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Abstract: COVID-19 has had a major impact on health, economic, social, and industrial activities. It
has disrupted supply chain management and affected the movement of essential supplies to a large
extent. This study aims to identify and evaluate the challenges hampering sustainable humanitarian
supply chain management (SHSCM). Twenty critical challenges to SHSCM are identified using a
comprehensive literature review, and three strategies were developed. The challenges and strategies
were verified using expert input. The challenges were evaluated using the neutrosophic analytic
hierarchical process (AHP) method. The neutrosophic TODIM (an acronym in Portuguese for inter-
active multicriteria decision making) method was then used to select the best strategy. The findings
reveal that facility location problems, short lead times for emergency supplies, spread of rumors,
rapid emergence of new clusters, and doubt concerning the available remedy are five critical chal-
lenges in SHSCM during COVID-19. Public—private partnerships are identified as the best strategy
in SHSCM. Finally, this paper discusses the implications to sustainable development goals in the
post-COVID-19 pandemic era.

Keywords: COVID-19; neutrosophic AHP; TODIM; sustainable HSCM; public—private partnership

1. Introduction

Disasters occurring across the world pose a severe threat to human society. Disasters
may be natural (heavy rainfall, avalanches, earthquakes) or human made (industrial acci-
dents, chemical leakages, building collapses) in nature [1]. During and after the disaster,
the provision of relief and recovery materials lowers victims’ suffering. In such a situation,
the supply chain network plays a crucial role. Providing the “right materials” in the “right
quantity” to the “right people” at the “right time” is the intention of typical supply chain
management (SCM) [2]. It is applicable for both commercial and humanitarian SCM
(HSCM). In comparison with commercial supply chain management, the number of chal-
lenges in HSCM is greater [3]. This is because HSCM is carried out under damaged infra-
structure, such as limited energy resources and limited transport connectivity, working
in coalition with multiple stakeholders involved in the relief activities, governmental in-
terventions, and the final beneficiaries. From this, it may be well understood that HSCM
operates in a more complex and challenging environment [4]. Furthermore, it is important
that HSCM activities meet the triple bottom line (TBL) concept, i.e., addressing economic,
environmental, and social concerns. The TBL concept is aligned with the sustainability
concept. Hence, it is necessary to carry out sustainable HSCM (SHSCM) activities. The
organizations involved in relief activities are predominantly classified under three sec-
tions, namely bodies working under the United Nations (World Health Organization, Ge-
neva, Switzerland), international organizations (International Committee of Red Cross,
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Geneva, Switzerland), and nongovernmental organizations (NGOs) (Doctors Without
Borders, Geneva, Switzerland). Disaster management is a set of operational activities and
administrative decisions related to various disasters at all levels [5]. HSCM plays an inte-
gral role in disaster management. HSCM needs to be sustainable economically, environ-
mentally, and socially; only then will HSCM meet the intended purpose of delivering
medical essentials on time. Hence, SHSCM is critical in disaster management. Further-
more, SHSCM helps in meeting several sustainable development goals (SDGs), such as
SDG 3 (good health and wellbeing) and SDG 17 (partnerships for the goals). SDGs are a
set of goals proposed by the UN for the prosperity of people and the planet by the inclu-
sive actions of global nations.

The role of SHSCM in COVID-19 is completely different and remains challenging
compared to other more common disasters such as earthquakes, droughts, or floods. As a
result, the organizations involved in SHSCM have no earlier experience [5]. Earlier studies
have identified and discussed various challenges in SHSCM during a disaster situation.
For instance, the study by Sabri et al. (2019) [6] indicated a lack of coordination among the
agencies involved in the relief activities as the fundamental challenge in SHSCM. This
challenge results in a lack of communication, poor technological infrastructure, lack of
administrative personnel, lack of clear policies, ineffective distributing relief material, and
stagnation of relief activities [7]. Another critical challenge hampering the efficiency of
SHSCM is a difficulty in fundraising [8]. With limited funds, only interim solutions are
possible. For longer-term solutions, sufficient funds must be raised. Ozdemir et al. (2020)
[9] investigated the blockchain’s efficiency in minimizing SHSCM challenges and em-
barked on introducing new technologies. Another study by Dubey et al. (2019) [10] on the
role of big data in organizational assistance revealed that the usage of big data paved the
way for swift trust and collaborative performance. A similar study on the adoption of big
data by Prasad et al. (2018) [11] emphasized raising awareness among the government
and NGOs about how the latest technology mutually benefits each party in SHSCM.
Adopting the latest cutting-edge technology greatly helps the functions of SHSCM activ-
ities, but such adoption by emerging countries remains a challenge [12]. With limited tech-
nological advancement, limited capital support, and limited awareness of technological
advancement, developing countries cannot be expected to competently address SHSCM
challenges without the intervention of reliable technologies.

Although the concept of SHSCM has been extensively discussed by different litera-
ture resources, a study on SHSCM under the COVID-19 situation is urgently needed. This
study is critical in this unprecedented situation as delay in the supply of medical essentials
results in increased COVID-19 victims. Ensuring timely delivery of medical essentials sig-
nificantly reduces the number of COVID-19 victims. Additionally, two major gaps exist
in current SHSCM research. First, none of the earlier studies on SHSCM has categorized
and analyzed challenges in the context of sustainability. The majority of earlier studies
identified the challenges and evaluated them without categorization of the challenges un-
der specific groups, such as social, economic, and environmental groups [13,14]. Second,
previous studies have not evaluated the suitability of some potential strategies in imple-
menting seamless SHSCM activities. Therefore, previous studies have analyzed several
challenges without categorization and have not assessed any possible SHSCM activity
strategies. Hence, it is essential to address both the gaps in the literature: to categorize the
various challenges and to postulate several strategies useful in SHSCM activities. In this
study, we seek to fill in the gaps in the research and provide an effective strategy for im-
plementing SHSCM activities during the COVID-19 pandemic. This paper intends to find
the answers to the following questions:

1. What are the critical challenges that need to be addressed at the earliest time to exe-
cute SHSCM activities during and after the COVID-19 pandemic?
2. Which strategy would best serve SHSCM activities?
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To answer the above research questions, a combination of AHP (analytic hierarchical
process) and TODIM (an acronym in Portuguese for interactive and multicriteria decision
making) in a neutrosophic context is used in this study. A neutrosophic set has three mem-
bership functions representing the truth membership function, indeterminacy member-
ship function, and falsity membership function. Here, neutrosophic AHP is used for cal-
culating the weights of the challenges to SHSCM. Furthermore, neutrosophic TODIM is
used for ranking the strategies. In this study, the neutrosophic set is preferred over the
fuzzy set and the intuitionistic fuzzy set for several reasons. The fuzzy set considers only
a truth membership degree, whereas the intuitionistic fuzzy set considers both truth and
falsity degrees. However, both fail to consider indeterminacy. To deal with this drawback,
Smarandache (2005) [13] introduced neutrosophic sets which consider truth, indetermi-
nacy, and falsity degrees together to represent uncertain and/or inconsistent information.
Thus, neutrosophic sets are a better representation of reality. The TODIM method, intro-
duced by Gomes & Lima (1992) [14], is vital for two reasons. First, it combines qualitative
and quantitative data to select a better strategy in handling SHSCM during COVID-19.
Second, the TODIM method analyses the risks using prospect theory [15]. The AHP
method is generally used for weight calculation over other methods as it involves a pair-
wise comparison of the challenges under consideration. Pairwise comparisons between
the challenges detail the nature and significance of these challenges [16].

This research contributes to the literature in several ways. First, this study proposes
challenges to SHSCM. This study is expected to provide better insights to manage COVID-
19 or other natural pandemics sustainably. Second, the study outcomes can help govern-
ment and private organizations better understand SHSCM during and after the COVID-
19 pandemic. Third, this study is the first of its kind using a combination of AHP and
TODIM in a neutrosophic context in the domain of SHSCM. The study’s outcome reveals
the weight importance of each challenge in SHSCM and rank the strategies to help manage
SHSCM activities. This can benefit the organizations and government agencies involved
in the SHSCM network.

The paper’s structure is as follows: Section 2 outlines the concept of SHSCM and the
challenges in SHSCM. Section 3 discusses the research methodology used in the study.
Section 4 illustrates the application of the proposed research methodology. Section 5 dis-
cusses the results obtained in the study. Finally, Section 5 concludes the study with limi-
tations and the future scope for research.

2. Literature Review
2.1. Sustainable Humanitarian Supply Chain Management (SHSCM)

The supply chain network acts as a link between the production sector and the end
user in the business context. A supply chain network’s goal is to deliver the right product
in the right quantity to the right customer at the right time [17]. Likewise, the movement
of goods/materials involved in relief activities is known as humanitarian supply chain
management (HSCM) [18]. According to the United Nations International Strategy for
Disaster Reduction (UNISDR), a disaster is defined as “a serious disruption of the func-
tioning of a community involving human, material and economic loss, which exceeds the
ability of the affected community to cope using its resources” [19]. Similarly, the Interna-
tional Federation of Red Cross and Red Crescent Societies (IFRC) defines disaster as a
sudden event that seriously disrupts society’s functioning with loss of human life and
resources beyond the ability to recover [20]. HSCM intends to meet the affected people’s
needs by efficiently using the given resources during and after the disaster [21]. Addition-
ally, HSCM seeks to mitigate the suffering of the affected population to the fullest extent
possible. There is no defined form of HSCM [22]. However, both the government and non-
governmental organizations (NGOs) are the primary parties involved. The government
holds the essential control with its political and economic power [23]. A conventional
HSCM focuses only on lessening the suffering of people, i.e., the social dimension only.
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However, emphasizing the economic and environmental dimensions provides better sta-
bility to HSCM activities. In this regard, the preference for sustainable HSCM (SHSCM) is
useful since it covers all three of the critical pillars: economic, environmental, and social
dimensions. This study focuses on the importance of SHSCM in regard to the unprece-
dented COVID-19 pandemic.

Disaster management is comprised of four phases: mitigation, preparedness, re-
sponse, and rehabilitation [24]. The mitigation phase involves applying precautionary
steps aimed at preventing or minimizing the impact of a disaster. With COVID-19, pre-
cautionary steps include maintaining social distance, wearing masks and gloves, and rou-
tine sanitization. The preparedness phase includes maintaining sufficient stock of essen-
tial and emergency materials. In the COVID-19 scenario, preparedness includes having a
sufficient ventilators and medical equipment. The response phase is the deployment of
life-saving emergency services. This phase includes the establishment of special wards for
COVID-19 patients and treatment. Finally, rehabilitation refers to long term action taken
for the wellbeing of the affected community. In the COVID-19 pandemic, post-COVID
treatment and rehabilitation centers have been established. Several studies indicate that
the last two phases, i.e., response and rehabilitation, are critical compared to the first two
phases (mitigation and preparedness). Although extensive research is carried out in
HSCM [25,26], the problems related to SHSCM remain a challenge due to the complex
nature of the disaster. In summary, an SHSCM needs to encompass a holistic nature of the
disaster. In this view, this study intends to identify various challenges involved in SHSCM
during COVID-109.

2.2. Proposed Challenges to SHSCM

SHSCM is unique and operates under difficult circumstances. In commercial supply
chain management, the main aim is to gain profit for the stakeholder(s) and deliver prod-
ucts to the customers, while SHSCM intends to save lives and reduce suffering [27]. The
actual challenge involved in SHSCM depends on the nature of the disaster and its location.
A large number of local and international NGOs can be seen at the place of disaster. Under
such an environment, challenges arise regarding prioritizing objectives and settings, as
many stakeholders are involved [28]. The stakeholders may have conflicting interests and
objectives. This leads to the absence of a centralized, integrated management and plan-
ning system. The lack of a comprehensive approach often leads to multiple stakeholders’
parallel acts that may result in overlap or interference of relief activities [29]. In addition,
with no lead time and no reliable transportation, the complexity of the challenges becomes
multifold. Difficulties in procurement, the supply and demand equation, supply strategy,
supplier location, and transportation choice further worsen the existing challenges.

Different disasters exhibit a variety of characteristics; each disaster demands a differ-
ent approach based on its nature, the number of people affected, and its location. Hence,
there is no proper index for measuring the success of SHSCM [30]. According to Das (2016)
[31], SHSCM tends to be unstable, inclined toward political and military influence, and
inefficient due to a lack of joint planning and interorganizational collaboration. Seifert et
al. (2018) [32] carried out a study on the challenges in SHSCM in responding to refugees
and suggested a lack of technological advancement as the main challenge. Another study
by Sahebi et al. (2017) [33] regarding disaster management in the Iranian context revealed
cultural, managerial, and educational barriers in providing seamless relief activities. A
similar study by Petrudi et al. (2020) [34] that analyzed SHSCM challenges indicates inex-
perience of the top management in handling the disaster and lack of skilled workers as
the major hindrances. Ozdemir et al. (2020) [9] analyzed the role of blockchain in mini-
mizing the challenges in SHSCM. The study’s findings emphasized the incorporation of
advanced technology, as it acts as a tool to execute SHSCM activities. Based on the litera-
ture review, this study identified several challenges that appear to lower or affect the ef-
ficiency of SHSCM. These identified challenges are given in Table 1.
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Table 1. Challenges in sustainable humanitarian supply chain management (SHSCM).

S. No Category Challenges Explanation References
Insufficient number of
Lack of skilled volunteers paramedic staffs who can [13,14]
and workers (C11) handle the situation effi- ’
ciently
Often changing the head
Change of the head of the of the monitoring com-
monitoring committee mittee leads to confusion [14,35]
(C12) in proper information
flow
Frequent change in the
head of the monitoring
ittee brings diffi-
1 Organizational (C1) Lack of coordination com.rm °e Ijmgs .
(C13) culty in establishing coor- [14,24]
dination among members
of the supply chain net-
work
Difficulty in assigning
Lack of division of works tasks causes confusion [13,36]
(C14) and may impact the ex- ’
pected outcome
Appointment of new per-
Lack of experts for pan- sonnel struggles in han- [35,37]
demic management (C15) dling and decision mak- ’
ing
Fear about the efficacy of
Doubt concerning the the available remedy pre- )
. ) This paper
available remedy (C21) vents the public from tak-
ing the drug
. Local condition of the re-
Influence of socioeco- . )
. . gion or the country influ-
nomic and political con- o [33,37]
diti fth ion (C22) ences the efficiency of the
: ition of the region
2 Social (C2) & supply chain network
Lack of knowledge of hu-
Lack of awareness among o .
manitarian organizations [14,29]
people (C23) o
and activities
Misleading information
Spread of rumors (C24) creates panic among the [24,38]

public
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o . The shortage of advanced
Limited information and . . .

L information communica-
telecommunication infra-

structure (C31) tion system amplifies the

impact of the situation

The nonusage of technol-

ies like GPS and infor-
Poor adoption of technol- oles fke and mior

. mation systems makes it
ogies (C32)

difficult to track the relief
Technical (C3) material’s movement
I d level of de-
Short lead time for emer- nereased fevel ot de

lies (C33) mand adds pressure on
ency supplies
gency supp the manufacturing units

Insufficient number of

. harbors, roads, and air-
Inadequate transport in-

ports restricts the import
frastructure (C34)

and distribution of the re-

lief material
Limited fund restricts the
Insufficient fund in han-

E ical (C4
conomical (C4) dling the pandemic (C41)

procurement of necessary
equipment

Shortage of warehouse
Facility location problem and cold storage system
(C42) may hamper the flow of

relief materials

The absence of suitable
Nonavailability of suita-  transport systems like
ble transport infrastruc-  helicopters and heavy
ture (C43) trucks delays the delivery
of relief materials

The ever-increasing num-
Shortage of precautionary ber of active cases leads
materials (C44) to the shortage of precau-
tionary materials
Difficulty in calculatin
Uncertainty in demand Y 8

the exact number of the
(C51)

affected population

Environmental (C5) The emergence of a new

Rapid emergence of new cluster creates new de-
clusters (C52) mand and makes it diffi-
cult for delivery

[24,33,39]

[24,29]

[13,40]

[37,39]

[14,35]

[14,35]

[13,37]

[24,37]

[33,37]

[33,35]
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L . The existence of different
Communication barriers
. ) languages and cultures
(i.e., different languages

and cultures) (C53)

13,41
pose a threat to the deliv- [ ]

ery of relief material

2.3. Existing Methods

A review of extant literature reveals that several multicriteria decision-making
(MCDM) methods have been used in analyzing the performance of SHSCM. Sharma et al.
(2020) [2] utilized the stepwise weight assessment ratio analysis (SWARA) method to an-
alyze the significant factors affecting SHSCM during the COVID-19 pandemic situation in
the Indian context. An integrated method consisting of an intuitionistic fuzzy decision-
making trial and evaluation laboratory (DEMATEL) and analytic network process (ANP)
was used by Ozdemir et al. (2020) [9] to analyze the contribution of blockchain in SHSCM.
Similarly, Petrudi et al. (2020) [34] applied fuzzy interpretive structural modeling (FISM)
to analyze the challenges involved in SHSCM. Sahebi et al. (2017) [33] used the fuzzy best—
worst method (BWM) for analyzing the barriers in SHSCM. Agarwal et al. (2020) [42] used
an integrated approach comprising fuzzy Delphi (FD), interpretive structural modeling
(ISM), and matrices impacts croises multiplication applique a un classement (MICMAC,
cross-impact matrix multiplication) analysis for evaluating the enablers of SHSCM. In an-
other study, Agarwal et al. (2020) [43] used a combined fuzzy stepwise weight assessment
ratio analysis (SWARA) and a fuzzy weighted aggregated sum product assessment
(WASPAS,) for analyzing barriers in SHSCM. From the above discussion, it is evident that
an analysis of SHSCM using MCDM methods under a neutrosophic context has not been
carried out. As such, this study proposes a framework for evaluating the challenges in-
volved in SHSCM using AHP and TODIM in a neutrosophic set context.

2.4. Proposed Method Background

Many research works have been carried out with the individual application of AHP
and TODIM for solving various problems in SHSCM. The AHP method was first pro-
posed by Saaty (1980) [44] for analyzing the multiple challenges in agriculture. Later on,
the AHP method was used in other areas like project management [45], landfill site selec-
tion [46], and flood susceptibility mapping [47], where multiple challenges need to be an-
alyzed. While the AHP method is widely preferred, it fails to account for ambiguity in
human judgment. To overcome this drawback, Zadeh (1965) [48] introduced the concept
of fuzzy set theory which considers the truth membership function and helps overcome
imprecision. However, the fuzzy extension fails to address indeterminacy. Hence, the
neutrosophic set, offered by Smarandache (2005) [13], offers a three-membership function
representing truth, indeterminacy, and falsity membership functions. By incorporating a
neutrosophic set with the AHP method, various studies have been carried in different
areas. For instance, Kahraman et al. (2018) [49] used neutrosophic AHP for selecting the
best outsourcing agency for legal works. In another work, Salgado et al. (2020) [50] ana-
lyzed various aspects of Ecuador’s adoption process.

Next, the TODIM method introduced by Gomes and Lima (1992) [14] is widely pre-
ferred for two reasons. First, it combines qualitative and quantitative data to select a better
strategy. Second, the TODIM method analyzes the risks or challenges using prospect the-
ory. In TODIM, challenges are compared with strategies, and based on their comparison,
the better strategy is identified. Several kinds of research have been carried out using neu-
trosophic TODIM. Fan et al. (2020) [51] applied neutrosophic TODIM for carrying out a
failure mode and effect analysis (FMEA) in the steel industry. Similarly, Long et al. (2020)
[52] used neutrosophic TODIM to select restoration methods in a Chinese architectural
context.
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2.5. Research Gaps and Contributions

A study by Shareef et al. (2020) [53] explored big data’s role in assisting the sustain-
able humanitarian supply chain during disasters; their findings reveal the potential im-
pact of big data. However, due to their advancements in technologies, developed coun-
tries can carry out sustainable humanitarian supply chain activities with ease compared
to developing countries [54]. To analyze challenges in HSCM, Petrudi et al. (2020) [34]
used fuzzy interpretive structural modeling (FISM), and Sahebi et al. (2017) [33] used the
best-worst method. From the above information, it is apparent that a study addressing
the challenges of SHSCM during COVID-19 is needed. Keeping this in mind, this study
intends to attain some goals. First, a study considering the challenges faced in SHSCM
during the unprecedented COVID-19 pandemic situation has not been carried out. Ana-
lyzing the challenges of SHSCM during COVID-19 is of substantial importance. It may
provide valuable input for organizations involved in humanitarian activities, and it may
result in the faster movement of relief materials to needy populations. Such research can
be vital if it is carried out in the context of developing countries, since they face more
difficulty than developed countries in managing SHSCM activities [55]. Analyzing the
challenges of SHSCM using a hybrid MCDM technique is also uncommon.

This study intends to fill research gaps by developing an integrated research frame-
work that provides valuable information about SHSCM activities in the Indian context.
The research methodology used in the work is a combination of AHP and TODIM under
a neutrosophic set. The study’s outcome reveals the weight importance of each challenge
in SHSCM and rank the strategies to help manage SHSCM activities. This benefits the
organizations and government agencies involved in the SHSCM network.

3. Methodology

This section discusses the methodological steps used in this study and the application
of the methodology. Figure 1 illustrates the sequence of the methodology. Initially, the
analytic hierarchical process (AHP) is used to determine the weight of the challenges in
SHSCM. Next, TODIM, a multicriteria decision-making method under a neutrosophic en-
vironment, is used to rank the strategies for SHSCM in the COVID-19 situation.
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Stage 1: Identification and finalization of SHSCM challenges e ™,
and strategies during COVID-19

Problem definition and identificationof research gap through literature Literature review

Exploration

review L
Developinga questiornaire with alist of identified HSCMchallenges
Eegquesting the expertsto give their opinion on the given challenges

|

Expert:” apiniors

~

)

Weight
Stage 2: Calculating the weight of challenges using neutrocophic AHP — calculation
Expertrating for pairwise comparison of the challenges Enperts’ rating
Weight caloulation of the challenges !
Weight of the

2/

o

4 S

Strategy
Stage 3: Evaluating the strategies concerning challenges using evaluation
neutrosophic TODIM Experts’ rating
Expertrating for pairwise comparizon of strategies and challenges T
Calculate the overall dominance of the strategies Chearal ;m_tu__m

o D—

Figure 1. Proposed methodological framework.
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3.1. Methods Used

Here, the methods used for evaluating the challenges and strategies are explained.

3.1.1. AHP

The AHP method developed by Saaty (1980) [44] is used to determine the weight and
rank of the factors under consideration. AHP is based on four principles: homogeneity,
expectations, reciprocity, and dependency. The steps involved in AHP are as follows:

(a) Defining the challenges

In this step, the challenges that must be analyzed are defined. SHSCM is always a
crucial operation as it is generally carried out with many difficulties. During COVID-19,
the situation is worse as more challenges act as a hindrance.

(b) Pairwise comparison

During this stage, a response sheet comprising all the challenges under consideration
was given to the experts. Then, the experts were asked to rate the influence of the chal-
lenges against each other in their perspective using the scale given in Table 2. In general,
more experts are approached for pairwise comparison. To summarize the experts’ re-
sponses, the average of the experts’ responses was taken into consideration. Consider a
matrix A of size m x m with m alternatives and n challenges. The matrix A is given as

a, A A a,
MO A M

IMA O M @)
an, A A a,

where @;; =superiority of alternative | over alternative | .

Table 2. Linguistic terms and triangular neutrosophic numbers.

Saaty Scale Definition Neutrosophic Triangular Scale
1 No influential (N) 1= ((111):0.50,0.50,0.50)
3 Lightly influential L) 3= ((2,3,4):0.30,0.75,0.70)
5 Strongly influential §) 5 — ((4,5,6):0.80,0.15,0.20)
7 Very strongly influential (V) 7 — ((6,7,8):0.90,0.10,0.10)
9 Absolutely influential (A) 9 = ((9,9,9):1.00,1.00,1.00)

The neutrosophic triangular scale value is converted into a single crisp value by using
Equation (2).

1
S(aij)zg[a'l+bl+cl]x(2+a5_eﬁ_ﬂa) ()
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3.1.2. TODIM

TODIM is a Portuguese term indicating interactive and multiple attribute decision
making, first introduced by [14]. The TODIM method was based on prospect theory [56].
This method measures the dominance degree of each alternative over the other alterna-
tives using the overall value. The TODIM method is used in areas such as product selec-
tion [57], portfolio allocation [58], and project manager selection [59]. The following are
the steps involved in the TODIM method:

(c) Establishing a decision-making matrix

Consider m strategies and n challenges; the decision matrix is formed based on the
performance of strategy 1 against challenge ] as follows:
X1 Xp o Xg o X,

X1 Xy Xpz X
o 23 2n ,(1=12,K ,m;j=12,K ,n) ®)

Xa X Xg3 3n
X

m3 mn

X

m2

where Xj; = performance of strategy | against challenge ] .

(b) Normalization of the decision matrix

The challenges are determined and normalized using Equations (4) and (5):

* r|]

T @)
2
i=1
1

* r”

rii = 1 )
i1 B

where I’i; = normalized elements of the decision matrix.
(c) Determining the relative weight of challenges

The weight of the challenges obtained using AHP is divided by the challenges’ refer-
ence weight, i.e., the largest weight of the challenges. The relative weight of the challenges
is obtained using Equation (6):

W

—

W=

- (6)
w

where W =relative weight of the challenges; W ; =the weight of the challenge; and W =

reference weight.

(d) Dominance degree

The dominance degree of each strategy relative to other strategies is calculated using
Equation (7):
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@)

where @ is the attenuation factor of the losses and is set equal to 1 in this work.
(e) Overall dominance degree

The overall dominance degree of each strategy is calculated using Equation (8):

o, —min ¢,
.= ! ! f =1,K,m
¢ max ¢, —min &, )

(f) Ranking of strategies

The overall value of each strategy determines the ranking of the strategies. The larger
the value of the strategy, the more desirable the strategy.

3.2. An Application of the Proposed Framework

According to a World Health Organization (WHO) report, globally, 79,673,754 per-
sons were infected by COVID-19, resulting in 1,761,381 deaths [60]. This unprecedented
situation has affected all global countries, including both developed and developing coun-
tries, negatively. Without the vaccine and clear data on the transmission of the virus, the
world’s superpowers and other developing countries are facing difficulty managing the
situation. However, global countries are making their best efforts in containing transmis-
sion. Precautionary steps, such as social distancing, wearing masks and gloves, and fre-
quent sanitation of the hands, are suggested and followed to contain the spread. Since the
vaccine has been developed, there are several challenges in ensuring the timely delivery
of the vaccine [61]. Therefore, there is a need to evaluate the challenges in SHSCM. In this
regard, this study’s emphasis is on exploring and evaluating the challenges of SHSCM.
For this, an expert team consisting of 10 experts was formed. The experts in the team have
sufficient knowledge of SHSCM. The basic profile of the experts is given in Table 3.

Table 3. Profile of the experts.

Variables Number of Experts Percentage of Experts
Gender:
Female 4 40%
Male 6 60%
Age:
3140 years 5 50%
41-50 years 5 50%
Educational qualification:
Graduation 3 30%
Postgraduation 4 40%
Doctorate 3 30%
Work experience:

Less than 10 years 2 20%

10-15 years 4 40%
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16-20 years 2 20%

21-25 years 2 20%
Expertise:

Procurement manager 3 30%

Supply chain supervisor 2 20%

Supplier 3 30%

Medical officer 2 20%

3.2.1. Identification and Finalization of Challenges

For identifying the challenges of SHSCM, an extant literature review was performed.
The literature referred to for the study was collected from science databases, such as Sci-
ence Direct, Google Scholar, Web of Science, and Taylor and Francis. To collect literature,
the following keywords and Boolean operators were used: COVID-19, COVID-19 man-
agement in developing countries AND developed countries, Challenges OR barriers in
managing COVID-19, Barriers in sustainable HSCM AND problem in sustainable HSCM,
COVID-19 AND logistics, COVID-19 AND supply chain, and coronavirus AND its im-
pact. From the literature review, 20 challenges in SHSCM were identified. However, to
confirm the appropriateness of the identified challenges to SHSCM, expert opinions on
these challenges were sought. For this, a questionnaire (Table Al of Appendix A) consist-
ing of the identified challenges was given to the experts (Table 3). The questionnaire is a
YES/NO type. The experts were requested to give “YES” when they found the given chal-
lenge as appropriate to SHSCM and “NO” when they found the given challenge as inap-
propriate. The experts found all the identified challenges as appropriate to SHSCM. Fur-
thermore, the experts were also convinced of the strategies chosen for handling SHSCM
during COVID-19. The three strategies are S1—a public—private partnership; S2—com-
plete privatization; S3 —completely government controlled.

3.2.2. Evaluation of Challenges and Selection of Best Strategy

After confirming the challenges and strategies, the evaluation phase was carried out
based on the experts’ opinions. The experts were asked to rate the significance of chal-
lenges using pairwise comparisons. For this, a response sheet comprising of all the chal-
lenges (Table 1) along with scale (Table 2) was given to the experts. The experts’ geometric
mean responses are given in Table A2 of Appendix A. The experts’ linguistic responses
are converted into neutrosophic values and then converted into crisp values using Equa-
tion (2) and given in Table A3 of Appendix A. The crisp value is then normalized and is
given in Table A4 of Appendix A. Then, the weight of the challenges is calculated and
given in Table 4.

Table 4. Weight and relative weight of the challenges.

Challenges Weight Rank (Weight) Relative Weight
C11 0.0374 14 0.51
C12 0.0651 6 0.88
C13 0.0391 13 0.53
Cl14 0.0475 10 0.65
C15 0.0629 7 0.85
C21 0.0665 5 0.90
C22 0.0505 9 0.68
C23 0.0428 11 0.58
C24 0.0726 3 0.98
C31 0.0333 18 0.45

C32 0.0426 12 0.58
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C33
C34
C41
C42
C43
C44
Ch1
Ch2
C53
Sum

0.0728
0.0359
0.0569
0.0737
0.0283
0.0340
0.0301
0.0725
0.0353

15

20
17
19

16

0.99

0.49

0.77

1.00

0.38

0.46

0.41

0.98

0.48
13.57

Next, to find a better strategy during COVID-19, a comparison is made between the
challenges and strategies using the neutrosophic values given in Table 2. The comparison
made is given in Table A5 of Appendix B. The neutrosophic values are converted into
crisp values using Equation (2) and are given in Table A6 of Appendix B. Then, the crisp
values are normalized using Equations (4) and (5) and are given in Table A7 of Appendix
B. The relative weights of the challenges are calculated using Equation (6). The relative
weights are given in Table 4 and Figure 2. Then, each strategy’s dominance degree is cal-
culated using Equation (7) against the challenges and given in Tables A8-10 of Appendix
C. The overall dominance degree of each strategy is calculated using Equation (8) and is
given in Table 5.

C11C12C13C14C15C21 C22C23C24C31C32(C33C34C41C42C43C34C51C52C53

1.2

0.

=]

0.

Relative weight
(=]

0.

=

0.

o]

=]

Figure 2. Relative weights of the challenges.

Table 5. Overall dominance degree (95 i )of the strategies.

Challenges

Overall Dominance Degree Strategies
S, 1
s, 0
S, 0.90
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4. Results and Discussion
4.1. Weights of the Challenges

Based on the experts’ views, each challenge’s weight is calculated by making a pair-
wise comparison. The calculated weight of the challenges is given in Table 4. According
to Table 4, challenge C42 (facility location problem) has the highest weight (0.0737) among
the challenges. This indicates that challenge C42 remains a major problem in SHSCM dur-
ing COVID-19. Next, challenge C33 (short lead time for emergency supplies), with a
weight of 0.0728, is the second major problem. Then, challenges C24 (spread of rumors),
C52 (rapid emergence of new clusters), and C21 (doubt concerning the available remedy),
with weights of 0.0726, 0.0725, and 0.0665, respectively, also need to be addressed in
SHSCM.

The challenge C42 needs special attention as the vaccine that is being developed
needs a special cold storage system. According to a study by Crommelin et al. (2020) [62],
freeze drying and a storage temperature of 2-8 °C is required during the transportation
and storage of the vaccine that is being developed. Though a complete, reliable vaccine
has been developed, the general belief is that it needs a special storage system. The estab-
lishment of cold storage needs several technical forms of assistance. With minimal tech-
nological infrastructure and support, developing countries such as India face difficulties
establishing a cold storage system compared to developed countries [63]. In short, to com-
bat COVID-19, countries need to have an efficient cold storage system. Then, the challenge
C33 appears to be another important challenge in tackling COVID-19. As the nature and
behavior of the virus causing COVID-19 has not been completely revealed, there is a delay
in vaccine development [64]. Further, the incubation time of the virus also has not been
exactly determined. Together, these complexities remain a major hindrance in vaccine de-
velopment. In minimizing the victims of COVID-19, emergency supplies like ventilators
and nebulizers are widely used. However, the exponentially rising number of COVID-19
cases has resulted in a shortage of ventilators [65]. Additionally, there is a shortage of
other emergency supplies, such as pulse oximeters, personal protective equipment (PPE),
and intensive care unit (ICU) space in hospitals. Such a shortage of emergency supplies
proves to be lethal in COVID-19 management [66].

Next, challenge C24, the spread of rumors, needs to be addressed. Rumors and mis-
information are spread regarding the nature and impact of COVID-19; moreover, this in-
formation is often false and misleading. False information on COVID-19 leads to careless-
ness and recklessness among the general public. A lethargic attitude of the public results
in an increased number of patients. An increase in the number of patients creates a short-
age of emergency medical services for older people and people with comorbidities. This
was supported by a study by Huda et al. (2020) [38], which states that public rumors create
chaos and lead to disaster. It is essential to monitor false information being circulated on
social media. Further, the government must take stringent action against those involved
in rumor spreading. The government must also take the necessary steps in spreading the
exact nature and impact of COVID-19 among the public through mass media communi-
cation, such as television and newspapers. The spread of rumors may lead to the emer-
gence of a new cluster. In COVID-19, the virus spread began as an epidemic and later
reached pandemic status. Initially, the information about COVID-19 was less known and
was taken lightly. Now, with extensive studies, the data on COVID-19 has been revealed.
However, the carelessness of society accelerates the spread of the disease. The emergence
of a new cluster is a serious issue as it isolates that region from the world. Such incidences
may bring the transportation of essential commodities to a halt. Furthermore, the socioec-
onomic activities of the new cluster could be badly affected. As considered in this study,
the first case of COVID-19 in India was reported in Kerala [67]. Soon, the borders of Kerala
were closed. It affected the socioeconomical activities of Kerala as its economy was largely
based on the tourism sector. When a new cluster emerges, more emphasis is given to the
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new cluster. More relief material is supplied to the new cluster under such a situation,
which calls into question whether the distribution of needed supplies is fair and equal.

Challenge C21 remains an important problem in the supply of relief materials. In the
case of COVID-19 the race for the vaccine is still open. Many global pharmaceutical in-
dustries are working to come up with an effective, reliable, and robust vaccine. However,
with short lead times and high demand, the pharmaceutical industries are struggling to
develop a robust vaccine. Furthermore, the developed vaccines’ trial runs induce fear
among the public and raise the efficacy of the vaccines. In some trial runs, volunteers who
took the developed vaccines were exposed to some serious allergies and side effects [68].
Studies by Bennet et al. (2020) [69] and Krause et al. (2020) [70] state that the development
of allergies and side effects are the results of developing vaccines in a hurry. The studies
also state that on average, 2—4 years is required to develop a vaccine free from side effects
and allergies. Stages such as the initial exploratory study, preclinical study, and clinical
study in a three-phase manner are followed in vaccine development. Apart from these
challenges, other challenges, such as communication barriers (i.e., different languages and
cultures), nonavailability of suitable transport infrastructure, inadequate transport infra-
structure, lack of coordination, and lack of skilled volunteers and workers, also need to be
addressed in ensuring seamless SHSCM.

4.2. Selecting the Best Strategy

The overall dominance of the strategies under consideration for tackling COVID-19
is given in Table 5. From Table 5, it is observed that the strategy S1 (public—private part-
nership) secured the highest dominance over S2 (private) and S3 (government). The re-
sults indicate that the collaboration between public and private sectors can effectively
manage the situation in such unprecedented circumstances. This was supported by Park
and Chung’s (2020) [71] study, indicating that such collaboration would accelerate the
speed of relief activities. The finding seems obvious, as such partnerships between public
and private compensate for each other’s shortcomings [72]. One factor that affirms the
vitality of such collaboration is the supply chain network. The private sector efficiently
manages the supply chain network, which relies on the transportation sector. During the
COVID-19 pandemic situation, the roadway and airway transportation modes are more
effective than railways. Hence, the ideal choice is the private sector’s engagement in trans-
porting emergency and relief supplies. Further, many NGOs have profound experience
in working under similar conditions. Many NGOs are actively involved in relief activities
during earthquakes, forest fires, war-affected zones, and tsunamis [73]. The strategy S2
would not be effective in this situation. When private sectors are allowed to handle the
situation single handedly, some may choose to take advantage of the situation, and with
profit in mind, the private sector may charge excessive rates for the remedies [74]. Hence,
the option of complete privatization has been ruled out. While the strategy S3 is consid-
ered, the government alone cannot manage the situation. Handling the COVID-19 situa-
tion requires multitasking activities and multiple players. At the organizing and guidance
level, the government may perform efficiently. However, in executing the formulated pol-
icies, the government needs assistance. In such a situation, the NGOs involved in similar
activities share their knowledge about handling the situation. Therefore, a combined pub-
lic and private partnership in addressing COVID-19 would yield good results [75]. Hence,
the study suggests a public—private partnership as the most effective strategy in SHSCM.

4.3. Implications of the Study

The unprecedented COVID-19 pandemic has raised a question about the prepared-
ness of global countries in ensuring medical facilities and in responding to emergency
medical needs. The COVID-19 pandemic has created doubt whether the sustainable de-
velopment goals (SDGs), originally framed for leveraging the living standard of people,
are fit for postpandemic conditions. In particular, the COVID-19 pandemic has created
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great concern about SDG 3 (good health and wellbeing). Although SDGs were the out-
come of dialogues held among the global countries, the implementation of the SDGs re-
quires a different strategy for each country. Misinformation has been a paramount chal-
lenge in controlling the spread of COVID-19. In controlling the spread of misinformation
and debunking false information, various global bodies have engaged themselves in
providing a credible source of information. For instance, the WHO maintains an online
public page titled “myth buster” which clarifies doubts regarding COVID-19 [76]. To cre-
ate awareness among the public on medical-related myths and misbeliefs, developing
health literacy among the public should be the primary goal. Such an initiative would be
useful in meeting future health challenges. As the emergence of new clusters has been
identified as a major problem in containing the spread of COVID-19, enforcement of com-
mon rules would be useful. Further, ensuring the supply of essential medical supplies is
also critical. During this pandemic situation, it has been identified that most of the devel-
oped countries are stocking more medical essentials than they need [77]. Such overstock-
ing affects the fair distribution of medical essentials, especially in this pandemic situation.
As a result of overstocking medical essentials, developing countries are going to be af-
fected in the worst manner [78]. Overstocking by developed countries raises a question
about SDG 17 (partnerships for the goals). In a pandemic situation, the goal is to control
and eliminate COVID-19. Hence, to ensure fair distribution of medical essentials, a uni-
versal framework must be developed, and the developed nations must help the develop-
ing nations in containing the spread of COVID-19 [79]. It is important to develop the sus-
tainable supply, manufacturing, and distribution of medical goods to ensure sustainabil-
ity in the supply chain during and after the COVID-19 pandemic era [76].

5. Conclusions

This study attempted to identify, analyze, and evaluate the challenges to SHSCM
concerning the COVID-19 pandemic situation. Accordingly, 20 challenges falling under
five categories were identified through a literature review and discussion with 10 experts.
A questionnaire-based response was obtained from the experts to ascertain the appropri-
ateness of the challenges identified. Then, a neutrosophic AHP was used to calculate the
weight of the challenges. Finally, a neutrosophic TODIM was used to rank the strategies.
The study’s findings reveal that facility location problems, short lead time for emergency
supplies, the spread of rumors, the rapid emergence of new clusters, and doubt concern-
ing the available remedy are five critical challenges of SHSCM during COVID-19. Addi-
tionally, the study suggests public—private partnership as a possible and efficient strategy
in tackling the COVID-19 situation.

This study makes some significant contributions. In this study, a concrete and reliable
framework was proposed to help industry practitioners overcome SHSCM challenges.
This study is specifically important for government agencies and pharmaceutical organi-
zations in carrying out SHSCM without any difficulty. The challenges considered and dis-
cussed in this study give sufficient information to the parties involved in SHSCM. Fur-
thermore, the challenges considered in the study were categorized under five categories
of sustainability. With this information, it is easy for the parties involved in SHSCM to
identify the category that needs more attention, and they may take appropriate steps to
eliminate the challenges at the earliest stage. As this study was carried out in India, a de-
veloping country, the outcome of the study can serve as a vital guide to coordinate
SHSCM activities in other developing countries.

Despite its contributions and implications, this study has some limitations. The chal-
lenges identified in this study depend on literature reviews and expert opinions. Further-
more, the challenges categorized in the study are based on expert feedback and, specifi-
cally, on Indian expert feedback; hence, this study’s outcome may not be generalized glob-
ally. Second, only the weight of the challenges was calculated in the study using neutro-
sophic AHP. These drawbacks pave the way for future research. In the future, more chal-
lenges may be identified through a focused study, and similar work may be carried out in
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a cross-country study. A study revealing their interrelationships would reveal the nature
of the challenges. Such studies may assist in overcoming these limitations.
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Appendix A

Table A1l. Questionnaire given to the experts.

Challenges Yes/No

Lack of skilled volunteers and workers
Change of the head of the monitoring committee
Lack of coordination
Lack of division of works
Lack of experts for pandemic management

Doubt concerning the available remedy

Influence of socioeconomic and political condition of the
region

Lack of awareness among people

Spread of rumors

Limited information and telecommunication
infrastructure

Inadequate transport infrastructure
Poor adoption of technologies
Short lead time for emergency supplies
Insufficient funds in handling the pandemic
Facility location problem

Nonavailability of suitable transport infrastructure
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Shortage of precautionary materials

Uncertainty in demand

Rapid emergence of new clusters

Communication barriers (i.e., different languages and

cultures)

Table A2. Pairwise comparison of the challenges.
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Table A3. The crisp comparison matrix of the challenges.
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Table A4. The normalized comparison matrix of the category.
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Appendix B

Table A5. Comparison of challenges and strategies.
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Table A6. Crisp matrix.

Cl1 C12 C13 C14 C15 C21 C22 C23 C24 C31 C32 C33 C34 C41 C42 C43 C44 C51 C52 C53

Cll y 7 3 4 3 7 4 4 3 3 1 3 4 7 7 7 4 7 3 4
2 - 4 4 3 3 1 3 3 3 4 4 3 3 3 4 4 3 3 4 4

B 7 v 7 7 7 4 4 3 4 4 7 4 7 3 4 7 4 7 4 7

Table A7. Normalized decision matrix.

C11 C12 C13 C14 C15 C21 C22 (C23 C24 C31 C32 C33 (C34 C41 C42 C43 C44 C51 C52 C53

CIl 922 039 021 029 023 0.58 036 0.40 030 027 0.08 0.30 029 0.54 047 039 036 0.41 0.27 0.27

C12 939 022 029 021 023 0.08 027 0.30 030 036 0.33 0.30 021 023 0.27 0.22 0.27 0.18 0.36 0.7

C13 039 039 050 0.50 054 0.33 036 0.30 0.40 036 0.58 0.40 050 0.23 0.27 039 0.36 0.41 0.36 0.47

Appendix C

Table A8. Dominance degree of strategy 1.

C11 C12 C13 C14 C15 C21 C22 C23 C24 (C31 (C32 C33 (C34 C41 C42 C43 C44 C51 C52 C53

(A1, A2) -0.08 0.10 -0.06 006 0 018 0.07 006 0 -005-01 O 005 013 012 0.07 0.05 0.08 -0.08 0
(A1, A3) -0.08 0.00 -0.11 -0.10 -0.12 0.13 0 0.06 -0.08 -0.05 0.15 -0.08 -0.08 0.13 0.12 0 0 0 -0.08 -0.08

Table A9. Dominance degree of strategy 2.

C11 C12 C13 C14 C15 C21 (C22 C23 C24 C31 (C32 (C33 (C34 C41 C42 C43 C44 C51 C52 C53

(A2, A1) 081 -1.61 005 -1.29 0 -274-134-152 0 005 010 O -1.48 -2.33 -1.64 -2.46 -1.62 -2.75 0.07 0
(A2,A3) 0 -1.61 —2.31 246 -2.22 -194-134 0 -117 0 -241-117-283 O 0 -246-162-275 0 -2.37

Table A10. Dominance degree of strategy 3.

Cl1 C12 C13 C14 C15 C21 C22 (C23 (C24 (C31 (C32 (C33 (C34 C41 C42 C43 C44 C51 Cb52 C53

(A3,A1) 081 0 010 010 013 -194 0 -1.52 0.08 0.05 0.14 0.08 0.08 -2.33 -1.64 O 0 0 0.08 0.08
(A3,A2) 0 010 0.09 0.11 013 012 006 O 008 0 010 0.08 010 O 0 006 005 008 0 0.08
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