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Abstract

Aim/purpose — The aim of this paper is to present a strategy that allows companies to
recover from disasters, when creating a supply chain. Furthermore, it also shows the
impact on the company’s resources that are used in the implementation of the strategy in
case of small and big disasters. Thanks to the proposed solution, it is possible to analyze
each company individually, as well as in groups, at any given time.
Design/methodology/approach — The results were obtained based on a numerical anal-
ysis which was performed with the use of MATLAB software. The tests were carried out
separately for five companies, as each of them may expect a disaster on any different
day. However, the selection of the day when crises occur is carried out in accordance
with the probability determined by scientific research.

Findings — The research showed that companies using their resources can continue to
fulfill their functions as a link in the Supply Chain despite the fact that they react differ-
ently to small disasters compared to big ones. This difference occurs since small disas-
ters in contrast to big ones appear in every company much more often. Consequently, it
is more difficult for companies to build their wealth in the case of small disasters. The
advantage of the proposed approach is that one can freely test which strategy can cause
the least losses for the company as well as for the entire supply chain.

Research implications/limitations — The analysis carried out shows that companies
wishing to develop in conditions of unexpected disasters, that cannot be predicted,
should regularly increase their assets because they are needed to implement a strategy
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and big disasters. Journal of Economics & Management, 43, 339-356. https://doi.org/10.22367/
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that allows them to maintain an appropriate operational level. This approach provides
tools that enable the selection of strategies with variable parameters, freely determined
during the scientific research.

Originality/value/contribution — The paper presents a graphical analysis of the change
in the value of resources of a supply chain company over one year period. Such an anal-
ysis may be useful for any company that creates a supply chain during the COVID-19
crisis period, which is an unpredictable disaster. The adoption of a Gaussian Pseudo
Random Number Generator turned out to be useful as it creates crises days while simula-
tion studies allow us to generate experiments for different data configurations. This pa-
per provides an analysis of small and large disasters separately, which is an approach not
presented in the literature.

Keywords: supply chain, disaster, strategy, threats, simulations.
JEL Classification: M21, D81, D84, C44.

1. Introduction

During the COVID-19 crisis, companies operate in more difficult condi-
tions than, for example, in the crisis that ended in 2009, because the current cri-
sis is characterized by a faster pace, hitting all sectors, including the largest em-
ployers in the world (COVID-19 and the great reset, 2020). Such conditions
mean that companies, that are links in the supply chain, may not be able to meet
their obligations, which will distort the results of the supply chain, negatively
affecting the flow of goods and services, which is referred to as the supply risk
(Zsidisin, Panelli, & Upton, 1999). Supply chains are now not only longer, due
to strong competitive pressures and internationalization of companies, but they
are also becoming more complex, with globalization contributing to the distant
sourcing of markets. Supply chains are therefore exposed to various threats that
can result in the supply chain not being able to deliver the goods on time.

Such threats include catastrophes that cause the loss of the company’s abil-
ity to operate, and thus — the entire supply chain. In the literature, one can find
the view that disasters, including diseases, which negatively affect the supply
chain, may also have a negative impact on the regional economy or even the
entire country (Martinez, Lizarraga, Cavazos, Salais, & Saucedo, 2018). For this
reason, the COVID-19 crisis can also be considered such a catastrophe. There-
fore, in the current epidemic conditions, any research on a disaster analysis
seems to be particularly desirable. Consequently, companies deal with closed
borders, factories face closure, large supply chains are under stress as global
production is halted, moreover shortages and delays occur globally (Runde
& Ramanujam, 2020). In such conditions, the priority is to restore the economy
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to its pre-COVID-19 crisis state, which also requires the reorientation of global
supply chains and their transformation into resistant chains (Runde & Ramanu-
jam, 2020). It should be added that apart from the crisis, there may be other dis-
asters in practice that also affect firms and entire supply chains, without any
possibility of predicting them. To sum up, unpredictable disasters exist and addi-
tionally expose companies to financial and operational risks (Kleindorfer
& Saad, 2005), and therefore strategies for business recovery are needed and
should be examined. Epidemics belong to such unpredictable disasters (Chen,
Liu, & Yang, 2015). At the same time, COVID-19 is an epidemic and therefore
one can be motivated to analyze such strategies. The literature divides disasters
affecting the functioning of supply chains into small and large, and they are
characterized by different probabilities of occurrence (Chen et al., 2015) if one
wants to use a strategy to improve the functioning of supply chains under unpredict-
able conditions. They reduce the operational efficiency of companies, and therefore
of the entire chain. Therefore, strategies that allow each link (i.e., a firm) to recover
in the event of a catastrophe, and, consequently, the entire supply chain, seem neces-
sary. They are called recovery strategies (Chen et al., 2015). Their advantage is that
they can be used in case unpredictable disasters occur.

The research problem is that there is a lack of graphical interpretation of the
impact of two types of disasters on the condition of companies and the whole
supply chain whereas the disasters could be analyzed separately. Moreover, the
literature does not provide precise indication of the days on which disasters oc-
cur throughout the year. Thanks to the proposed approach, it is easier to sepa-
rately assess the impact of both small and big disasters on the condition of the
supply chain and individual companies, it also allows the development of
a graphic interpretation of the effects of these disasters and their frequency. The aim
of this publication is to fill the cognitive gap that results from the literature analysis.
The paper analyzes the selected strategy, considering both the sequence and number
of days when disasters may occur and the company’s resources that can be used
during the year to improve the situation, simultaneously considering both small and
big disasters. The original numerical model — “a Gaussian Pseudo Random Number
Generator” (called PRNG) (Thomas, Luk, Leong, & Villasenor, 2007) was used to
analyze this order, because it is useful for analyzing the number of such days and the
problem is that all studies failed to use it. However, the number can be calculated
very precisely.

To increase the practical value of the work, there was selected such a type
of strategy which can be considered as useful from the perspective of the current
epidemic situation in the world,. In addition, a graphical analysis of changes in



342 Marcin Halicki, Tadeusz Kwater

the value of resources was carried out, which was not found in the current litera-
ture prior to this paper. Moreover, all the supply chain-based studies do not use
the PRNG - a tool, which makes them not as precise as they should be. To con-
clude, the work uses its own research carried out in the MATLAB environment
and the analysis of the literature. The paper consists of four parts. The first part
presents the essence of the supply chain and unpredictable disasters, the second
part is devoted to the research assumption, while the third part contains research
findings. The conclusions are presented in the fourth and last part.

2. Brief characteristics of the supply chain and disasters
from the perspective of recovery strategies

Apart from the fact that there are lots of definitions in the literature, we can
assume that “a supply chain consists of all parties involved, directly or indirect-
ly, in fulfilling a customer request. Within each organization, such as a manufac-
turer, the supply chain includes all functions involved in receiving and filling
a customer request. These functions include, but are not limited to, new product
development, marketing, operations, distribution, finance, and customer service”
(Chopra & Meindl, 2007). Moreover, it can be assumed that for the existence of
a supply chain, cooperation of at least 3 companies is required (Mentzer et al.,
2001), and the purpose of this cooperation is to satisfy the customer’s needs.
Supply chains can be multielement entities, even consisting of hundreds of en-
terprises, if they are built for the implementation of a large project, for example
a construction type project (O’Brien, London, & Vrijhoef, 2002). This is the
construction supply chain which “consists of all the construction business pro-
cesses, from the demands by the client, conceptual, design and construction to
maintenance, replacement and eventual decommission of building, and organiza-
tions, which are involved in the construction process, such as client/owner,
designer, general contractor (GC), subcontractor, supplier, consultant, etc. CSC
is not a chain of construction businesses with business-to-business relationships
but a network of multiple organizations and relationships, which includes the
flow of information, the flow of materials, services or products, and the flow of
funds between client, designer, contractor and supplier” (Xue, Wang, Shen,
& Yu, 2007, p. 151). One should add that there is also a project supply chain
described as “the global network (...which is...) used to deliver a project from
raw materials to the final project customer through an engineered flow of infor-
mation and physical distribution. A project supply chain thus involves the prin-
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cipal contractor who oversees the management of the project, the clients
and their own clients, the suppliers and their own suppliers and subcontractors,
the subcontractor and their own subcontractors” (Parrod, Thierry, Fargier,
& Cavaille, 2007, p. 159).

In other words, the supply chain is an entity delivering goods to customers,
and its size cannot be clearly defined, therefore its management is not risk-free.
However, as mentioned previously, disasters are phenomena that cannot be pre-
dicted (Chen et al., 2015) as it is impossible to foresee all potential uncertainties
(Johansen, Halvorsen, Haddadic, & Langlo, 2014, p. 567).

Thus, one of the most problematic issues for supply chains is that unpre-
dictable disasters disrupt the flow of the mentioned goods across supply chains.
Considering the current situation, these disasters should be analyzed, but from
the perspective of improving the functioning of supply chains. Based on the
literature one can state that such disasters should be researched on the assump-
tions of Martinez et al. (2018) and Chen et al. (2015) to improve operational
state of companies functioning as links of a supply chain. The problem is that
there is little research on these issues, additionally, these disasters are events that
cannot be predicted and only these assumptions can help us apply recovery
strategies supporting supply chain. From the view of these assumptions such
disasters can be divided into small disasters (with probability called pg) and big
disasters (with probability called pf), where pg = 134/365 and pf = 17/365 (Chen
et al., 2015). This means that the researchers did not attempt to build models to
predict disasters but did determine the probability of their occurrence. In other
words, every day there is a disaster probability for every company in the supply
chain (Martinez et al., 2018) that exposes the company to operational and finan-
cial risks (Chen et al., 2015). This breakdown helps us to understand how the
disasters can be managed effectively as better management of operations in the
case of a disaster will make a recovery easier (Altay & Green, 2006) and only
such a breakdown of disasters allows us the use of recovery strategies. That is
a model for analyzing disasters and firm resources, which can be used for devel-
opment of firm operational states. One should not forget that the best firm state,
called good, means that on “t” day a company “i” is fully operational, so the best
situation is such that the supply chain would consist of firms in such a state.
Using this recovery strategy requires own considerable resources (Chen et al.,
2015), which are described as R. The higher R is, the better financial standing of
the company. All in all, a recovery strategy should protect the supply chain from
disruption and have a positive effect on member companies over time, increas-
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ing R while having the best firm state. One can assume that R value corresponds
to the condition of companies, and simultaneously to the whole supply chain.
In view of the disasters; a recovery strategy is a representation of an opinion of
a company which wants to change its state to a better level after disaster. In this
way all supply chain companies can improve their state and the state of the
whole chain.

If the chain consists of five links, a final customer and a supplier, for the
purpose of research goals it can be presented in the form of an overview drawing
depicted in Figure 1.

Figure 1. The most important links in the sample supply chain at the beginning of the
research period

Firm Firm Firm Firm | Firm
Supplier No. 1 No. 2 No. 3 No.4| No.5 Customer

State: State: State: State: State:
good, good, good, good, good,
R=3 R=3 R=3 R=3 R=3

Source: Authors’ own study.

A recovery strategy determines the construction of a supply chain which is that
at the beginning each company can function as a part of supply chains, so it has state
called “good,” and has the same considerable resources (for example R = 3). This
assumption allows us to use the research procedure whose effect for firms is such
that there is a possibility of increasing resources and being fully operational.

3. Research assumption

This research procedure is based on the assumptions of Martinez et al. (2018)
and Chen et al. (2015), but it uses a Gaussian Pseudo Random Number Generator
because it enables the observation of crises individually for individual links (compa-
nies) with an indication of the number of the days of their occurrence. However, all
studies which were carried out failed to use this approach. A PRNG allows the num-
ber of disasters to be determined, where The Gaussian distribution (Figure 2) is used
as a basis for calculating (Cotrina, Peinado, & Ortiz, 2020) with probabilities
pg=134/365 (marked as “1”’) and pf=17/365 (marked as ‘“2”).
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Figure 2. Small disaster days for companies
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Source: Authors’ own study based on MATLAB-simulations.

Assuming that the highest possible state of a company is “2,” then the di-
chotomous breakdown of disasters affecting an enterprise in the supply chain
can be represented as follows:

— small disaster causes the company to reduce its state by level “1;”
— big disaster causes the company to assume the status “0.”

This concept allows the company “i” to adopt three states on “t,” which re-
flect the company’s operational capability in terms of being able to function as
a link in supply chains (Martinez et al., 2018):

— the first state (called good), marked as s;(t) = 2 means that on “t” day the
company “i” is fully operational, where s;(t) = 2 is the highest state;

— the second state (called normal) marked as s;(t) = 1 means that on “t” day

the company “i” is not fully operational, but can perform as a member of the
supply chain, where s;(t) = 1 is the average state;

— the third state (called bad) marked as s;(t) = 0 means that on “t” day the
company “i” is barely operational, therefore it may even expect production
stoppage, therefore s;(t) = 0 is the lowest state.
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In other words, the operating conditions of the firm can be presented using
specific rules:

— si(t) €{0,1,2} wherei=1,2,..Nandt=1,2,..T;

— pg=134/365 and pf=17/365;

— s;(t) = 0 after a big disaster;

— s;(t) € {0,1} after a small disaster;

— T =365, if a full year is tested.

— the company “i”” after a disaster, wishes to reach the state s;(t) € {1,2} to be
able to fulfill its functions in the supply chain, so it starts to recover the re-
quired operational level while this operation is called the decision rule (DR);

— performance of the supply chain is described as S(t) = XN, s;(t).

The above conditions define the state of individual companies on a given
day, however, to achieve the states;(t) € {1,2}, strategies are desirable that will
improve the status of the firm. Under such assumptions, there are three combina-
tions of enterprise improvement:

— state s;(t) = 0 increases to the level s;(t) = 1;

— state s;(t) = 0 increases to the level s;(t) = 2;

— state s;(t) = 1 increases to the level s;(t) = 2.

It is easy to notice that the classification of firms, which, due to their condi-
tion, can be divided into three groups, complicates the development of strategies
that will allow to raise the level of the firm. Nevertheless, they are desirable
because even the level s;(t) = 1 determines the state in which the chain link is
operational, so if the entire supply chain will consist of links at this level, then it
will also be operational. Strategies that have been developed to help a company
recover from a disaster (including the entire chain), are called “recovery strate-
gies” (Chen et al., 2015). It was assumed that to raise the level of the company to
the value of s;(t) € {1,2}, the resources of the firm should be used. This utiliza-
tion depends on the cost of upgrading the link, as this may vary. The resource
consumption rules are called “resource consumption” (RC), with each company
in the supply chain, starting out with the same level of resource (R = 3), which
increases by the same amount each day, AR = 1. An example of resource con-
sumption (called RC1) together with the assumptions of recovery strategies, can
be presented as follows (Martinez et al., 2018):

— int = 0 company “i” owns resource R = 3;

— AR =1 after a period t + 1;

— RC1 = 1, if a company wants to increase state s;(t) = 0to s;(t) = 1;

— RC1 = 2, if a company wants to increase state s;(t) = 1to s;(t) = 2;
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— RC1 = 10, if a company wants to increase state s;(t) = 0 to s;(t) = 2;

— if there is a day t when the company owns R < RC1, then the resources of it
are considered as insufficient and RC rule cannot be applied, therefore its
state is not changed until R > RC1.

Due to the purpose of the study, not all combinations of resource consump-
tion (RC), which are 6 (Martinez et al., 2018), are shown, but the most radical —
RC1, has been chosen because the COVID-19 crisis may force companies to use
the resources with the highest levels. Values, and the state s;(t) = 1 may not be
practical enough to perform as a link in the supply chain. Not all 10 decision
rules (DRs) are listed here because it is also assumed that the company is aiming
for s;(t) = 2, regardless of the state of other companies in the supply chain.

4. Research findings

Two types of experiments were carried out in the work to show the value of
resources in enterprises in a graphic form, considering the number and sequence of
days on which disasters may occur. This approach is intended to show the devel-
opment of a company operating in the supply chain throughout the year, regardless
of the condition of other enterprises in this chain. The first type of experiment
relates to big disasters, and the second type — to small disasters. This division is
dictated by the desire to obtain transparent results that can be presented on sepa-
rate charts. In summary, the following assumptions were made in the study:

— experiments for big disasters and for small disasters were conducted separately;

— supply chain consists of five companies;

— to determine the number of disasters and the number of days in which they
occur, “a Gaussian Pseudo Random Number Generator” (PRNG) was used in
the MATLAB environment, where the number of attempts corresponded to
the number of 365, the experiments were carried out separately for five com-
panies, because each of them may face a disaster on a different day (with
probabilities pf and pg);

— the level of resources (R) for each firm, at time of t, was determined based on
the guidelines presented in the previous part of the work, using the MATLAB
environment. MATLAB was chosen because it is a useful tool and it is based
mainly on scientific and technical calculations. The program boasts that
a spectrum of software solutions, called Toolboxes, can used, for example, to
create and optimize neural networks or occurrence of disasters. What is more,
MATLAB is totally compatible with other programming environments.
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Based on the conducted experiments, the number and sequence of days
were determined for each of the companies in the supply chain (Table 1).

Table 1. Several disasters

A company number Number of big disasters Number of small disasters
No. 1 18 136
No. 2 15 106
No. 3 17 131
No. 4 13 126
No. 5 21 137

Source: Authors’ own study based on MATLAB-simulations.

For the sake of clarity, the number and sequence of days have been present-
ed graphically from the perspective of small disasters (Figure 3) and big disas-
ters (Figure 4). Values from 1.0 to 0.6 have been assigned to each of the five
links in these figures to distinguish the moments of crises more easily for the
selected link.

Figure 3. Small disaster days for companies

Small disaster days in 365-day period

1.1¢
1
0.9
0.8
0.7
0.6
0.5
O A company No. 1
0.4 % A company No. 2
/A A company No. 3
0.3 % A company No. 4
O A company No. 5
0.2
0.1¢ L 3
0 5 10 15 20 25 30

A day of year

Source: Authors’ own study based on MATLAB-simulations.
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The number of small disasters was very large, therefore the period of
30 days from the start of operation in the chain was selected for the presentation.
However, the number of big disasters is smaller, therefore the entire period of
365 days is presented (Figure 4).

Figure 4. Big disaster days for companies

Big disaster days in a 365-day period

1.1
1
0.9 %= R B = % % R ESS
0.8
0.7
06 Po o Ay A A BRI S S - e VIV
0.5
O A company No.1 val -1.0
0.4 = A company No.2 val -0.9
A A company No.3 val -0.8
0.3 & A company No.4 val -0.7
0.2 % A company No.5 val -0.6
0.1 r -
0 50 100 150 200 250 300 350

A day of the year

Source: Authors’ own study based on MATLAB-simulations.

The R-value in the analyzed period is also presented separately in the form
of two additional figures. Figure 5 shows the MATLAB-based calculated value
of R for five companies during small disaster days in 3D dimensions, to present
the surface, whereas Figure 6 outlines values of R for the same companies dur-
ing small disaster days, but in 2D dimensional form. This can help assess how
large the increase for each company is. Additionally, the research did not con-
centrate on the specific numerical data, but on the progress of R — value during
a year.



350 Marcin Halicki, Tadeusz Kwater

Figure 5. Value of R for five companies during small disaster days in 3D dimensions

R - Value

200

150 .| —
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50. —

A number of company

A day of the year

Source: Authors’ own study based on MATLAB-simulations.

Value of R for small disaster days changes for each company in a different
way, therefore it is worth presenting the course of these values in the form of
a two-dimensional chart, which was previously stated. Figure 6 presents the
research results, but one must add that the methodology used in the paper al-
lowed us to get s;(t) = 2 — state, which means that in each day there is a possi-
bility of the company being fully operational. In other words, this is a kind of
beneficial strategy to keep the supply chain fully operational at the expense of
resources in any company.
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Figure 6. VValue of R for five companies during small disaster days in 2D dimensions

250 r r r
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A company No. 1 Va
A company No. 2
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A company No. 4
A company No. 5 /
150

R - Value
N

100 A
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A day of the year

Source: Authors’ own study based on MATLAB-simulations.

All in all, following the conducted experiments, it was found that compa-
nies use the strategy (DR) in the case of small disasters with different results, but
thanks to it, it is possible to maintain the level of s;(t) = 2 for a period of 365
days. However, such a high level is related to the fact that the enterprise must
consider difficulties in increasing its assets R, therefore the differences between
the assets of firms are quite large at the end of the year. In other words, no mat-
ter how much a single company would increase the R — value, it should consider
an R — increase of the other supply chain companies, because after 5-year period
the resources of these members could not be high enough.

Analyzing Figure 6, it can be noticed that there may be situations in which
the links, despite the impact of crises, increase their resources R much more
effectively (company 1 and company 4) than the others. Additionally, both the
3D dimensions figure (Figure 7) and the 2D dimensions figure (Figure 8) are
added with the same aim as it has been already done but regarding big disasters.
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Figure 7. Value of R for five companies during big disaster days in 3D dimensions

R - Value

400

A number of the company A day of the year

Source: Authors’ own study based on MATLAB-simulations.

As shown in Figure 7, it can be concluded that firms similarly increase their
R — resources in the event of the occurrence of big disasters, which can be
clearly illustrated by a two-dimensional diagram. The result is equally to be
understood if one analyzes the above-mentioned Figure 8. It cannot be ignored
that the aim of the research was to establish the difference between the
development of R — values for both supply chain companies under the condition
of a small disaster and supply chain companies under the condition of a big
disaster.
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Figure 8. Value of R for five companies during big disaster days in 2D dimensions
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Source: Authors’ own study based on MATLAB-simulations.

The consequences of the cumulative occurrence of disasters can significant-
ly reduce the resources of the link in relation to other links (company 5), for
which there is a greater uniformity of crises. Let it be mentioned that the big
disaster days analyses showed that companies build their resources in a more
similar way. If such a statement can be used, and therefore there are no such
discrepancies as there were with small disasters. Nevertheless, the applied DR
strategy also allows companies to maintain the level s;(t) = 2, also in the case
of big disasters. In summary, the entire supply chain can remain operational in
the event of these two types of disasters, and companies will find it easier to
expand their resources in the event of big disasters. The condition for maintain-
ing the level of s;(t) = 2, however, is the immediate reaction of the company to
the crisis and having sufficient resources, which should always be increased
every day.
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5. Conclusions

This paper focused on the functioning of entities in the supply chain, which
consists of many companies forced to conduct their activities in conditions of
disasters. The paper presented a different approach used in the analysis of the
impact of disasters on the quality of functioning of the supply chain. It seems
that this proprietary approach can be used by other researchers in many ways.
The solution shown in the paper can be treated as a unique guideline for policy-
makers and researchers worldwide who want to research which strategies are
more effective for small or large disasters. One should mention that these disas-
ters cannot be predicted, and in the literature, they have been classified into big
disasters and small disasters. This approach complicates the considerations that
seem necessary during the COVID-19 crisis. Moreover, these disasters can occur
on different days for each of the supply chain companies. Bearing this in mind,
an attempt was made to use the PRNG model, which allows companies to de-
termine the number and sequence of days during which big disasters and small
disasters may occur. This approach permits the analysis of the selected strategy
that can be used to improve the condition of the company. Such an approach
enables individual analysis to be made for links which are subjected to crisis.
The probabilities of crises are the same for all links, but the PRNG model can
distribute them differently, causing different effects on the companies and the
entire supply chain. No studies with a similar approach were found in the litera-
ture, therefore this study should be treated as unique. The use of the PRNG
model has become the basis for the strategy analysis, thanks to which companies
are able to overcome disasters. However, this strategy requires the use of specif-
ic resources, so it was determined how their value develops over a 365-day peri-
od, in supply chains consisting of five links.

As a result, the study revealed that in the case of big disaster days, compa-
nies building supply chains evenly develop their resources, whereas in the case
of small disasters, some discrepancies occurred. Nevertheless, companies can be
fully operational if they react immediately to a crisis, having a sufficient value of
resources that should be increased every day, regardless of the condition of
neighboring firms within that supply chain. All in all, this simulation approach
makes it possible to average the analysis of the selected period of operation of
the company as well as the entire supply chain. This allows for a precise deter-
mination of the day of the occurrence of a small and large disaster, and its ad-
vantage is the possibility of repeated experiments, which may become the basis
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for determining the consequences of these crises. Thus, it is possible to conduct
experiments concerning the entire chain as well as a particular link, without the con-
sequences of exposing a company to losses. Unfortunately, our simulation studies do
not consider unpredictable events other than small and big disasters. Furthermore,
there are no other similar studies to compare with our results. One should mention
that the approach is universal, but the complexity of the problem rises with the in-
crease in factorial consideration. Further research will be directed towards increasing
the company samples to broaden and confirm the results. The discussed matter may
be related to many research questions, but the paper addresses the issues of a disaster
in a broader rather than a fragmentary perspective.
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