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Abstract

Environmental degradation has been a great concern for Chinese people. Sustainable management serves a
critical avenue to solve environmental problems and has become increasingly popular and important in
theoretical and practical terms. Sustainability assessment is conducive to the shift and improvement of
sustainability performance. The aim of this article is to propose an evaluation framework through constructing a
comparatively comprehensive set of indicators so as to measure one of the most significant yet complex supply
chains. The assessment methodology is the Fuzzy TOPSIS methodology which is utilized to ascertain the
weights of indicators as well as comparison of different food supply chains. The study enables stakeholders to
gain a better understanding of food supply chain sustainability as well as further inform their decisions. Scholars
and practitioners in the sphere of sustainable research in China could utilize the findings of the article to take
corresponding countermeasures to enhance sustainability of food supply chain so as to relieve the increasingly
severe environmental problems.
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1. Introduction

Environmental challenges, such as global warming, frequent hazy weather and excessive PM 2.5 in air, etc., have
aroused great societal concern in China during the past decade. Administrative bodies have been stipulating and
enacting a succession of environment-related regulations and legislations. There is a pervasive desire among
scholars alongside practitioners to take economic, environmental together with social dimension of businesses
into consideration. In response, an increasing number of organizations have incorporated sustainable
management(SM) into their operational philosophy to address public environmental concern and conform to
corresponding laws. World Commission on Environment and Development (WCED) defines sustainable
development as “development, which meets the needs of the present without compromising the ability of future
generation to meet their own needs”. Sustainability assessment is being increasingly regarded as a significant
approach to facilitate the shifting process towards sustainability (Pope, Annandale and Morrison-Saunders 2004).
The same authors go on to point out that sustainability evaluation is “a new and evolving concept” and literature
of effective sustainability assessment conducted by scholars are few and far between.

Food-related industry is one of the most significant and critical industries for human society. Liu (2011)
nevertheless underscores that food industry is an increasingly heavy environmental polluter and resource
consumer. The International Resource Panel of the United Nations Environment Program (2010) also argues that
agriculture and food-related consumption are two of the most significant factors of environmental problems
which involve habitat diminishing, global warming, water depletion and toxic gas emissions. Thus, it is urgent
and significant to examine the environmental dimension of food supply chain (FSC) rather than solely focus on
economic parameters. In modern times, technology has been advancing with each passing day and improved the
well-being of humankind. Likewise, the agro-food system has undergone significant modernization and
mechanization (Ilbery and Maye, 2004) which are characterized by advanced food processing technologies and
food additives. However, the mechanical and technological advancement in food sector didn’t simultaneously
bring about the promotion of food quality. Food safety issues such as food poisoning. contamination and
food-borne illnesses have greatly affected the development of social economy and well-being of the consumers.
The last decade has witnessed unprecedented public critical concerns surrounding food quality and safety issues.
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While such concerns culminated with San Lu poisoned milk powder scandal in China killing 6 infants and
sickening at least 300,000 infants, they have been caused by a sequence of previous food safety problems dating
back to carbinol adulterated alcohol and fatal chemical additive “ractopamine or clenbuterol” in pork (Wang,
2010). It is a great public concern that the impact of food supply chains on social well-being has to be
re-examined and resolved properly. As Fritz and Schiefer (2008) emphasize, food sector is amongst the first to be
investigated in terms of its sustainability, including pollution, labor standards and waste issues.

Nevertheless, there is not much well-established literature for the evaluation of sustainable performance of food
supply chains in China. A detailed literature search with the concept related to sustainable food supply chain
(SFSC) was performed through the most widely-recognized online academic resource CNKI (Chinese National
Knowledge Infrastructure). CNKI is also a gateway to get access to world-renowned databases including
Elsevier. Springer. Wiley, among other academic resources. Although a number of scholars have undertaken
China’s sustainable FSC research, their major focuses are centered on simple description of SFSC definition as
well as elementary qualitative relevant analysis. Very few papers have addressed the qualitative research of
China’s FSC utilizing multicriteria decision making method to assess and compare FSC. The scarcity of SM
research in the context of developing countries like China is also highlighted by Seuring and Gold (2013).
According to the searching conclusions of the current paper, they point out that SM related research in
developing countries is “vastly underrepresented”. Since the concern of the public on sustainable issues is
mounting, Chinese stakeholders expect further sustainability theoretical and practical literature.

Against this backdrop, it is urgent and meaningful to undertake research into the food industry sustainability

issues thoroughly. The paper seeks to study the food supply chain in totality from the perspective of its economic-
environmental and social implications. The remaining part of the paper is constructed as follows: Section 2

provides a concise and comprehensive review of food supply chain together with a critical literature review with

regard to SFSC. In Section 3, a detailed exposition of sustainable indicators and construction of assessment

framework are presented, the weighting scheme is realized by the employment of AHP method. The proposed

methodology is further applied to food supply chains to testify its effectiveness in Section 4. In the final part of
this paper, the implication and conclusion section present the functions of the proposed sustainability framework

and discuss its future related research area.

2. Terminology and Literature Review
2.1 Food Supply Chain

The food supply chain is multi-tiered, particularly complex and one of the largest industry sectors in the world. It
was initiated by Denouden Zuurhie (1996) and of critical significance to the society (Barrett et al.1999).
According to Environment, Food and Rural Affairs (DEFRA 2006), food supply chain encompasses the
processes of agricultural production, food processing, food wholesaling, food retailing and food catering.

The literature on food supply chain is extensive and has been contributed to by numerous scholars. With the
aim to conduct risk assessment, Wang et.al.(2012) proposes to employ fuzzy set theory as well as analytical
hierarchy process to undertake in-depth analysis of food safety in the field of food supply chain. Diabat,
Govindan and Panicker (2012) create a model which identifies and evaluates related risks of food supply chain
utilizing interpretive structural modeling (ISM). In the same vein, Song (2011) introduces an approach to
manage food supply chain risk by analyzing a sequential game between retailers and government. A conceptual
model is advocated by Dani and Deep(2010) to mitigate FSC risk from a reactionary standpoint. From the
reviewed literature above, it can be shown that the focus of research is mainly on the issue of food safety rather
than in economic. environmental and social terms.

2.2 Supply Chain Sustainability Assessment

It is evident that the concept of sustainability serves as the basis of sustainability assessment. However, its
interpretation has created heated debate and has been approached “from an inter-generational philosophical
position to a multi-dimensional term for business management” (Ahi & Searcy, 2013). Given its definition is
ambiguous and vague, confusions quite often arise when the concept of sustainability is put into practice. The
study on sustainability initiatives of early scholars (Zhu etc., 2011; Wu, Tseng & Vy, 2011; Mintcheva, 2005; Lin
Chen & Nguyen, 2011; Olugu Wong & Shaharoun, 2011;Tsai & Hung, 2009) are prone to mainly focus on
economic and environmental concerns leaving social issues somewhat aside. More recently, it is increasingly
espoused that a triple bottom line (TBL) which attaches equal importance to economic, environmental and social
consideration (Bekele etc., 2012; Ahi and Searcy, 2013; Yakovleva, Sarkis & Solan, 2012) should be adopted in
addressing sustainability. According to Elkington (1999), the terminology triple bottom line is defined as
“simultaneous pursuit of economic prosperity, environmental quality, and social equity”.
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Sustainable supply chain (SSC) comes into being when sustainability is integrated in the field of supply chain.
According to Jain et al. (2009), supply chain is a dynamic process that incorporates the continuous flow of
materials, funds and information across multiple functional areas among supply chain players. Likewise,
sustainable supply chain is understood as the process of material, capital as well as information flows when
economic, environmental as well as social goals are taken into consideration from the perspective of stakeholder
requirements. Just as Ahi and Searcy (2013) highlight, sustainable supply chain is “the voluntary integration of
economic, environmental and social considerations with key inter-organizational business systems aimed at the
realization of efficient as well as effective management of material, information, and capital flows so as to
satisfy stakeholder requirements”.

There are a wide variety of literature centered on sustainability, SSC as well as sustainability assessment.
Seuring and Gold (2013) systematically review the literature on sustainability management and further
underscore the conceptual, theoretical and empirical dimensions of sustainability. Through extensive literature
review related to green and sustainable supply chain, Ahi and Searcy (2013) propose a new definition of SSCM.
In their research, Walker and Touboulic (2015) investigate theoretical perspectives in sustainable supply chain
management, conduct a comprehensive literature review with the focus of SSCM as well as summarize relevant
theories. Likewise, Govindan (2018) also conduct a comprehensive literature review on SSCM and SSC in the
food industry, identify different theories that are related to sustainable consumption and production and finally
develop a conceptual framework by identifying the indicators, drivers, and barriers from the perspective of
stakeholder theory.

Sustainability assessment is being increasingly regarded as a crucial research topic to facilitate the shift towards
sustainability. Pope etc.(2004) endeavor to clarify the concept of sustainability assessment in order to determine
whether or not an initiative is sustainable”. He, Luo and Huang (2019) utilize a graph theory-based approach and
propose a hierarchical evaluation system for mechanical product sustainability assessment with indicators in
terms of energy, environment, resource, technology, and economy. Demeke etc. (2018) utilize externality costs,
full cost of production and GNVA to assess whether Bounty paper towels are sustainable. Babu and Mohan
(2018) adopt an integrated framework to assessing sustainability of supply chains utilizing evolutionary game
theory.

Through scholarly search on website with a structured keyword “sustainability”, or “sustainable”, and “food” by
utilizing the “All Fields” category, there are a number of relevant literature available online from the
peer-reviewed journals and only three mainly focus on sustainability assessment in the field of food industry.
The attempt is made by Ilbery and Maye (2005), Bekele etc (2012), and Yakovleva etc (2012) whose research are
all based in the context of developed countries like UK and Sweden. Based on the review and exploration of
existent literature on food supply chain and sustainable supply chain, it is easily and clearly indicated that there
is a lack of studies in terms of sustainability of food chain in general. Moreover, no attempt has been made to
construct a holistic qualitative model to evaluate and benchmark Chinese food supply chain sustainability in
particular. A dedication of such a framework to incorporate Fuzzy TOPSIS into methodology is not in existence.
Therefore, the Fuzzy TOPSIS approach of evaluating FSCM sustainability performance will be of immense
benefit to the academic and practical community.

3. Integrated Sustainability Assessment Framework

A methodological framework is proposed to assess the sustainability of food supply chains that incorporates the
following stages:

(1) Development of sustainability indicators.
(2) Assessment model development with Fuzzy TOPSIS.
3.1 Identification of Sustainability Indicators

In order to effectively assess food supply chain, the development of a range of indicators in the assessment
framework is of paramount importance. It is considered that food supply chain consists of agriculture (farming),
food processing, food transportation, food retail and food catering stages. The indicators developed in this paper
have been collected and further selected through a scan of literature (Yakovleva etc., 2012;) and is specific for
food industry rather than generic. Indicators of each FSC stage are designed from economic. environmental and
social dimensions. A total of indicators are developed and reported in Table 1.
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Table 1. Sustainability indicators for food supply chain

supply chain o . L o
‘ economic dimension environmental dimension social dimension
stages
. . farmers'  consciousness  of
Agriculture Total output Cost of water consumption o
sustainability
soil quality
Cost of waste disposal
. . mission statement on
food processing Total output Cost of energy consumption o
sustainability
. Share of organic labeled
. Cost of water consumption
labor productivity products
Share of environmentally friendly . .
. employee satisfaction
material usage
Share of trained employees on
sustainability
food safety issue
food transportation Cost of energy consumption Share of reliable delivery
food retail Total output Share of fridges with high grade label Share of qualified food
Share of environmentally friendly .
. food traceability
material usage
Cost of energy consumption Employee satisfaction
food catering Cost of waste disposal customer complaint

Note. All the indicators are measured annually.

3.2 An Assessment Framework with Fuzzy TOPSIS

Technique for order preference by similarity to ideal solution (TOPSIS) proposed by Hwang and Yoon (1981) is
a widely recognized MCDM technique to assess the performance of alternatives through the similarity with the
ideal solution. The concept of TOPSIS is to compute the distance of the evaluated object with the ideal solution
and negative-ideal solution simultaneously and further determine ranking order (Li, 2012; Wang, 2005; Wang
etc., 2008). The fuzzy TOPSIS approach involves fuzzy assessments of criteria and alternatives in TOPSIS. The
steps of fuzzy TOPSIS are as follows:

Step 1: Assign respective ratings to the criteria and food supply chains

Suppose there are J food supply chains denoted as A= {A,,Az,...,Aj} which are to be assessed with to respect n
criteria, C = {C,, C,,...,C.} . The criteria weights are expressed as W, (i =1,2,...,m) . The food supply chains
performance ratings of each evaluator D, (k=1,2,...,K) for each food supply chain A J(J=L2,...,n)

against criteria C,(7 =1,2,...m) are expressed as Ek = )zjk (i=12,.,m;j=12,.,mk=12,.,K)

Step 2: Calculate aggregate fuzzy ratings for the criteria and the food supply chains.

If the fuzzy ratings of evaluators are denoted as triangular fuzzy number Ek =(a,,b,,c,),k=12,..K.

Then the aggregated fuzzy rating can be denoted by ﬁz(a,b,c),k=l,2,...,K where

K
a=min{a,},b =lek,c =max{c, } -
k k = k
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If the fuzzy rating and weight of the kth evaluator are X = @by ,cy)  and
=(w WitsWias wjk3),i =1,2,...,m; j=1,2,...,n. Then the aggregated fuzzy ratings ()z.j) of food supply
chains  against each  criteria can  be  denoted  as =(a;,b;,c;) .  where
. 1
a; =min{ay },b; = T ;bsz €y =Mmaxicy, }
The aggregated fuzzy weights (Wy) of each criterion are computed as W = =(w Wi W; 3) where
Wi = mkin {ij1}a Wi, = EZ Wias Wiz = m?X {cjk3}

Step 4: Normalize the fuzzy decision matrix

Linear scale transformation is employed to normalize raw data to make the various criteria scales comparable.

The normalized fuzzy decision matrix R= [7] Jd=12,...,m;j=12,.,n

Y Smxn
Where:
- a; b
e =(—»— maXC ; (benefit criteria)
Cj CJ Cj
~_ 4 a; i : L
ro=(—,—~ ) and @, =mina; (costcriteria)
b C b i y

a;
Step 5: Calculate the weighted normalized matrix

The weighted normalized matrix Vfor criteria is computed by multiplying the weights w of evaluation
criteria with the normalized fuzzy decision matrix r

17:[[7“]"%’ i=L12,..,n,where v; =7,(®)w,

1

Step 6 : Calculate the fuzzy positive ideal solution(FPIS) and fuzzy negative ideal solution(FNIS). They can be
computed as follows:

A =V V)
Where 5, =min{y, }i =1.2,..,m; j =12,...n

Step 7: Calculate the distance of each food supply chain from FPIS and FNIS.

The distance (dl.*, d; ) of each weighted supply chain i=1,2,...,m from the FPIS and the FNIS is calculated as
follows:

d’ d 1,2,...
Z (vl]’ j) i= M d Zd ( lj, , i:1,2,...,m

136



ijbm.ccsenet.org International Journal of Business and Management Vol. 15, No. 8; 2020

~

Where d (a,b) is the distance measurement between two fuzzy numbers @ and b .

Step 8: Calculate the closeness coefficient (CC, ) of each food supply chain.

The closeness coefficient CC, represents the distances to the fuzzy positive ideal food supply chain and the
fuzzy negative food supply chain.

The closeness coefficient of food supply chains involved is computed as:
d- .
CCi = ﬁ,l = 1,2,...,7’1’1
d. +d,

1 1

Step 9: Rank the food supply chains.

Relevant food supply chains are ranked in accordance with the closeness coefficient in decreasing order. The
best performing food supply chain is closest to the FPIS and farthest from the FNIS.

4. Discussion and Conclusion

Conducting a benchmarking analysis of supply chains is an effective way to improve its sustainable performance.
In this study, an original evaluation framework is developed to determine how well food supply chains perform.
The developed framework in this article can be utilized by such stakeholders as social experts, consumers,
environmental organizations and relevant investors to inform their decisions. Managerially, it can provide
Chinese experts in food supply chains with insight into the specific aspects which need to be enhanced so as to
enhance sustainability performance. Moreover, potential users of the proposed methodology can set a desirable
sustainability indicator target, and compare a specific supply chain with the targeted one so as to measure how
well the supply chain is performing in accordance with the set targets and put forward countermeasures to bridge
the gap.

Despite the advantages outlined above, there are disadvantages and limitations to be overcome in the future study.
The proposed framework did not take all possible factors and indicators into consideration. A more wide and
comprehensive range of indicators are to be taken into account in future research. Broader perspective, more
in-depth survey and the development of better data acquisition systems in the future may address these
disadvantages and limitations.

Sustainability performance assessment is a rich and promising area for academic research that is still in its
infancy and has the potential to affect future government policy, current production operations, and identify new
business models. The current study sheds light on sustainability performance of food supply chains and offers a
strong starting point for follow-up research.
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