapter 5

DEVELOP A STATISTICAL MODEL FOR TBL
SUSTAINABILITY MEASUREMENT OF

ORGANIZATION

5.1 Introduction

The concepts of sustainability have gained wider applications within concerted
efforts geared toward maintaining the balance between the depletion of resources in
such a way that the coming generations can benefit from the resources. Sustainability
is a developmental strategy necessary for meeting the needs of the present users
without jeopardizing the opportunity of future generations to meet their needs
(WCED, 1987). Many studies have been conducted on how to assess, appraise, and
evaluate the sustainability of corporations by combining the economic, social, and
environmental aspects of human life (Pulselli et al., 2006; Distaso, 2007; Floridi,
2011; Salvati and Carlucci, 2014). As it stands today, top managers and researchers
are duty-bound to constantly appraise, assess, and evaluate their corporate’s
sustainability performance. Most times, constant re-appraisal of the sustainability
scores would better reposition the corporation strategically so as to contribute
immensely and meaningfully to the environmental and social issues of their hosts
(Wagner, 2010). The concept of sustainability can also serve as a means of
measuring the performance of a country (Wagner, 2010, Siche et al., 2008). It may

be recalled that sustainability involves finding balance between the depletion and
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conservation of resources. It is the level of the resources (natural, environment, and
capital) the previous generation is bequeathing to the coming generations; however,
losses in some natural resources are enviable (Tom and John, 2010). Some
researchers have argued on the belief that losses in the natural resources can be
compensated for through increased capital. Others maintained the belief that capital
cannot be substituted for resources. In this regard, therefore, two major views have
surfaced in defense of sustainability as follows: (i) Stock wealth to be inherited by
the coming generation cannot be less than the amount inherited by the previous
generation, and (ii) Stock of environmental assets bequeathed to the coming
generation must be the same proportion inherited by the previous generation (Pearce
et al., 1989; Daly, 1997). This is the basic concept of weak and strong sustainability,
respectively (Ayres et al., 1998). It has been reported that it is possible to make a
choice between weak sustainability (WS) and strong sustainability (SS) (Elkington,
1994). The four dimensions for finding WS and SS are given as: (i) physical flows of
materials, (ii) environmental protection expenditure, (iii) physical and monetary
accounting of environmental assets, and lastly (iv) environmentally modified macro-
aggregates. These categories are germane for the measurement of WS and SS (Liu et
al., 2017). Subsequent reports pointed out that the major difference between weak
and strong sustainability is the extent at which sustainability between different forms

of capital is evaluated (Apte and Sheth, 2017; Kim and Kim 2017).

Sequel to the aforesaid, it is necessary to bear in mind that sustainability assessments
often rely on different kinds of indicators which are measured in units pertinent to
the particular metric. More so, the same unit of measurement makes the

identification and comparison of indicators much more achievable. These indicators
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can be synthesized analytically, statistically, or graphically (Pires et al., 2016;
Wirtenberg et al., 2009). The perspective of an embedded system developed to
conceptualize Canada’s healthcare sustainability for a novel and productivity
solutions for measuring sustainability was found to minimize risk with the health of
the populace being optimized (Tsasis and Agrawal, 2019). Hence, to achieve
sustainable development, appropriate policies must be strictly followed in arriving at
some of these requirements for defining, measuring, designing, and evaluating the
objectives. A digital tool adapted for promoting various engagements among the
stakeholders in healthcare systems toward attaining sustainability through an online
health digital showed that social sustainability of the healthcare was greatly
influenced by the online engagement platform (Lo Presti et al., 2019). This study
seeks to provide a quantitative assessing methodology which would give insight into
the integration of multi-criteria techniques into a procedure for the assessment of the

sustainability index of a hospital.

Many assessment methods have been proposed. For the development of sustainable
goals in a healthcare system, various emerging algorithms and machine learning
techniques have been identified for assessing the sustainability of smart healthcare
system for disease diagnosis (Chui et al., 2017). The method proposed in Reference
(Russel and Shiang, 2013) only aimed at assessing the degree of sustainability in all
dimensions except for those leading to environmental sustainability index and well-
being assessment. The appropriate indicators for assessing sustainability are often
based on the multidisciplinary nature of the organization, which usually form a basis
for quantitative decision making (Epstein and Buhovac, 2014). Some of the newest

assessment methods for healthcare sustainability include the Leadership in Energy
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and Environmental Design (LEED), Building Research Establishment Environmental
Assessment Methodology (BREEAM), Comprehensive Assessment System for Built
Environment Efficiency (CASBEE), Deutsche Gesellschaft fur Nachhaltiges Bauen
(DGNB), Haute Quality Environmental (HQETM), Sustainable Building Tool
(SBTool) (Savitz and Weber, 2006), and Healthcare Building Sustainability

Assessment (HBSA) (Castro et al., 2017).

It is worthy to note that these tools mentioned were used to ascertain the
sustainability of the healthcare system based on buildings and other infrastructures.
Those tools in Reference (Epstein and Buhovac, 2014) used the environmental
impact assessment of buildings, infrastructures, and construction work to measure
sustainability. Similarly, HBSA was used to measure the environmental impact of
healthcare buildings and assessed healthcare sustainability through a set of
benchmarks within the life-cycle efficiency of healthcare buildings and other
infrastructures. The benchmarks were defined as the rate of resource depletion, waste
generation, overhead costs, and operational environmental impacts of the healthcare
buildings. A new sustainability tool for measuring sustainability, Sustainable High-
Quality Healthcare (SUST Health) has been widely studied and implemented (EKins
et al., 2003; Capolongo., 2015). In summary, SUST Health is based on the
submission of the criteria and indicators to scrutiny by a group of experts through
specified questionnaires. This group is comprised of selected experts who have been
trained to identify and assign relative weight to the indicators and the use of
weighing model such as Analytic Network Process (APN). Invariably, SUST Health

is structured and applicable to standardized situations in the healthcare system and

64



has been recognized internationally for aligning either directly or indirectly to

sustainable development initiatives.

A similar perspective for developing indicators for the sustainability criteria through
Specific, Measurable, Assignable, Realistic, and Time-based (SMART) have been
applied (Doran, 1981). The selection of sustainability factors for a particular
healthcare system must satisfy some conditions, such as: (i) must be homogeneous,
(if) non-dimensional, and (iii) with the tendency to possess equal weight. In addition
to these conditions, the indicators must equally be related to sustainability TBL
issues surrounding the particular healthcare system. A very important attribute is the
reduction of assumptions for the selection of indicators; choice of any indicators is
based and justified by appropriate and realistic rationales, fathomable within the
prevailing dynamics of the system. This should not be confused with “smart city
healthcare system”. The “smart city” attached to the healthcare was merely used to
describe a healthcare system where artificial intelligence, big data, decision making,
information and communication technology (ICT), and the internet-of-things (1oT)
are the hallmark (Chui et al., 2017. Furthermore, a smart city would possess the
ability to tap various information and communication technology (ICT) techniques
available to find solutions to some sundry problems in governance, environment,
economy, healthcare, and the society at large. It must also have the propensity to
enhance the quality of life of everyone living therein and should be capable of
adapting computational intelligence through appropriate mathematical models to deal

with real-life problems (Kondepudi et al., 2014).

Another similar smart health study was conducted on knowledge management in

healthcare sustainability of traditional Chinese diets. A knowledge graph was
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designed to incorporate healthy diet information on the internet with a semantic
retrieval system. This system aided learning and tilted the populace toward having a
balanced diet (Chi et al., 2018). This study adapted SMART due to the fact that it
allows sustainability analysis to be based on the prevailing situations in a particular
healthcare system irrespective of their former sustainability status. Mainly, it
attempts to leverage on some of the protocols, especially the aspect of utilizing
verified indicators. The study advocates the utilization of the prevailing sustainability
indicators in a particular healthcare system to determine the sustainability index of
that particular healthcare system. The effort now is focused on the utilization of the
real statistical distribution of the identified indicators for the analysis. The study
proposes an exponential distribution model for measuring the sustainability index of
a healthcare system. Unlike the previous methods, where the dimension of the
indicators was used, functionality and adequacy of these indicators are employed in
this study. Moreover, the focus of this study traverses beyond the healthcare
buildings and other construction works. It holistically considers the sustainability of
a healthcare system as a way of evaluating the perceptions of the users (patients),

medical personnel, infrastructure, and other stakeholders.

Sustainability and sustainable development procedures have been given high priority
by most scientists, government, industry, and even the public through to the wide
application of the TBL indicators of social, environmental, and economic (Chi et al.,
2018; Norton and Tom., 2016; Stem, 1997; Bohringer and Jochem, 2007; Bell and
Morse, 2008; Heijungs et al., 2006). However, little literature is available on how to
measure the sustainability of healthcare systems using the actual statistical

distribution of the data. For a system to reach its sustainability index, there must be a
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decrease in the challenge factor and an increase in the capacity factor. In other
words, the challenge must not exceed capacity. For measuring sustainability, both
capacity and challenge indicators are random variables implying that their respective
cumulative density function can be used (Bare et al., 2006). By assuming a normal
distribution for both capacity and challenge factors, taking u., u;, as the mean of
capacity and challenge factors respectively, a2, o are the respective variance of
capacity and challenge factors, ¢ is the probability that one normal standard random
variable (Z) will be smaller than one specific value (z) of that variable, and

sustainability can be expressed as:

Sus= ¢ (M) (5.1)

(0é+ap)!/?
However, sustainability assessment has been evaluated based other statistical
distributions, either in a discrete or continuous mode. These statistical distributions
include binomial, Poisson, geometric, negative binomial, exponential, uniform,
normal, log-normal, and gamma. Among these distributions, the exponential
distribution is of interest to this study due to its many advantages. Some of these
unique advantages include: (i) existing within the continuous probability distribution
domain with a constant failure rate (lambda) suitable for analyzing real-life
situations, and (ii) possessing a constant response time and forming a veritable tool

for predicting the mean time of the variables.

The study aims to examine an exponential distribution approach for measuring the
sustainability of a service-oriented organization over time from their exponentially
distributed indicators. We anticipate contributing to the existing literature as follows:
(i) measuring the appropriate and adequate sustainability value of the healthcare

system that is based on the actual statistical distribution of its sustainability factors,
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(if) providing a panoramic tool for appraising, assessing, and measuring the
sustainability effectiveness of any other organizations with exponentially distributed
indicators, (iii) providing leverage for comparing the sustainability issues of different
companies functioning in the same or related sector, possessing the same indicators
that are measured in the unit, and (iv) within known literature, there are little or no
studies on the measurement of the sustainability value of organization using the
actual statistical distribution of the indicators. Previous studies (Ahi and Searcy,
2014) were based on the basic assumption of the normal distribution; hence, this
chapter will empirically adopt and validate an exponentially distributed probabilistic
approach for sustainability measurement. After the introduction presented in Section
5.1, the remainder of this chapter is structured as follows. Section 5.2 presents the
materials and methods, where the proposed exponentially distributed sustainability
model and the validation are explained. Section 5.3 presents the numerical
illustration of the model, while results and discussions are presented in Section 5.4.

Section 5.5 concludes the article.
5.2 Methods, theoretical considerations and model development

5.2.1 The proposed exponentially distributed sustainability model

Sustainability is the probability of challenge is less than the healthcare system’s
capacity. Therefore:

Sus=P(H<C)=PH—-C<0) (5.2)
Where Sus is the sustainability of the healthcare system, H is the challenge factor,
and C is the capacity factor of the company. Assuming that factors of capacity and
challenge are exponentially distributed, then within Equation (5.2) probability
density function can be modeled as:

_ 1 "h
flhd)=5e "M (5.3)
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flea)=e (54)
LetY =H-C

Thus, the Cumulative Density Function (CDF) of Y, F,(y) is piecewise, when
y<0ory=0.

Case () y < 0;

F@) =P <y)=P((H-C)<y)=P(C2H-y)=

Jy Sy Fac(hooydedh = [7 [[7 (Are™MM) (e~ %) dedh =

[ e~ Mh (e A2(h=) |h°_°y)dh = [ etV e~ Mt gy =

Ayela (- hilz e~(atan|) = % (5.5)
Case (ii))y > 0;
F,())=P(Y<y)=1-P(Y>y)=1-P((H-C)>y)=1-P(C<H-
W =1= [ fuctheddedh =1 = [ [ (e ") (Re ) dedh = 1 —

[ e ™My (1 = ehe|" ) = 1 = [P (e M) (1 — et )dh = 1 -

(Ale—alh _ ﬂ_le—(/11+az>h+azy) dh=1— (_e—alh _ Le—uluz)hmzy) |oo =
A+, A+, y

-1y L -1 y) —1_ 123_113’
1 (e MWL =5 6)

Exponential random variable involves the time of an event and time between two
events. In the case of time of an event, sustainability is measured based on
“challenge cannot surpass capacity” given in Equation 5.5. Similarly, for the second
case, time between two events, sustainability is profiled on “capacity cannot surpass
challenge”, also given in Equation 5.6. For instance, for the first case time of an
event, if the capacity is defined as time of staff training, then the increase in time

spent (hours or days of the training) for the training must increase. In this instance,
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Equation 5.5 is employed to determine the sustainability. Similarly, for the second
case, time between two events, if challenge is defined as the time between two
complaints, then the decrease in time interval at which at least two complaints are
reported must decrease (lower rate of complaint). In this situation, Equation 5.6 is
used to measure the sustainability of the system. In this present work, the indicators
are measured as the time the particular event took place. Hence, Equation 5.5 is
employed to measure the sustainability of the healthcare system. Wherever indicators
with time between two events are encountered, the condition of such an indicator is

reversed and Equation 5.5 is applied to calculate its sustainability.

By differentiating Equations 5.5 and 5.6 with respect to y,

fY(y) = 111/12 ’ Ay (57)
Arths © y=>0
This is the probability density function with parameters 4; and 1,
Sus=P(H<C)=P(H-C<0)=P(Y=<0)= [’ 1ZekYdy (5.8)
1 2

The parameters for determining the exponential distribution are estimated from the

number of observation n as follows:

Number of interval, k = vn (5.9)
Range = Maximum,q ;. — Minimum,q e (5.10)
lass i =R :
Class interval / N (5.11)
_ Zk_ x.f.
Mean value x = <=1 ‘/ K (5.12)
Yic1 fi
Parameter of exponential distribution ,A = 1/)—( (5.13)

Probability density function of exponential distribution, f(X = x) = 2e™*  (5.14)
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Expected frequency o, for ith interval = n [0 bound% e("*/2) dx (5.15)

lower bound
5.2.2 Exponential distribution validation (Hypothesis testing procedure)
A well-defined problem is characterized by detailed conditions of its relationship
with various terms. Most often, such a detailed and structured problem is not readily
defined; therefore, in such cases the assumption of some terms is necessary whenever
a solution is anticipated. An explicit assumption, where other experts can ask
questions and also contribute comments, is always preferred. This study assumed that
both challenge and capacity factors are exponentially distributed. To check the
validity of this assumption, the goodness of fit test is adopted. The process of
checking and validating has been summarized in five steps (Walpole et al., 2011):
Step 1: State the null H,, and alternative H,, hypothesis
Step 2: Choose an appropriate value of the level of significance, o (standard value for

a=0.05)

o2
Step 3: Use the appropriate statisticy? = ¥¥_, (0; —e) /e, (5.16)

Calculate the statistic and show the critical region

Step 4: Reject H, if the value of the statistic is in the critical region otherwise fail to
reject H,

Step 5: Draw the conclusion

Hence,

H, = distribution of the value of the indicator is exponential

H; = distribution of the value of the indicator is not exponential
5.3 Numerical illustration

A numerical illustration of the proposed model is conducted using the TBL

indicators of the General Hospital in Tehran. The hospital is the biggest Government
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hospital located within the heart of the over 10,000,000 populated capital city of Iran.
The hospital is organized into various wards, namely male, female, accident and
emergency, surgical, children, and maternity. The male and female ward can
accommodate 60 patients each, maternity 30 patients, surgical ward 20 patients,
children’s ward 80, and accident and emergency only 15 patients. The challenge and
capacity criteria based on the triple bottom line adapted from the SUST health tool
(Capolongo et al., 2015) are presented in Table 5.1. Similarly, challenge and capacity
indicators with the rationales determined according to SMART logic (Doran, 1981)
are presented in Tables 5. 2-5. 4. In this case study, the indicators were measured in
a unit of time; therefore, the ability to achieve a specific factor in less time
determines the capacity of the hospital and those factors that are achieved with more
time constitute the challenge factors. Various data collated for the estimation of these
results have been attached as a supplementary file in MS Excel format. Working

hours are adopted as the unit of measurement.

Table 5.1: Hospital sustainability evaluation criteria for the existing operative
hospital studied, adapted from sustainable healthcare evaluation tool (SUST Health
tools).

Macro-Area Criteria Indicators
Hospital Acquired Infections

Clinical Performance Health technology management

Build quality
Economic A .
Sustainability Managerial Performance Staff Qualification and Education
ICT (information and communication
Technological technology)
Performance Biomedical Technologies Obsolescence
Envelope Technologies Maintenance Technologies
Materials and Resources Km0
. . - Recycled Components
Saving with Efficiency Lighting
Environmental Urban Planning Transportation
Sustainability Risks
Electricity

Unconventional Source Heating and Cooling

Supply Domestic Hot Water
Waste Care Hazardous Waste
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Water Care

Comfort

Social Sustainability Distribution

Humanization

Waste generation
Water Consumption
Water Recycling
Lighting
Indoor Air Quality
Space flexibility
Accesses and Paths
Safety and Security
Health Promotions

Source: [38].

Having strictly adhered to the conventional guidelines provided by SUST Health as

given in Table 5.1, Tables 5.2-5.4 presents the sustainability indicators (challenge

and capacity) for the TBL with their rationales coined according to SMART and

based on the prevailing situations on the healthcare system.

Table 5.2: Identified Economic indicators and rationales for the Triple Bottom Line
(TBL) of the Iranian General hospital determined according to SMART logic.

procurement of prescribed medications prior to treatment of
the patient.

The hospital has the capacity to re-strategize in a timely way
to reorganize health personnel to brief-up the shortages of
personnel in case of industrial action.

Average time to take the vital signs of an in-patient.
Average time for repairing faults and malfunction
information and communication technology (ICT)
equipment.

Average time taken to observe quality measure during and
after a medical procedure.

Sustainability criteria- Economic Rationale
Capacity
The average time interval between diagnosis and | Temporary pause in the treatment due to the waiting time

between purchasing and dispensing of classified drugs or
related medications.

The society is prone to infectious or communicable
diseases. Timely intervention on the part of the healthcare
practitioners in terms of their ability to respond swiftly is
sacrosanct.

This is an indication of normalcy in the patient prognosis.
Making all the ICT functional is a way to enhance the
efficiency of the health personnel in all areas.

Good sanitation to rid tools of spills and contaminates
before, during, and after a procedure and proper detailing of
all tools are key ways of ensuring quality of service.

Challenge

Rationale

Average time taken in extracting facts about the prognosis
of an outpatient in an emergency situation.

Average emergency time required to invite a specialist to
attend to patients in a special case and time required to refer
to another health facility.

Average time taken to profile a new patient.

Average time to take the vital signs of an out-patient.

Average time for admission and discharge.

Most of the time, patient relatives are usually in distress and
despair about a case to an extent of withholding adequate
information needed to commence treatment.

The hospital does not have specialists for any classified
treatments. Specialists might be engaged or indisposed or
reluctant. Most times, other health facilities are occupied, so
patients have to queue up.

Inability to profile a patient on time could lead to the delay
in discharging the treatment.

Out-patients most times do not present themselves for
monitoring of vital signs.

Lack of will and financial resources on the part of the
patients could influence the admission and discharge times.

Source: [Authors].
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Table 5.3: Identified Environmental indicators and rationales for the Triple Bottom
Line (TBL) of the Iranian General hospital determined according to Specific,
Measurable, Assignable, Realistic and Time-based (SMART) logic.

Sustainability criteria- Environmental

Capacity

Rationale

Average times that the patient can produce some
consumables.

Average time for collecting and disposing of hazardous
wastes.

Timely supply of portable water to the hospital facility and
the patients.

Timely response for repairs of all faulty electrical gadgets.

Ambulance is capable to bring patient on referral to and fro
the health facility within 10 minutes.

Some patients could deliberately delay the purchasing of
their treatment essentials while waiting for Government
interventions.

Hazardous wastes have high impact on the environment and
total wellbeing.

Constant and timely portable water is necessary for
enhancing the general well-being of the patients and for
other sundry activities in the hospital.

Functional gadgets are required for the effective discharge
of duties.

Ambulance services are most useful in the movement of
patients to and fro their home to the hospital and also from
the hospital to any referral center.

Challenge

Rationale

Average time required between switching on alternative
power supply whenever there is a power outage.

Average time taken between order and supply of
consumables such as cotton wool, spirit, disinfectants, etc.

Average time required to outsource for bed spaces and
bedding materials during an outbreak of diseases.

Average time for maintenance of all alternative power
sources.
Limited time for producing and delivery hot water to
patients.

Switching to the alternative power source whenever there is
an outage is important for continuous operation and could
prevent pausing a procedure unduly.

Hospital management, especially in terms of contracts for
supplies most time is prone to strict administrative
bureaucracy which usually delay the supply of the
mentioned consumables.

Getting adequate space and bedding materials to cope with
high number of patients during emergency or during
outbreak is usually a task for the hospital management.
Bureaucracy within the system could lead to delay of turn-
around maintenance and the delivery of some services.

Cost of electricity and lack of alternative power source
could lead to rationing of hot water to the wards for the use
of the patients and other stakeholders.

Source: [Authors].

Table 5.4: Identified Social indicators and rationales for the TBL of the lIranian
General hospital determined according to SMART logic.

Sustainability criteria- Social

Capacity

Rationale

The hospital has the capacity to receive drugs and material
supply from the supplier quarterly
Average time for ward-round

Average time turn-around maintenance on the ceiling fan
and air conditioners at the wards for the indoor air quality is
conducted.

Timely and routine checks on all the security gadgets to
ensure safety and security of the hospital.

Timely seminars, workshops and public enlightenment
programs in schools to sensitize the public about their health
status.

Building confidence between suppliers and the hospital will
enhance the relationship between them

Adequate ward round session by the health practitioners
will improve patient’s confidence

Functional air conditioners and ceiling fans are necessary
for comfort within the Hospital facility.

Adequate security of people and properties is the most
important confidence building measure between patient
relatives and the Hospital Management.

Adequate security of people and properties is the most
important confidence building measure between patients
and the Hospital Management.

Challenge

Rationale

Average time between prescription from the doctor and
dispensing of the drugs/materials at the pharmacy.

Average time taken for an in-patient to receive the
prescribed drugs/material at the Pharmacy.

Average time taken for an out-patient to receive the
prescribed drugs/material at the Pharmacy.

Average time required to place an order and to receive
supplies of essential drugs for the continuation of the
patient’s management.

Inadequate time of in-service courier officers to take
consignments to and from various remote departments.

Most patients’ relatives prefer to purchase their medication
outside the hospitals’ pharmacy.

Long queue at the pharmacy could lead to delay in delivery
of medications.

Queuing could be an issue that could lead to discomfort
among patients.

The hospital does not stock any classified medications.
Placing orders for them could lead to delay in treatment.

Some in-service courier officers could be aggressive in the
way they address or attend to the patients’ relatives.

Source: [Authors].
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5.4 Results and discussion

Exponential distribution validation results are presented in Tables 5. 5-5. 10. Figures
5. 1-5. 6 show the position of the significant y? on the exponential distribution curve
for each TBL. The y? obtained for all the indicators did not fall within the critical
region, therefore we failed to reject H, and accepted that all the indicators are
exponentially distributed. For the economic bottom line (Table 5. 5-5. 6), y?: 16.9
and 18.3 for both capacity and challenge, respectively, are less than the
corresponding critical values: x§os14 Of 23.685 and x¢ 516 Of 26.296; these are
outside the rejection region (Fig. 5. 1-5. 2). We failed to reject Hyand concluded that
the distribution of the value of the capacity and challenge indicators for economic
sustainability bottom line is exponentially distributed. Similarly, for the
environmental bottom line, as shown in Table 5. 7-5. 8, 2 12.1 and 15.7 for both
capacity and challenge, respectively, are less than their corresponding critical values:
XG.0513 Of 22.362 and x§ 45,16 OF 26.296. They are also outside the rejection region
(See Fig. 5.3-5.4); thus we failed to reject Hyand agreed that the distribution of value
of the capacity and challenge indicators for the environmental sustainability bottom
line are exponentially distributed. In a similar way, the social bottom line as
presented in Table 5.9 and Table 5.10, y?: 13.8 and 14.3 for both capacity and
challenge, respectively, are less than their corresponding critical values: x§ s, Of
21.026 and y§ o513 Of 22.362. Since the values fall outside the rejection region (See
Fig. 5. 5-5. 6), we equally failed to reject H, and concluded that the distribution of
values of the capacity and challenge indicators for social sustainability bottom line is
exponentially distributed. This validation can also be done through the p-values. The

p-value is the smallest amount of probability indicating the rejection of H,,.
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Therefore, if p-value is greater than a (p-value > a), then we shall fail to reject Ho. In
this case study, the p-values of all the criteria and indicators are greater than o (p-

value > o), and we hereby conclude that all the indicators are exponentially

distributed.
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Table 5.5: Exponential distribution statistics of capacity factor for economic pillar

Midpoint 40 | 59 | 7.8 | 97 | 117 | 136 | 1565 | 174 | 194 | 213 | 232 | 252 | 27.1 | 29.0 | 30.9
Lower 3.0 4.9 6.9 8.8 107 | 126 | 146 | 165 | 184 | 203 | 223 | 242 | 26.1 | 28.0 | 30.0
Upper 4.9 6.9 8.8 10.7 | 126 | 146 | 165 | 184 | 20.3 | 223 | 242 | 26.1 | 28.0 | 30.0 | 31.9

Observed 76.0 | 59.0 | 32.0 | 19.0 | 20.0 8.0 4.0 6.0 5.0 3.0 3.0 1.0 2.0 0.0 1.0

frequency o;
Expected
frequency e; | 882 | 58.2 | 38.4 | 253 | 16.7 | 11.0 7.2 4.8 3.2 2.1 14 0.9 0.6 0.4 0.3

A=

. —e)?
é , x2statistics = ¥X, (0i =€) /ei =169 and Critical x2)_, = X&0s14 = 23.685
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Figure 5.1: ¢ o514 distribution of capacity for economic pillar (P-value= 0.35)

Table 5.6: Exponential distribution statistics of challenge factor for economic pillar

Midpoint 51 | 74 | 97 | 120 | 143 | 166 | 189 | 212 | 234 | 257 | 280 | 303 | 326 | 349 | 372 | 395
Lower 40 | 63 86 | 109 | 132 | 154 | 177 | 200 | 223 | 246 | 269 | 292 | 315 | 337 | 360 | 383
Upper 63 | 86 | 109 | 132 | 154 | 177 | 200 | 223 | 246 | 269 | 292 | 315 | 337 | 360 | 383 | 406

Observed 620 | 640 | 340 | 250 | 150 | 130 | 80 10 | 20 | 40 | 20 | 10 10 | 00 | 10 1.0

frequency o;
Expected
frequency 775 | 518 | 347 | 232 | 155 | 104 | 69 | 46 | 31 | 21 14 | 09 | 06 | 04 | 03 | 02
€;
A= % ,  x’statistics = z (01 = e,-)z/ei =183 and Critical x2,_; = X30s15 = 24.996

i=1
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Figure 5.2: x5 95,15 distribution of challenge for economic pillar (P-value= 0.33)

Table 5.7: Exponential distribution statistics of capacity factor for environmental
pillar
Midpoint 70 | 89 | 109 | 128 | 147 | 167 | 186 | 206 | 225 | 244 | 264 | 283 | 303 | 32.2
Lower 60 | 7.9 | 99 | 11.8 | 138 | 157 | 17.6 | 196 | 215 | 235 | 254 | 274 | 293 | 31.2
Upper 79 | 99 | 118 | 138 | 157 | 176 | 196 | 215 | 235 | 254 | 27.4 | 203 | 312 | 332
Observed | o) | 470 | 220 | 27.0 | 200 | 90 | 90 | 40 | 50 | 50 | 20 | 30 | 10 | 30
frequency o;
Expected | 47 ¢ | 367 | 283 | 218 | 168 | 130 | 100 | 77 | 60 | 46 | 35 | 27 | 21 | 16
frequency e;
A= —— 2statistics = > O 7%/ 121 and Critical 12, = yZos1q = 22.362
17117 x“statistics = e; = 12.1and Critical g r—1 = Xo.0513 = 22
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Figure 5.3: x§ 05,13 distribution of capacity for Environmental pillar (P-value= 0.58)
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Table 5.8: Exponential distribution statistics of challenge factor for environmental

pillar
Midpoint 56 6.8 8.1 93 | 105 | 117 | 130 | 142 | 154 | 167 | 179 | 191 | 203 | 206 | 228 | 240 | 252
Lower 5.0 6.2 75 8.7 99 | 121 | 124 | 136 | 148 | 160 | 173 | 185 | 197 | 209 | 222 | 234 | 246
Upper 6.2 75 8.7 99 | 121 | 124 | 136 | 148 | 160 | 173 | 185 | 197 | 209 | 222 | 234 | 246 | 258
Observed 600 | 410 | 250 | 170 | 270 | 150 | 120 | 80 | 110 | 20 5.0 40 5.0 30 10 20 20
frequency o;
Expected
frequency 506 | 400 | 315 | 249 | 196 | 155 | 122 | 96 7.6 6.0 47 37 29 23 18 14 11
€i
k
1 0; — €;)?
A = 38 x2statistics = Z( i e /ei =15.7 and Critical 2, = Xéo0s16 = 26.296
’ i=1
0.08
0.07
0.06
0.05
0.04
0.03
Critical Region - Reject Hy
0.02
0.01 -
0 4
o H N M N O MN~N00 000 d NM S WO~ O dNMST LW OISO O +4 N M <
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Figure 5.4: x§ 05,16 distribution of challenge Environmental pillar (P-value= 0.54)

Table 5.9: Exponential distribution statistics of capacity factor for environmental

pillar
Midpoint 9.3 119 | 144 | 170 | 196 | 221 | 247 | 273 | 298 | 324 | 350 | 376 | 401
Lower 8.0 106 | 131 | 157 | 183 | 209 | 234 | 260 | 286 | 311 | 337 | 363 | 388
Upper 106 | 131 | 157 | 183 | 209 | 234 | 260 | 28.6 | 311 | 337 | 363 | 388 | 414

Observed
frequency o; 420 | 350 | 21.0 | 19.0 | 9.0 6.0 9.0 5.0 3.0 2.0 1.0 1.0 2.0

Expected

325 | 257 | 203 | 160 | 12.7 | 100 | 7.9 6.3 49 3.9 3.1 2.4 1.9
frequency e;

K
1 —e)?
M= =3 x’statistics = Z (01 —e) /el. =13.8 and Critical x2,_, = x3os12 = 21.026

i=1
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Figure 5.5: x¢ o512 distribution of the capacity for social pillar (P-value= 0.41)

Table 5.10: Exponential distribution statistics of challenge factor for social pillar

Midpoint 3.2 5.7 8.1 105 | 13.0 | 154 | 179 | 20.3 | 22.8 | 252 | 276 | 30.1 | 325 | 350

Lower 2.0 4.4 6.9 9.3 11.8 14.2 16.7 19.1 215 24.0 26.4 28.9 31.3 33.7
Upper 4.4 6.9 9.3 11.8 14.2 16.7 19.1 215 24.0 26.4 28.9 31.3 33.7 36.2
Observed 99.0 52.0 31.0 31.0 12.0 10.0 8.0 4.0 2.0 3.0 0.0 1.0 1.0 1.0
frequency o;
Expected
frequency 96.3 | 59.9 37.3 23.2 14.4 9.0 5.6 35 2.2 13 0.8 0.5 0.3 0.2
€;
1 : 2
A==, x2statistics = Z (0i —ei) /ei =143 and Critical xZ,—; = X3os13 = 22.362
=1
0.09
0.08

0.07

0.06

0.05

Critical Reaion - Reiect Ha

0.02

0.01 -+ 4\

0 -

A H N M TN ON~N0DO AN®MIWNONODO ANMT W ON®DODO AN M
3 HH A H S Hd A A AN NNNANNNNN®®OO® o
=}

Figure 5.6: x§ 05,13 distribution of the challenge for social pillar (P-value= 0.44)
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Utilizing the indicators in Tables 5. 2-5. 5 and Equation (5. 5), the sustainability of
the hospital for one operating year (2016) was obtained according to Equation (5.8)
as:

Sustainability = [° 21z c%2vqy

© A1+4,

For example,

Social sustainability = [° 55)'%2 05 4y = 0.668=66.80%
(PGP
Similarly, 54.40% and 48.80% are obtained for environmental and economic
sustainability, respectively. This indicates that social sustainability of the hospital is
the only macro-area that provided the most acceptable output. This could be as a
result of the firm managerial know-how and better policy implementation. These
must have been well managed and executed by all the stakeholders against all
constraints imposed by the inadequacies of some of the indicators. More so, some
other factors that have to do with the delivery, distribution of drugs, services, and
some essential products also contributed to the average sustainability scores
obtained. The outcome corroborates similar results (Boffoli et al., 2013; Buffoli et
al., 2014; Shannon, 2011). Although the environmental sustainability index of
54.40% is abound the threshold, this is still unacceptable considering the critical
nature of the healthcare system. The reason for this unsatisfactory result could be
attributed to that fact that the hospital was not established with the aim of enhancing
the environmental content of its operations. The concerns of the stakeholders as at
the time of designing the hospital focused on rendering social and welfare needs and
services to the citizen. Economic sustainability of 48.80% is considered low and
unsatisfactory. This low output could be a result of the constraints imposed on the

stakeholders in terms of the operational decision making. For instance, stakeholders

are constrained within the limit of the current design of the environment and
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economic situations. For example, incessant power failure without an adequate
alternative power source would reduce the public perception of the healthcare unit
and also render the medical personnel redundant and ineffective. Also, lack of
replacement of the faulty lighting bulbs or lights in some strategic places could
reduce the public confidence. The inadequacies of the healthcare practitioners could
be a result of malfunctioning essential equipment, poor environmental issues (poor
office space, facility, etc.), and lack of adequate and state of the art equipment that
could ease some operational services. Figure 5.7 revealed the magnitude of each of
the TBL within the healthcare unit. For the healthcare to achieve adequate
sustainability status, efforts should be made to improve the economic aspect of the

hospital on a macro-scale.
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Figure 5.7: Radar plot of economic, environmental and social sustainability of
the healthcare unit studied

Generally, the healthcare unit can improve the sustainability score if efforts toward
reducing the challenges or by increasing the capacity are intensified. Even just a
slight change in any of these factors, as the case may be, could improve the score
greatly, thereby enhancing the evaluation of all other possible strategies including a

cost—benefit analysis.
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5.5 Conclusion

The implementation of the concept of sustainability has been widely recognized to be
cumbersome in real time. This includes difficulties experienced in measuring and
monitoring the sustainability level of a healthcare system. For measuring empirically
the sustainability of healthcare system, an exponentially distributed stochastic model
is proposed in this study. In order to illustrate the effectiveness of the proposed
model, a numerical case study of real data collated from an Iranian healthcare center
is employed. The study, therefore, provides these contributions to the literature:

e A simple and specific statistical distribution validation framework for assessing
and measuring sustainability. This study explicitly adopted an exponential distributed
probabilistic approach to sustainability measurement.

e The proposed model could be used as a panoramic tool for measuring
sustainability, effectiveness in any other organizations with exponentially distributed
indicators.

e Provided criteria and indicators are related and measured in the same unit, the
proposed sustainability model would offer more opportunities and avenues for
comparing the sustainability of different companies functioning in the same or

related sectors.

For emphasis, the study did not address the impact of the environmental aspect of
sustainability on the system or its surroundings, as advocated in other previously
used models. Rather, it strongly recommends and emphasizes the need to always
drive the measurement of a sustainability index of healthcare with the actual
statistical distribution of the sustainability indicators. However, since the study is

premised on the positive and adequate perception of the users (patients and

84



personnel) there is the need to further study how the indicated sustainability index
would influence various business practices within the healthcare system. In another
way, further works could be on the application of multivariate regression techniques

to determine how each indicator contributes to variations in the sustainability index.
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Chapter 6

DEVELOP A STATISTICAL MODEL FOR SOCIAL
SUSTAINABILITY MEASUREMENT OF A SUPPLY
CHAIN MANAGEMENT WITH INDEPENDENT

EXPONENTIALLY DISTRIBUTED INDICATORS

6.1 Introduction

The Sustainable Development Goals (SDG), founded by the United Nations for
defining targets and indicators for the UN 2030 Agenda, attracted global attention
(Reis Monteiro et al., 2019). However, lack of appropriate indicators was a major
criticism, as well as a model for measuring sustainability (Kapera, 2018). Currently,
the definition of sustainable development is dealing with old theories and developing
new methods for evaluating the interdependence between economic and social
development to considering the environment (Everard and Longhurst, 2017). The
issues surrounding sustainability are now becoming more germane than it was in the
past years. The Millennium Development Goals (MDG) as reported by Bird &
Rowlands (2017) made it incumbent on all the countries of the world to ameliorate
some damages that fulfilled in terms of economies and people. It has become
necessary for everyone, either as a business owner, Government, and/or as major
stakeholders to ensure improvement in all facets. Therefore, based on the studies of
Wilcox et al. (2016) and Dimond and Webb (2017), various concepts of

sustainability based on three independent perspectives on economic, environmental
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and social point of views have surfaced. However, it has been discovered that
significant efforts on the application of economic and the environmental dimensions
in sustainability assessment have been abandoned, while the social aspect had been
mostly ignored (Ehrgott et al., 2011; Pfeffer, 2010). Emphasis has been laid on the
assessment of environmental business sustainability (Moreno, 2013). Meanwhile, the
study of Ameer and Othman (2012) had reported additional challenges due to the
emergence of the new business strategies; and this has necessitated corporate
sustainability and sustainable management researches in all facets of sustainability.
Although the majority of research questions have been associated with financial
objectives of organizations, studies of Carroll and Shabana (2010), Epstein and Roy
(2014), Salzmann et al. (2005), Schaltegger and Burritt (2018), have been conducted
to ascertain how a company could build-up linkages throughout environmental
management and social features in a manner that fosters corporate economic

efficiency.

Rasouli and Kumarasuriyar, 2017 liken social sustainability to the capability to find
reasons in creating and experiencing the value of existence intellectually,
emotionally, spiritually, and physically. This, if achieved would be a true reflection
of how people are responsive toward the societies business-wise or in another facet
of the society (Reis Monteiro et al., 2019). Invariably, it is absolutely proper to adopt
the theory discussed in Villeneuve et al. (2017), that social sustainability is the only
tool for assessing the quality of life and could help in decision-making. This study
will painstakingly and concisely expose how stakeholder theory can be used to
appraise the social sustainability of a healthcare system. Huge legitimacy has been
given to social sustainability in the past decade due to a significant change in

perception that surfaced in both public and private settings. This is a result of various
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degrees of responsibilities that have placed on them with the growing economy as
well as an increase in the utility requirements of both human and the society. These
have grabbed the attention of stakeholders and business owners and showed them the
need to redesign the current clumsy-like configurations in order to ensure optimal
delivery, even in the face of the dwindling economic and social preferences (Xian et

al., 2018; Singh et al., 2019; Lamberton and Zhou, 2019; Soma and Polman, 2018).

We propose the social sustainability of a healthcare due to its strategic influence on
the quality of life, as we know the popular saying that “health is wealth”. The central
focus of the healthcare supply chain is the patients; however, this objective will be
difficult to achieve if the social roles of other stakeholders are ignored. Synergy
surrounded by clients and providers must be put first above the mind of how to treat
the patients. According to Eizenberg and Jabareen (2017), researches in the social
facet of sustainability are scanty and grossly lacking, theoretical and empirical

outputs.

The enablers and barriers of various stakeholders within the healthcare system are
yet to be deciphered technically and analytically despite different views to adopt and
emphasize social sustainability (Maruthappu et al. 2015; Ajmal et al., 2018; Karamat
et al., 2019). According to the studies of Mani et al. (2015), it could be said that the
nonchalant attitude of the developing countries toward healthcare social
sustainability is evidently shown in the high rate of maternal mortality, gender
inequality and general health problems that have been ravaging the quality of
healthcare delivery in those countries. Most of these problems are due to the
ignorance and lip-service paying to the issues of social sustainability in the logistics

supply chain of drugs and other areas. Therefore, stakeholder theory found its way
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among prominent and commonly used theoretical techniques by many researchers
and this theory led to important hedges in dimensioning sustainability (see Clark et

al. 2014; Baric, 2017; Alves and Rodrigues, 2018; Carrol and Brown, 2018).

The field of .healthcare services has much potential for further studies on the
interactions between the environment and the human factor. For this reason, the need
to pay attention to this vital connection has been of interest to scientists and

researchers (Daughton, C. G., 2014).

This chapter has some original and new points. In fact, there are several
investigations related to the analysis of sustainability. Some of them are related to
statistical methods, but little focus has been made on the effect of statistical
distributions on sustainability value. This paper has tried to fill this gap by
developing a novel model for measuring the social sustainability of involved
stakeholders in a supply chain. Different from the previous studies, the application
and extension of this model will allow to focus on the fit ability of statistically
meaningful distributions to challenge and capacity indicators. Furthermore, this new
vision (involving statistical distribution to sustainability measurement) makes this

methodology flexible and applicable to different contexts.

The remainder of this chapter after the introduction in Section 6.1 is structured as
follows. Section 6.2 presents a brief literature review. Section 6.3 addresses the
research methodology where the conceptual framework for the proposed the
exponential distributed sustainability model with the rationales for the selection of
enablers and barriers, the exponential model for the social sustainability of the

healthcare system, and the validation procedure for the exponential distribution is
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exposed. The numerical illustration of the model is presented in Section 6.4. Results

and discussion are given in Section 6.5. Section 6.6 presents the conclusion.

In the last few decades, the concept of sustainability has been discussed in managing
resources in different areas including economic, environmental, and social. (Ashby et
al., 2012). Sing et al. (2019) have added the fourth dimension as stakeholders in
those three areas and applied hierarchical pathway trading for finding vitality and
magnitude of factors. Social sustainability is considered less important in supply
chain management; (Klassen and Vereecke 2012) presented the three levels of social
supply chain as (I) who - stakeholders, (Il) which issues — social concerns
influencing the organization and (I11) how — the responsiveness of the management
to these concerns in terms of manipulating the attendant risks and enhancing the
value added to the customers. Mani et al. (2016) reported dimensions such as equity,
safety, health and welfare, philanthropy, ethics, and human rights as those highly
germane for assessing the social sustainability supply chain. More so, Mani et al.
(2015), Sodhi and Tang (2018) all opined that this will be followed by customers’
needs, liquidity, and the social awareness level of the organization. Incorrect
application of these social features could lead to colossal losses for the organization
(Mani et al., 2016). Puska et al. (2018) have noticed the importance of sharing
information for developing organizational learning inside a supply chain. With the
recent submission of Mani et al. (2018) that social sustainability has a high
propensity to increase the efficiency of the supply chain, managers have deemed it
necessary to integrate several dimensions to the issues of sustainability in a supply
chain (Marshall et al., 2015). Business requires reporting some of their corporate
social sustainability as suggested in Tate et al. (2010). Unfortunately, few studies

have been conducted to report social sustainable supply chain (Pfeffer, 2010; Ehrgott
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et al., 2011; Badri Ahmadi et al., 2017) and this has called for proactive steps to
further explore the supply chain in the social content perspective (Morais and

Silvestre., 2018).

Over the last decade, the healthcare system has witnessed stiffest competitions due to
the huge influence of the patients and the quest to provide quality healthcare services
(Samuel et al., 2010; Castro et al., 2017). Presently, the system is faced with the
emerging and evolving challenges of new circumstances related to risks and twists in
the known disease. It can be noted that the human element is sacrosanct at managing
the healthcare process (Santilli and Vogenberg, 2015). Roy et al. (2018) have
developed a new model for measuring hospital service quality for finding priorities
of internal and external factors; they realized that in this area, medical staff with
professional abilities is the most important one. Previous studies (Griffith et al.,
2006; Huibin SHI, 2014; Grembowski et al., 2002) have proven beyond doubt that
interactions with external suppliers, inter-organizational, physicians, and their
patients, as well as intro-organizational interactions, team members' relationships,
supervisor-member relationships, and employee-organization relationships, are all
necessary factors. No research has fully exposed or examined how these
relationships are linked together in the framework of the service supply chain.
Additionally, past research has also failed to examine the influence of enablers and
barriers on social sustainability. Ajmal et al. (2018) suggested that to implement
social sustainability across any supply chain, both the enablers and barriers of the
social aspect of the specific organization must be thoroughly considered. We propose
to employ this strategy in measuring the social sustainability supply chain of a

healthcare system.

91



As earlier stated, the stakeholder theory is the most formidable framework of
sustainability measurements. The majority of researchers supported the assertion that
social sustainability and the stakeholder theory are consistent (Perrini and Tencati.
2006; Collier et al., 2014; Bellantuono et al., 2016; Herazo and Lizarralde, 2016).
Therein are the criteria for identifying which of the stakeholders to be engaged in a
particular organization. (Veralg, 2018) opined that the legal tendency, power, and
relevance to the issues pertaining to sustainability features of the stakeholders could
be the criteria for selecting appropriate stakeholders. Many other strategies,
normative frameworks, guidelines and standards for choosing stakeholders have been
proposed by various authors (see Roloff, 2008; Molteni and Pedrini, 2010; Konrad et
al. 2006). Recently, some authors (O’Higgins, 2010; Gomes et al., 2015) gave a
vivid and clear description of some framewaorks by explaining what the organizations

do to reach the social sustainability.

In some frantic efforts made to achieve healthcare organizational goals, rapt attention
and strict priority are given to stakeholders (Bulgacov, 2015). It is believed that
proper cognizance to the social exchange within the system is capable of reducing
the barriers toward attaining overall sustainability. Huge benefits are availed
healthcare practitioners through imbibing social interactions within the others is the
ability to gain peoples’ trust and credence and to extend and deepen internal and
external cooperation (Fawcett et al., 2008). The stakeholder theory; Agudo-Valiente
(2017) and Schaltegger (2017) argued that contraction to the economic and other
resources are the bane and fundamental barriers to attendant risks and enhancing the
customers’ worth the sustainability. For Pagell and Wu (2009), the misalignment of
those resources is the major reason for the inadequate execution of social issues and

techniques. The aforementioned drawbacks, prompted most organizations to force
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suppliers to reduce prices, for instance, as put by Wong et al. (2017), in spite of the
huge financial burdens of the healthcare system in China, the government still keeps
reducing its financial obligations to the system and consequently, the citizens are
made to pay more. Ludlow et al. (2017) presented another dimension to the barriers;
the workplace culture as a serious hindrance to healthcare sustainability. Therefore,
misalignment in codes of conduct and other sundry local culture, as well as
disagreements among the suppliers as a barrier to social issues toward sustainability

has been reported (Walker and Jones 2012).

Two dimensions to social sustainability have been utilized in literature, both internal
and external. Ahmad and Thaheem (2017), Gollan (2007), Kaminsky and Javernick
(2014), Pfeffer (2010) all described, internal social sustainability as an intention to
manage and prioritize human resource, organizational design, and change
management processes. In this sense, social sustainability refers to safeguarding and
developing internal organization in terms of human and social capital. External
aspects of the social sustainability deal with the issues related mainly to strategic
management processes and to public perception report (Popovic and Kraslawski,
2018). These two techniques have further explained social sustainability as a means
to give back to society rather than just exploiting the available resources (Docherty et
al., 2009). Summarizing the concepts, internal aspects significantly deals in defining
the possibility and finding ways to secure and reproduce human and social capital
within the organization. External aspects see the relationships across organizational
lines where social resources and regeneration could be exchanged seamlessly and

effortlessly.
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To assess and measure the sustainability of an organization (manufacturer or service
oriented) or to move towards sustainability, there is a common concern about using
measurable indicators among scientists, decision makers, institutional and industrial
managers (Peixoto et al., 2016). Indicators must be capable of focusing on the
targets. Coincidentally, for applicability of indicators, finding the appropriate number
of related indicators is a vital pattern in sustainability measurement methods (Atanda,
2019). The importance of the need to define the appropriate indicators that can be
measured at intervals is not superficial. The areas that are to be covered by these
indicators have been discussed by practitioners and researchers (Fang et al.,2018).
Involving stakeholders in finding indicators and choosing the method of

sustainability assessment will increase the reliability of results (Collier et al.,2014).

The contribution of this chapter is to facilitate the measurement of the social
sustainability in a healthcare system based on the stakeholder theory and perspectives
by establishing the statistical distribution of those sustainability factors, against the
previous studies where the assumption of a particular statistical distribution have

been continuously used and reported.
6.2 Research methodology

6.2.1 Conceptual framework

This study averred its concept on the social sustainability aggregation in each area of
healthcare as highlight previously. Donaldson and Preston (1995), Lambooij (2013),
and Leviton and Melichar (2016) have described stakeholder as an entity that can
greatly influence or can be affected by the output of the common organizational
objectives. The recent report of Varsei et al. (2014) opined that despite of many

existing social and environmental sustainability pieces of research based on the
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stakeholders have been restricted to the supply chain manufacturing sectors. The
current study proposes Figure 6.1 as the conceptual framework on the basis of four
mutually related stakeholders to evaluate the sustainability of a healthcare supply
chain of Suppliers, Employees, Community/Patients, and Owners/ Government as
reported by Khan et al. (2018) and one more element as Patient relatives.
Stakeholder theory as advocated by Donaldson and Preston (1995), Carter and
Easton (2011) is employed with the view of exploring, evaluating, and measuring the
healthcare social sustainability from the dimension of the participating stakeholders.
These key areas of healthcare should be considered is driving decision with the
process according to previous studies: stakeholders/customers as discussed by
Phillips (2013), employees explained by Sarkis et al. (2010). So far, stakeholder
theory has not been applied to analyze healthcare social sustainability on the basis of
all the stakeholders. This study seeks to integrate the social sustainability perspective

of all the stakeholders involved. A survey-based empirical data collection method is

adopted to analyze the proposed framework.
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Figure 6.1: Research conceptual framework
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6.2.2 Rationales for enablers and barriers selection for the social sustainability
evaluation

Table 6.1 presents various rationales for selecting enablers and barriers for
appraising and measuring the social sustainability of a healthcare system guided by
its identified supply chain elements of suppliers, customers, employees, and
government/owners.

6.2.3 Model for exponential distribution of healthcare supply chain

Sequel to the submission of Khosravi et al. (2019) that system’s factors can enable
and also inhibit its progress, this study imbibing this concept poses enablers as those
that improve the capacity of the healthcare system toward sustainability while its
struggle over some challenges and barriers as those negating the attainment of social
sustainability. The proposed exponentially distributed healthcare sustainability model
is built of the basic capacity; C is greater than the attendant challenges H, with the

view of moving the healthcare system toward sustainability.
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Table 6.1: Rationales for enablers and barriers selection for the social sustainability
evaluation of a healthcare system

SIN Supplier Patients Patient relatives Employee Government

1 Understanding of the  Ability to assess and Auvailability of a Auvailability of The commitment of
cultural values and decide on the activities  healthy adequate resources,  the leadership to the
integrity of the of the healthcare workplace equipment, and healthcare of the
hospital and its providers technology-driven populace
surrounding healthcare gadgets

2 The rate Available resources at Ensuring Poor working Poor management
performance of the their disposal for effectiveness of conditions and of socio-economic
supplier balance healthcare comments terms of service policies and
sheets and demand regulations
uncertainty

3 Ability to liaise with ~ High resistance to Satisfaction with Poor management Diversity of the
classified service change the behavior of and unreliable populace culturally
providers and medical staff with  leadership support and ethically
partners patients

4 Level of trainingand  Healthcare quality and ~ Access to easy Ambiguous rules of  Incoherent
experience to cope reliability concern payment system engagement and healthcare plans
with pressure from during treatment empowerment and structure on the
manufacturer and and patient basis of lack of
customers clearance consensus and

agreement among
various arms

5 Capability to foster Patient-healthcare Auvailability and Work monotonous The level of
sustainability issues provider relationship easy access to and capable conflict  commitment to the

facilities of interests Green supply chain
(entrance, lobby, culture

staff assistance,

and services)

6 Adequate Level of health Accessibility to General Perceived image
coordination, Education and meaningful organizational and reputation of
Collaboration, and awareness information management the head of
management of its leadership
systems

7 Adequate facilities Ethno religion and Easy access to Capable of offering  Inadequate
for promoting cultural values —ego technological services that can budgetary
healthy and beliefs components, enhance customers'  provisions to
Communication and including Satisfaction appropriate various
up-to-date internet, healthcare
information and television, incentives
Feedback computer

8 Sense of humor Inadequate Promoting caring ~ The flexibility of Bad implementation
toward corporate communication connections the workplace, of policies and
social obligations between and within between patients equal opportunity, regulations

various organs of the and relatives and fairness
healthcare providers

9 The propensity for High concerns for The behavior of Reward in Sponsoring of
total quality safety and security of staff to reduce consonant with various health
management life anxiety and stress  productivity and education and

of patient output awareness programs
relatives

10 Awareness of the Issues related cost Easy access tothe  Proper dispensation  Perception, beliefs,
needs of the pressure and patient in of policies and and commitment to

community and the
ability to measure
success yet

constraints

emergency cases

regulations

issues relating to
social sustainability
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Hence, from the aforementioned assertion, the probability of capacity greater than
the company’s challenges. Therefore, Equation 6.1 is used to express sustainability
as follows:

Sus =P(H < C) =P(H—C < 0) = P(Y < 0) (6.1)
The model further obtains the probability in Equation 1 through a probability density
function for capacity and challenge factors as in Equation 2, where 4; and 1, as the

exponential parameters:

—-h
fhA) =5 /n

pdf = (6.2)

f(c,A,) = ie_%\z
Az
Thus, Equation 3 the Cumulative Density Function (CDF) of Y, Fy(y) Is piecewise,
wheny <0ory >0

Fy(y) =P(Y<y) =

00 00 00 00 _ _ A er2y
Iy iy fuc(h Odedh = 7 [ (e Mih) (e e dedh = 32 y<0 6.3)
1— [Z MY fyc(h O)dedh = 1= [© [PV A e M) (Ae ) dedh = 1 — 22 MY y>0
y 70 ’ y “0 A1+,

By differentiating Equation 3 with respect to y, probability density function is

achieved as:
fY(Y) = Alllz ’ A1y (64)
i e y>0
Finally, Equation 6.5 can be used for finding the exact value of sustainability:
—Ooo 7\}\1-:\; eAZYdy
Sus=P(H<C) =1 .. 5.7 (6.5)
1_2e_AIYdy
0 A+A;

An exponentially distributed variable deals with the time of an event or time
between two events. Sustainability is defined as the probability that challenge factors

cannot surpass capacity factors and In Equation 6.1, we assumed variable Y is the
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difference between challenge and capacity factors, so for calculating the value of
sustainability we should use the negative side of Y in Equation 6.5.

6.2.4 Chi-square goodness of fit test for checking the fit ability of statistical
distributions to data

In many statistical models, we are interested in the testing capability of fitting one of
the statistical distributions to the data related to a process, which is extracted from
the historical data of that process. The goodness of fit test is a non-parametric
method that shows the ability to perform this task well and accurately. We perform a
Chi-square goodness of fit test for checking the fit ability of exponential distribution

to challenge and capacity indicators corresponding Chi-square values.

This test is well-suited for continuous and categorized data. To find the number of
intervals from the square root of observations and also to find class interval, the

range of data divided by the number of intervals has been used.

The goodness of fit test requires the analyst to state a null hypothesis Hy, and an
alternative hypothesis H,, the hypothesis is based in a way that they are mutually
exclusive. It means that accepting one of hypothesis, makes it impossible to accept

another; and conversely.

Step 1: The first step is to state the null and alternative hypothesis to be tested
clearly. Hypotheses are:
H, = Distribution of indicators is exponential

H; = Distribution of indicators is not exponential
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Step 2: After establishing the hypothesis, the decision about choosing a level of
significance must be taken. Confidence level with which the null hypothesis is
accepted or fail to accept. The standard value for a is 0.05.

Step 3: After the hypothesis are constructed, and the significance level is decided
upon, the next step is to specify an appropriate test statistic and its distribution and
also finding the p-value (Asymp. Sig.).

Step 4: Making a decision about rejecting H, or fail to reject H, considering the p-
value (Asymp. Sig.). According to the definition, the p-value (Asymp. Sig.) is the
smallest amount of probability that leads us to reject Hy, it means that the null
hypothesis H, will be accepted for all values of « less than the p-value(Asymp. Sig.).
Step 5: Once all the steps are performed, the statistical conclusions can be drawn,
and we can make our decision. If the result of the test, fails to reject Hy, this conveys

that specific statistical distribution is fit able to our data.
6.3 Numerical illustration

To demonstrate the proposed model, general hospital in Tehran is considered. This is
the largest government hospital located within the municipality of Tehran with an
average population of 10,000,000. Various wards of the hospital, which are male,
female, accident and emergency, surgical, children and maternity can accommodate
60, 60, 15, 20 and 80 patients respectively. The five (5) elements of the proposed
healthcare supply chain are shown in Figure 2. The challenge and capacity factors
based on the social enablers and barriers evaluated for each element are presented in
Table 6, 2. The value of each capacity and challenge factor per element is determined

and measured in time.
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Table 6.2: Challenge and capacity factors of the elements of the healthcare system
from stakeholders’ perspectives.

SIN Supplier Patients Patient relatives Employee Government &
Decision
Makers
1- Time 1- Time between  1- Time 1- Time 1- Time
between two two complaints between two between two between two
complaints from fellows of complaints from wrong orders of
from patients patients about the  relatives about perceptions category A
about the long queue at the  the availability drugs (in ABC
quality of pharmacy of internet analysis)
drugs
2- Time 2- Time between  2- Time 2- Time 2- Time
between two two complaints between two between two between two
recalled from patients complaints from  complaints complaints
) products about the long relatives about from patients from
= lead time the behavior of  about employees
< staff employee’s about working
L conducts conditions
3- Time 3- Time between  3- Time 3- Time 3- Time
between two two complaints between two between two between two
complaints from patients complaints from  lost working complaints
from about cleaning relatives about days, due to from patients
customers and hygiene healthy occupational or fellows
about the workplace accidents, about
packaging of injuries and expensive
drugs illness healthcare
1- Response 1- Waiting time 1- Waiting time  1- Time 1- Average
delay, which for clinic in payment between time between
reflects the appointments or system during request and invoice to
difference specialist the patient receipt of a stock sale’s
between the treatment clearance loan or advance  money
requested payment of a
delivery day portion of the
and the salary
negotiated day
2- Delay, 2- Waiting time 2- Waiting time ~ 2- Time is 2-Time is
§’ which reflects ~ for inpatient for taking an taken for taken for each
S the difference  services appointmentin  acceptance checkout
= between the (radiology, lab emergency sampling of
o actual delivery  reports, and cases each batch with
day and medication) consideration
confirmed of quality
delivery day
3- Time is 3- Waiting time 3- Waiting time 3- Time is 3- Time
taken between  for operation in to visit doctors taken for between
two deliveries  case of and nurses, sorting & converting an
on the agreed emergency according to shelving of unsatisfied
day preferences each batch with  employee to
consideration satisfy
of quality employee

The SPSS results of the determination and validation of the exponential distribution
are presented in Tables 6.3-6.7.

101



Table 6.3: Exponential distribution determination and validation of Supplier

Capacity- Supplier

Challenge- Supplier

Observed N [Expected N | Residual Observed N|(Expected N|Residual
1 28 27.6 0.4 1 49 41.6 7.4
2 20 175 2.5 2 23 23.8 -0.8
3 8 10.9 -2.9 3 11 13.9 -2.9
4 8 6.5 1.5 4 6 7.9 -1.9
5 2 4.4 -2.4 5 5 5.0 0.0
6 2 2.2 -0.2 6 1 3.0 -2.0
7 2 1.5 0.5 7 1 2.0 -1.0
8 1 0.7 0.3 8 2 1.0 1.0
9 1 0.7 0.3 9 1 1.0 0.0
Total 72 10 1 1.0 0.0
Total 100
Test Statistics Test Statistics
Capacity- Supplier Challenge- Supplier
Chi-Square 3.180 Chi-Square 5.226
df 8 df 9
Asymp. Sig. 0.923 Asymp. Sig. 0.814

Table 6.4: Exponential distribution determination and validation of Patient

Capacity-Patient

Challenge-Patient

Observed N [Expected N | Residual Observed N|[Expected N|Residual
1 30 31.3 -1.3 1 32 27.0 5.0
2 27 21.1 5.9 2 17 20.0 -3.0
3 13 13.8 -0.8 3 10 14.0 -4.0
4 4 9.2 -5.2 4 8 11.0 -3.0
5 8 55 2.5 5 12 8.0 4.0
6 2 3.7 -1.7 6 4 6.0 -2.0
7 2 2.8 -0.8 7 3 4.0 -1.0
8 2 1.8 0.2 8 4 3.0 1.0
9 1 0.9 0.1 9 5 2.0 3.0
10 2 0.9 1.1 10 2 2.0 0.0
Total 91 Total 97
Test Statistics Test Statistics
Capacity-Patient Challenge-Patient
Chi-Square 8.036 Chi-Square 11.087
df 9 f 9
Asymp. Sig. 0531 Asymp. Sig. 0.270
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Table 6.5: Exponential distribution determination and validation of Patient relatives

Capacity-Patient relatives Challenge-Patient relatives
Observed N |Expected N[ Residual Observed N|Expected N|Residual
1 31 29.7 1.3 1 37 29.6 7.4
2 18 20.1 2.1 2 25 21.7 3.3
3 15 13.6 1.4 3 10 15.9 -5.9
4 10 9.2 0.8 4 8 11.7 -3.7
5 3 6.2 -3.2 5 9 8.6 0.4
6 7 4.2 2.8 6 3 6.3 -3.3
7 1 2.8 -1.8 7 3 4.6 -1.6
8 2 1.9 0.1 8 5 3.4 1.6
9 2 1.3 0.7 9 4 2.5 1.5
10 1 0.9 0.1 10 2 1.8 0.2
Total 90 Total 106
Test Statistics Test Statistics
Capacity-Patient Challenge-Patient
relatives relatives
Chi-Square 3.180 Chi-Square 5.226
df 8 df 9
Asymp. Sig. 0.923 Asymp. Sig. 0.814

Table 6.6: Exponential distribution determination and validation of Employees

Capacity- Employees

Challenge- Employees

Observed N [Expected N| Residual Observed N [Expected N|Residual
1 30 26.9 3.1 1 27 33.8 -6.8
2 14 17.2 -3.2 2 26 22.9 3.1
3 10 11.2 -1.2 3 19 15.5 35
4 8 6.7 1.3 4 11 10.5 0.5
5 7 45 2,5 5 7 7.1 0.1
6 1 3.0 -2,0 6 3 4.8 -1.8
7 1 1.5 -05 7 2 3.2 -1.2
8 1 15 05 8 3 2.2 0.8
9 2 15 05 9 1 15 -0.5
Total 74 10 2 1.0 1.0
Test Statistics Test Statistics
Capacity- Employees Challenge- Employees
Chi-Square 4.553 Chi-Square 7.845
df 8 df 10
Asymp. Sig. 0.804 Asymp. Sig. 0.644
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Table 6.7: Exponential distribution determination and validation of Government &
Decision Makers

Capacity- Government Challenge- Government
Observed N [Expected N | Residual Observed
1 35 36.0 1.0 N Expected N |Residual
2 24 24.4 0.4 1 58 54.1 3.9
3 22 15.9 6.1 21 ® 309 | 4l
4 12 10.6 14 S B LA B
5 4 6.4 24 4 8 10.1 2.1
6 1 4.2 3.2 > 4 58 1.8
7 1 3.2 2.2 6 . 33 2.3
8 3 2.1 0.9 ! 2 19 0.1
9 2 11 0.9 8 1 11 0.1
10 1 11 0.1 9 . 0.6 0.4
11 1 11 0.1 ol 0.4 06
Total 106 11 1 0.2 0.8
12 1 0.1 0.9
Total 126
Test Statistics Test Statistics
Capacity-Government Challenge-Government
Chi-Square 8.613 Chi-Square 16.087
df 10 df 11
Asymp. Sig. 0.569 Asymp. Sig. 0.138

Worthy of note is the significant level obtained for the capacity and challenging
factors for each element. The output reveals that the significance values of both
factors of all stakeholders are greater than the level of significance (a = 0.05); at
0.923, 0.814, 0.531, 0.270, 0.799, 0.372, 0.804, 0.644, 0.569 and 0.138 for Suppliers,
Patients, Patient relatives, Employees, and Government & Decision Makers
respectively. It says that we fail to reject the null hypothesis to all factors and
exponential distribution is fit able. Therefore, Equation 6.5 can be used to measure
the social sustainability of the healthcare supply chain system. Applying the mean

values of the factors as given in Table 8, the sustainability values of the healthcare
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system, according to the perception of each stakeholders is calculated by using
Equation 5 as 47%, 60%, 59%, 75% and 56% for Suppliers, Patients, Patient

relatives, Employees, and Government &Decision Makers respectively.

Utilizing the indicators in table 6.8 and Equation 6.4, the sustainability of the supply

chain stakeholders was obtained according to Equation 6.5 as:

Sustainability= [ ;‘1& et2¥dy

—O A+,

1 1
For example, Social sustainability of supplier can=f_0oo % el®9%dy = 47%
18.93

21.47

Quantifying the contributions of each stakeholder toward the sustainability of the
healthcare supply chain studied as advocated through the stakeholder theory, a

progress chart in Figure 6.2 is presented.

Table 6.8: Mean value of capacity and challenging factors for measuring social
sustainability of a healthcare provider (Hospital) in Tehran, Iran

Mean value of variables
Stakeholders Capacity Challenge | Social Sustainability Value
Supplier 18.93 21.47 0.47
patients 17.29 11.49 0.60
Patient relatives 15.29 10.33 0.59
Employee 22.62 7.71 0.75
Government 20.72 16.25 0.56
"" ."‘
=15%s 56%s
"ln:s u‘g
. . Patient
Supplier Patients Relatives Employee Government
Figure 6.2: Progress charts of social sustainability values in stakeholders of the
supply chain
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6.4 Results and discussion

In sustainability measurement, there are two type of opposing factors: Capacity and

Challenge.

Each organization by empowering capacities to overcome challenges can increase
the value of sustainability. From Table 6.8 and Figure 6.2, the sustainability of the
stakeholders varies with the employee having the highest value. This means the
hospital under investigation is socially sustainable according to the perception of the
employees. Overall the hospital is meeting the social yearnings of the employees. For
the patients, a higher value equally indicates how patients, Patient relatives and other
visitors appreciate the level of the social incentives and various supports provided to
the patients and their relatives. The government assumed the fourth higher level of
social sustainability. This necessities the evaluation of the same governmental
interventions or incentives toward the hospital physicians, patients and the
employees. Certainly, these values scored by the Government might be elusive if
environmental and economic issues have been sacrificed for the development of
social facet in a hospital. Obviously, the yearnings of both the employees and
patients must have met by the Government to a reasonable extent. Intuitively,
Governmental allocations must have been dissipated and influence the social ability

of these two stakeholders.

On the aspect of the supplier, a lower sustainability value is obtained. Reasons not
limited to bottlenecks from the hospital, Government and even the suppliers’ staff
could be a bane hindering the perceptions and low social traits within the supplier

circle. Hindrances like bureaucracy within the Government functionaries toward
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appraising and selecting the adequate supplier, logistics issues from the supplier’s
side and delay in securing Local Purchase Order (LPO) from financial institution are
capable of lowering the way the other two stakeholders perceived the supplier.
Therefore, an unsatisfactory social incentive and supports from other stakeholders,
especially the Government could be a serious clog in the wheel of the suppliers
toward attaining social sustainability goals. It could be deduced that the huge impact
of social activities cut across all the participating parties (stakeholders) irrespective
of the projected sustainability value obtained for each of them. This implies adjusting
just a factor from any stakeholder would produce a ripple impact on all other factors,
thereby shifting the sustainability value of all the system. Therefore, holistic
maneuvering or improvement of the overall sustainability index of the system is
necessary. Another inference could be deducted a positive perception of all and
sundry in the issues related to sustainability and also should learn to integrate social
sustainability objectives within their mission and value statements. Depending on the
prevailing conditions, it could be that mere scrutiny of a factor would lead to the

reduction in the challenge loads resulting in an enhanced social sustainability trait.
6.5 Conclusion

The proposed conceptual framework is designed based on properties of exponential
distribution and applied to measure the social sustainability for the majority of the
stakeholders involved in a healthcare supply chain. In this way, challenge and
capacity factors that summarized in table 6.2 selected and measured based on

efficiency and the importance of the factors.

This is the first model to measure the social sustainability of a supply chain in the

presence of exponentially distributed factors that can be applied in measuring the
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sustainability of supply chains in various domains. Hence, areas of priorities as
identified by all stakeholders can be well focused. The onus is now on individual
hospitals to rejuvenate their strategies in order to decipher which factors to be
included and those that should be jettisoned. This will go a long way toward attaining
high effectiveness of the model.

6.5.1 Implications

This proposed social sustainability exponentially distributed model is flexible, which
could form a rigid framework for appraising and measuring the sustainability of
today’s organizations from different backgrounds. The special and easiest way to
enhance the social ability and inclination of all stakeholders within the healthcare
supply chain is to present them for training and restraining at all times. No doubt this
study will assist the manager in taking an informed decision in accordance with the
provisions of the prevailing supply chain. Another way to go is the advocate and
foster diligent, equity, fairness and good cultural values among all the participating
stakeholders with a view to better assist them to coordinate efficiently. The scope of
the capacity and challenge of those areas could be expanded as:

e Planning for cutting-edge standards to care for the patient, diagnosis and surgical
procedures, medicine-management and hygienic food supply.

e Using strict social criteria to firstly select suppliers.

¢ Reducing the ethical decadent and pushing for more transparent and all-inclusive
governance that will make the Government be more accountable to their
stakeholders.

e Encouraging the employee to freely express how they should be engaged in

training that could enhance innovative thinking.
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In future studies, issues such as the following should be investigated.

e Developing a model for indicators with other types of meaningful statistical
distributions.

e The applicability of the identified capacity and challenge factors should be tested
with applying methods of finding indicators priority.

e Various dimensions to compare and contrast with respect to the identified factors
with other healthcare centers (hospital) in other localities is essential to generalize

the applicability of the proposed framework.

109



Chapter 7

DEVELOP A STATISTICAL MODEL FOR SOCIAL
SUSTAINABILITY MEASUREMTN OF A SUPPLY
CHAIN MANAGEMENT WITH DEPENDENT

EXPONENTIALLY DISTRIBUTED INDICATORS

7.1 Introduction

Decades ago, attention has been drawn to the issue of sustainability and many types
of research on the studies of sustainability have been reported. Many pioneers of
development, both in the industry, economic and corporate world have emphasized
sustainability as the unique winning technique on competitive advantage between
firms. It has become the hallmark of sustainable development of organizations
through the firm’s economic, environmental, and social dimensions (Lee and Jung,
2019). Sustainability performance measurement, assessment, and management have
been addressed and reported in the literature; whilst many focused on the triple-
bottom-line perspective of corporate sustainability- environmental, social, and
economic. The other corporate sustainability technique includes psychological
sustainability, which tends to incorporate social responsibility with corporate
sustainability; it also, emphasizes the interrelationships among various sustainability
perspectives. So many sustainability perceptions have been reported; this paper
employs a wider perspective of stakeholders’ expectations for sustainability

assessment and measurement. It is of utmost importance to assess, measure and
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evaluate the sustainability performance of the company based on the multitude of
stakeholders, chief executive officers, consumers and other prevalent factors such as
the previous and current international organizations, regulators, and non-profit
organizations just to mention a few. For the avoidance of doubt, sustainability
performance measurement and assessment (SPMA) has been positioned as a vehicle
for transporting relevant ethical behaviors of a company and is capable of promoting
value creation for stakeholders through requisite information. In this way, therefore,
many sustainability performance measurement techniques and tools have been

deployed and applied in the last two decades (Silva et al., 2019).

Existing literature on sustainability issues in the supply chain management (SCM)
has rendered other concepts such as sustainable supply chains, green supply chains,
social supply chains, circular supply chain management (CSCM), and closed-loop
supply chains either as a single or incorporated models to adequately express
sustainability concepts in SCM. However, none of them these concepts
systematically considered stakeholders’ participation-integrated circular thinking

(Farooque et al., 2019).

Researches in supply chain management (SCM) have been adjudged the most
productive areas in management sciences. Mind-blowing results have been achieved
from some cutting-edge supply chain (SC) researches ranging from natural resources,
manufacturing goods, to the delivery to the consumers. There is no gainsaying that
sustainable supply chain management (SSCM) has recorded an increasingly large
number of research outputs. Traditionally, it was based on the environmental and
economic aspects; however, social dimensions have been brought into the concept in

1994 through Elkington’s introduced Triple Bottom Line (TBL) (Martins and Pato,
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2019). In another instance, Silva et al. (2019) reported a situation whereby
stakeholders seem dissatisfied with the status of sustainability despite the positive
trends noticeable in various techniques for measuring and assessing sustainability

performance.

In general, social values such as meeting basic needs, equal working conditions for
all employees, fair pay, attention to cultural diversity, are the focus of social
sustainability. Social sustainability could be assessed and measured in organizations
based on a fair distribution of opportunities, assimilation of cultural diversity,
development of communication within and outside of society, upgrading of living
standards, revision of structures and their re-formulated to ensure equal opportunity
allocation. In spite of the increasing popularity in all facets (academia and industry
inclusive), there has not been found a suitable definition that could adequately
describe the social sustainability. It is also worth noting that social sustainability is
an aspect of sustainability that has received less attention among the TBL. More so,
it has often been difficult to find the social determinants of sustainability for
researchers in most cases. These lapses have hindered decision-makers in finding an
accepted agreement of the technique and to expand its outlook (Lee and Jung, 2019).
The role of stakeholder participation in sustainability managerial systems
incorporation from the organizational points of view-both internal and extended has
been thoroughly studied. According to stakeholder theory, a wider set of interests
above shareholders' expectations encompasses organizations making satisfying
stakeholders’ demands to sustain a firm’s legitimacy, resource availability, and

competitive success so critical to attaining (Ferro-Soto et al., 2018).
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Therefore, a proper understanding of stakeholders' expectations and knowledge of
how they can be integrated into the management systems is essential to propel
organization sustainability performances. Greenwood (2007) opined that the
managerial role of stakeholder participation is a pointer to the responsibility to the
society, and also an activity that strengthens a firm’s relationship with the
stakeholders to develop corporate objectives. In a similar vein, other scholars
(Heikkurinen and Bonnedahl, 2013; Matos and Silvestre, 2013) that have worked on
the strategic value of stakeholders’ participation in the stakeholder management field
have revealed that stakeholder participation and practices could also be motivated by
adequate risk management, gain in competitive edge, adequate response to
stakeholders' expectations, and improved managerial control. Ferri et al. (2016) gave
an account of how these practices have been used to examine “how” and “why”
supply chain managers could effectively process sustainable development;
unfortunately, models for the determination of sustainable development techniques

are absent.

This chapter focuses on a measurable model of social sustainability in the supply
chain in the company of dependent variables considering the chain stakeholders.
Khosravi et al. (2019) introduced a statistical model to measure bottom-line
sustainability at the organizational level while challenge and capacity variables
adhere to an exponential distribution, and the model by Khosravi and Izbirak (2019)
was developed to calculate the sustainability of a .healthcare supply chain with
Stakeholder approach. This study is, however, an extension of these previous works

to embrace common sense schemes that were not kept in mind previously.
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One of the basic assumptions in the model introduced by Khosravi et al. (2019) was
that there is no dependency between the factors affecting sustainability (challenges
and capacities) and these factors are independently affecting the amount of
sustainability. Many modeling applications have assumed the independence of
variables for ease of operation (Brandenburg et al., 2014). However, to make
decisions in more realistic situations, it may sometimes be necessary to consider the
interdependence between the various factors affecting sustainability and to consider
them in the calculations. Therefore, the need to introduce models assuming variable
dependence should be taken into account. In response to this need, the proposed
model addresses how the dependent variables affect the value of social sustainability
in a supply chain, a topic that has not been considered in previous studies, including
in Khosravi et al. (2019). It is worth noting that in measuring different aspects of
sustainability, and in particular social sustainability, we often come across variables
that act as dependencies. Limited attention has been paid to the importance of
considering this correlation. (Hansen et al., 2018, Tantau et al., 2018). The key
weakness in some of the previous measuring techniques is the interrelationships
between sustainability measurement schemes that are usually ignored. Besides,
sustainability measurement models based on statistical distribution rules at the
organizational and supply chain levels have received much less attention. (Khosravi

etal., 2019).

At this juncture, it expedient to be reminded that Stakeholder participation is an
integral part of corporate social responsibility (CSR) with a tendency for improving
decision making and accountability. Involving stakeholder views in assessing social,
economic, and environmental sustainability are among the requirements that have

been strongly recommended by the Global Reporting Initiative (GRI), which is
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responsible for defining and developing sustainability guidelines (Global Reporting
Initiatives, 2013). Currently, the organization would require changing their
objectives as well as their mode of operations due to the inclusive Stakeholder
participation (Midin et al., 2017). A stochastic sustainability measurement approach
is introduced in this paper to answer the stated needs, which is the first model to
measure the social sustainability of a supply chain in the sense of stakeholders in the
presence of dependent and exponential variables. The model ultimately incorporates
the issue of variable dependency on social sustainability factors. Also, this model can
be used as a tool for comparing sustainability trends in supply chain management
across many organizations. Provided the data necessary for applying the model is
sourced, appropriated and published in the same manner for each company under

investigation.

A summary of what is presented in the next sections is as follows. While reviewing
the basic concepts is discussed in section 7.2. In section 7.3, some basic notions
about copula function and how to use these functions to model extraction are
discussed. A case study is used to compare sustainability values in independent and
dependent cases in Section 7.4. Section 7.5 discusses the comparative results of
applying the statistical model. Finally, Section 7.6 begins with a review of the main
findings and concludes with a discussion of some of the possible improvements in

future researches.
7.2 Motivations for research

Given the lack of replacement of a large portion of the resources consumed, social
and economic activities must be undertaken to protect the environment as much as

possible, implying the concept of comprehensive sustainability, although the social
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dimension has been less concerned with economic and environmental dimensions.
For this reason, special attention is being paid to social goals and methods of
measuring social sustainability (Tang and Zhou, 2012). Recently, potential models
have been used by researchers as a reasonable approach to measuring sustainability

(Brandenburg and Rebs, 2015).

The model presented in the previous work of Khosravi et al., 2019 is one of the last
probabilistic models for evaluating firm sustainability assessment of the Triple
Bottom Line sustainability position. The model also distinguishes specific
requirements for maintaining and enhancing the sustainability level, depending on
the extent to which the indicators have improved or regressed. Khosravi and Izbirak
2019 in their study of social sustainability measurement of the .healthcare supply
chain based on a stakeholder perspective theory assumed that the enabler and barrier
factors were independent. Considering the requirements of supply chain
stakeholders, they applied their model to assess the social sustainability of a
.healthcare supply chain through a case study. The assumption of independence of
the factors is violated in some real applications. Therefore, a probabilistic model of
supply chain social sustainability that explicitly addresses the dependence of factors
is developed in this paper and the results are compared. As mentioned in the
introductory section, the statistical method under study in this article is another
approach of the model introduced by Khosravi and Izbirak, 2019. The two models
differ in terms of the relationship between capacity factors and challenges. As in the
original model, the assumption of factor independence was accepted, whereas in the
current model the assumption was violated and the dependence of factors was taken
into account. Considering the potential dependencies of the factors involved in

measuring sustainability is the unique feature of the proposed model that leads to a
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more realistic approach to the sustainability performance of organizations and supply

chains in the real world.
7.3 Proposed sustainability model

Sustainability measurement is vital to organizations and supply chain owners. In
simple terms, it considers challenge and capacity factors, which are subjected to H
and C. If H and C are regarded as random variables, then the probability of
challenges will be smaller than capacities is given by P (H < C) gives us
sustainability. Statistical independence is usually assumed between the two random
variables H and C: in this case, the literature on this topic is particularly rich. This
strong assumption makes the calculation and estimation of the sustainability value
more tractable. However, this hypothesis is not always verified in practice, and this
translates into an over- or under-estimation of sustainability. To avoid this drawback,
statistical dependence can be introduced and modeled between H and C, for example
resorting to copulas. In some recent works, the problem of computing and estimating
sustainability is considered when the challenge and capacity factors, belonging to the

same parametric family of distributions, are linked by a specific copula.

The case when (H, C) follows an exponential distribution has been investigated by
Khosravi et al., 2019 and Khosravi and Izbirak, 2019. In this study, a sustainability
model is investigated with marginally exponential distributed and their dependence
described by a Frank copula function. The problem of estimation of the sustainability
parameter is considered when the Farlie-Gumbel-Morgenstern copula is used to link
capacity and challenge factors, whose marginal distributions both belong to the

exponential distribution. In this chapter, we further consider the computational issues
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related to this copula approach applied to the sustainability measurement model,
when other families of copulas are selected.

7.3.1 Copulas

In probability terms, a multivariate distribution function, called Copula, can be used
to find the joint difference distribution function of variables, assuming marginal
distributions to be apparent as well as dependencies between variables. Describing
the dependence between discrete or continuous variables is the ultimate goal of
applying the Copula functions. The Sklar theorem states that a multivariate
distribution function can be considered as a combination of marginal distributions
and a copula. The general model is as follows:

F(xq, .., x) = C(uq, o, Uy) (F1 (1), o, By (X)) (7.1)
In formula (1), F(xy,...,x,), is joint cumulative distribution function of n
variables, F; (x,), ..., F,(x;,) are cumulative distribution functions of each variable,

while C(uy, ..., uy) is referring to the n-dimensional copula.

If the involved variables following the continuous distribution functions (such as the
exponential distribution that is the case in this study), then the unique Copula
function can be calculated by the following (Yew Low et al., 2016).

C(Uy, s Up) = F(q, e, %) (Fy 1 (1), o, By (30)) (7.2)
Since this chapter focuses on the sustainability of a supply chain based on two
variables (capacity and challenge), the n-dimensional space is reduced to 2-

dimensional and so we have:

C(ug,up) = F(xpxn)(F1_1(x1)’F1_1(xz)) (7.3)
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Different types of copula functions have been presented and studied by researchers in
which elliptic copulas have been used to calculate the dependency parameter of the
variables. The general form of the elliptical copulas is as follows:

Ci* =d, (07 (w), P (1)) (7.4)
Which ®~1 is an inverse function of the bivariate cumulative standard normal

distribution with the coefficient (p) of dependence (Cameron et al., 2013).

The Frank, Clayton, and Gamble copulas are one of the most used copulas that are
classified in Archimedean copulas. These models are explicitly used to represent the
parameter of the correlation coefficient. Frank, Clayton, and Gamble copulas contain
special and important types of copulas including independence copula [[(u, v) = uv,
comonotonicity copula M(u,v) = min(u,v), and countermonotonicity copula

W(u,v) = max(u + v —1,0).

The following inequality can be shown for such a C (u, v) copulas (Tran et al.,
2017):

W, v) < C(u,v) < M(u,v) (7.5)
In the case of continuous random variables, the comontonicity copula for the two
random variables have a perfectly positive correlation p — +1, the
countermonotonicity copula for the two random variables have the perfectly negative
correlation p — - 1, and the independent copula is also defined for the fully

independent random variables p = 0.
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7.3.2 Joint difference distribution of dependent variables
If F and G are considered to be marginal distribution functions of challenge and

capacity factors, then the sustainability value associated with a copula C is as

follows:
PH-C<0)=1-[C(1-wG(F'(1-w)))dw (7.6)
Being C; = % =P(C <c|H=h)

Dolati et al., (2016) showed that with an application of formula (6), the expressions
of the joint difference distribution function have been explicitly or numerically found
for some possible choices of F and G (namely, exponential) and the linking copulas

(Farlie-Gumbel-Morgenstern, Frank, Clayton, and Gumbel).

In the next subsection, we examine the other kind of copulas and compute the
sustainability parameter when challenge and capacity follow an exponential
distribution.

7.3.3 Developed Farlie-Gumbel-Morgenstern  copula for measuring
sustainability

The Farlie-Gumbel-Morgenstern Copula function simply calculates the distribution
of the capacity and challenge variables with respect to the correlation coefficient
(Cossette et al 2013).

Clc,h)=ch(14+40(1—-c)(1—-h)),-1<6<+1 (7.7)
The following equation can be shown for the copulas in continuous form. Given the

domain of 6, it will be the correlation coefficient (p) changes between — g and % that

actually limits the use of the function to find the joint distribution in other boundaries
of p. To overcome this limitation, the copula has been developed into various forms,

one of which is as follows:
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C(c,h) =ch+60c*h’(1 —c)*(1 - h)*ab=1 (7.8)
The extended cupola is covered by placing a = 2and b = 1 larger ranges of 6

variations between —1 and 43, making Copula's application of the correlation
coefficient variations between —§ and +1 possible.
C(c,h) =ch+0ch*(1—-c)'(1—h)%a=1b=2 (7.9)

Conditional probability density distribution C; is easily obtained:

ac(c,h)

C; = e

=h+ 6h(1 — h)?(1 + 3c? — 4c) (7.10)
If the challenge and capacity factors comply with the exponential distribution with
parameters 4, and A., and considering the following equations:

Fl(w) = —log(1 —w)/A,

Ac /
An

GFl1l-w)=1-w
The formula for the calculation of the sustainability parameter will be calculated

according to Equation (7.6) and as follows:
Ac Ac A¢
Sustainability = 1 — fol (1 -—w /Ah) +6 (1 —-w /Ah) W2 /Ah [1+3(1-w)?—4(1 —-w)ldw =

1- [ (1 = WA”/Ah) +0 (3w2(l”/ah)+2 — (P 32O 2w3(lc/ﬂc)“) dw =1~

[W (AC ' ) +0 (3W2(l%h>+3 - ZWZ(AC Ah)ﬂ _3w (lc/lh 3 2w /’Lh +Z>l | -
//1h 2(’10//1}1)+3 2('1 /lh )+2 //1h )+3 c 0 /1c )+1

/A"< ) ) (7.11)
a3 30,)+2)

For AC/A,I > 1, i.e., if the expected value of C is smaller than the expected value of H,

’ (z(ﬂv/lh)w A <%h>+1> NCACEN (( () ) ol

Sustainability is a decreasing linear function of 8; for’lc/)L < 1, i.e., Sustainability is
c

an increasing linear function of 8. When AC/Ah = 1, Sustainability is constant and
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equal to 0.5. The range allowed to Sus is quite narrow; for example, when ’16//1}1 =

1/3, Sustainability goes from 0.73 to 0.79. If & = 0, Equation (11) comes down to

the usual formula for two independent exponential distributions: Sustainability=

1 Ay
A T ActAn
C//lh+1 erh

The sustainability calculation model presented in the current study is the
developmental model of previous work by Khosravi et al., 2019 and follows the
applicable definitions of the model. For example, the concept of sustainability in the
organizational or supply chain application is: meeting the needs of the present
generation, taking into account the right of the next generation to use those resources

to meet their needs.

The assumed model focuses on the extent to which each of the supply chain
stakeholders' approaches or departs from absolute sustainability. Thus, relying on the
arguments presented in Khosravi et al., 2019, homogenizing and considering
potential supply chain stakeholders can provide a more realistic analysis of how
supply chain sustainability behaves. Sustainability as a whole, as well as in any of
the aspects of the supply chain, is affected by the challenges and capacity factors.
Challenges reduce sustainability while capacities have an incremental effect, and the
result is sustainability defined as the probability that the challenges cannot be larger
than capacities. Because of the ability to assign different values to enablers and
barriers, random variables and, consequently, probability density functions can be
assigned to challenges and capacities, and finally, sustainability can be shown as

follows. (Khosravi et al, 2019).
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Sus = B(H <€) = [ fuW [ [ fe(h)d,| (7.12)
Assuming that the exponential distribution can be fit able to the challenges and

capacities, it can be claimed that:

— Y —A1h | T ;¢
Sus=PRH<C)=[  le™ [fh_ylze 2 ]dh (7.13)
In Equation (7.13) and also considering the correlation between the challenges and
capacities inverters and concerning to Equation (7.11), the value of the sustainability

in each of the Supply Chain Stakeholders is that the Supply Chain is likely to be

strengthened by two. Overcome is:

\.

| (7.12)
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Whereas p is the Pearson correlation coefficient between the variables affecting

Sus=P.(H<C(C) =

efficiency, namely capacity (c) and challenge (h).

These focal points derived from the previous approach introduced by Khosravi et al.
(2019). In the previous model, the assumption of the independence of the variables is
considered, while in the current model the effect of correlation between factors is
taken into account. As noted earlier, in some applications of sustainability, there is a
correlation between the factors (positive or negative) that were neglected in previous
models, but need to be addressed. Therefore, this paper presents a model that is well-
suited for calculating sustainability in the organization or supply chain in either the
presence or absence of correlation between mines and capacitors. The model was

used in a case study to measure the social sustainability of the supply chain with the
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stakeholder approach in the presence of dependent factors and the results were

compared.
7.4 Rational utilization of the model

In the sequence of illustrating the applicability of the proposed model, data related to
the case study of Khosravi and Izbirak, 2019 are used in this section and the
correlation coefficient of each of the supply chain stakeholders was calculated from

the relevant data.

Table 7.1: The calculated values of the parameters taking into account the dependent
variables

Stakeholders of supply chain
Supplier Patients Patient Employee | Government
Parameter relatives

1 18.93 17.29 15.29 22.62 20.72
Ue = A_
C

1 21.47 11.49 10.33 7.71 16.25
Hp = E

Den -0.0809 -0.2964 0.2082 0.6567 0.5390

By taking the values of table 7.1 in formula 7.3, the values of social sustainability
can be calculated for each supply chain stakeholder in the presence of dependent

variables. The comparative results are reflected in Fig.7.1.

As can be seen in Figure 7.1, neglecting negative dependencies leads to
overestimation of the true value of sustainability, while less than the true values
occur in positive dependencies. It is noteworthy that the increasing or decreasing
amount of these correlations increases or decreases the magnitude of this difference
(sustainability in independent and dependent states). For example, in Figure 7.1,
ignoring the negative correlation between the challenges and the capacities of the

suppliers and the patients leads to an estimate of less than the actual value, while
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ignoring the positive correlation between the factors of the patient relatives,
employee, and government leads to an estimate of less than. The maximum
difference is in the employee's face, which is the sum of the coefficients and the

capacities more closely correlated with the other factors.

Consideration of sustainability differences (even minor differences such as 0.06% for
Supplier) is very important in any aspect of the supply chain stakeholders, as these
very small changes can affect the supply chain decision-makers' tactics. Therefore, a
sustainability measurement model should be based on considering the correlations

between factors.

Using factor values as well as the relationship between the factors in Table 7.4 and
Equation (7.14), the sustainability of each stakeholder in the supply chain is obtained
and is illustrated in Figure 7.1. For example, calculating the social sustainability of

the supplier is as follows:

R
AR [OARTARTIONE)

1
(*147/18.93) +1

(P147/15.03) (B147/1593) — 1) )

— 3(—0.0809)
<((21'47/ 18.03) + 1) (2(3147/15.93) +3)(3(3147/ 1 93) +2)

= 0.4692 = 46.92%
Moreover, it should be re-emphasized that given the dependence between many

social factors in the real world, such dependence mustn’t be overlooked when
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assessing the sustainability performance of supply chains under the social
sustainability perspective. Accordingly, the proposed model explicitly recognizes the
potential dependencies between the social factors used to measure sustainability
performance, and hence, can be used as a practical tool for more realistic assessments

of real-world performance. The next section provides a supportive discussion.

Dependent Factors Independent Factors
85
77.55
X 75
Fy
= 65 -66-08 60.15 597 55—
o 5939 56.82
(5]
£ 55 = N -
g 46.92
545 N -
(7]
35 T T
supplier Patients Patient relatives Employee Government
Stakeholders of supply chain

Figure 7.1: Comparative results of social sustainability in the supply chain
understudy in two states of independence and correlation between challenges and
capacities involved.

7.5 Discussion

The model used in this study is an extended form of the previous model presented by
Khosravi et al., 2019. The previous model was based on the assumption of
independence between challenge and capacity factors. Given that the variability in
the variables affecting sustainability is sometimes influenced by their interaction, it
makes the need to include the type and extent of dependence in the calculation of
sustainability (in many social cases). Recently, research into the dependence between
variables of challenge and capacity variables has been the focus of researchers

(Eizenberg and Jabareen, 2017).
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The exponential distribution is usually easily fitted to models that represent variables
related to the time a variable occurs or the time between two occurrences (Khosravi

etal., 2019).

It is noteworthy that the focus of both models is to calculate the social sustainability
of the supply chain from the perspective of stakeholder theory. Therefore, the
challenge and capacity of related social indicators are considered as influencing

factors on sustainability.

Both models are based on common principles, but take different approaches to the
factors that influence sustainability. In the model of Khosravi et al., 2019 it is
assumed that the factors that are independent of each other influence sustainability,
whereas in the present study the importance of considering direct or indirect

dependence among the factors is considered as a negligible factor.

Figure 7.1 shows the comparative results of social sustainability in each of the two
stakeholder groups on the presence and absence of correlation between factors. The
analysis of the results reveals that higher sustainability in negative dependencies and
lower stability in negative correlations have occurred, highlighting the perception of

the type and extent of the dependence.

As supply chain owners have limited and valuable resources and capacities to
overcome the challenges ahead and further enhance capacity, pay attention to the
type of correlation (positive or negative) that results in a more realistic calculation of
sustainability, It will be of particular importance. Given the aforementioned, there is

a need to use and introduce methods of calculating the organization's sustainability
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and supply chain in a more realistic approach, namely the correlation between
challenging factors and capacity. This article is moving towards meeting this need.
Using this model, sustainability can be measured practically and effectively in all
aspects, types of organizations and supply chains. It adopted more effective recovery

strategies that had not been anticipated in previous models.

The model is presented to measure the social sustainability of a supply chain with a
stakeholder approach. Accordingly, when the Challenging and Capacity factors are
independent, the value of the correlation coefficient will be zero (p = 0), while the
negative (—1 < p < 0)and positive (0 < p <1) values of the correlation
coefficient, respectively, indicate an inverse or direct correlation between the factors.
There is also a point to the importance of having reliable available data, as well as a
list of relevant indicators (factors and related data extracted from Khosravi and
Izbirak's earlier work) in each of the domains. Although various organizations have
published lists of factors in the social, economic, environmental and other fields, and
given that there is still no force to use such lists, it seems that more work in this area

is needed.

Another point is that the availability of required data as well as the quality of data
may vary between supply chains operating in a common area. Assuming this
challenge is overcome, the proposed model can be used to compare the sustainability
performance of different aspects of a centralized supply chain in an operational area,
especially since the proposed model pays particular attention to the factor

correlations that rarely exist in previous models.
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7.6 Conclusion

In this paper, a probabilistic model derived from the copula function is presented that
can be used to measure the social sustainability of the supply chain in the presence of
challenge and capacity dependent factors. The emphasis on holding correlations
surrounded by challenge and capacity indicators affecting sustainability is undeniable
because a variety of positive and negative dependencies are evident among the
factors in practice. Also, it is based on stakeholder requirements to measure the
sustainability of a supply chain. Calculating the amount of dependence of the
challenge and capacity factors and incorporating them into the resulting model will

yield a more realistic value of sustainability.

The main purpose of using different models of sustainability measurement is to
create the basis for effective decision making and prioritize the policies facing the
organization and supply chain (Tang and Zhou, 2012). The model proposed in this
study can be used by supply chain decision-makers to assess how the chain moves in
the social sustainability approach and based on stakeholder requirements. It also
highlights the importance of taking into account the dependence between the
challenge and capacity factors. In the proposed model, for the sake of simplicity in
operation, the same weights are assigned to all the factors affecting sustainability that
may vary according to the needs of stakeholders or supply chain decision-makers. A
further model is recommended for future studies in order to assign weights
proportional to the capacity and challenge factors. Approaches such as the Analytic
hierarchy process (Saati, 1990), Conjoint analysis (Ulengin et al., 2001), Unobserved
component models (Thomas, 2010), Composite Indices (Greco et al, 2019) are

applicable. However, allocating the appropriate weight to the factors will also affect
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the amount and type of correlation between the factors. Since the correlation between
the underlying factors has shaped the proposed model, the choice of model and how
weights are assigned will be of particular importance. Not paying enough attention to
the amount and type of correlation between the factors sometimes leads to less and
sometimes more to the estimation of the sustainability value. In this regard, it is
recommended that the study of factor weights be given due to the correlation,
although the present study is capable of assessing the social performance of supply

chain from the perspective of stakeholders.

130



REFERENCES

Agudo-Valiente, J. M., Garcés-Ayerbe, C., & Salvador-Figueras, M. (2017).
Corporate social responsibility drivers and barriers according to managers’
perception; Evidence from Spanish firms. Sustainability (Switzerland), 9(10).

https://doi.org/10.3390/su9101821

Ahi, P., & Searcy, C. (2014). A stochastic approach for sustainability analysis under
the green economics paradigm. Stochastic Environmental Research and Risk
Assessment, 28(7), iCorporate Social Responsibility.

https://doi.org/10.4018/978-1-5225-6192-7.ch058

Ameer, R., & Othman, R. (2012). Sustainability practices and corporate financial
performance: A study based on the top global corporations. Journal of Business

Ethics, 108(1), 61-79. https://doi.org/10.1007/s10551-011-1063-y

Ansari, Z. N., Kant, R., & Shankar, R. (2019). Prioritizing the performance outcomes
due to adoption of critical success factors of supply chain remanufacturing.
Journal of Cleaner Production, 212, 779-799.

https://doi.org/10.1016/j.jclepro.2018.12.038

Apte, S., Sheth, J. (2017). Developing the Sustainable Edge. Lead. Lead, 48-53,

doi:10.1002/1t1.20306.

131


https://doi.org/10.3390/su9101821
https://doi.org/10.1007/s10551-011-1063-y

Ashby, A., Leat, M., & Hudson-Smith, M. (2012). Making connections: A review of
supply chain management and sustainability literature. Supply Chain

Management, 17(5), 497-516. https://doi.org/10.1108/13598541211258573

Atanda, J. O. (2019). Developing a social sustainability assessment framework.
Sustainable Cities and Society, 44(May  2018), 237-252.

https://doi.org/10.1016/j.scs.2018.09.023

Atlason, R. S., & Gerstlberger, W. (2017). Which factors characterize sustainable
behavior of defense forces? Journal of Cleaner Production, 164, 230-241.

https://doi.org/10.1016/j.jclepro.2017.06.161

Ayres, R. U. (2008). Sustainability economics: Where do we stand? Ecological

Economics, 67(2), 281-310. https://doi.org/10.1016/j.ecolecon.2007.12.009

Ayres, R.U., van den Bergh, J.C.J.M., Gowdy, J.M. (1998) Weak versus Strong
Sustainability; Tinbergen Institute Discussion Papers; Tinbergen Institute:

Amsterdam, The Netherland.

Azimifard, A., Moosavirad, S. H., & Ariafar, S. (2018). Selecting sustainable
supplier countries for Iran’s steel industry at three levels by using AHP and
TOPSIS methods. Resources Policy, 57(December 2017), 30-44.

https://doi.org/10.1016/j.resourpol.2018.01.002

Babazadeh, R., Razmi, J., Rabbani, M., & Pishvaee, M. S. (2017). An integrated data

envelopment analysis—mathematical programming approach to strategic

132


https://doi.org/10.1108/13598541211258573
https://doi.org/10.1016/j.scs.2018.09.023
https://doi.org/10.1016/j.ecolecon.2007.12.009
https://doi.org/10.1016/j.resourpol.2018.01.002

biodiesel supply chain network design problem. Journal of Cleaner Production,

147, 694-707. https://doi.org/10.1016/j.jclepro.2015.09.038

Badri Ahmadi, H., Kusi-Sarpong, S., & Rezaei, J. (2017). Assessing the social
sustainability of supply chains using Best Worst Method. Resources,
Conservation and Recycling, 126(July), 99-106.

https://doi.org/10.1016/j.resconrec.2017.07.020

Ball, J., & Srinivasan, V. C. (1994). Using the Analytic Hierarchy Process in house

selection. The Journal of Real Estate Finance and Economics, 9(1), 69-85.

Banasik, A., Bloemhof-Ruwaard, J. M., Kanellopoulos, A., Claassen, G. D. H., &
van der Vorst, J. G. A. J. (2018). Multi-criteria decision making approaches for
green supply chains: a review. Flexible Services and Manufacturing Journal,

30(3), 366-396. https://doi.org/10.1007/510696-016-9263-5

Bappy, M. M., Ali, S. M., Kabir, G., & Paul, S. K. (2019). Supply chain
sustainability assessment with Dempster-Shafer evidence theory: Implications
in  cleaner production. Journal of Cleaner Production, 237.

https://doi.org/10.1016/j.jclepro.2019.117771

Bare, J., Gloria, T., Norris, G. (2006). Development of the method and U.S.
normalization database for life cycle impact assessment and sustainability

metrics. Environ. Sci. Technol, 40, 5108-5115, doi:10.1021/es052494b.

133


https://doi.org/10.1007/s10696-016-9263-5

Baric, A. (2017). Corporate social responsibility and stakeholders: Review of the last
decade (2006-2015). Business Systems Research, 8(1), 133-146.

https://doi.org/10.1515/bsrj-2017-0011

Bartolozzi, I., Baldereschi, E., Daddi, T., & Iraldo, F. (2018). The application of life
cycle assessment (LCA) in municipal solid waste management: A comparative
study on street sweeping services. Journal of Cleaner Production, 182, 455—

465. https://doi.org/10.1016/j.jclepro.2018.01.230

Bell, S., Morse, S. (2008) Sustainability and Indicators: Measuring the

Immeasureable; Routledge: London, UK, doi: 10.1016/S0743-0167(99)00036-4.

Bellantuono, N., Pontrandolfo, P., & Scozzi, B. (2016). Capturing the stakeholders’
view in sustainability reporting: A novel approach. Sustainability (Switzerland),

8(4). https://doi.org/10.3390/su8040379

Bendul, J. C., Rosca, E., & Pivovarova, D. (2017). Sustainable supply chain models
for base of the pyramid. Journal of Cleaner Production, 162, S107-S120.

https://doi.org/10.1016/j.jclepro.2016.11.001

Bertocchi, M., Demartini, E., & Marescotti, M. E. (2016). Ranking Farms Using
Quantitative Indicators of Sustainability: The 4Agro Method. Procedia - Social
and Behavioral Sciences, 223, 726-732.

https://doi.org/10.1016/j.sbspro.2016.05.249

134


https://doi.org/10.1515/bsrj-2017-0011
https://doi.org/10.1016/j.jclepro.2018.01.230
https://doi.org/10.3390/su8040379
https://doi.org/10.1016/j.jclepro.2016.11.001
https://doi.org/10.1016/j.sbspro.2016.05.249

Bhagwat, R., & Sharma, M. K. (2007). Performance measurement of supply chain
management: A balanced scorecard approach. Computers and Industrial

Engineering, 53(1), 43-62. https://doi.org/10.1016/j.cie.2007.04.001

Bigliardi, B., & Bottani, E. (2010). Performance measurement in the food supply
chain: a balanced scorecard approach. Facilities, 28(5-6), 249-260.

https://doi.org/10.1108/02632771011031493

Bird, G., & Rowlands, D. (2017). The Effect of IMF Programmes on Economic
Growth in Low Income Countries: An Empirical Analysis. Journal of
Development Studies, 53(12), 2179-2196.

https://doi.org/10.1080/00220388.2017.1279734

Bondy, K., Matten, D., & Moon, J. (2008). Multinational corporation codes of
conduct: Governance tools for corporate social responsibility? Corporate
Governance: An International Review, 16(4), 294-311.

https://doi.org/10.1111/].1467-8683.2008.00694.x

Boyer, R. H. W., Peterson, N. D., Arora, P., & Caldwell, K. (2016). Five approaches
to social sustainability and an integratedway forward. Sustainability

(Switzerland), 8(9). https://doi.org/10.3390/su8090878

Bohringer, C., & Jochem, P. E. P. (2007). Measuring the immeasurable - A survey of
sustainability indices. Ecological Economics, 63(1), 1-8.

https://doi.org/10.1016/j.ecolecon.2007.03.008

135


https://doi.org/10.1016/j.cie.2007.04.001
https://doi.org/10.3390/su8090878

Brand, F. (2009). Critical natural capital revisited: Ecological resilience and
sustainable  development.  Ecological ~ Economics, 68(3), 605-612.

https://doi.org/10.1016/j.ecolecon.2008.09.013

Brandenburg, M., & Rebs, T. (2015). Sustainable supply chain management: A
modelling perspective. Annals of Operations Research, 229(1), 213-252.

https://doi.org/10.1007/s10479-015-1853-1

Brandenburg, M., Govindan, K., Sarkis, J., & Seuring, S. (2014). Quantitative
models for sustainable supply chain management: Developments and directions.
European  Journal of Operational Research, 233(2), 299-312.

https://doi.org/10.1016/j.ejor.2013.09.032

Brans, J. P., & Vincke, P. (1985). Note—A Preference Ranking Organisation
Method. Management Science, 31(6), 647-656.

https://doi.org/10.1287/mnsc.31.6.647

Brookes, V. J., Hernandez-Jover, M., Cowled, B., Holyoake, P. K., & Ward, M. P.
(2014). Building a picture: Prioritisation of exotic diseases for the pig industry
in Australia using multi-criteria decision analysis. Preventive Veterinary

Medicine, 113(1), 103-117. https://doi.org/10.1016/j.prevetmed.2013.10.014

Brown, H. S., de Jong, M., & Levy, D. L. (2009). Building institutions based on
information disclosure: lessons from GRI’s sustainability reporting. Journal of
Cleaner Production, 17(6), 571-580.

https://doi.org/10.1016/j.jclepro.2008.12.009

136


https://doi.org/10.1016/j.ecolecon.2008.09.013
https://doi.org/10.1007/s10479-015-1853-1
https://doi.org/10.1016/j.ejor.2013.09.032

Buffoli, M.; Capolongo, S.; Bottero, M.; Cavagliato, E.; Speranza, S.; Volpatti, L.
(2013) Sustainable Healthcare Sustainable Healthcare: How to assess and
improve healthcare structures’ sustainability. Ann lg, 25, 411-418,

d0i:10.7416/ai.2013.1942.

Buffoli, M.; Gola, M.; Rostagno, M.; Capolongo, S.; Nachiero, D. (2014) Making
hospitals healthier: How to improve sustainability in healthcare facilities. Ann.

Di Ig. Med. Prev. E Di Comunita, 26, 418-425, doi:10.7416/ai.2014.2001.

Bulgacov, S., Ometto, M. P., & May, M. R. (2015). Differences in sustainability
practices and stakeholder involvement. Social Responsibility Journal, 11(1),

149-160. https://doi.org/10.1108/SRJ-02-2013-0023

Cai, J., Liu, X., Xiao, Z., & Liu, J. (2009). Improving supply chain performance
management: A systematic approach to analyzing iterative KPI
accomplishment. Decision Support  Systems, 46(2), 512-521.

https://doi.org/10.1016/j.dss.2008.09.004

Caiado EGG, Dias RF, Mattos LV, Quelhas OLG, Filho WL (2017) Towards
sustainable development through the perspective of eco-efficiency-A systematic

literature review. Journal of Cleaner Production, 165:890-904.

Calabrese, A., Costa, R., Levialdi, N., & Menichini, T. (2016). A fuzzy analytic
hierarchy process method to support materiality assessment in sustainability
reporting. Journal of Cleaner Production, 121, 248-264.

https://doi.org/10.1016/j.jclepro.2015.12.005

137


https://doi.org/10.1108/SRJ-02-2013-0023

Callado, A. A. C., & Jack, L. (2015). Balanced scorecard metrics and specific supply
chain roles. International Journal of Productivity and Performance

Management, 64(2), 288-300. https://doi.org/10.1108/IJPPM-05-2014-0071

Cameron, A. C., Li, T., Trivedi, P. K., Zimmer, D. M., Journal, E., & Trived, K.
(2013). Modelling the differences in counted outcomes using bivariate copula
models with application to mismeasured counts Published by : Wiley on behalf
of the Royal Economic Society Stable URL :
http://lwww.jstor.org/stable/23115039 . Your use of the JSTOR archi. 7(2), 566—

584.

Camilleri, M. A. (2017). The rationale for responsible supply chain management and
stakeholder engagement. Journal of Global Responsibility, 8(1), 111-126.

https://doi.org/10.1108/jgr-02-2017-0007

Capolongo, S.; Bottero, M.; Buffoli, M.; Lettieri, E. (2015) Improving Sustainability
During Hospital Design and Operation; Springer: Cham, Switzerland,

doi:10.1007/978-3-319-14036-0.

Caravaggio, N., Caravella, S., Ishizaka, A., & Resce, G. (2019). Beyond CO 2: A
multi-criteria analysis of air pollution in Europe. Journal of Cleaner

Production, 219, 576-586. https://doi.org/10.1016/j.jclepro.2019.02.115

Carroll, A. B., & Brown, J. A. (2018). Corporate Social Responsibility: A Review of
Current Concepts, Research, and Issues. 39-69. https://doi.org/10.1108/s2514-

175920180000002002

138


https://doi.org/10.1108/IJPPM-05-2014-0071
https://doi.org/10.1108/jgr-02-2017-0007
https://doi.org/10.1108/s2514-175920180000002002
https://doi.org/10.1108/s2514-175920180000002002

Carroll, A. B., & Shabana, K. M. (2010). The business case for corporate social
responsibility: A review of concepts, research and practice. International Journal
of Management Reviews, 12(1), 85-105. https://doi.org/10.1111/j.1468-

2370.2009.00275.x

Carter, C. R., & Easton, P. L. (2011). Sustainable supply chain management:
Evolution and future directions. International Journal of Physical Distribution
and Logistics Management, 41(1), 46-62.

https://doi.org/10.1108/09600031111101420

Carvalho, V. S., Picango, M. R., Volschan, A., & Bezerra, D. C. (2019). Impact of
simulation training on a telestroke network. International Journal of Stroke,

14(5), 500-507. https://doi.org/10.1177/1747493018791030

Cassen, R. H. (1987). Our common future: report of the World Commission on
Environment and Development. International Affairs, 64(1), 126-126.

https://doi.org/10.2307/2621529

Castillo, V. E., Mollenkopf, D. A., Bell, J. E., & Bozdogan, H. (2018). Supply Chain
Integrity: A Key to Sustainable Supply Chain Management. Journal of Business

Logistics, 39(1), 38-56. https://doi.org/10.1111/jbl.12176

Castka, P., & Balzarova, M. A. (2008). ISO 26000 and supply chains-On the
diffusion of the social responsibility standard. International Journal of
Production Economics, 111(2), 274-286.

https://doi.org/10.1016/j.ijpe.2006.10.017

139


https://doi.org/10.1108/09600031111101420
https://doi.org/10.1016/j.ijpe.2006.10.017

Castka, P., & Prajogo, D. (2013). The effect of pressure from secondary stakeholders
on the internalization of 1ISO 14001. Journal of Cleaner Production, 47(May),

245-252. https://doi.org/10.1016/j.jclepro.2012.12.034

Castro, M. de F., Mateus, R., & Braganca, L. (2017). Healthcare Building
Sustainability Assessment tool - Sustainable Effective Design criteria in the
Portuguese context. Environmental Impact Assessment Review, 67(August), 49—

60. https://doi.org/10.1016/j.eiar.2017.08.005

Castro, M. de F., Mateus, R., & Braganga, L. (2017). Development of a healthcare
building sustainability assessment method — Proposed structure and system of
weights for the Portuguese context. Journal of Cleaner Production, 148, 555—

570. https://doi.org/10.1016/j.jclepro.2017.02.005

Chand, P., Thakkar, J. J., & Ghosh, K. K. (2018). Analysis of supply chain
complexity drivers for Indian mining equipment manufacturing companies
combining SAP-LAP and AHP. Resources Policy, 59(May), 389-410.

https://doi.org/10.1016/j.resourpol.2018.08.011

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of
decision-making units. European Journal of Operational Research, 2(6), 429-

444, https://doi.org/10.1016/0377-2217(78)90138-8

Chi, Y., Yu, C., Qi, X., & Xu, H. (2018). Knowledge management in healthcare
sustainability: A smart healthy diet assistant in traditional Chinese medicine
culture. Sustainability (Switzerland), 10(11).
https://doi.org/10.3390/su10114197

140


https://doi.org/10.1016/j.jclepro.2012.12.034

Chiesura, A., & De Groot, R. (2003). Critical natural capital: A socio-cultural
perspective. Ecological Economics, 44(2-3), 219-231.

https://doi.org/10.1016/S0921-8009(02)00275-6

Chowdhury, M. M. H., Agarwal, R., & Quaddus, M. (2019). Dynamic capabilities
for meeting stakeholders’ sustainability requirements in supply chain. Journal
of Cleaner Production, 215, 34-45.

https://doi.org/10.1016/j.jclepro.2018.12.222

Chui, K. T., Alhalabi, W., Pang, S. S. H., de Pablos, P. O., Liu, R. W., & Zhao, M.
(2017). Disease diagnosis in smart healthcare: Innovation, technologies and
applications. Sustainability (Switzerland), 9(12), 1-23.

https://doi.org/10.3390/su9122309

Clark, G. L., Feiner, A., & Viehs, M. (2014). From the Stockholder to the
Stakeholder: How Sustainability Can Drive Financial Outperformance. Ssrn,

(March). https://doi.org/10.2139/ssrn.2508281

Coban, A., Ertis, I. F., & Cavdaroglu, N. A. (2018). Municipal solid waste
management via multi-criteria decision making methods: A case study in
Istanbul, Turkey. Journal of Cleaner Production, 180, 159-167.

https://doi.org/10.1016/j.jclepro.2018.01.130

Collier, Z. A., Bates, M. E., Wood, M. D., & Linkov, I. (2014). Stakeholder
engagement in dredged material management decisions. Science of the Total

Environment, 496, 248-256. http://doi.org/10.1016/j.scitotenv.2014.07.044

141


https://doi.org/10.1016/S0921-8009(02)00275-6
https://doi.org/10.2139/ssrn.2508281
http://doi.org/10.1016/j.scitotenv.2014.07.044

Collins RD, Selin NE, Weck OL, Clark WC (2017)Using inclusive wealth for policy
evaluation: Application to electricity infrastructure planning in oil-exporting

countries.. Ecological Economics, 3(3), 193-213.

Cossette, H., Cote, M. P., Marceau, E., & Moutanabbir, K. (2013). Multivariate
distribution defined with Farlie-Gumbel-Morgenstern copula and mixed Erlang
marginals: Aggregation and capital allocation. Insurance: Mathematics and

Economics, 52(3), 560-572. https://doi.org/10.1016/j.insmatheco.2013.03.006

Cruz, J. B,, Tan, R. R,, Culaba, A. B., & Ballacillo, J. A. (2009). A dynamic input-
output model for nascent bioenergy supply chains. Applied Energy, 86(SUPPL.

1), 86-94. https://doi.org/10.1016/j.apenergy.2009.04.007

Daghfous, A., & Zoubi, T. (2017). An auditing framework for knowledge-enabled
supply chain management: Implications for sustainability. Sustainability

(Switzerland), 9(5). https://doi.org/10.3390/su9050791

Daly, H.E. Forum-Georgescu-Roegen versus Solow/Stiglitz. Ecol. Econ. 1997, 22,

261-266.

Daughton, C. G. (2014). Eco-directed sustainable prescribing: Feasibility for
reducing water contamination by drugs. Science of the Total Environment, 493,

392-404. http://doi.org/10.1016/j.scitotenv.2014.06.013

Daultani, Y., Kumar, S., Vaidya, O. S., & Tiwari, M. K. (2015). A supply chain

network equilibrium model for operational and opportunism risk mitigation.

142


https://doi.org/10.1016/j.insmatheco.2013.03.006
https://doi.org/10.1016/j.apenergy.2009.04.007
https://doi.org/10.3390/su9050791
http://doi.org/10.1016/j.scitotenv.2014.06.013

International Journal of Production Research, 53(18), 5685-5715.

https://doi.org/10.1080/00207543.2015.1056325

De Groot, R., Van Der Perk, J., Chiesura, A., & Van Vliet, A. (2003). Importance
and threat as determining factors for criticality of natural capital. Ecological

Economics, 44(2-3), 187-204. https://doi.org/10.1016/S0921-8009(02)00273-2

Dedeurwaerdere, T. (2013). Sustainability Science for Strong Sustainability.
Université Catholique de Louvain, (January), 1-115.

https://doi.org/10.1016/B978-0-08-099377-5.09001-8

Dietz, S., & Neumayer, E. (2007). Weak and strong sustainability in the SEEA:
Concepts and measurement. Ecological Economics, 61(4), 617-626.

https://doi.org/10.1016/j.ecolecon.2006.09.007

Dietz, T., Auffenberg, J., Estrella Chong, A., Grabs, J., & Kilian, B. (2018). The
Voluntary Coffee Standard Index (VOCSI). Developing a Composite Index to
Assess and Compare the Strength of Mainstream Voluntary Sustainability
Standards in the Global Coffee Industry. Ecological Economics, 150(April), 72—

87. https://doi.org/10.1016/j.ecolecon.2018.03.026

Dimond, K., & Webb, A. (2017). Sustainable roof selection: Environmental and
contextual factors to be considered in choosing a vegetated roof or rooftop solar
photovoltaic system. Sustainable Cities and Society, 35(April), 241-249.

https://doi.org/10.1016/j.scs.2017.08.015

143


https://doi.org/10.1016/j.ecolecon.2006.09.007
https://doi.org/10.1016/j.ecolecon.2018.03.026

Distaso, A. (2007). Well-being and/or quality of life in EU countries through a
multidimensional index of sustainability. Ecol. Econ., 64, 163-180,

doi:10.1016/j.ecolecon.2007.02.025.

Docherty, P., Kira, M., & (Rami) Shani, A. B. (2009). Organizational development
for social sustainability in work systems. In Research in Organizational Change
and Development (Vol. 17). https://doi.org/10.1108/s0897-3016

(2009)0000017005

Dolati, A., Roozegar, R., Ahmadi, N., & Shishebor, Z. (2017). The effect of
dependence on distribution of the functions of random variables.
Communications in Statistics - Theory and Methods, 46(21), 10704-10717.

https://doi.org/10.1080/03610926.2016.1242740

Donaldson, T., Preston, L. E., & Preston, L. E. E. E. (1995). Stakeholder Theory:
Concepts, Evidence, Corporations and its Implications. Academy of
Management ReviewManagement, 20(1), 65-91.

https://doi.org/10.2307/258887

Doran, G.T. (1981) There’s a S.M.A.R.T. Way to Write Management’s Goals and

Objectives. Manag. Rev. 70, 35-36, doi:10.1177/004057368303900411.

Dos Santos, P. H., Neves, S. M., Sant’Anna, D. O., Oliveira, C. H. de, & Carvalho,
H. D. (2019). The analytic hierarchy process supporting decision making for
sustainable development: An overview of applications. Journal of Cleaner

Production, 212, 119-138. https://doi.org/10.1016/j.jclepro.2018.11.270

144


https://doi.org/10.1080/03610926.2016.1242740
https://doi.org/10.2307/258887

Du, C., Dias, L. C., & Freire, F. (2019). Robust multi-criteria weighting in
comparative LCA and S-LCA: A case study of sugarcane production in Brazil.
Journal of Cleaner Production, 218, 708-717.

https://doi.org/10.1016/j.jclepro.2019.02.035

Dzemydiene D (2008) Preface to sustainable development problems in the issue.

Technol Econ Dev Econ 14:8-10

Ebert, U., & Welsch, H. (2004). Meaningful environmental indices: A social choice
approach. Journal of Environmental Economics and Management, 47(2), 270-

283. https://doi.org/10.1016/j.jeem.2003.09.001

Efron, B. (1983). The Jackknife, the Bootstrap and Other Resampling Plans.

Biometrics, 39(3), 816. https://doi.org/10.2307/2531123

Ehrgott, M., Reimann, F., Kaufmann, L., & Carter, C. R. (2011). Social
Sustainability in Selecting Emerging Economy Suppliers. Journal of Business

Ethics, 98(1), 99-119. https://doi.org/10.1007/s10551-010-0537-7

Eizenberg, E., & Jabareen, Y. (2017). Social sustainability: A new conceptual
framework. Sustainability (Switzerland), 9(1).

https://doi.org/10.3390/su9010068

Eizenberg, E., & Jabareen, Y. (2017). Social sustainability: A new conceptual
framework. Sustainability (Switzerland), 9(1).

https://doi.org/10.3390/su9010068

145


https://doi.org/10.1016/j.jclepro.2019.02.035
https://doi.org/10.3390/su9010068

Ekins, P. (2014). Strong sustainability and critical natural capital. Handbook of
Sustainable Development: Second Edition, (January 1998), 55-71.

https://doi.org/10.4337/9781782544708.00012

Ekins, P., Simon, S., Deutsch, L., Folke, C., & De Groot, R. (2003). A framework for
the practical application of the concepts of critical natural capital and strong
sustainability. Ecological Economics, 44(2-3), 165-185.

https://doi.org/10.1016/S0921-8009(02)00272-0

Ekins, P.; Simon, S.; Deutsch, L.; Folke, C.; De Groot, R. (2003). A framework for
the practical application of the concepts of critical natural capital and strong

sustainability. Ecol. Econ., 44, 165-185, doi:10.1016/S0921-8009(02)00272-0.

Elkington, J. (1994). Towards the Sustainable Corporation: Win-Win-Win Business
Strategies for Sustainable Development. California Management Review, 36(2),

90-100. https://doi.org/10.2307/41165746

Epstein, M. J., & Roy, M.-J. (2014). Making the Business Case for Sustainability.
Journal of Corporate Citizenship, 2003(9), 79-96.

https://doi.org/10.9774/gleaf.4700.2003.sp.00009

Epstein, M.J.; Buhovac, A.R. (2014). Best Practices in Managing and Measuring
Corporate Social, Enviornmental and Economic Impacts; Greenleaf Publishing

Limited: Austin, TX, USA.

146



Erol, 1., Sencer, S., & Sari, R. (2011). A new fuzzy multi-criteria framework for
measuring sustainability performance of a supply chain. Ecological Economics,

70(6), 1088-1100. https://doi.org/10.1016/j.ecolecon.2011.01.001

European Environment Agency. (1999). Making sustainability accountable: Eco-
efficiency, resource productivity and innovation. Proceedings of a Workshop on
the Occasion of the Fifth Anniversary of the European Environment Agency

(EEA), (11), 39.

Everard, M., & Longhurst, J. W. S. (2017). Science of the Total Environment
Reasserting the primacy of human needs to reclaim the ‘lost half’ of sustainable
development. Science of the Total Environment.

http://doi.org/10.1016/j.scitotenv.2017.10.104

Fang, K., Zhang, Q., Yu, H., Wang, Y., Dong, L., & Shi, L. (2018). Sustainability of
the use of natural capital in a city: Measuring the size and depth of urban
ecological and water footprints. Science of the Total Environment, 631-632,

476-484. https://doi.org/10.1016/j.scitotenv.2018.02.299

Farooque, M., Zhang, A., Thirer, M., Qu, T., & Huisingh, D. (2019). Circular supply
chain management: A definition and structured literature review. Journal of
Cleaner Production, 228, 882-900.

https://doi.org/10.1016/j.jclepro.2019.04.303

Fattahi, M., Mosadegh, H., & Hasani, A. (2018). Sustainable planning in mining

supply chains with renewable energy integration: A real-life case study.

147


http://doi.org/10.1016/j.scitotenv.2017.10.104
https://doi.org/10.1016/j.scitotenv.2018.02.299

Resources Policy, (December 2017), 1-13.

https://doi.org/10.1016/j.resourpol.2018.11.010

Fauzi, H., Svensson, G., & Rahman, A. A. (2010). “Triple bottom line” as
“sustainable corporate performance”: A proposition for the future.

Sustainability, 2(5), 1345-1360. https://doi.org/10.3390/su2051345

Fawcett, S. E., Magnan, G. M., & McCarter, M. W. (2008). a Three-Stage
Implementation Model for Supply Chain Collaboration. Journal of Business

Logistics, 29(1), 93-112. https://doi.org/ 10.1002 /j.2158-1592.2008.tb00070.x

Ferri, L. M., Pedrini, M., & Pilato, V. (2016). The management of stakeholder
dialogue in different institutional contexts: an empirical study on FTSE4GOOD
companies.  Journal of  Cleaner  Production, 136, 226-236.

https://doi.org/10.1016/j.jclepro.2016.01.100

Ferro-Soto, C., Macias-Quintana, L. A., & Vazquez-Rodriguez, P. (2018). Effect of
stakeholders-oriented behavior on the performance of sustainable business.

Sustainability (Switzerland), 10(12), 1-27. https://doi.org/10.3390/su10124724

Floridi, M.; Pagni, S.; Falorni, S.; Luzzati, T. (2011). An exercise in composite
indicators construction: Assessing the sustainability of Italian regions. Ecol.

Econ., 70, 1440-1447, doi:10.1016/j.ecolecon.2011.03.003.

148


https://doi.org/10.3390/su2051345
https://doi.org/
https://doi.org/10.1016/j.jclepro.2016.01.100

Foy, G. (1990). Economic sustainability and the preservation of environmental
assets. Environmental Management, 14(6), 771-778.

https://doi.org/10.1007/BF02394171

Freire, F., Thore, S., & Ferrdo, P. (2001). Life cycle activity analysis: Logistics and
environmental policies for bottled water in Portugal. OR Spektrum, 23(1), 159-

182. https://doi.org/10.1007/PL00013340

Galdeano-Gomez, E., Aznar-Sanchez, J. A., Pérez-Mesa, J. C., & Piedra-Mufioz, L.
(2017). Exploring Synergies Among Agricultural Sustainability Dimensions:
An Empirical Study on Farming System in Almeria (Southeast Spain).

Ecological Economics, 140, 99-1009.

Gan, Y., & Griffin, W. M. (2018). Analysis of life-cycle GHG emissions for iron ore
mining and processing in China—Uncertainty and trends. Resources Policy,

58(April), 90-96. https://doi.org/10.1016/j. Resources Policy, 2018.03.015

Gava, O., Bartolini, F., Venturi, F., Brunori, G., Zinnai, A., & Pardossi, A. (2018). A
reflection of the use of the life cycle assessment tool for agri-food sustainability.

Sustainability (Switzerland), 11(1). https://doi.org/10.3390/su11010071

Gestring, 1. (2017). Life Cycle and Supply Chain Management for Sustainable Bins.
Procedia Engineering, 192, 237-242.

https://doi.org/10.1016/j.proeng.2017.06.041

149


https://doi.org/10.1007/BF02394171
https://doi.org/10.1007/PL00013340
https://doi.org/10.1016/j.resourpol.2018.03.015
https://doi.org/10.1016/j.proeng.2017.06.041

Ghose, A., McLaren, S. J., Dowdell, D., & Phipps, R. (2017). Environmental
assessment of deep energy refurbishment for energy efficiency-case study of an
office building in New Zealand. Building and Environment, 117(April), 274—

287. https://doi.org/10.1016/j.buildenv.2017.03.012

Giannetti BE, Almeida CMVB, Bonilla SH (2010). Comparing energy accounting
with well-known sustainability metrics: the case of Southern Cone Common

Market, Mercosur. Energy Policy 38:3518-3526

Giannetti, B. F., Almeida, C. M. V. B., & Bonilla, S. H. (2010). Comparing emergy
accounting with well-known sustainability metrics: The case of Southern Cone
Common  Market, Mercosur. Energy Policy, 38(7), 3518-3526.

https://doi.org/10.1016/j.enpol.2010.02.027

Gil-Lafuente, A. M., & Barcellos Paula, L. (2013). Algorithm applied in the
identification of stakeholders. Kybernetes, 42(5), 674—-685.

https://doi.org/10.1108/K-04-2013-0073

Gimenez, C., & Tachizawa, E. M. (2012). Extending sustainability to suppliers: A
systematic literature review. Supply Chain Management, 17 (5), 531-543.

https://doi.org/10.1108/13598541211258591

Global Reporting Initiatives, 2013. Reporting Principles and Standard Disclosures.

Retrieved from:https://www.globalreporting.org/Pages/default.aspx.

150


https://doi.org/10.1016/j.buildenv.2017.03.012

Gollan, P. J. (2007). High involvement management and human resource line
sustainability.  Handbook of Business  Strategy, 7(1), 279-286.

https://doi.org/10.1108/10775730610618945

Gomes, C. M., Kneipp, J. M., Kruglianskas, I., Barbieri Da Rosa, L. A., & Bichueti,
R. S. (2015). Management for sustainability: An analysis of the key practices
according to the business size. Ecological Indicators, 52, 116-127.

https://doi.org/10.1016/ j.ecolind.2014.11.012

Gomez-Limon, J. A., & Sanchez-Fernandez, G. (2010). Empirical evaluation of
agricultural sustainability using composite indicators. Ecological Economics,

69(5), 1062-1075. https://doi.org/10.1016/j.ecolecon.2009.11.027

Govindan, K. (2015). Application of multi-criteria decision making/operations
research techniques for sustainable management in mining and minerals.

Resources Policy, 46, 1-5. https://doi.org/10.1016/j.resourpol.2015.07.006

Govindan, K., Darbari, J. D., Agarwal, V., & Jha, P. C. (2017). Fuzzy multi-
objective approach for optimal selection of suppliers and transportation
decisions in an eco-efficient closed loop supply chain network. Journal of
Cleaner Production, 165, 1598-1619.

https://doi.org/10.1016/j.jclepro.2017.06.180

Greco, S., Ishizaka, A., Tasiou, M., & Torrisi, G. (2019). On the Methodological

Framework of Composite Indices: A Review of the Issues of Weighting,

151


https://doi.org/10.1016/%20j.ecolind.2014.11.012

Aggregation, and Robustness. Social Indicators Research, 141(1), 61-94.

https://doi.org/10.1007/s11205-017-1832-9

Greenwood, M. (2007). Stakeholder engagement: Beyond the myth of corporate
responsibility. ~ Journal  of  Business  Ethics, 74(4), 315-327.

https://doi.org/10.1007/s10551-007-9509-y

Grembowski, D. E., Cook, K. S., Patrick, D. L., & Roussel, A. E. (2002). Managed
care and the US .healthcare system - A social exchange perspective. Social
Science and Medicine, 54(8), 1167-1180. https://doi.org/10.1016/S0277-

9536(01)00087-9

GRI (Global Reporting Initiative) (2013)
https://www.globalreporting.org/reporting/G3and G3-1/Pages/default.aspx.
Accessed 15 July 2013 Gute s MC (1996) The concept of weak sustainability:

Ecol Econ 17:147-156

Griffith, D. A., Harvey, M. G., & Lusch, R. F. (2006). Social exchange in supply
chain relationships: The resulting benefits of procedural and distributive justice.
Journal of Operations Management, 24(2), 85-98.

https://doi.org/10.1016/j.jom.2005.03.003

Gutés, M. C. (1996). The concept of weak sustainability. Ecological Economics,

17(3), 147-156.

152


https://doi.org/10.1007/s11205-017-1832-9
https://doi.org/10.1007/s10551-007-9509-y
https://doi.org/10.1016/S0277-9536(01)00087-9
https://doi.org/10.1016/S0277-9536(01)00087-9
https://www.globalreporting.org/reporting/G3and%20G3-1/Pages/default.aspx

Han, L., Wang, D. Z. W., Lo, H. K., Zhu, C., & Cai, X. (2017). Discrete-time day-to-
day dynamic congestion pricing scheme considering multiple equilibria.
Transportation  Research  Part B:  Methodological, 104, 1-16.

https://doi.org/10.1016/j.trb.2017.06.006

Hansen, U. E., Nygaard, I., Romijn, H., Wieczorek, A., Kamp, L. M., & Klerkx, L.
(2018). Sustainability transitions in developing countries: Stocktaking, new
contributions and a research agenda. Environmental Science and Policy,

84(December 2017), 198-203. https://doi.org/10.1016/j.envsci.2017.11.009hof

Hansmann, R., Mieg, H. A., & Frischknecht, P. (2012). Principal sustainability
components: Empirical analysis of synergies between the three pillars of
sustainability. International Journal of Sustainable Development and World

Ecology, 19(5), 451-459. https://doi.org/10.1080/13504509.2012.696220

Hassan, A., Arif, M., & Sharig, M. (2019). A Review of Properties and Behaviour of
Reinforced Geopolymer Concrete Structural Elements- A Clean Technology
Option for Sustainable Development. Journal of Cleaner Production, (xxxx),

118762. https://doi.org/10.1016/j.jclepro.2019.118762

Heijungs, R.; Guinée, J.; Kleijn, R.; Rovers, V. (2006). LCA Methodology Bias in

Normalization: Causes, Consequences. Detect. Remedies, 2006, 1-6.

Heikkurinen, P., & Bonnedahl, K. J. (2013). Corporate responsibility for sustainable

development: A review and conceptual comparison of market- and stakeholder-

153


https://doi.org/10.1016/j.envsci.2017.11.009hof
https://doi.org/10.1016/j.jclepro.2019.118762

oriented strategies. Journal of Cleaner Production, 43, 191-198.

https://doi.org/10.1016/j.jclepro.2012.12.021

Herazo, B., & Lizarralde, G. (2016). Understanding stakeholders ’ approaches to
sustainability in building projects. Sustainable Cities and Society, 26, 240-254.

https://doi.org /10.1016/j.scs. 2016.05.019

Hoekstra, A. Y. (2017). Water Footprint Assessment. Evolvement of a New
Research Field. Water Resources Management, 31(10), 3061-308L1.

https://doi.org/10.1007/s11269-017-1618-5

Hofmann, H., Busse, C., Bode, C., & Henke, M. (2014). Sustainability-Related
Supply Chain Risks: Conceptualization and Management. Business Strategy and

the Environment, 23(3), 160-172. https://doi.org/10.1002/bse.1778

How, B. S., Yeoh, T. T., Tan, T. K., Chong, K. H., Ganga, D., & Lam, H. L. (2018).
Debottlenecking of sustainability performance for integrated biomass supply
chain: P-graph approach. Journal of Cleaner Production, 193, 720-733.

https://doi.org/10.1016/j.jclepro.2018.04.240

Hsueh, C. F., & Chang, M. S. (2008). Equilibrium analysis and corporate social
responsibility for supply chain integration. European Journal of Operational

Research, 190(1), 116-129. https://doi.org/10.1016/j.ejor.2007.05.037

154


https://doi.org/
https://doi.org/10.1007/s11269-017-1618-5

Huibin, S. H. I., & Yuan, L. I. (2014). Inter-Organizational Service Delivery in
Chinese Hospital Industry: A Social Exchange Perspective. 10(6), 63-71.

https://doi.org/10.3968/5468

Huijbregts, M. A. J., Rombouts, L. J. A., Hellweg, S., Frischknecht, R., Hendriks, A.
J., Van De Meent, D., ... Struijs, J. (2006). Is cumulative fossil energy demand
a useful indicator for the environmental performance of products?
Environmental Science and Technology, 40(3), 641-648.

https://doi.org/10.1021/es051689g

Hydro-Quebec (2018) Annual Report 2018. Montreal. ISBN 978-2-550-83546-2

Hydro-Quebec sustainability reports (2010-2016) Corporate Profile and Publications,
Sustainability Retrived from

http://lwww.hydroquebec.com/Pulications/enviro_performance/index.html

Ingrao, C., Faccilongo, N., Valenti, F., De Pascale, G., Di Gioia, L., Messineo, A., &
Arcidiacono, C. (2019). Tomato puree in the Mediterranean region: An
environmental Life Cycle Assessment, based upon data surveyed at the supply
chain level. Journal of Cleaner Production, 233(June 2018), 292-313.

https://doi.org/10.1016/j.jclepro.2019.06.056

Ishizaka, A.; Nemery, P. 2013. Multi-criteria decision analysis: methods and

software. Chichester: John Wiley & Sons. 296 p.

JCI. Accreditation Standards for Hospitals; JCI: Oakbrook Terrace, IL, USA, 2011.

155


https://doi.org/10.3968/5468
https://doi.org/10.1021/es051689g
https://doi.org/10.1016/j.jclepro.2019.06.056

Johansen, U., Werner, A., & Ngarstebg, V. (2017). Optimizing the wood value chain
in northern norway taking into account national and regional economic trade-

offs. Forests, 8(5), 1-21. https://doi.org/10.3390/f8050172

Kaminsky, J., & Javernick-Will, A. (2014). Theorizing the Internal Social
Sustainability of Sanitation Organizations. Journal of Construction Engineering
and Management, 141(2), 04014071. https://doi.org/10.1061/(asce)c0.1943-

7862.0000933

Kapera, 1. (2018). Sustainable tourism development e ff orts by local governments in
Poland.  Sustainable  Cities and  Society,  40(April), 581-588.

https://doi.org/10.1016/j.scs.2018.05.001

Kaplan, R. S., & Norton, D. P. (2005). The balanced scorecard: Measures That drive

performance. Harvard Business Review, 83(7-8).

Karamat, J., Shurong, T., Ahmad, N., Afridi, S., Khan, S., & Khan, N. (2019).
Developing Sustainable Healthcare Systems in Developing Countries:
Examining the Role of Barriers, Enablers and Drivers on Knowledge
Management Adoption. Sustainability (Switzerland), 11(4).

https://doi.org/10.3390/su11040954

Karanam, S., Patel, M. K., Manda, B. M. K., Bosman, H., Bosch, H., Beers, H., ...
Worrell, E. (2016). Value creation with life cycle assessment: an approach to

contextualize the application of life cycle assessment in chemical companies to

156


https://doi.org/10.1061/(asce)co.1943-7862.0000933
https://doi.org/10.1061/(asce)co.1943-7862.0000933

create sustainable value. Journal of Cleaner Production, 126, 337-351.

https://doi.org/10.1016/j.jclepro.2016.03.020

Kasperczyk N, Knickel k, Analytic hierarchy process (AHP). (n.d.). Retrieved from

http://www.ivm.vu.nl/en/Images/MCA3_tcm234-161529.pdf

Khan, F. I., Sadig, R., Veitch, B. (2004). Life cycle iNdeX (LInX): A new indexing
procedure for process and product design and decision-making. Journal of
Cleaner  Production,  12(1), 59-76.  https://doi.org/10.1016/S0959-

6526(02)00194-4

Khan, M., Ajmal, M., & Hussain, M., & Helo, P. (2018). Barriers to social
sustainability in the health-care industry in the UAE. International Journal of

Organizational Analysis. https://doi.org/10.1108/1JOA-05-2017-1164

Khan, M., Hussain, M., Gunasekaran, A., Ajmal, M. M., & Helo, P. T. (2018).
Motivators of social sustainability in healthcare supply chains in the UAE—
Stakeholder perspective. Sustainable Production and Consumption, 14(xxxx),

95-104. https://doi.org/10.1016/j.spc.2018.01.006

Khoo, H. H., Eufrasio-Espinosa, R. M., Koh, L. S. C., Sharratt, P. N., & Isoni, V.
(2019). Sustainability assessment of biorefinery production chains: A combined
LCA-supply chain approach. Journal of Cleaner Production, 235, 1116-1137.

https://doi.org/10.1016/j.jclepro.2019.07.007

157


http://www.ivm.vu.nl/en/Images/MCA3_tcm234-161529.pdf
https://doi.org/10.1016/j.spc.2018.01.006

Khosravi, F., & Izbirak, G. (2019). A Stakeholder perspective of social sustainability
measurement in healthcare supply chain management. Sustainable Cities and

Society, 101681. https://doi.org/10.1016/j.s¢s.2019.101681

Khosravi, F., Izbirak, G., & Adesina, K. A. (2019). An exponentially distributed
stochastic model for sustainability measurement of a healthcare system.

Sustainability (Switzerland), 11(5). https://doi.org/10.3390/su11051285

Khosravi, F., Izbirak, G., & Shavarani, S. M. (2020). Application of bootstrap re-
sampling method in statistical measurement of sustainability. Socio-Economic

Planning Sciences, (January), 1-7. https://doi.org/10.1016/j.seps.2020.100781

Kim, D.; Kim, S. Sustainable supply chain based on news articles and sustainability
reports: Text mining with Leximancer and DICTION. Sustainability 2017, 9,

1008, d0i:10.3390/su9061008.

Kinnear, S., & Ogden, I. (2014). Planning the innovation agenda for sustainable
development in resource regions: A central Queensland case study. Resources

Policy, 39(1), 42-53. https://doi.org/10.1016/j.resourpol.2013.10.009

Klassen, R. D., & Vereecke, A. (2012). Social issues in supply chains: Capabilities
link responsibility, risk (opportunity), and performance. International Journal of
Production Economics, 140(1), 103-115.

https://doi.org/10.1016/j.ijpe.2012.01.021

158


https://doi.org/10.1016/j.scs.2019.101681
https://doi.org/10.3390/su11051285
https://doi.org/10.1016/j.ijpe.2012.01.021

Kocaoglu, B., Giilsiin, B., & Tanyas, M. (2013). A SCOR based approach for
measuring a benchmarkable supply chain performance. Journal of Intelligent

Manufacturing, 24(1), 113-132. https://doi.org/10.1007/s10845-011-0547-z

Kondepudi, S.N.; Ramanarayanan, V.; Jain, A.; Singh, G.N.; Nitin Agarwal, N.K.;
Kumar, R.; Singh, R.; Bergmark, P.; Hashitani, T.; Gemma, P.; et al. (2014).
Smart Sustainable Cities: An Analysis of Definitions; International

Telecommunication Union: Geneva, Switzerland,.

Konrad, A., Steurer, R., Langer, M. E., & Martinuzzi, A. (2006). Empirical findings
on business-society relations in Europe. Journal of Business Ethics, 63(1), 89—

105. https://doi.org/10.1007/s10551-005-7055-z

Kuan, F.-Y., Ho, Y.-P., Wang, R.-Y., & Chen, C.-W. (2013). Using RPC Block
Adjustment models for the accuracy of environmental research, cartography and
geo marketing: a new concept of cartography. Stochastic Environmental

Research and Risk Assessment, 27(6), 1315-1331.

Lamberton, G., & Zhou, Y. (2019). Stakeholder Diversity vs. Stakeholder General
View: a theoretical gap in sustainability materiality conception. 582.

https://doi.org/10.3390/wsf-00582

Lambooij, M. S., & Hummel, M. J. (2013). Differentiating innovation priorities
among stakeholder in hospital care. BMC Medical Informatics and Decision

Making, 13(1), 1. https://doi.org/10.1186/1472-6947-13-91

159


https://doi.org/10.1007/s10551-005-7055-z
https://doi.org/10.1186/1472-6947-13-91

Lee, K., & Jung, H. (2019). Dynamic semantic network analysis for identifying the
concept and scope of social sustainability. Journal of Cleaner Production, 233,

1510-1524. https://doi.org/10.1016/j.jclepro.2019.05.390

Lehtonen, M. (2004). The environmental-social interface of sustainable
development: Capabilities, social capital, institutions. Ecological Economics,

49(2), 199-214. https://doi.org/10.1016/j.ecolecon.2004.03.019

Leviton, L. C., & Melichar, L. (2016). Balancing stakeholder needs in the evaluation
of healthcare quality improvement. BMJ Quality and Safety, 25(10), 803—-807.

https://doi.org/10.1136/bmjgs-2015-004814

Lin, Q. L., Liu, L., Liu, H. C., & Wang, D. J. (2013). Integrating hierarchical
balanced scorecard with fuzzy linguistic for evaluating operating room
performance in hospitals. Expert Systems with Applications, 40(6), 1917-1924.

https://doi.org/10.1016/j.eswa.2012.10.007

Liu, W.; Bai, E.; Liu, L.; Wei, W. (2017). A framework of sustainable service supply
chain management: A literature review and research agenda. Sustainability, 9,

421, doi:10.3390/su9030421.

Liu, Z., Liu, W., Adams, M., Cote, R. P., Geng, Y., & Chen, S. (2019). A hybrid
model of LCA and emergy for co-benefits assessment associated with waste and
by-product  reutilization.  Journal of Cleaner Production, 236.

https://doi.org/10.1016/j.jclepro.2019.117670

160


https://doi.org/10.1016/j.jclepro.2019.117670

Lo Presti, L.; Testa, M.; Marino, V.; Singer, P. (2019) Engagement in Healthcare
Systems: Adopting Digital Tools for a Sustainable Approach. Sustainability, 11,

220, doi:10.3390/su11010220.

Ludlow, K., Braithwaite, J., Herkes, J., Lamprell, G., & Testa, L. (2017). Association
between organisational and workplace cultures, and patient outcomes:
systematic review. BMJ Open, 7(11), e017708.

https://doi.org/10.1136/bmjopen-2017-017708

Luthra, S., Mangla, S. K., Xu, L., & Diabat, A. (2016). Using AHP to evaluate
barriers in adopting sustainable consumption and production initiatives in a
supply chain. International Journal of Production Economics, 181, 342-349.

https://doi.org/10.1016/j.ijpe.2016.04.001

Ma, D., Fei, R., & Yu, Y. (2018). How government regulation impacts on energy and
CO2 emissions performance in China’s mining industry. Resources Policy,
62(October 2017), 651-663. https://doi.org/10.1016/ j. Resources Policy,

2018.11.013

Mahmoudi, R., Emrouznejad, A., Khosroshahi, H., Khashei, M., & Rajabi, P. (2019).
Performance evaluation of thermal power plants considering CO2 emission: A
multistage PCA, clustering, game theory and data envelopment analysis.
Journal of Cleaner Production, 223, 641-650.

https://doi.org/10.1016/j.jclepro.2019.03.047

161


https://doi.org/10.1016/j.jclepro.2019.03.047

Mani, V., Agrawal, R., Sharma, V., (2015). Social sustainability in the supply chain:
analysis of enablers. Manag. Res. Rev. 38 (9), 1016e1042. https://doi.org/

10.1108/MRR-02-2014-0037.

Mani, V., Childe, S. J., Agarwal, R., Dubey, R., Papadopoulos, T., & Gunasekaran,
A. (2016b). Social sustainability in the supply chain: Construct development
and measurement validation. Ecological Indicators, 71, 270-279.

https://doi.org/10.1016/j.ecolind.2016.07.007

Mani, V., Gunasekaran, A., & Delgado, C. (2018). Enhancing supply chain
performance through supplier social sustainability: An emerging economy
perspective. International Journal of Production Economics, 195(October 2017),

259-272. https://doi.org/10.1016/j.ijpe.2017.10.025

Mani, V., Gunasekaran, A., Papadopoulos, T., Hazen, B., & Dubey, R. (2016).
Supply chain social sustainability for developing nations: Evidence from india.
Resources, Conservation and Recycling, 111, 42-52.

https://doi.org/10.1016/j.resconrec.2016.04.003

Marchini A, Facchinetti T, Mistri M (2009) F-IND: A framework to design fuzzy
indices of environmental conditions. (2009). Ecological Indicators, 9(3), 485—

496.

Marshall, D., McCarthy, L., McGrath, P., & Claudy, M. (2015). Going above and

beyond: How sustainability culture and entrepreneurial orientation drive social

162


https://doi.org/

sustainability supply chain practice adoption. Supply Chain Management, 20(4),

434-454. https://doi.org/10.1108/SCM-08-2014-0267

Martins, C. L., & Pato, M. V. (2019). Supply chain sustainability: A tertiary
literature review. Journal of Cleaner Production, 225, 995-1016.

https://doi.org/10.1016/j.jclepro.2019.03.250

Maruthappu, M., Hasan, A., & Zeltner, T. (2015). Enablers and Barriers in
Implementing Integrated Enablers and Barriers in Implementing Integrated

Care. 8604. https://doi.org/10.1080/23288604.2015.1077301

Matos, S., & Silvestre, B. S. (2013). Managing stakeholder relations when
developing sustainable business models: The case of the Brazilian energy
sector. Journal of Cleaner Production, 45, 61-73.

https://doi.org/10.1016/j.jclepro.2012.04.023

Meixell, M. J., & Luoma, P. (2015). Stakeholder pressure in sustainable supply chain
management: A systematic review. International Journal of Physical
Distribution and Logistics Management, 45(1), 69-89.

https://doi.org/10.1108/1JPDLM-05-2013-0155

Mendes, P., Santos, A. C., Perna, F., & Ribau Teixeira, M. (2012). The balanced
scorecard as an integrated model applied to the Portuguese public service: A
case study in the waste sector. Journal of Cleaner Production, 24, 20-29.

https://doi.org/10.1016/j.jclepro.2011.11.007

163


https://doi.org/10.1108/SCM-08-2014-0267
https://doi.org/10.1016/j.jclepro.2019.03.250
https://doi.org/10.1016/j.jclepro.2012.04.023

Meng, Q., Huang, Y. K., & Cheu, R. L. (2007). A note on supply chain network
equilibrium models. Transportation Research Part E: Logistics and

Transportation Review, 43(1), 60-71. https://doi.org/10.1016/j.tre.2005.07.005

Midin, M., Joseph, C., & Mohamed, N. (2017). Promoting societal governance :
Stakeholders’ engagement disclosure on Malaysian local authorities’ websites.
Journal of Cleaner Production, 142, 1672-1683.

https://doi.org/10.1016/j.jclepro.2016.11.122

Mohamed, Z., Terano, R., Sharifuddin, J., & Rezai, G. (2016). Determinants of
Paddy Farmer’s Unsustainability Farm Practices. Agriculture and Agricultural

Science Procedia, 9, 191-196. https://doi.org/10.1016/j.aaspro.2016.02.120

Molteni, M., & Pedrini, M. (2010). In search of socio-economic syntheses. Journal of
Management Development, 29(7), 626—-636.

https://doi.org/10.1108/02621711011059059

Morais, D. O. C., & Silvestre, B. S. (2018). Advancing social sustainability in supply
chain management: Lessons from multiple case studies in an emerging
economy. Journal of Cleaner Production, 199, 222-235.

https://doi.org/10.1016/j.jclepro.2018.07.097

Morelli, J. (2011). Environmental Sustainability: A Definition for Environmental
Professionals. Journal of Environmental Sustainability, 1(1), 1-10.

https://doi.org/10.14448/jes.01.0002

164


https://doi.org/10.1016/j.jclepro.2016.11.122
https://doi.org/10.1108/02621711011059059
https://doi.org/10.1016/j.jclepro.2018.07.097

Moreno, M. L. P. (2013). Assessment of the impact of business activity in
sustainability terms. Empirical confirmation of its determination in Spanish
companies. Sustainability (Switzerland), 5(6), 2389-2420.

https://doi.org/10.3390/su5062389

Motevali Haghighi, S., Torabi, S. A., & Ghasemi, R. (2016). An integrated approach
for performance evaluation in sustainable supply chain networks (with a case
study). Journal of Cleaner Production, 137, 579-597.

https://doi.org/10.1016/j.jclepro.2016.07.119

Nagurney, A., Dong, J., & Zhang, D. (2002). A supply chain network equilibrium
model. Transportation Research Part E: Logistics and Transportation Review,

38(5), 281-303. https://doi.org/10.1016/S1366-5545 (01)00020-5

Neto, B., Dias, A. C., & Machado, M. (2013). Life cycle assessment of the supply
chain of a Portuguese wine: From viticulture to distribution. International
Journal of Life Cycle Assessment, 18(3), 590-602.

https://doi.org/10.1007/s11367-012-0518-4

Neumayer, E. (2012). Human Development and Sustainability. Journal of Human
Development and Capabilities, 13(4), 561-579.

https://doi.org/10.1080/19452829.2012.693067

Ngai, E. W. T., Chau, D. C. K,, Lo, C. W. H., & Lei, C. F. (2014). Design and
development of a corporate sustainability index platform for corporate

sustainability performance analysis. Journal of Engineering and Technology

165


https://doi.org/10.3390/su5062389
https://doi.org/10.1080/19452829.2012.693067

Management - JET-M, 34, 63-77.

https://doi.org/10.1016/j.jengtecman.2013.08.001

Nguyen.H.L, Fong.C.M *“Using Analytical Hierarchy Process in Decision Analysis -
The Case of Vietnam State Securities Commission,” iBusiness, vol. 02, no. 02,

pp. 139-144, 2010.

Nijkamp, P., Rossi, E., & Vindigni, G. (2004). Ecological Footprints in Plural: A
Meta-analytic Comparison of Empirical Results. Regional Studies, 38(7), 747-

765.

Noya, L. I., Vasilaki, V., Stojceska, V., Gonzalez-Garcia, S., Kleynhans, C., Tassou,
S., Katsou, E. (2018). An environmental evaluation of food supply chain using
life cycle assessment: A case study on gluten free biscuit products. Journal of
Cleaner Production, 170, 451-461.

https://doi.org/10.1016/j.jclepro.2017.08.226

Ntabe, E. N., LeBel, L., Munson, A. D., & Santa-Eulalia, L. A. (2015). A systematic
literature review of the supply chain operations reference (SCOR) model
application with special attention to environmental issues. International Journal
of Production Economics, 169, 310-332.

https://doi.org/10.1016/j.ijpe.2015.08.008

O’Higgins, E. R. E. (2010). Corporations, civil society, and stakeholders: An
organizational conceptualization. Journal of Business Ethics, 94(2), 157-176.

https://doi.org/10.1007/s10551-009-0254-2

166


https://doi.org/10.1016/j.jengtecman.2013.08.001
https://doi.org/10.1016/j.jclepro.2017.08.226
https://doi.org/10.1007/s10551-009-0254-2

Onate, J. J., Andersen, E., Peco, B., & Primdahl, J. (2000). Agri-environmental
schemes and the European agricultural landscapes: The role of indicators as
valuing tools for evaluation. Landscape Ecology, 15(3), 271-280.

https://doi.org/10.1023/A:1008155229725

Orlova, I. V., & Sharabarina, S. N. (2015). Assessing agricultural impact on natural
systems: Theoretical and methodological approaches. Geography and Natural

Resources, 36(4), 335-340. https://doi.org/10.1134/S1875372815040034

Owen, A., Scott, K., & Barrett, J. (2018). Identifying critical supply chains and final
products: An input-output approach to exploring the energy-water-food nexus.
Applied Energy, 210(August 2017), 632-642.

https://doi.org/10.1016/j.apenergy.2017.09.069

Pactwa, K., Wozniak, J., & Strempski, A. (2018). Sustainable mining — Challenge of
Polish mines. Resources Policy, (January), 1-9.

https://doi.org/10.1016/j.resourpol.2018.09.009

Pagell, M., & Wu, Z. (2009). Building a more complete theory of sustainable supply
chain management using case studies of 10 exemplars. Journal of Supply Chain

Management, 45(2), 37-56. https://doi.org/10.1111/}.1745-493X.2009.03162.x

Pang, M., Yang, S., Zhang, L., Li, Y., Kong, F., & Wang, C. (2019). Understanding
the linkages between production activities and ecosystem degradation in China:
An ecological input-output model of 2012. Journal of Cleaner Production, 218,

975-984. https://doi.org/10.1016/j.jclepro.2019.01.299

167


https://doi.org/10.1016/j.apenergy.2017.09.069

Pearce D (1988) Economics, equity and sustainable... - Google Akademik. (n.d.).

Retrieved November 29, 2017,

Peixoto, H., Figueroa, A., Zuluaga, L., Botero, V., Morato, J., & Pires, A. (2016).
Sustainability Assessment of indicators for integrated water resources
management. Science of The Total Environment, 578, 139-147.

http://doi.org/10.1016/j.scitotenv.2016.10.217

Pelenc, J., & Ballet, J. (2015). Strong sustainability, critical natural capital and the
capability approach. Ecological Economics, 112, 36-44.

https://doi.org/10.1016/j.ecolecon.2015.02.006

Perrini, F., & Tencati, A. (2006). Management : the Need for New. Business Strategy

and the Environment, 15(5), 296-308. https://doi.org/10.1002/bse

Pfeffer, J. (2010). Building Sustainable Organizations: The Human Factor. Ssrn, 34—

45, https://doi.org/10.2139/ssrn. 1545977

Phillips, B. R. (2013). Stakeholder theory and organizational ethics. Choice Reviews

Online, 41(08), 41-4764-41-4764. https://doi.org/10.5860/choice.41-4764

Phillips, J., & Whiting, K. (2016). A geocybernetic analysis of the principles of the
Extractive Industries Transparency Initiative (EITI). Resources Policy, 49, 248—

265. https://doi.org/10.1016/j.resourpol.2016.06.002

168


http://doi.org/10.1016/j.scitotenv.2016.10.217
https://doi.org/10.5860/choice.41-4764

Poh, K. L. (2017). Multiple-Criteria Decision Support for a Sustainable Supply

Chain : Applications to the Fashion Industry.

https://doi.org/10.3390/informatics4040036

Poplawska, J., Labib, A., Reed, D. M., & Ishizaka, A. (2015). Stakeholder profile
definition and salience measurement with fuzzy logic and visual analytics
applied to corporate social responsibility case study. Journal of Cleaner

Production, 105, 103-115. https://doi.org/10.1016/j.jclepro.2014.10.095

Popovic, T., & Kraslawski, A. (2018). Quantitative indicators of social sustainability
and determination of their interdependencies. Example analysis for a
wastewater treatment plant. Periodica Polytechnica Chemical Engineering,

62(2), 224-235. https://doi.org/10.3311/PPch.10526

Pozo, C., Limleamthong, P., Guo, Y., Green, T., Shah, N., Acha, S., Guillén-
Gosalbez, G. (2019). Temporal sustainability efficiency analysis of urban areas
via Data Envelopment Analysis and the hypervolume indicator: Application to
London boroughs. Journal of Cleaner Production, 2309.

https://doi.org/10.1016/j.jclepro.2019.117839

Pulselli, F.M.; Ciampalini, F.; Tiezzi, E.; Zappia, C. (2006). The index of sustainable
economic welfare (ISEW) for a local authority: A case study in Italy. Ecol.

Econ., 60, 271-281, doi:10.1016/j.ecolecon.2005.12.004.

Puska, A., Maksimovi¢, A., & Stojanovi¢, 1. (2018). Improving organizational

learning by sharing information through innovative supply chain in agro-food

169


https://doi.org/10.3390/informatics4040036
https://doi.org/10.1016/j.jclepro.2014.10.095
https://doi.org/10.3311/PPch.10526
https://doi.org/10.1016/j.jclepro.2019.117839

companies from Bosnia and Herzegovina. Operational Research in Engineering
Sciences: Theory and Applications, 1(2), 76-90.

https://doi.org/10.31181/oresta19012010175p

Putzhuber, F. Hasenauer, H (2010) Deriving sustainability measures using statistical

data: A case study from the Eisenwurzen, Ecological Indicators, 10, 32-38.

Rasouli, A. H., & Kumarasuriyar, D. A. (2017). The Social Dimention of
Sustainability: Towards Some Definitions and Analysis. Journal of Social
Science for Policy Implications, 4(2), 23-34.

https://doi.org/10.15640/jsspi.v4n2a3

Rasul, G., & Thapa, G. B. (2004). Sustainability of ecological and conventional
agricultural systems in Bangladesh: An assessment based on environmental,
economic and social perspectives. Agricultural Systems, 79(3), 327-351.

https://doi.org/10.1016/S0308-521X(03)00090-8

Rebs, T., Brandenburg, M., Seuring, S., & Stohler, M. (2018). Stakeholder influences
and risks in sustainable supply chain management: a comparison of qualitative
and  quantitative  studies.  Business  Research, 11(2), 197-237.

https://doi.org/10.1007/s40685-017-0056-9

Rees WE (2006) Ecological Footprints and Bio-Capacity: Essential Elements in

Sustainability Assessment. (n.d.).

170


https://doi.org/10.15640/jsspi.v4n2a3

Rees, W.E., Wackernagel, M., 1996. Urban ecological footprints: whycities cannot
be sustainable-and why they are a key tosustainability.Environmental Impact

Assess Review16,223-248.

Reis Monteiro, N. B., Aparecida da Silva, E., & Moita Neto, J. M. (2019).
Sustainable Development Goals in Mining. Journal of Cleaner Production, 228.

https://doi.org /10. 1016/j.jclepro. 2019.04.332

Rentizelas, A., Melo, I. C., Alves Junior, P. N., Campoli, J. S., & Aparecida do
Nascimento Rebelatto, D. (2019). Multi-criteria efficiency assessment of
international biomass supply chain pathways using Data Envelopment Analysis.
Journal of Cleaner Production, 237.

https://doi.org/10.1016/j.jclepro.2019.117690

Rezaee, Z. (2018). Supply chain management and business sustainability synergy: A
theoretical and integrated perspective. Sustainability (Switzerland), 10(1), 1-17.

https://doi.org/10.3390/su10010275

Ritthoff, M., Rohn, H., & Liedtke, C. (2002). Calculating MIPS : resource
productivity of products and services. Wuppertal Inst. for Climate, Environment
and Energy (Vol. Wuppertal). Retrieved from http://epub.wupperinst.org/

frontdoor /index/index/ docld/1577

Roloff, J., (2008). Learning from Multi-Stakeholder Networks : Issue-Focussed

Stakeholder Management Learning Networks: from Multi-Stakeholder

171


https://doi.org/
https://doi.org/10.1016/j.jclepro.2019.117690
http://epub.wupperinst.org/

Stakeholder Management. Journal of Business Ethics, 82(1), 233-250.

https://doi.org/10.1007/s10551-007-9573-3

Roy, J., Adhinkari,K., Pamucar, Kar, S ,Pamucar, D. (2018). A rough strength
relational DEMATEL model for analyzing the key success factors of hospital
service quality. Decision Making: Applications in Management and

Engineering, 1(1), 121-142. https://doi.org/10.31181/dmame1801121r

Roy, R. (Ed.). (2004). Strategic Decision Making. London: Springer London.

https://doi.org/10.1007/097668

Russell, D.A.M.; Shiang, D.L. (2013). Thinking about more sustainable products:
Using an efficient tool for sustainability education, innovation, and project
management to encourage sustainability thinking in a multinational corporation.

ACS Sustain. Chem. Eng., 1, 2-7, doi:10.1021/sc300131e.

Saaty, T. L. (1977). A scaling method for priorities in hierarchical structures. Journal

of Mathematical Psychology, 15(3), 234-281.

Saaty, T. L. (1980). The analytic hierarchy process: planning, priority setting,

resource allocation. McGraw-Hill International Book Co.

Saaty, T. L. (1990). How to make a decision: The analytic hierarchy process.
European Journal of  Operational Research, 48(1), 9-26.

https://doi.org/10.1016/0377-2217 (90)90057-1

172


https://doi.org/10.1007/sl0551-007-9573-3
https://doi.org/10.31181/dmame1801121r

Saaty, T. L. (2001). Fundamentals of the Analytic Hierarchy Process (pp. 15-35).

Sala, S., Ciuffo, B., & Nijkamp, P. (2015). A systemic framework for sustainability

assessment. Ecological Economics, 119, 314-325.

Salvati, L.; Carlucci, M. (2014). A composite index of sustainable development at
the local scale: Italy as a case study. Ecol. Indic.,, 43, 162-171,

doi:10.1016/j.ecolind. 2014.02.021.

Salzmann, O., lonescu-somers, A., & Steger, U. (2005). The Business Case for
Corporate Sustainability: European Management Journal, 23(1), 27-36.

https://doi.org/10.1016/j.em;j.2004.12.007

Samuel, C., Gonapa, K., Chaudhary, P. K., & Mishra, A. (2010). Supply chain
dynamics in healthcare services. International Journal of .healthcare Quality

Assurance, 23(7), 631-642. https://doi.org/10.1108/09526861011071562

Sanderson, J., Lonsdale, C., Mannion, R., & Matharu, T. (2015). Towards a
framework for enhancing procurement and supply chain management practice
in the NHS: lessons for managers and clinicians from a synthesis of the

theoretical and empirical literature. 3(18). https://doi.org/ 10.3310/hsdr03180.

Santilli, J., Randy Vogenberg, F. (2015). Key strategic trends that impact healthcare
decision-making and stakeholder roles in the new marketplace. American

Health and Drug Benefits, 8(1), 15-20.

173


https://doi.org/

Sardinha, I. D., Reijnders, L., & Antunes, P. (2011). Using corporate social
responsibility benchmarking framework to identify and assess corporate social
responsibility trends of real estate companies owning and developing shopping
centres.  Journal of Cleaner Production, 19(13), 1486-1493.

https://doi.org/10.1016/j.jclepro.2011.04.011

Sarkis, J., Gonzalez-Torre, P., & Adenso-Diaz, B. (2010). Stakeholder pressure and
the adoption of environmental practices: The mediating effect of training.
Journal of Operations Management, 28(2), 163-176.

https://doi.org/10.1016/j.jom.2009.10.001

Savitz, A.W.; Weber, K. (2006). The Triple Bottom Line: How Today’s Best-Run
Companies Are Achieving Economic, Social, and Environmental Success-and

How You Can Too; Jossey-Bass: San Francisco, CA, USA.

Schaefer F, Luksch U, Steinbach N, Cabeca J, Hanauer J (2006) Ecological
Footprint and Biocapacity: The world’s ability to regenerate resources and

absorb waste in a limited time period - Product - Eurostat. (n.d.).

Schaltegger, S., & Burritt, R. (2018). Business cases and corporate engagement with
sustainability: Differentiating ethical motivations. Journal of Business Ethics,

147(2), 241-259. https://doi.org/10.1007/510551-015-2938-0

Schaltegger, S., Horisch, J., & Freeman, R. E. (2017). Business Cases for
Sustainability: A Stakeholder Theory Perspective. Organization & Environment,

108602661772288. https://doi.org/10.1177 /1086026617722882

174


https://doi.org/10.1016/j.jom.2009.10.001
https://doi.org/10.1177%20/1086026617722882

Searcy, C. (2017). Multi-stakeholder initiatives in sustainable supply chains: Putting
sustainability performance in context. Elementa, 5.

https://doi.org/10.1525/elementa.262

Sellitto, M. A., Pereira, G. M., Borchardt, M., Da Silva, R. I., & Viegas, C. V.
(2015). A SCOR-based model for supply chain performance measurement:
Application in the footwear industry. International Journal of Production

Research, 53(16), 4917-4926. https://doi.org/10.1080/00207543.2015.1005251

Shannon, R.P. (2011). Eliminating hospital acquired infections: Is it possible? Is it

sustainable? Is it worth it?. Trans. Am. Clin. Climatol. Assoc., 122, 103-114.

Siche, J.R.; Agostinho, F.; Ortega, E.; Romeiro, A. (2008). Sustainability of nations
by indices: Comparative study between environmental sustainability index,
ecological footprint and the emergy performance indices. Ecol. Econ. 66, 628—

637, doi:10.1016/j.ecolecon.2007.10.023.

Silva, S., Nuzum, A., & Schaltegger, S. (2019). Stakeholder expectations on
sustainability performance measurement and assessment. A systematic literature
review. Journal of Cleaner Production, 217, 204-215.

https://doi.org/10.1016/j.jclepro.2019.01.203

Silvestre, B. S., Monteiro, M. S., Viana, F. L. E., & de Sousa-Filho, J. M. (2018).
Challenges for sustainable supply chain management. When stakeholder
collaboration becomes conducive to corruption. Journal of Cleaner Production,

194, 766-776. https://doi.org/10.1016/j.jclepro.2018.05.127

175


https://doi.org/10.1525/elementa.262
https://doi.org/10.1080/00207543.2015.1005251
https://doi.org/10.1016/j.jclepro.2019.01.203

Singh, A., Sushil, Kar, S., & Pamucar, D. (2019). Stakeholder role for developing a
conceptual framework of sustainability in organization. Sustainability

(Switzerland), 11(1). https://doi.org/ 10.3390/su11010208

Singh, R. K., Murty, H. R., Gupta, S. K., & Dikshit, A. K. (2007). Development of
composite sustainability performance index for steel industry. Ecological

Indicators, 7(3), 565-588. https://doi.org/10.1016/j.ecolind.2006.06.004

Sinha, S., Bhattacharya, R. N., & Banerjee, R. (2007). Surface iron ore mining in
eastern India and local level sustainability. Resources Policy, 32(1-2), 57-68.

https://doi.org/10.1016/j.resourpol.2007.06.001

Skunca, D., Tomasevic, I., Nastasijevic, I., Tomovic, V., & Djekic, I. (2018). Life
cycle assessment of the chicken meat chain. Journal of Cleaner Production,

184, 440-450. https://doi.org/10.1016/j.jclepro.2018.02.274

Smol, M., Kowalski, Z., Makara, A., & Henclik, A. (2019). Comparative LCA study
of different methods of the feed phosphates (FPs) production. Journal of

Cleaner Production, 239. https://doi.org/10.1016/j.jclepro.2019.117963

Sodhi, M. M. S., & Tang, C. S. (2018). Corporate social sustainability in supply
chains: a thematic analysis of the literature. International Journal of Production

Research, 56(1-2), 882-901. https://doi.org/10.1080/00207543.2017.1388934

Soleimani, H. (2018). A new sustainable closed-loop supply chain model for mining

industry considering fixed-charged transportation: A case study in a travertine

176


https://doi.org/
https://doi.org/10.1016/j.ecolind.2006.06.004
https://doi.org/10.1016/j.resourpol.2007.06.001
https://doi.org/10.1016/j.jclepro.2019.117963
https://doi.org/10.1080/00207543.2017.1388934

quarry. Resources Policy, (November 2017), 1-11.

https://doi.org/10.1016/j.resourpol.2018.07.006

Solow R (1993) An almost practical step towards sustainability. Resources Policy,

19.162-172.

Soma, K., & Polman, N. B. P. (2018). Stakeholder contributions through transitions
towards urban sustainability. Sustainable Cities and Society, 37(December

2016), 438-450. https://doi.org/10.1016/j.s¢s.2017.10.003

Spangenberg, J. H. (2005). Economic sustainability of the economy: Concepts and
indicators. International Journal of Sustainable Development, 8(1-2), 47-64.

https://doi.org/10.1504/ijsd.2005.007374

Sreekumar, V., & Rajmohan, M. (2019). Supply chain strategy decisions for
sustainable development using an integrated multi-criteria decision-making
approach. Sustainable Development, 27(2), 50-60.

https://doi.org/10.1002/sd.1861

Sridhar, K., & Jones, G. (2013). The three fundamental criticisms of the Triple
Bottom Line approach: An empirical study to link sustainability reports in
companies based in the Asia-Pacific region and TBL shortcomings. Asian
Journal of Business Ethics, 2(1), 91-111. https://doi.org/10.1007/s13520-012-

0019-3

177


https://doi.org/10.1016/j.scs.2017.10.003
https://doi.org/10.1002/sd.1861
https://doi.org/10.1007/s13520-012-0019-3
https://doi.org/10.1007/s13520-012-0019-3

Srivastava, R. P., Rao, S. S., & Mock, T. J. (2013). Planning and evaluation of
assurance services for sustainability reporting: An evidential reasoning
approach.  Journal  of Information  Systems, 27(2), 107-126.

https://doi.org/10.2308/isys-50564

Sroufe, R. (2017). Integration and organizational change towards sustainability.
Journal of Cleaner Production, 162, 315-329.

https://doi.org/10.1016/j.jclepro.2017.05.180.

Statistics, M. (2019). Bootstrapping General Empirical Measures Author ( s ):
Evarist Gine and Joel Zinn Source : The Annals of Probability, Vol. 18, No . 2 (
Apr ., 1990 ), pp. 851-869 Published by : Institute of Mathematical Statistics

Stable URL : https://www.jstor.org/s. 18(2), 851-869.

Stefanovié¢, G., Milutinovi¢, B., Vucic¢evié, B., Denc¢i¢-Mihajlov, K., & Turanjanin,
V. (2016). A comparison of the Analytic Hierarchy Process and the Analysis
and Synthesis of Parameters under Information Deficiency method for assessing
the sustainability of waste management scenarios. Journal of Cleaner

Production, 130, 155-165. https://doi.org/10.1016/j.jclepro.2015.12.050

Stern, D.l. (1997). The Capital Theory Approach to Sustainability: A Critical

Appraisal. J. Econ. Issues, 31, 145-174, doi:10.1080/00213624.1997.11505895.

Subramanian, N., & Ramanathan, R. (2012). A review of applications of Analytic

Hierarchy Process in operations management. International Journal of

178



Production Economics, 138(2), 215-241.

https://doi.org/10.1016/j.ijpe.2012.03.036

Tajbakhsh, A., & Hassini, E. (2015). A data envelopment analysis approach to
evaluate sustainability in supply chain networks. Journal of Cleaner

Production, 105, 74-85. https://doi.org/10.1016/j.jclepro.2014.07.054

Talukder, B., Hipel, K. W., & vanLoon, G. W. (2017). Developing composite
indicators for agricultural sustainability assessment: Effect of normalization and
aggregation techniques. Resources, 6(4).

https://doi.org/10.3390/resources6040066

Tamogaitiene, J., Zavadskas, E. K., Sileikaite, 1., & Turskis, Z. (2017). A Novel
Hybrid MCDM Approach for Complicated Supply Chain Management
Problems in Construction. Procedia Engineering, 172, 1137-1145.

https://doi.org/10.1016/j.proeng.2017.02.168

Tan, R. R., Aviso, K. B., & Foo, D. C. Y. (2017). Economy-wide carbon emissions
pinch analysis. Chemical Engineering Transactions, 61(2010), 913-918.

https://doi.org/10.3303/CET1761150

Tang, C. S., & Zhou, S. (2012). Research advances in environmentally and socially
sustainable operations. European Journal of Operational Research, 223(3),

585-594. https://doi.org/10.1016/j.ejor.2012.07.030

179


https://doi.org/10.1016/j.proeng.2017.02.168
https://doi.org/10.1016/j.ejor.2012.07.030

Tantau, A. D., Maassen, M. A., & Fratila, L. (2018). Models for analyzing the
dependencies between indicators for a circular economy in the European Union.

Sustainability (Switzerland), 10(7). https://doi.org/10.3390/su10072141

Tate, W. L., Ellram, L. M., & Kirchoff, J. F. (2010). Corporate social responsibility
reports: A thematic analysis related to supply chain management. Journal of
Supply Chain Management, 46(1), 19-44. https://doi.org/10.1111/j.1745-

493X.2009.03184.x

THE RIO DECLARATION ON ENVIRONMENT AND DEVELOPMENT (1992).

(1992). Retrieved from http://www.unesco.org/education/pdf/R1IO_E.PDF

Thomas, M. A. (2010). What do the worldwide governance indicators measure.
European  Journal of  Development  Research, 22(1), 31-54.

https://doi.org/10.1057/ejdr.2009.32

Tom, K.; John, F. (2010). What is Sustainability? Sustainability, 2, 3436-3448,

d0i:10.3390/su2113436.

Tramarico, C. L., Salomon, V. A. P., & Marins, F. A. S. (2017). Multi-criteria
assessment of the benefits of a supply chain management training considering
green issues. Journal of Cleaner Production, 142, 249-256.

https://doi.org/10.1016/j.jclepro.2016.05.112

Tran, H. D., Pham, U. H., Ly, S., & Vo-Duy, T. (2017). Extraction dependence

structure of distorted copulas via a measure of dependence. Annals of

180


https://doi.org/10.1111/j.1745-493X.2009.03184.x
https://doi.org/10.1111/j.1745-493X.2009.03184.x
https://doi.org/10.1057/ejdr.2009.32
https://doi.org/10.1016/j.jclepro.2016.05.112

Operations Research, 256(2), 221-236. https://doi.org/10.1007/s10479-017-

2487-2

Tsasis, P.; Agrawal, N. (2019). An Embedded Systems Perspective in
Conceptualizing Canada’s Healthcare. Sustainability, 11, 531,

d0i:10.3390/su11020531.

UNDP (United Nations Development Programme) (2005) Human development

report. Oxford University Press, Oxford -

United Nations Development Programmed (UNDP). Human Development Report
2003. Millennium Development Goals: A Compact among Nations to End
Human Poverty; Oxford University Press for UNDP: New York, NY, USA,

2003.

US Green Building Council. LEED 2009 For Healthcare. 2016. Available online:
http://www.usgbc.org/sites/default/files/LEED 2009

RS _HC 07.01.2016_clean.pdf (accessed on).

Ulengin, B., Ulengin, F., & Giiveng, U. (2001). Multidimensional approach to urban
quality of life: The case of Istanbul. European Journal of Operational Research,

130(2), 361-374. https://doi.org/10.1016/S0377-2217 (00)00047-3

Vaidya, O. S., & Kumar, S. (2004). Analytic hierarchy process: An overview of

applications. https://doi.org/10.1016/j.ejor.2004.04.028

181



Van Cauwenbergh, N., Biala, K., Bielders, C., Brouckaert, V., Franchois, L., Garcia
Cidad, V., ... Peeters, A. (2007). SAFE-A hierarchical framework for assessing
the sustainability of agricultural systems. Agriculture, Ecosystems and

Environment, 120(2-4), 229-242. https://doi.org/10.1016/j.agee.2006.09.006

Varma, S., Wadhwa, S., & Deshmukh, S. G. (2008). Evaluating petroleum supply
chain performance: Application of analytical hierarchy process to balanced
scorecard. Asia Pacific Journal of Marketing and Logistics, 20(3), 343-356.

https://doi.org/10.1108/13555850810890093

Varsei, M., Soosay, C., Fahimnia, B., & Sarkis, J. (2014). Framing sustainability
performance of supply chains with multidimensional indicators. Supply Chain

Management, 19(3), 242-257. https://doi.org/ 10.1108/SCM-12-2013-0436

Verlag, R. H. (2018). Rainer Hampp Verlag Stakeholder involvement in Human
Resource Management practices: Evidence from Italy Author ( s ): Marco
Guerci and Abraham B . Rami Shani Published by: Rainer Hampp Verlag
Stable URL : http://www.jstor.org/stable/24709918 Marco Guerc. 25(2), 80—

102. https://doi.org/10.1688/mrev-2014-02-Guerci

Victorl, PA. (2005). Weak Versus Strong Sustainability. Ecol Econ, Vol 52, no 1, pp

127-128

Villeneuve, C., Tremblay, D., Riffon, O., Lanmafankpotin, G., & Bouchard, S.
(2017). A Systemic Tool and Process for Sustainability Assessment.

Sustainability, 9(10), 1909. https://doi.org/10.3390/5u9101909

182


https://doi.org/10.1016/j.agee.2006.09.006
https://doi.org/10.1108/13555850810890093

Wagner, M. (2010). The role of corporate sustainability performance for economic
performance: A firm-level analysis of moderation effects. Ecol. Econ., 69, 1553—

1560, doi:10.1016/j.ecolecon.2010.02.017.

Walker, H., & Jones, N. (2012). Sustainable supply chain management across the
UK private sector. Supply Chain Management, 17(1), 15-28. https://doi.org

/10.1108 /13598541211212177

Walpole, R.E.; Myers, R.H.; Myers, S.L.; Ye, K. Probability & Statistics for
Engineers and Scientists, 9th ed.; Prentice Hall: Upper Saddle River, NJ, USA,

2011.

Wang, K. (2015). Energy Efficiency Index via Data Envelopment Analysis (DEA):
Methodology and Application. Handbook of Clean Energy Systems, (January),

1-17. https://doi.org/10.1002/9781118991978.hces083

Wang, L., Peng, J. juan, & Wang, J. giang. (2018). A multi-criteria decision-making
framework for risk ranking of energy performance contracting project under
picture fuzzy environment. Journal of Cleaner Production, 191, 105-118.

https://doi.org/10.1016/j.jclepro.2018.04.169

Wang, Z., Wei, L., Niu, B., Liu, Y., & Bin, G. (2017). Controlling embedded carbon
emissions of sectors along the supply chains: A perspective of the power-of-pull
approach. Applied Energy, 206(May), 1544-1551.

https://doi.org/10.1016/j.apenergy.2017.09.108

183


https://doi.org/10.1016/j.jclepro.2018.04.169
https://doi.org/10.1016/j.apenergy.2017.09.108

WCED (World Commission on Environment and Development) (1987) Our common

future. Oxford University Press, Oxford -

Weinzettel, J., & Wood, R. (2018). Environmental Footprints of Agriculture
Embodied in International Trade: Sensitivity of Harvested Area Footprint of
Chinese Exports. Ecological Economics, 145(March 2017), 323-330.

https://doi.org/10.1016/j.ecolecon.2017.11.013

Wernick, 1. K., & Ausubel, J. H. (1995). National material metrics for industrial
ecology. Resources Policy, 21(3), 189-198. https://doi.org/10.1016/0301-

4207(96)89789-3

Wikstrom, P. A. (2010). Sustainability and organizational activities - Three
approaches. Sustainable Development, 18(2), 99-107.

https://doi.org/10.1002/sd.449

Wilcox, J., Nasiri, F., Bell, S., & Rahaman, S. (2016). Urban water reuse : A triple
bottom line assessment framework and review. Sustainable Cities and Society,

27, 448-456. https://doi.org/10.1016/j.s¢s.2016.06.021

Wilson, M. C., Li, X. Y., Ma, Y. J,, Smith, A. T., & Wu, J. (2017). A Review of the
economic, social, and environmental impacts of China's South—North Water
Transfer Project: A sustainability perspective. Sustainability, 9(9), 489.

https://doi.org/10.3390/su9081489

184


https://doi.org/10.1016/0301-4207(96)89789-3
https://doi.org/10.1016/0301-4207(96)89789-3
https://doi.org/10.3390/su9081489

Wirtenberg, J.; Russell, W.G.; Lipsky, D.; Enterprise Sustainability Action Team.
The Sustainable Enterprise Fieldbook: When It All Comes Together;

AMACOM: New York, NY, USA, 20009.

Wong, R. S. M., Saleh, M. N., Khelif, A., Salama, A., Portella, M. S. O., Burgess, P.,
& Bussel, J. B. (2017). Safety and efficacy of long-term treatment of
chronic/persistent ITP with eltrombopag: Final results of the EXTEND study.

Blood, 130(23), 2527-2536. https://doi.org/10.1182/blood-2017-04-748707

Xian, H., Patel, D., Al-hussein, M., Yu, H., & Gul, M. (2018). Stakeholder studies
and the social networks of NetZero energy homes ( NZEHSs ). Sustainable Cities
and Society, 38(December 2017), 9-17.

https://doi.org/10.1016/j.s¢cs.2017.12.014

Xie, L., Chen, C., & Yu, Y. (2019). Dynamic assessment of environmental efficiency
in Chinese industry: A multiple DEA model with a Gini criterion approach.

Sustainability (Switzerland), 11(8). https://doi.org/10.3390/su11082294

Xu, H., & Cao, E. (2016). Closed-loop supply chain network equilibrium model and
its Newton method. Kybernetes, 45(3), 393-410. https://doi.org/10.1108/K-08-

2013-0179

Yew Low, R. K., Faff, R., & Aas, K. (2016). Enhancing mean-variance portfolio
selection by modeling distributional asymmetries. Journal of Economics and

Business, 85, 49-72. https://doi.org/10.1016/j.jeconbus.2016.01.003

185


https://doi.org/10.1182/blood-2017-04-748707
https://doi.org/10.1016/j.scs.2017.12.014
https://doi.org/10.3390/su11082294

Yousefi, S., Soltani, R., Farzipoor Saen, R., & Pishvaee, M. S. (2017). A robust
fuzzy possibilistic programming for a new network GP-DEA model to evaluate
sustainable supply chains. Journal of Cleaner Production, 166, 537-549.

https://doi.org/10.1016/j.jclepro.2017.08.054

Zahm, F., Viaux, P., Vilain, L., Girardin, P., & Mouchet, C. (2008). Assessing farm
sustainability with the IDEA method - From the concept of agriculture
sustainability to case studies on farms. Sustainable Development, 16(4), 271-

281. https://doi.org/10.1002/sd.380

Zhang, T. Z., Liu, Z. Y., Teng, C. X,, & Hu, Y. Q. (2005). Multi-commodity flow
supply chain network equilibrium model. Xitong Gongcheng Lilun Yu

Shijian/System Engineering Theory and Practice, 25(7), 61-66.

Zhao, H., & Li, N. (2015). Evaluating the performance of thermal power enterprises
using sustainability balanced scorecard, fuzzy Delphic and hybrid multi-criteria
decision making approaches for sustainability. Journal of Cleaner Production,

108, 569-582. https://doi.org/10.1016/j.jclepro.2015.07.141

186


https://doi.org/10.1016/j.jclepro.2017.08.054

	I would like to express my special appreciation and thanks to my advisor Assoc. Prof. Dr. Gökhan İzbirak, you have been a tremendous mentor for me. I would like to thank you for encouraging my research and for allowing me to grow as a research scienti...
	I would also like to thank my committee members, Prof. Dr. Bela Vizvari, Assoc. Prof. Dr. Hüseyin Güden for serving as my committee members even at hardship. I also want to thank you for letting my defense be an enjoyable moment, and for your brillian...
	5.1 Introduction
	5.2 Methods, theoretical considerations and model development
	5.2.1 The proposed exponentially distributed sustainability model
	5.2.2 Exponential distribution validation (Hypothesis testing procedure)

	5.3 Numerical illustration
	5.4 Results and discussion
	5.5 Conclusion
	3- Waiting time to visit doctors and nurses, according to preferences
	3- Waiting time for operation in case of emergency

