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Abstract Due to the recent pandemic of coronavirus,
known as the COVID-19 outbreak, the supply chains have
been impacted most significantly. Manufacturers of certain
items have experienced a substantial increase in demand,
and on the other hand, raw materials supply, to produce
those items, has reduced because of supply failure. To
overcome these challenges, this paper proposes some
strategies to improve service level during an extraordinary
pandemic outbreak, such as COVID-19, for the most
wanted products such as toilet paper. This study considers
meeting the increased demand of the customers for an
essential product of daily life like toilet paper during a
pandemic is beyond the traditional economic objective, i.e.,
increase profit, of the manufacturers. Instead, this should
be more about the social responsibility of all the manu-
factures to ensure that they can serve more customers.
Motivated by this and taking toilet paper as an example of
the product, we first analyzed the current scenario of the
manufacturing and the demand for the product and then
proposed some strategies to deal with this unprecedented
risk and analyzed the results. We have compared the
results, using hypothetical data, between the current sce-
nario and proposed strategies. The result shows that
sharing information and resources from all manufacturers
to produce under a single brand, emergency sourcing,
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producing basic quality items, and packing in the smallest
sizes have a significant positive impact on the service level.
This paper first investigates the strategies for a high-de-
mand and essential item during a pandemic situation and
proposes strategies to deal with this unique, extraordinary
disruption.
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Introduction

The coronavirus disease (COVID-19) outbreak, which was
first reported in Wuhan, China, in December 2019, has
affected 215 countries and territories with more than
9.5 million cases and more than 485 thousand deaths as of
25 June 2020 (Worldometers 2020). This outbreak has
already affected almost all sectors and most of the coun-
tries across the globe (Dryhurst et al. 2020); therefore, the
World Health Organization (WHO) has marked it as a
pandemic on 11 March 2020. A pandemic is a unique case
of supply chain disruptions that do have not only severe but
also long-lasting impacts on the operations of a supply
chain. Any epidemic outbreaks, which can be contained
geographically, are generally perceived as disruptions that
have high uncertainty (Paul et al. 2013; Paul et al.
2014a, b, ¢), long-term existence, and ripple effect (Ivanov
2020a). In recent years, firms have been experiencing more
numbers of epidemic outbreaks. For example, the WHO
reported 1438 epidemics between 2011 and 2018 with huge
impacts such as loss of life and economic slowdown
(Hudecheck et al. 2020). In the case of a pandemic, com-
panies in various sectors experience different types of
challenges. For example, while many companies in
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different sectors, such as fashions and athletics, are shut-
ting down their operations worldwide, as predicted in
Haren and Simchi-Levi (2020), demand for certain prod-
ucts spikes suddenly. Toilet paper is such of type of pro-
duct, the demand of which has suddenly increased, and
companies across the globe are struggling to meet the
demand. As a result, companies are unable to cope up with
this panic buying even after limiting the number of buying
allowed per customer. In many countries, the toilet paper of
all supplying companies is stock-out, and there is no other
substitute product available in the market; hence, general
customers become panic, as the product is essential for
daily life. Hence, it is crucial to develop strategies for
managing the demand of an essential item like toilet paper
during a pandemic. However, the studies on strategies and
their impact on the service level for a high-demand and
essential item during a pandemic are nonexistent in the
literature. Considering the lack of studies in the literature,
this study establishes following research questions.

1. What are the strategies that can be used to manage the
increased demand for an essential item during a
pandemic like COVID-19?

2. How can managers evaluate the improvement in
service level after implementing the strategies?

Traditional supply chain disruption preparedness, miti-
gating, and recovery strategies cannot be used for planning
recovery from this situation as many of these strategies are
simply not sufficient for this particular case of disruptions
(Paul et al. 2017; Darom et al. 2018; Dryhurst et al. 2020;
Ivanov 2020a). Instead, an adaptive strategy, which
includes restructuring the supply chain, facing a supply
chain disruption, and its impact are required (Paul et al.
2014a; Zhao et al. 2019; Islam et al. 2020). A recent study
(Kahiluoto et al. 2020) has shown that a response diversity
to disruptions is more effective than mere diversity, such as
diversity to individual suppliers. Furthermore, Koonin
(2020) suggests to update and modify the supply chain
response strategies for a particular product when a signif-
icant disruption like COVID-19 occurs to ensure that firms
can minimize the variation between demand and supply. In
the current situation of COVID-19, we argue that with a
response diversity, the demand spikes of toilet paper could
be managed in a better way. Managing the demand of such
an essential product of daily life is vital; otherwise, the
regular activities of the mass people might be impacted. As
such, addressing the pressing demand of individuals and
communities through developing strategies and using
unique assets and capabilities, for an essential product, is a
social responsibility of the companies (Hills 2020). An
adequate attempt to meet this increased demand can also
improve other social responsibility practices such as the
creation of more jobs for producing and distributing the
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products (Govindan et al. 2014; Chowdhury and Paul
2020).

Based on the limitations of the applicability of previous
studies on strategies for managing impacts of COVID-19,
for a high-demand and essential item, this study considers
the following research objectives.

1. To identify appropriate strategies for a high-demand
and essential item during a pandemic, like COVID-19.

2. To develop an analytical model for the service level to
show the benefits of strategies for managing the
impacts of COVID-19.

Therefore, this study contributes to the literature by
developing an analytical model with several strategies that
can improve the service level of manufacturers of essential
items, thereby improving their social responsibility prac-
tices in such an extreme situation of supply shortage. The
proposed strategies can be applied whenever there is a
nation-wide shortage of the supply of essential products
such as toilet papers.

In developing the analytical model to solve this nation-
wide supply shortage problem of toilet papers, we first
focus on the current practices adopted by the firms to face
this crisis. Then, we proposed, with appropriate justifica-
tions, several strategies that could be used in line with the
current practices to solve the problem. Finally, using
hypothetical data, we compare the service level in both the
current situation and proposed strategies to justify the value
of the proposed approaches. Finally, the implications of the
study are discussed with a concluding remark.

Literature Review

In this section, we conduct a literature review on various
types of supply chain risks and strategies for disruption
risks. Based on the findings of the current literature, we
identify the knowledge gaps to highlight the contributions
of this study.

Supply Chain Risk

Risks in the context of the commercial supply chain are
generally classified into two groups—operational risk and
disruption risk. The former one denotes the risk events that
can be predicted and are more controllable such as quality
and quantity problem and longer lead time (Chowdhury
et al. 2019; Saha et al. 2020). On the other hand, disruption
risks refer to catastrophic events that are less controllable
such as fire, machine breakdown, and natural disasters
(Paul et al. 2016; Ray and Jenamani 2016; Liicker et al.
2019; Fartaj et al. 2020). Previous studies have indicated
that different strategies are required to respond to these two
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categories of risks. For example, appropriate mitigation
strategies to minimize the probability of occurring the
incidents are suggested for operational risks (Chen et al.
2013; Paul et al. 2015b; Chowdhury et al. 2016). However,
for disruption risks appropriate recovery plan and strategies
to minimize the impacts of the risks and to back to the
normal operations are considered more suitable (Paul et al.
2015a; Ivanov et al. 2017; Ivanov 2019; Paul et al. 2019a).
This is only recently when scholars are suggesting to
explore the third category of risks termed as extraordinary
risks, which refer to epidemic or pandemic outbreaks, for
commercial products.

While some features of such extraordinary risks are
prevalent in disruption risks such as they both are unpre-
dicted and uncontrollable, the third risk category is unique
for its features (Cappelli and Cini 2020; Choi 2020; Ivanov
and Dolgui 2020). For example, extraordinary outbreaks
are characterized by a long-term existence of the risk
impacts, high uncertainty of the future impacts, and the
ripple effect of the event on other functions or processes
(disruption propagation) (Ivanov 2020a). Moreover, while
these extraordinary risk events have simultaneous impacts
on sourcing, production, and demand management, the
impacts are different for various types of products, such as
high-demand and essential items, regular items, and fash-
ion products (Paul and Chowdhury 2020). Due to its unique
characteristics, an adaptive set of strategies is required to
overcome such extraordinary risks for each type of product.
However, current literature on epidemic or pandemic out-
breaks in the contexts of commercial products is minimal
and is unable to provide such adaptive strategies.

Strategies for Supply Chain Disruption

Strategies for managing supply chain disruptions in an
extraordinary epidemic or pandemic outbreak are mostly
investigated in the context of humanitarian supply chains
(Dasaklis et al. 2012; Paul and Chowdhury 2020). Several
strategies such as flexible orientation (Altay et al. 2018),
on-time and speedy information sharing (Altay and Pal
2014; Scholten et al. 2014), implementation of the triple-A
supply chain components—agility, adaptability, and
alignment (Oloruntoba and Gray 2006; Dubey and Guna-
sekaran 2016), adaptive recovery plan, and employee
support (Scholten et al. 2014) are found useful for recov-
ering from epidemic outbreaks or severe disruptions in
humanitarian supply chains. The role of leadership is also
explored and confirmed in humanitarian supply chains as
an appropriate leadership style assists quick recovery via
improving cooperation with different stakeholders (Salem
et al. 2019). However, humanitarian supply chains are
significantly different from commercial and business sup-
ply chains (Oloruntoba and Gray 2006; Yadav and Barve
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2016). As a result, the findings of humanitarian supply
chains are not readily applicable to manage commercial
supply chains.

Although not focused on extraordinary outbreaks,
studies focusing on disruption risk have recommended
various recovery strategies for commercial supply chains.
Among them, relational strategies such as supply chain
collaboration and information sharing are commonly sug-
gested in previous studies (Chen et al. 2019; DuHadway
et al. 2019). Both horizontal and vertical alliances con-
tribute to quick recovery from a disruption risk (Chen et al.
2019). In this regard, collaborative planning with other
supply chain partners is essential (Kumar and Anbanandam
2020). Studies also suggested supply chain information
sharing and connectivity for disruption recovery (Dubey
et al. 2018; Chang et al. 2019; Chen et al. 2019). These
relational strategies help recover from disruptions by
enhancing the triple-A supply chain performance. More-
over, the triple-A components are interconnected (Aslam
et al. 2018; Wamba et al. 2020); hence, one component
contributes to disruption recovery by influencing others. To
improve relational infrastructure, the role of technology,
internal and external process connectivity, and big data are
also highlighted (Roscoe et al. 2020). A recent study
investigated the production recovery plan for a high-de-
mand item by considering the impacts of COVID-19 also
finds that collaboration can help in quick recovery (Paul
and Chowdhury 2020).

Another common disruption recovery strategy is flexi-
bility in supply chains (Singh and Acharya 2013; Pérez-
Pérez et al. 2019). Studies reveal that an adaptive supply
chain recovery strategy is required for each supply chain
disruption risk. Therefore, adjusting tactics and operations
for recovering from disruptions is essential (Paul et al.
2014b; Gligor et al. 2019; Paul et al. 2019b; Kumar and
Anbanandam 2020). Moreover, a flexible supply chain
network structure is found appropriate for formulating
appropriate disruption risk recovery strategies (Dubey et al.
2015; Gunasekaran et al. 2016; Ivanov and Sokolov 2019).
Indeed, such ability to redesign the supply chain network
by considering medium-to-long-term impacts of a disrup-
tion risk is known as viability and is suggested as an
effective recovery strategy for the current COVID-19
(Ivanov 2020Db).

In addition to relational and flexible strategies, some
other strategies also can be found in the literature. For
example, buffer strategies such as backup and alternative
suppliers (Al Masud et al. 2014; Paul et al. 2018; Chen
et al. 2019), buffer inventory or material (Darom et al.
2018; Paul and Rahman 2018), capacity increase or uti-
lizing reserved capacity (Paul et al. 2014a; Ivanov et al.
2016), and imposing compensation policy for keeping
customers waiting (Shao and Dong 2012) are suggested for
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disruption recovery. Paul and Chowdhury (2020) recom-
mend increasing production capacity via utilizing more
shifts, hiring more staff and buying more machinery, and
emergency sourcing for high-demand items to recover
from the impacts of an extraordinary outbreak such as
COVID-19.

Knowledge Gaps

As outlined in the previous section, the current body of
literature on supply chain disruption strategies for com-
mercial products by considering extraordinary risks such as
epidemic or pandemic outbreaks is scarce. Therefore, it is
crucial to develop a set of strategies by considering such
extraordinary outbreaks for various types of products,
especially for high-demand and essential items, as the
smooth flow of these products is required for mass people
to maintain their regular activities. Moreover, Paul and
Chowdhury (2020) suggested that the same strategies
might not be useful for all high-demand items. Hence,
strategies need to be carefully selected by considering
product characteristics and severity and duration of the
impacts of an outbreak. This is where the main contribution
of this study lies: the formulation and investigation of
strategies for one of the high-demand and essential items—
toilet paper—during a pandemic outbreak. The study
considered the product features in designing the strategies,
which is not considered much in previous research.
Besides, the majority of the supply chain disruption
strategies are suggested for the post-disruption period. This
study explores and analyzes the strategies that can be used
during a pandemic situation to improve the service level of
an essential product.

Problem Description and Formulation

During a pandemic, like COVID-19, it is common that
there is a substantial level of panic buying, which increases
the demand of certain items such as toilet papers, kitchen
towels, and canned food (El-Terk 2020). On the other hand,
manufacturers of those products face a significant decrease
in their raw material supply, which creates this supply-
demand problem in high tension. The ultimate result is that
many customers, especially elders, will be in the empty
hand of such essential items. In this critical situation, it is a
social responsibility of manufacturers to ensure a higher
level of production and distribution of these high-demand
and essential items to serve more customers. To overcome
this economic and operational challenge, this paper pro-
poses some strategies to recover from these awkward sit-
uations and to improve the customer service level.
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Firstly, we consider several local manufactures to pro-
duce the same item, such as toilet paper. In an ideal situ-
ation (no risk), they make their decision individually and
serve the market. Then, we analyze the current practices
during a pandemic situation. Currently, we observe that
manufacturers still produce individually, but they use
emergency sourcing, extra shifts, and purchase limit per
customer to cover the higher demand. In the last, we have
proposed some strategies and analyze results to recover
from this pandemic situation.

Ideal Plan

In the ideal plan, there is no risk or disruption in the sys-
tem. The demand, supply, and production capacities of a
manufacturer are known. In this ideal situation, manufac-
turers make the products and deliver to the market based on
their individual demand, supply, and capacity data. To
determine the service of the ideal plan, we consider the
following notations.

M is the total number of manufacturers (m = 1 to M)

P is the total possible packet sizes (p = 1 to P)

Q is the total number of possible quality options (g = 1
to Q)

dgpm s the demand of the product for manufacturer m for
packet size p and quality option gq.

Available raw materials are r% of the ideal demand. In
the case of an ideal plan, we assume that r is equal to 100.

In the ideal plan, total quantity produced by all manu-
factures is determined as follows.

0 P M
Total quantity produced = > >~ > dypm X 155
g=1p=1m=1

We determine the service level, as shown in Eq. (1).

0 P M
Dot 2opet 2ame1 Dgpm
P M
Y ot dapm
r

>< RS
100

Service level for the ideal plan =

(1)

Current Practices

Currently, there are shortages of raw materials of toilet
papers. As the first step, companies have used the buffer
materials kept for disruption management (Hudecheck
et al. 2020). Currently, all companies individually employ
their backup and alternative suppliers to increase sourcing
quantity (Linton and Vakil 2020). Previous outbreaks, such
as March 2011 Tsunami in Fukushima, Japan and 2014
Ebola in West Africa, educated the companies to keep
alternative and multiple suppliers in various regions to be
able to source from other regions when the affected region
cannot provide required materials (Aldrighetti et al. 2019;
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Linton and Vakil 2020). This spreading of suppliers
includes the suppliers in different tiers. Companies that had
already mapped their supply base in early 2020 after the
outbreak already knew that even if they do not source the
materials from the most affected areas of COVID-19,
maybe their suppliers do. Hence, firms have been utilizing
the lessons of supply chain mapping in making potential
strategies to increase the volume of sourced materials.
Moreover, companies are maintaining regular communi-
cation with their suppliers to understand their contingency
plan to deliver additional materials.

Companies have also increased the number of shifts to
ensure that they are optimally utilizing their production
capabilities to fulfill the shortage. For example, Kimberly-
Clark, the largest Australian toilet paper manufacturer, has
moved to 24 h of production to increase the supply of toilet
paper (Bagshaw and Powell 2020). In the process of run-
ning more shifts, many manufacturers have recruited more
staff to ensure that they can run the production facility 24 h
a day. Currently, manufacturers make the decision them-
selves, and they produce different varieties of quality
products such as single-, two-, and three-ply. Moreover, at
present, packet sizes are different such as 4 rolls, 12 rolls,
24 rolls, and 48 rolls. Finally, there is a purchase limit, such
as one customer can buy only one pack of toilet paper per
customer in the retail store, for example.

We assume that demand increases could be certain times
of the current demand, such as 2 times and 3 times. There
is a shortage of raw materials. Emergency sourcing is
possible up to a certain level, such as 0—100% of the ideal
demand. The objective is to serve more customers and
improve the service level.

The increased demand (D) of the item of quality g
and packet size p from manufacturer m is calculated as
follows.

Dgpm = Nidgpm (2)

Here, N; is the times of demand increased and greater
than 1.

If one customer buys one pack, the total number of
customers to be served is determined as follows.

0

M
Total number of customer to be served = Z Z Z Dy
g=1 p=1 m=1

Availability of raw material = r% of the ideal demand
Emergency sourcing = 5% of the ideal demand

Q0 P M
Total quantity produced = Z Z Z dgpm X _rl—(&)—os (3)
g=1 p=1 m=1

For the current practice, we determine the service level,
as presented in Eq. (4).
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Service level for the current practic

P M \
_ 23:1 2 p=t 2om—t dapm X 75
= P M

Zg:l Zp:l Zm:l qum

Proposed Strategies

x 100% (4)

During a pandemic situation and for a high-demand and
essential item like toilet paper, we propose the following
strategies to increase the production quantity and to serve
more customers, hence the service level. The main objec-
tive is to serve more customers and improve the service
level.
The target number of customers to be served is calcu-
lated using Eq. (5).
0 P M

D:NZZ

g=1 p=1 m=1

Dapm (5)

Here, N, is the times of demand increased due to basic
quality and smaller packs and greater than 1.

The study has considered and analyzed four main
strategies to improve the service level. These strategies are
discussed below:

Strategy 1 Resource sharing among all manufacturers.

This strategy is a part of flexible supply chains (Singh
et al. 2019), in which all manufacturers in a country should
collaborate, share resources, and produce a single brand of
the item. While companies typically do not share their
resources and information with the competitors to ensure a
competitive edge and more market share and profit, they
are required to do that during a pandemic for a high-de-
mand and essential item, such as toilet paper, considering
that meeting the increased demand of individuals and
communities is a social responsibility of all the manufac-
tures. Because of resource sharing, a manufacturer can
supplement the inadequate raw materials of other manu-
facturers, which will increase the availability of raw
materials to produce more products. Let us assume that
three different raw materials are needed to produce a
product. A manufacturer may have two of them, while
another manufacturer may have other types of raw mate-
rial. By sharing resources, both companies can produce a
certain amount of more products. We argue that coordi-
nating activities and response plans and sharing resources
with competitors can be an effective strategy. Recently, in
Australia, the Australian Competition and Consumer
Commission (ACCC) has granted authorization to Banks,
grocery retailers, and medical equipment suppliers to allow
them to coordinate with the competitors (Claytonutz 2020).
This strategy aligns with Koonin (2020), who reports that
alliances with other businesses could potentially be used as
a recovery plan from COVID-19.
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Strategy 2 Use of collective emergency sourcing.

In the second strategy, manufacturers in a country will
collectively, rather than individually what companies are
now doing, explore the options to increase the quantity of
sourced materials. They together may go for sourcing from
a new location from where it is not feasible for the indi-
vidual manufacturer to source materials. They all also can
utilize the backup and alternative suppliers of each other to
increase collective emergency sourcing. This strategy is
possible when all manufacturers collaborate, share their
information, and work together to source materials, which
are the segments of the flexible supply chains (Wadhwa
et al. 2009). This horizontal sourcing approach is also
discussed in Orsdemir et al. (2019).

Strategy 3 Produce basic quality items.

In the third strategy, we propose the manufacturers to
offer basic quality items, rather than providing premium
quality items, during a pandemic situation to increase the
volume of production. For example, in the case of toilet
paper, manufacturers will produce one-ply toilet rolls
instead of two- or three-ply. This can potentially enable
companies to serve more customers.

Strategy 4 Pack the product with a minimum standard
size.

It this strategy, manufacturers will pack the items with a
minimum standard size to increase the total number of
packets and serve more customers. For example, in the case
of toilet paper, manufacturers will produce a pack with four
rolls instead of 12, 24, or 48 rolls.

Using the proposed above four strategies, the total
quantity produced is calculated as follows.

Total quantity produced =

0 P M
<Z Z Z dypm * quality factor x packet size factor)

q=1 p=1 m=1
r+s
X
100

We determine the service level, as presented in Eq. (6).

Service level for the proposed strategies =

(Zf?:, Zﬁzl M (dgpm x quality factor x packet size factor))

_|_
% rloos N2 Zil Z;’:l ZZZI Dgpm

(6)
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Analyzing Results

We use hypothetical data to explain the results for a high-
demand and essential item during a pandemic. In this
example, we consider toilet paper as an item. We analyze
the results for an ideal situation, current practices during a
pandemic, and proposed strategies for managing the
impacts.

Results of Ideal Plan

In the ideal plan, we assume that there are three manu-
factures with the demand data, as presented in Table 1.

As we assume that there is no shortage of raw materials,
we calculated the service level by using Eq. (1), which is
100%.

Results of Current Practices

During the pandemic, we use the following additional data.

Ny =3;r=50%; s = 30%

Customers can buy one pack of the item at a time.

Using Eq. (4), we calculate the service level is only
27%. Service level falls significantly because of a shortage
of raw materials, limited emergency sourcing, and signifi-
cant demand increment. In the current practice, total cus-
tomers can be served only 4904 out of expected customers
18,390.

Results of Proposed Strategies

To overcome the shortage of supply and surge of demand
during a pandemic, we use four strategies, as described in
Sect. 3.3. We consider the following data.

A basic quality toilet paper has 1 ply. If we produce 1
ply toilet roll instead of 3 ply, the quality factor would be 3.
If we produce 1 ply toilet roll instead of 2 ply, the quality
factor would be 2.

Smallest pack size has 4 rolls per pack. If we produce 4
rolls in a packet instead of 12 rolls, packet size factor
would be 3. If we produce 4 rolls in a packet instead of 48
rolls, packet size factor would be 12.

r =60%, we assume a 10% increase in raw material
availability because of collaboration and resource sharing.

s =35%, we assume a 5% increase in emergency
sourcing because of information sharing and sourcing
collectively.

N, =5
Target customer to be served is calculated using Eq. (5),
which is 91,950. Service level is improved to 86% [using

the Eq. (6)]. This means total 78,897 customers can be
served by implementing the prospered four strategies.
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Table 1 Demand data in the ideal plan

Manufacturer Demand Manufacturer Demand Manufacturer Demand

1 quantity 2 quantity 3 quantity
di 100 di 50 diiz 60
diz 200 din 50 di3 50
dy31 200 din 100 di33 100
dyi41 100 dis 200 dig3 100
dayy 300 a1 100 dai3 120
day 200 drn 150 dn3 200
da3) 100 dy3 200 do33 150
dayy 300 dopy 200 dog3 200
dsy; 300 d31 100 dsi3 300
dsp) 300 d3n 200 dsp3 200
ds3; 300 d332 100 ds33 100
ds41 400 d3p 200 ds43 100

100.00%

95.00%
T 90.00%
'3 85.00%
3 80.00%

75.00%

70.00%

50% 55% 60% 65% 70%

Increase in raw materials

Fig. 1 Impact of resource sharing among all manufacturers on the
service level

Impact of Resource Sharing Among all
Manufacturers

We analyze the impact of resource sharing among all
manufacturers on the service level, which is presented in
Fig. 1. Resource sharing among all manufactures increases
the available raw materials, and we have observed that the

100.00%

90.00%
80.00%

70.00%

Service level

60.00%
50.00%

40.00%
20% 25% 30% 35% 40%

Emergency sourcing

Fig. 2 Impact of collective emergency sourcing on the service level
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service level is increased with increasing the available raw
materials.

Impact of the Use of Collective Emergency Sourcing

Collective emergency sourcing helps to increase the raw
materials from emergency sources, which has a positive
impact on the service level. Figure 2 shows that the service
level improves with increasing the amount of emergency
sourcing.

Practical Implications

The government, World Health Organization, and health
care agencies are working hard to stop or reduce the spread
of COVID-19; however, many manufacturing industries
are struggling to absorb and manage the growing impact of
this epidemic (Linton and Vakil 2020). This study shows,
through an example of toilet papers, how manufacturers of
high-demand items can increase the service level during a
pandemic. While the study proposes and analyzed four
strategies, manufactures may consider implementing all or
one or multiple of the strategies to improve the service
level. However, different strategies will have a different
impact on improvement. When companies collaborate and
share resources with competitors to increase the availabil-
ity of raw materials, the production quantities and, ulti-
mately, the service level are increased.

However, it would not be realistic to consider a signif-
icant increase in the availability of raw material as short-
ages may come from suppliers, and manufacturers may not
have sufficient resources to share. As a result, companies
can be better benefitted via implementing the second
strategy, collective emergency sourcing, together with the
first strategy. In such a situation, manufacturers not only
get access to the resources of other manufacturers but also
increase the amount of emergency sourcing. Hence, the
production quantity will increase, which will help improve
the service level. All manufacturers should share their
information quickly to utilize all available emergency
sources. However, in general, emergency sourcing is costly
compared to standard sourcing. However, in the case of a
pandemic, manufacturers should consider emergency
sourcing to improve service level, hence serving more
customers.

The study also suggests the manufactures of toilet
papers producing basic quality items and the standard
minimum packet size during a pandemic to improve the
service level substantially. These strategies assist in
improving the probability that the necessary items are more
uniformly distributed, and more customers are served.
Finally, the findings of the study suggest that the
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government and policymakers of a country should support
the manufacturers to overcome this nation-wide shortage of
supply. For example, to implement the first two strategies,
manufacturers need authorization from the policymakers
(Claytonutz 2020). While this study solves a current and
real-world problem and has more managerial implications,
the findings have also contributed to the literature by
developing an analytical model to improve high-demand
and essential items during a pandemic.

During an extraordinary crisis, like COVID-19, strate-
gies under flexible manufacturing and supply chains play a
significant role in recovering the impact (Altay et al. 2018;
Hosseini et al. 2019; Qamar et al. 2019). For example, a
positive and flexible mindset is vital for implementing the
‘resource sharing among all manufacturers’ and ‘use of
collective emergency sourcing’ strategies. Under normal
circumstances, generally, manufacturers do not collaborate
with their competitors for resource sharing and collective
emergency sourcing. However, considering the significant
impact of the COVID-19 and limited application and use-
fulness of the traditional disruption management strategies
(Ivanov 2020a), we suggest manufacturers be flexible in
formulating policies at both strategic and operational
levels.

The other two strategies, ‘produce basic quality items’
and ‘pack the product with a minimum standard size,” are
parts of flexible manufacturing. Generally, manufacturers
are reluctant to produce only basic quality items and pack
them with a minimum standard size, as these may affect
their reputation and competitive advantage. However,
during a severe crisis moment, like COVID-19, it is rec-
ommended that manufacturers produce essential items
through close collaboration with each other to serve more
customers by maintaining basic quality and minimum
standard pack size. Such flexible strategies, on the one
hand, improve service level and, on the other hand, protect
the reputation or competitive advantages of a particular
manufacturer.

Conclusions

It is a social responsibility of manufactures to produce and
distribute highly demand items such as toilet paper during a
crisis time such as COVID-19. In this research, we have
suggested several strategies to recover during a pandemic
situation for this high-demand and essential item. Overall,
as shown in this study, it is suggested that the manufac-
turers work together to share resources and source jointly
in the emergency and focus more on basic quality and size,
rather than focusing on premium quality, to serve more
customers. The results show that the proposed strategies
help to improve the service level of the high-demand and

@ Springer

essential items during a pandemic outbreak, such as
COVID-19.

While the study has substantial implications for eco-
nomic and operational practices, the study also has several
limitations. First, the analytical model is only applicable to
a high-demand and essential item to improve the service
level. Second, one or more of the strategies may not be
applicable to other high-demand and essential items. For
example, by producing lower ply items, it is possible to
produce more quantity, which may not be applicable to
other products such as hand sanitizer. Third, this study used
hypothetical data to analyze the model. In the future, this
study can be extended to develop a decision-making and
optimization model considering both demand and supply
disruptions in a pandemic situation. This study can be
further extended to developing decision-making models in
global and complex supply chain systems. In addition,
comprehensive empirical research using in-depth case
studies or a large-scale survey could be undertaken to
develop a theory regarding supply chain recovery plans and
strategies for high-demand and essential items during an
extraordinary outbreak such as COVID-19 (Pal and Altay
2019).
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