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Abstract

COVID-19 pandemic negatively affected healthcare in countries all over the world. When making support decisions related
to reducing the pandemic's effects, government agencies should monitor various issues such as cumulative total cases, deaths,
newly recorded case numbers, and their interactive effects on public health. The recovery policies used in the countries depend
on the sufficient analysis of COVID-19 case-related daily data. The helpful big data sets are provided by the World Health
Organization (WHO) day by day. In this paper, instead of using unique performance criteria, an overall performance score
is calculated for a selected country in the world using the fuzzy TOPSIS method. We use various attributes to determine
which countries are most negatively impacted by the COVID-19 pandemic. We illustrate the applicability of the developed
decision support framework in this paper. The fuzzy TOPSIS approach developed in this paper has many primary benefits.
For example, we can determine the level of influence of the COVID-19 pandemic for an individual country. Another advan-
tage of the fuzzy TOPSIS approach is that it allows for the comparison of the local, rather than ignoring the population
effect, country-wide impact of the COVID-19 pandemic with that of other countries. In the modeling stage, we incorporate
the Value at Risk (VaR) integrated [F-Then rules to convert the cognitive evaluation of the criteria weights by the decision
maker to the corresponding fuzzy numbers.

Keywords Multi criteria decision making (MCDM) - COVID-19 pandemic - Value at risk - IF-Then rules - Fuzzy TOPSIS

1 Introduction

In human history, viruses entered the sources towards the
end of the 1800s. In addition to the discovered species, it is
known that there are millions of more unidentified viruses.
There are different types of viruses that can spread through
plants, insects, and animals. Some viruses are known to
cause diseases. The worldwide effects of diseases are
called epidemics. In 2019, a virus in the coronavirus family
affected the whole world, starting from Wuhan, China. The
process that started epidemically in 2020 has been raised to
a pandemic epidemic level by the World Health Organiza-
tion (WHO).

Scientific methodologies can help authorities make quick
and valuable decisions that reduce the effects of the COVID-
19 pandemic. Health authorities from various countries
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publish data about the spread of COVID-19. While these
data are valuable, it is necessary to evaluate whether they
provide enough information to manage the pandemic. The
WHO publishes various types of data about the COVID-
19 pandemic on its website. These data provide different
attributes for the spread of COVID-19. However, a com-
bined overall evaluation result is necessary to combine all
data specifications and their preferences for the COVID-19
pandemic in a country. The data available from the WHO
changes from one day to another. Therefore, sometimes it
is better to use criteria that are increasing from one day to
another, while on other days, criteria that show decreasing
trends may be more appropriate. During peak cases, the
“deaths recorded in the last 24 h” is more crucial, while dur-
ing stable days of the pandemic, "cumulative total deaths" is
more important to determine the influence of the COVID-19
pandemic. Additionally, the diversification of these criteria
values from one country to another creates a complex deci-
sion-making environment for understanding the COVID-19
impacts in different countries. These types of conflicting
structures require multi-criteria decision-making (MCDM)
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methods to model the differentiation of criteria values.
MCDM methods are appropriate for incorporating differ-
ent criteria-related data. MCDM methods can be beneficial
in determining the impacts of the COVID-19 pandemic on
affected countries because they present a unique combined
score that reflects the MCDM problem specification in a
better way. There is also the problem of uncertainties in the
trend of COVID-19's deployment, which requires the devel-
opment of fuzzy decision-making models for modeling its
impacts on countries. If we analyze published data about the
COVID-19 pandemic, we can see that classical fuzzy sets
are sufficient for the modeling phase.

The purpose of this study is to use data published by the
WHO to develop a multi-criteria decision-making (MCDM)
model to monitor the levels of countries affected by the
COVID-19 epidemic using the evaluation criteria of cumu-
lative total cases, cases recorded in the last 24 h, cumula-
tive total deaths, and deaths recorded in the last 24 h. The
TOPSIS technique, which is one of the MCDM techniques,
was chosen for its ease of use and the ease of understanding
and interpretation of the results. The evaluation criteria were
selected based on criteria in the WHO data. The weights of
the evaluation criteria were assigned intuitively. The study
was applied as fuzzy TOPSIS (FTOPSIS) by assigning tri-
angular fuzzy number values.

The paper is organized as follows: Sect. 2 presents a lit-
erature survey about COVID19. Section three proposes the
techniques used in the study. Section four represents the
application. Finally, section five presents the conclusions.

2 Literature review

COVID-19 cases were registered in late December 2019
in Wuhan, China. On January 13, 2020, these cases were
defined as New Coronavirus Disease (nCov) (Ministry of
Health, 2020). On January 20, 2020, a case was detected
in the Republic of Korea for the first time outside China
(World Health Organization 2020a, b, c, d, e, f, g, h, i, j,
k, I, m). The first case was recorded in the United States
on January 23, 2020 (World Health Organization 2020a, b,
c,d, e, f, g h,i,j, k, 1, m). The number of cases recorded
worldwide was 2798, and 37 of these cases were detected
in 11 countries outside of China (World Health Organiza-
tion 2020a, b, ¢, d, e, f, g, h, i, j, k, I, m). With the total
number of cases exceeding six thousand worldwide, the
"Pandemic Supply Chain Network" has been established
with the cooperation between WHO and the World Eco-
nomic Forum (WEF). WEF is a platform that provides
data sharing, market visibility, operational coordination,
and connectivity (World Health Organization 2020a, b, c,
d, e, f, g, h,i,j, k, I, m). WHO has worked with technical
experts to develop diagnostic kits. Costing, procurement,
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and assembly issues are identified as priority issues for
the future (World Health Organization 2020a, b, c, d, e, f,
g, h,i,j, k, 1, m).

As a global strategic preparedness and response plan
outlining public health measures, the global pandemic pre-
paredness and response plan was developed by WHO and
partners. The plan aims to stop the spread of the disease in
all countries (World Health Organization 2020a, b, c, d, e,
f, g, h, 1, ], k, I, m). WHO has worked with the international
network of statistics and mathematical modelers to deter-
mine the epidemiological parameters of COVID-19, such
as the incubation period (time between infection and symp-
tom), case fatality rate, and serial interval (time between
symptom onset of primary and secondary cases) (World
Health Organization 2020a, b, ¢, d, e, f, g, h, 1, j, k, I, m).
WHO updated its assessment of spreading risk and impact
risk on February 28. From this date, regional and global
levels have been added to China, which is in the high-risk
class (World Health Organization 2020a, b, ¢, d, e, f, g, h, i,
J» k, I, m). While the COVID-19 pandemic is at a high level,
World Health Organization has provided online resources in
various languages for effective preparedness and response
(World Health Organization 2020a, b, ¢, d, e, f, g, h, 1, j, k,
1, m). These resources are crucial guides for healthcare pro-
fessionals, decision-makers, and the public. On March 11,
2020, WHO classified the COVID-19 virus as a pandemic,
taking into account past cases and the speed of its spread
worldwide (World Health Organization 2020a, b, c, d, e, f,
g, h,1,j,k 1, m).

Although the COVID-19 outbreak is a new issue, numer-
ous academic studies have been included in the literature.
For example, Majumder, Biswas, and Majumder (2020) pre-
sented an approach to examine deaths from COVID-19 and
identify important risk factors. They created a model for
analyzing deaths from COVID-19 using Technique for Order
Preferences by Similarity to Ideal Solution (TOPSIS) tech-
niques and compared it with the existing model. This new
model is more accurate and consistent compared to existing
regression models. Since there is no weight given to factors
in the new model obtained, it has been possible to evalu-
ate the cases originating from COVID-19 (Majumder et al.
2020). Grida et al. (2020) have created a study to prevent
COVID-19 impacts under uncertainty in supply, demand,
and logistics, which determined to chain supply. They used
the Best Worst Method (BWM) and TOPSIS methods based
on the pathogenic cluster. While BWM weighs the policies
that prevent the spread of the virus, TOPSIS has listed the
supply chain aspects for the food, electronics, pharmaceuti-
cal, and textile industries (Grida et al. 2020). Alqgahtani and
Rajkhan (2020) conducted a study on the education sector,
one of the sectors affected by the COVID-19 era, to deter-
mine the critical success factors of online learning using the
Analytic Hierarchy Process (AHP) and TOPSIS methods.
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Ic (2021) proposed a forecasting model to predict a
potential reactivated COVID19 patient. His paper aims
to explore the applicability of a modified TOPSIS inte-
grated Design of Experiment (DoE) method to predict a
potential reactivated COVID19 patient in real-time clinical
or laboratory applications. Mohammed et al. (2020) pre-
sented a benchmarking methodology for the selection of
an optimal COVID19 diagnostic model based on entropy
and TOPSIS Methods. Their integrated MCDM approach
is proposed where TOPSIS applied for the benchmarking
and ranking purpose while Entropy is used to calculate the
weights of criteria. Hezer et al. (2021) purposed a study
to evaluate the safety levels of 100 regions in the world in
terms of COVID19 using TOPSIS, VIKOR, and COPRAS
methods. Mohammed et al. (2021) proposed a novel con-
valescent plasma transfusion intelligent framework for res-
cuing COVID19 patients across centralized/decentralized
telemedicine hospitals based on the matching component
process to provide an efficient CP from eligible donors
to the most critical patients using the TOPSIS method.
Gupta et al. (2021) presented a CRITIC-TOPSIS approach
to stress intensity in the urban areas of India during the
COVIDI19 pandemic. Ecer and Pamucar (2021) aimed to
identify insurance companies’ priority ranking in terms of
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healthcare services in Turkey during the COVID19 out-
break through an MCDM model. They proposed a Meas-
urement of Alternatives and Ranking according to the
Compromise Solution model under an intuitionistic fuzzy
environment to rank insurance companies.

We referred to a flow chart to select the most appropri-
ate MCDM methodology to apply in our study. Figure 1
shows a flow chart to determine the suitable method for
our problem. According to Fig. 1, the green illustration
proposes the TOPSIS method as the most appropriate
MCDM method for this study. As a result, the TOPSIS
method is selected as a multi-criteria decision-making
method to rate the COVID-19 pandemic-influenced coun-
tries. Also, we provide a sub-flow chart to illustrate the
proposed methodology that incorporates the Value at Risk
(VaR), fuzzy TOPSIS, and IF-Then rules.

In this paper, instead of using a traditional crisp multi-
criteria decision-making model, we calculate an overall
performance score for a selected country in the world
using the fuzzy TOPSIS method. We use various criteria to
determine which countries are most negatively affected by
the COVID-19 pandemic. We also demonstrate the appli-
cability of the developed decision support framework in
this paper.
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Fig. 1 MCDM model selection flow chart (adapted from Kogak et al. 2021; Ic and Simsek 2019; Sen and Yang 1998; Yorulmaz and Ic 2022)
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3 Methodology
3.1 TOPSIS method

In Multi-Criteria Decision Making (MCDM) problems, the
Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) method is commonly used as a guide for decision-
makers as it deals with the distances to the ideal solution. It
is widely applied in various studies in literature due to its
practical interpretability of the results. For example, I¢ and
Yurdakul (2020) presented a paper that examined the develop-
ment of manufacturing companies and provided sectoral rank-
ings using the integrated TOPSIS and fuzzy AHP methods.
In another study, Zhang, Zhang, Sun, Zou, and Chen (2018)
presented a TOPSIS approach that evaluated public transport
performance levels in Wuhan.

3.2 Fuzzy logic and fuzzy set theory

Fuzzy logic has been widely used in various research areas
such as renewable energy, computer security, and robotic sys-
tems (Cobos-Guzman et al. 2020; Barai and Nonami 2008;
Seraji and Howard 2002; Fateh 2010). The popularity of
fuzzy logic is due to its ability to approximate reasoning under
uncertainty simply and suitably for modeling purposes. When
building a fuzzy system, the information from real-world sys-
tems takes precedence over decision-making approaches.
Since obtaining accurate information from different criteria
of COVID-19 spread considering the data structure is not easy
and there are no clear categories of the involved criteria, we
have developed a fuzzy decision-making model to rate the
countries. The design of the fuzzy decision-making system
includes the following tasks:

e Selection of the membership functions for the data and
criteria weights.

o Establishing the fuzzy rules base.

e Development of the MCDM model’s structure.

- Selection of the defuzzification approach that converts the
fuzzy output into a crisp one.

A fuzzy set is a class of objects expressed in degrees of
membership with continuity. The values of the elements in the
membership function take membership values between 0 and
1 (Zadeh 1965). Fuzzy numbers are shown as a triangle, and
trapezoids are widely used in research and practice. Triangular
fuzzy numbers are represented as (a, m, b). Figure 2 illustrates
that a is the smallest value on the left, m is the most appropri-
ate value, and b is the largest value (Cheng 2004). Functions
of triangle fuzzy numbers;
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Fig.2 Membership function of triangular fuzzy numbers (a, m, b)

1-2 ag<x<m,
]
tx;a,m,by=41— T M <x<b, D

0, elsewhere.

As with normal clusters, operations can be performed on
fuzzy clusters as well. For example, let F; =(a;, m;, b,) and
F,=(a,, m,, b,) be two triangular fuzzy numbers:

F]+F2=(a]+a2,ml+m2,bl+b2) (2)

kF| = (kay,km,,kby) k > 0 (©)

3.3 Fuzzy TOPSIS

D Represents the fuzzy decision matrix and criteria weights
can assign with fuzzy weight vector (ic et al. 2017):
Step 1: Decision matrix is constructed:

-~ X1 X

D=| : =~ : (@)
Xml " Xmn

where, )?;i;i = 1,2, ... malternatives,

and j=1,2,...n,criteria

Step 2: Determination of the normalized decision matrix:

A normalized decision matrix is obtained using the Egs. (5)
and (6) for B and C being high-affected and low-affected
clusters.

N A AT

i = U(T)};s:(?’ﬁ’g , JeB Q)
2

N

Fy =X ()X = b—ij, m—ij, a—ij e (6)
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(a;‘,b;‘, cj*) = max; (alj,m,j, blj) if jeB @)
(aj_, bj.‘,cjf) = min; (au,mu, b,j) ifjeC ©))
where, X xX; = (ay, my, b;) and I* = (a]i", bj*, c]’.‘).

Step 3: Computatlon of the welghted normalized matrix
in which fuzzy weights are calculated as vNVj = (@, B;, v)):

i=1,23,...,mj=123,.,n )

V= [th] maxn

v =T @ w. (10)

where the weight a; is the smallest value on the left, f;
is the most approprlate value, and y; is the largest value of
the triangular fuzzy weight number of w w;.

Step 4: Defuzzification: Fuzzy performance values are
converted to crisp values by calculating the means of the
fuzzy numbers (Ic et al. 2013; Chen and Hwang 1992):

¥A) = —— (11)

Since the criteria values used in this study are crisp val-
ues, they will be expressed as (m; m; m) using the center
of the fuzzy number to perform mathematical operations.
For this reason, crisp values are identified in triangular
fuzzy number format to multiplying by the fuzzy triangu-
lar numbers. Within the scope of the study, the averages
of the crisp values multiplied by the weight values without
dividing by the value of 3 and, the clarified values will be
calculated as in the following Eq. (12):

(m+m+m)

X(A) = 3 =(m+m+m) (12)
The fuzzy weighted normalized values (V;) provided
in Eq. (10) is defuzzified using Eq. (12) and the crisp
weighted normalized values (v;) is obtained.
Step 5: Identify positive ideal and negative ideal solu-
tions: The A™ and A — are defined in terms of the weighted

normalized values, as shown in Egs. (13) and (14):

A* = {(m_ax Vi

AT = { (mm Vi

where [ is the set of benefit type criteria and I is the set of
cost type criteria.
Step 6: Calculation of separation measures:

ieI),(nlljnvij|ieI’ } (13)

iel), (maxv iliel } (14)

df = \ Z (v = V)2 (15)

d- = \ > vy - Vo) (16)
j=1

where, vi* is the positive-ideal value for ith criteria, and vi-
is the negative-ideal value for the ith criteria.
Step 7: Calculation of ranking scores:
d>

ko 1

Cr =
"odo+df

i=1,...m. (17)

3.4 Value atrisk (VaR)

We apply the value at risk (VaR) approach for historical
data and applied the “historical simulation” methodology for
the problem. First of all, we calculated the “return values”
indicated that the daily log-return, Rt+ 1, using the daily
value Kj, t+ 1:

=1In Ki,z+l 18
R, = K, (18)

In the financial engineering literature, the term “return”
indicates the revenue. However, criteria using the COVID19
pandemics reflects the “minimum value is better” type (cost
type) evaluation. So, we used the calculated VaR value
within a contrary perspective that “maximum VaR is bet-
ter” perspectives. We can now directly model the volatility
of the COVID19 portfolio return, Rpg,, |, call it Kpg,, | and
then calculate the VaR for the portfolio.

Given a confidence interval of p €[0,1] and assumed
the time index of t and t+ 1, we can find the volatility of
the portfolio of the AV(a) over the period. Let F (x) be the
cumulative distiribution function of AV(«). Considering the
hold of a short position with a period o with probability p,
and the position AV(x) >0, the VaR is defined as

=P[AV(x) > VaR] =1 - P[AV(a) < VaR] = 1 — Fa(VaR)
19)

We can define the p-quantile of F(x) and the given con-
fidence level of p €[0,1] (0.05 for 95% confidence level) is

VaR, = x, = inf{(x|Fa(x) > p)) 20)
where, infis the smallest real number. Hence, the tail behav-
ior of the cumulative distribution function of F (x) or its
quantile is condition necessary for approaching VaR calcula-
tion (Tsay 2005).
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3.5 Linguistic summarization using type 1 fuzzy set

We define a set of M objects Y = {yl,y2, ,yM} and a set
of N criteria V = {v|,v,, ..., vy }.Let X, (n = 1,2,...,N) be
the domain of v,.Then v,(y,,) = v € X, is the value of the
nth object (m=1,2,...,M) (Wu et al. 2010). Hence the data
set D, which collects information about elements from V, is
in the form of

D= {< vi,v;,v}\, > ..., < vllw,vg’l, ,v?vl >} = {dl,dz, ,dM}

2D
where d,, =< v’l”,vm, ,v]’”v > is a complete record about
object y,,,.

Only single-antecedent single-consequent rules are con-
sidered in this subsection. Because we are interested in gen-
erating IF-THEN rules from a dataset, our canonical form
for LS using type 1 fuzzy sets is:

IF X, is/has S|, THEN X, is Has S,.

where S, and S, are words modeled by type 1 fuzzy sets
(Wu et al. 2010).

4 Application

The study aims to evaluate and interpret countries' levels
of exposure to the COVID-19 outbreak based on cumula-
tive total cases, cases recorded in the last 24 h, and cumu-
lative total deaths, deaths recorded in the last 24 h. In the
application part of the study, data collection is to be used,
as the weighting method and the application steps of the
TOPSIS method, which is one of the MCDM techniques,
to the blurred environment. On the other hand, the TOPSIS
method is a very useful method for evaluating the criteria
values (data). The figures related to the COVID-19 pan-
demic are very dependent on the size of the country. We
certainly trust that the data standardization process consid-
ers the population size effects. The data normalization step
(vector normalization in Egs. (5-8)) in the fuzzy TOPSIS
method is suitable for the standardization of the collected
values. WHO systematically publishes reports throughout
the COVID-19 outbreak. These reports numerically show
the cumulative daily total cases of countries, cases recorded
in the last 24 h, cumulative total deaths, and deaths recorded
in the last 24 h. In the study, 11 countries were selected
depending on the density of cases between March 2, 2020,
and August 16, 2020, and these countries are Germany, the
United States of America, Argentina, Brazil, India, England,
Spain, Italy, Colombia, Russia, and Turkey, respectively.
To calculate the criteria weights for the TOPSIS the col-
lected data are arranged within the date range selected based
on criteria. The edited data were plotted graphically (Figs. 3,
4,5, 6) and received linguistic expressions based on expert
opinion. The decision-makers can use fuzzy triangular
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Fig.3 Cumulative total cases

numbers when attempting to predict the weight of the cri-
teria. The center value of the fuzzy triangular number is
the closest number to the crisp equivalent. Therefore, the
lower and upper values of the fuzzy number are one unit
apart. Triantaphyllou and Lin (1996) offer a fuzzy scale that
appropriates Saaty’s scale (Table 1). Fuzzy number equiva-
lents of the linguistic expressions in the graphics above are
shown in Table 1.

The evaluation criteria, along with the abbreviations used,
are shown in Table 2. They include the cumulative total cases,
cases recorded in the last 24 h, the total number of cumula-
tive deaths, and the number of deaths recorded in the last 24 h.
These four criteria are all published by the World Health Organ-
ization (WHO) on their website and are all cost-type. We use
the distances between the ideal and negative-ideal solutions to
be calculated based on these cost criteria. The minimum value
of the criterion represents the positive ideal solution value,
while the maximum criteria values represent the negative-ideal
solution for the TOPSIS model.

The display of evaluation criteria graphs with linguistic
expressions was shown verbally in Table 3 by creating a
decision matrix, which was then transformed into numeri-
cal values using fuzzy number equivalents. The linguistic
expressions were obtained with the help of a physician
who is an intensive care specialist at a hospital in Turkey,
as shown in Table 3. The time series was observed and
evaluated with linguistic expressions according to the time
series in the graphs given in Figs. 3, 4, 5, 6, respectively;
(high important, high important, low important), (very high
important, high important, low important), (very low impor-
tant, medium important, high important), and (medium
important, very high important, high important). To obtain
the normalized fuzzy matrix, the geometric means were
first calculated. However, we also provide a discussion on



How COVID-19 pandemic influenced the countries? A value at risk based fuzzy TOPSIS approach...

647

Fig.4 Total reported new cases
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why such a primitive indicator could be competitive with
the multidimensional reflection of the problem. The issue is
very complicated, and we used a successful approach called
Value at Risk (VaR) to validate the advantage of such a sim-
plistic approach for the decision-making process. On the
other hand, it creates the illusion that the complex assess-
ment of the phenomena could be simplified without discuss-
ing the consequences of such action. The calculated VaR
values for the criteria are shown in Table 4.

If VaR is\sharply increasing/decrease lfrom the time frame for the criteria, then\importance

|

Xl Sl

In Table 4, the highest VaR result is 0.10816 for K1 in
March. However, K1 is the “minimum value is better” type
criteria and, the 0.10816 indicates the better VaR for
March. So, the minimum VaR appears in March. Con-
versely, the maximum VaR appears in August for K1.
Also, VaR is increasing from March to August for K1.
IF-THEN fuzzy rules are determined according to the
principles summarized in Sect. 3.5 and listed below:

3 ]

’is ‘\Very important’ |
| Y
XZ SZ
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Fig.6 Total reported new
deaths

Table 1 Linguistic expressions and fuzzy
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Medium important (MI) (3;5:7)
High important (HI) (5:7:9)
Very High important (VHI) (7;9;9)
Table 2 Evaluation criteria

Criteria code Criteria

K1 Cumulative total cases

K2 Cases recorded in the last 24 h

K3 The total number of cumulative deaths
K4 The number of deaths recorded in the last 24 h

Table 3 Criteria weighting
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If VaR is extremly increasing/decrease from the time
frame for the criteria, then importance is “very highly
important.”

If VaR is highly increasing/decrease from the time frame
for the criteria, then importance is “highly important.”

If VaR is a steady-state from the time frame for the crite-
ria, then importance is “moderately important.”

If VaR is slightly increasing/decrease from the time
frame for the criteria, then importance is “low important.”

If VaR is an ordinary increase/decrease from the time
frame for the criteria, then importance is “very low
important.”

We can easily assign linguistic values for the impor-
tance level of the criteria according to the graphics in
Fig. 7. Once graphical illustrations are given for the VaR
(see Fig. 7), the antecedents and consequents of the rules
can be determined. A decision-maker needs to specify the
linguistic terms used for each antecedent and consequent
and also their corresponding fuzzy set models, as shown in

Code Lingiustic expressions

From June
to August

Corresponding fuzzy
numbers

Geometric mean Normalized Weights

From From
Marchto  April to
April June

K1 HI HI

K2 VHI HI

K3 VLI MI

K4 MI VHI

LI
LI
HI
HI

(5,79 (5,7,9) (1,3,5)
(7,9,9) (5,7,9) (1,3,5)
1,1,3) (3,57 5,7,9
3,57 (1,99 ,7,9)

2.924018 5.277632 7.398636 0.101483 0.250225 0.553004
3.271066 5.738794 7.398636 0.113528 0.272089 0.553004
2466212 3.271066 5.738794 0.085594 0.155089 0.428941
4.717694 6.804092 8.276773 0.163736 0.322597 0.61864

See Figs. 3 and 7 for detailed information
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Table 3. The proposed weighting procedure is based on the
data, which can be related to the trend of the pandemic. In
the future, we may see different proportions of importance,
possibly even a negative proportion. Therefore, [IF-THEN

Fig.7 Graphical illustrations

for VaR

rules are a necessary technique for modeling the criteria
weights using linguistic evaluation in the proposed model.

The data from the selected dates (10th, 20th, and 30th
of the month) were used to construct the decision matrix
(World Health Organization 2020a-m). The data on the

cumulative total cases

cases recorded in the last 24 hours

0.12 0.12
9 4
0.1 \ 0.1 \
0.08 \ 0.08 \
0.06 \ 0.06 \
0.04 0.04 \
0.02 %ﬁ_?_T_? 0.02 AN
0 0
March April May June July August March April May June July August
the total number of cumulative deaths the number of deaths recorded in the last 24
0 hours
Malrch  Agril M|ay Jupe Jdly August 0
-0.1 | 0.2 March Agril  Mpy Jupe Jdly August
0.2 — 04 - =
03 -0.6 N
-0.8
-0.4
Table 4 Calculated VaR for selected time frame
Criteria Code  Criteria Value at risk
March? April May June July August
K1 Cumulative total cases 0.10816 0.02465 0.01429 0.01262 0.01307 0.01193
K2 Cases recorded in the last 24 h 0.105282  0.028139  0.006162  0.005503  0.005393  0.002946
K3 The total number of cumulative deaths -0.18318 -0.16576 -0.23559 -0.26677 -0.37207 -0.16582
K4 The number of deaths recorded in the last 24 h  —0.29207 -0.33402 -0.6786 -0.39485 -0.42346 —0.30939
Table 5 Decision matrix March 02, 2020 K1 K2 K3 K4
M m m m m m m m m m m m
Germany 129 129 129 72 72 72 0 0 0 0o 0 O
United States of America 62 62 62 2 2 2 0 0 0 0O 0 O
Argentina 0 0 0 0 0 0 0 0 0o 0 O
Brazil 2 2 2 0 0 0 0 0 0 0 0 O
India 3 3 0 0 0 0 0 0 0O 0 O
England 36 36 36 13 13 13 0 0 0 0O 0 O
Spain 45 45 45 0 0 0 0 0 0 0O 0 O
Italy 1689 1689 1689 561 561 561 35 35 35 6 6 6
Colombia 0 0 0 0 0 0 0 0 0 0O 0 O
Russia 2 2 2 0 0 0 0 0 0O 0 O
Turkey 0 0 0 0 0 0 0 0 0 0 0 O
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decision matrix was transformed into a fuzzy decision
matrix. The D matrix created for March 02, 2020, was pre-
pared as in Table 5. As an example of the K1 criteria, daily
data values are shown in Appendix 1. Some of the data have
zero value on some days in Appendix 1, as there are no
COVID-19 case records for some countries on those days.
However, all countries have COVID-19 cases based on the
spread of the pandemic if we consider the data from the
starting day to the final day in Appendix 1. We used data
from March 02, 2020, to August 10, 2021, so the pandemic
spread has volatility. In this perspective, the number of new
cases is crucial when the pandemic spread is increasing,
but in the case of decreasing, the cumulative cases are more
important for the management of the pandemic by health
authorities. Therefore, it is necessary to develop a unique
model, such as TOPSIS, to monitor the pandemic trend in
a country. All criteria are useful in the TOPSIS model, but
sometimes one criterion is more important than the others.
In this case, we use the weighting process in the TOPSIS
model. This specification provides flexibility to monitor the
impacts of the pandemic from different perspectives.

The distance of the alternatives to the ideal solution was
calculated using Eqgs. 15 and 16. Finally, the ranking val-
ues were calculated using Eq. 17 and shown in Table 6 and
Fig. 8, respectively. The elements of the weighted normal-
ized decision matrix are deffuzified using Eq. (12). Fur-
thermore, positive ideal (A*) and negative ideal (A -) solu-
tions are obtained by using the Eqgs. (13) and (14), and the
results are shown in Table 6. The steps applied for the data
dated March 02, 2020, were repeated in order, taking the
10th, 20th, and 30th of each month (10th of the month for
August only) for the dates included in the data set. Table 7
was created by arranging all the calculated TOPSIS scores
in a common table. The graphic of the created table is

S.Bilal, Y. T.I¢
TOPSIS scores of countries
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Fig.8 TOPSIS scores of countries

shown in Fig. 9. According to Fig. 9, the USA, Brazil, and
India are the most affected countries by the COVID-19
pandemic because their scores dramatically changed from
March 2020 to August 2020. However, Turkey, Italy, Eng-
land, Colombia, and Russia are the less affected countries
by the COVID-19 pandemic from March 2020 to August
2020 time frame. The proposed fuzzy TOPSIS model has
successfully ranked the countries according to the selected
criteria. The proposed model can use by the authorities to
monitor the COVID-19 pandemic, especially during the
monthly periods.

The method applied in the study was re-applied for
the data in the WHO report dated April 25, 2021, which
is an up-to-date data set, and in Table 8. The obtained
results were combined with the results of March 2, 2020's
results (Fig. 10). The USA, Brazil, and India were the most
affected countries by the epidemic. Germany, Italy, Rus-
sia, and Turkey were affected by the pandemic. Also, the
least affected countries were Argentina, England, Spain,
and Colombia, respectively. When the data set used in the
study is updated, we can determine the level of exposure
of the countries to the COVID-19 pandemic. Figure 8

Table 6 Defuzzification and

s

e catic March 02, 2020 K1 K2 K3 K4 d* d- C

positive and negative ideal

solutions Germany 0.17 0.10 0.00 0.00 0.197 1.595 0.89
United States of America 0.03 0.00 0.00 0.00 0.029 1.698 0.98
Argentina 0.00 0.00 0.00 0.00 0.000 1.712 1.00
Brazil 0.00 0.00 0.00 0.00 0.001 1.712 1.00
India 0.00 0.00 0.00 0.00 0.001 1.712 1.00
England 0.02 0.02 0.00 0.00 0.025 1.696 0.99
Spain 0.02 0.00 0.00 0.00 0.021 1.703 0.99
Ttaly 0.78 0.81 0.67 1.10 1.712 0.000 0.00
Colombia 0.00 0.00 0.00 0.00 0.000 1.712 1.00
Russia 0.00 0.00 0.00 0.00 0.001 1.712 1.00
Turkey 0.00 0.00 0.00 0.00 0.000 1.712 1.00
N 0.000 0.000 0.000 0.000
A~ 0.776 0.813 0.670 1.105
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Table 7 Fuzzy TOPSIS results for selected dates

Germany

USA

Argentina

Brazil

India

England

Spain

Italy

Colombia

Russia

Turkey

10-Mar-2020
20-Mar-2020
30-Mar-2020
10-Apr-2020
20-Apr-2020
30-Apr-2020
10-May-2020
20-May-2020
30-May-2020
10-Jun-2020
20-Jun-2020
30-Jun-2020
10-Jul-2020
20-Jul-2020
30-Jul-2020
10-Aug-2020

0.939667
0.816294
0.777865
0.815868
0.890862
0.909926
0.939065
0.901499
0.938090
0.940959
0.949586
0.965009
0.973776
0.979354
0.984779
0.988430

0.911614
0.776992
0.365468
0.048193
0.000000
0.331151
0.241747
0.000000
0.115263
0.096411
0.197936
0.000000
0.106261
0.024416
0.000000
0.064357

0.998882
0.999704
0.997756
0.999383
0.998472
1.000000
0.998582
1.000000
0.994540
0.973735
0.961661
0.969038
0.963144
0.963342
0.925774
0.926376

0.998685
0.989986
0.976527
0.940182
0.903876
0.859580
0.728844
0.509885
0.414355
0.400476
0.347364
0.396379
0.296613
0.396031
0.340977
0.284381

0.997672
0.996732
0.995793
0.984470
0.964328
0.961868
0.911425
0.815955
0.820975
0.684454
0.680882
0.631123
0.662402
0.496199
0.452292
0.351920

0.978189
0.915365
0.830234
0.712154
0.730652
0.444888
0.833598
0.624885
0.794325
0.728811
0.826916
0.876288
0.883378
0.893625
0.889992
0.904085

0.832275
0.613483
0.403449
0.660647
0.750721
0.824551
0.881898
0.835084
0.880860
0.885315
0.590203
0.918263
0.928258
0.933775
0.935402
0.943623

0.000000
0.000000
0.375862
0.670289
0.749334
0.824323
0.873391
0.796463
0.864379
0.851235
0.875520
0.903981
0.914321
0.919509
0.923618
0.929781

0.999457
0.999105
0.997850
0.996161
0.994167
0.995988
0.986079
0.985076
0.984292
0.950498
0.930478
0.883893
0.915462
0.855549
0.836793
0.832486

0.999632
0.996742
0.996841
0.964376
0.973628
0.846837
0.745344
0.715755
0.795034
0.706156
0.781868
0.823287
0.856679
0.880205
0.881915
0.902006

1.000000
0.998951
0.934615
0.904630
0.891387
0.916075
0.939970
0.928967
0.948693
0.946714
0.951392
0.965049
0.975893
0.979768
0.985994
0.986886

Fig.9 Change of TOPSIS
scores of countries by dates
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illustrates March 2020 data. This date is the beginning
of the pandemic. So, it is the expected result that most
countries are rated at 1. As we can see in Fig. 10, the
rating scores are diversified based on the spread of the
COVID-19 pandemic based on the spread of pandemic all
over the world.

By using the normalized fuzzy numbers and fuzzy
weights, a weighted normalized matrix was created as
shown in Table 9.

5 Discussion
5.1 Practical perspective

In this paper, we propose a methodology based on a pub-
lished data set for predicting the impacts of the COVID-19
pandemic on different countries. The management of pan-
demics is a complex, unpredictable, and challenging task
that can be worrying. Therefore, usable decision-support
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Table 8 Data set for April 25, 2021

tools are crucial for simplifying the management of pan-
demics. In chaotic processes like the COVID-19 pandemic,
producing, collecting, and publishing data is crucial for
developing suitable decision support tools. WHO is one
of the organizations responsible for publishing data on the
spread of the COVID-19 pandemic. Firstly we collected
all daily published data from the WHO’s website. Then we
analyzed their suitabilities to construct a decision support
tool to measure the COVID-19 impacts on the countries.
As an example of the K1, some daily data values have zero
numbers for some days (Appendix 1).

Some days, there are no COVID-19 case records for the
related criterion in some countries. However, entire coun-
tries have COVID-19 cases based on the spread of the pan-
demic if we consider the data from the starting day to the
final day. Therefore, the spread of the pandemic is volatile.
In light of this, it is important to develop a decision support

emmgu== March, 2020 ey April, 2021

K1 K2 K3 K4
Germany 3,287,418 145,156 81,564 1650
USA 31,656,636 406,001 565,809 4951
Argentina 2,824,652 166,024 61,176 2092
Brazil 14,237,078 404,623 386,416 17,667
India 16,960,172 2,172,063 192,311 15,161
England 4,403,174 17,232 127,417 157
Spain 3,456,886 32,476 77,496 214
Italy 3,949,517 92,074 119,021 2345
Colombia 2,740,544 121,122 70,446 2882
Russia 4,762,569 60,468 108,232 2650
Turkey 4,591,416 378,771 38,011 2403
Fig. 10 Ranking comparison for
March 02 and April 25 1.2

0.6

0.57 \ /
0.4
0.25 \ /
0.2
0 T T T T T T T 0, T T ,
Germany United Argentina Brazil India England Spain Italy Colombia Russia  Turkey
States of
America
Table 9 Weighted normalized matrix
March 02, 2020 K1 K2 K3 K4
a b C a B c a B c a B c

Germany 0.007 0.050 0.110 0.013 0.030 0.061 0.000 0.000 0.000 0.000 0.000 0.000
United States of America 0.003 0.008 0.017 0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Argentina 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Brazil 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
India 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
England 0.002 0.005 0.010 0.002 0.005 0.011 0.000 0.000 0.000 0.000 0.000 0.000
Spain 0.002 0.006 0.013 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Italy 0.087 0.215 0.475 0.098 0.236 0.479 0.086 0.155 0.429 0.164 0.323 0.619
Colombia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Russia 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Turkey 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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tool that can effectively process this data and monitor the
spread of the COVID-19 pandemic and its effects on dif-
ferent countries. If we only use daily and volatile data, it
becomes difficult to predict the extent of the pandemic's
impact on a country, as the cases can vary greatly from one
day to another. So, we developed an easy-to-use, modifi-
able, flexible, reusable, and robust model for monitoring the
COVID-19 spread. For example, the number of new cases
is crucial when the pandemic's spread is increasing. So, it is
necessary to develop a robust model, like TOPSIS, to effec-
tively monitor the pandemic trend in a country from one
date to another. In this manner, we proposed a fuzzy TOP-
SIS model to effectively manage the COVID-19 pandemic’s
effect on the countries that are useful for the responsible
institutions and their authorities.

5.2 Comparative analysis

We compared the fuzzy TOPSIS results with the Multi-
Objective Optimization by Ratio Analysis (MOORA) results
in this section. The MOORA method was developed by
Brauers (2008). It is a multi-objective optimization method.
The application steps of the MOORA method are simple and
easier to understand. After the Eq. (12) in the fuzzy TOPSIS
method, we can develop the MOORA index by using the
Eq. (22):

n

Z:ZVU— Z Vi

J=1 Jj=g+1

(22)

where g is the number of criteria to be maximized, (n-g)
is the number of criteria to be minimized, and (Y,) is the

Table 10 Comparative analysis result

ranking score of ith country. A larger (Y;) value for the coun-
tries is better performance. As we used a cost-type criteria in
our model, we should use a modified equation for Eq. (22)
is as follows:

n
Yi=- 2 Vij
=1

For comparative analysis of the ranking results, the sta-
tistical significance of the differences between the rankings
obtained by the fuzzy TOPSIS model and the MOORA
method using Spearman’s rank correlation test (Table 10).
This test is applied when “the related values of compared
ranking data are substituted which the values occupy in the
respective samples” (Parkan and Wu 1999). In the applica-
tion to test the null hypothesis (H,: There is no similarity
between the corresponding ranks), a test statistic, Z, is cal-
culated using Egs. (24) and (25) and compared with a pre-
obtained significance level value (a). For the a=0.05, if the
test statistic is computed by Eq. (25) exceeds 1.645, the null
hypothesis is rejected, and it is to be concluded that ‘H1: The
two ranking results are similar’ is accepted.

(23)

6XZ:‘1=1 (di)2
=1-[—== 24
Z=rVn—-1 (25)

where d; is the ranking differences for each alternative, n is
the number of alternatives to be compared, and rs presents
Spearman’s rank-correlation coefficient.

Country March 2, 2020 April 25, 2021 Ranking Differences
Fuzzy Topsis MOORA Fuzzy Topsis MOORA March 2, 2020 April 25, 2021
Ci* Rank Y; Rank Ci* Rank Rank  Fuzzy Topsis-MOORA Fuzzy Topsis-MOORA
Germany 0.89 10 -0.04 10 093 3 -0.0669 4 0 -1
USA 098 9 0.03 1 0.57 —-0.0991 8 8 1
Argentina 1 1 0 6 0.92 -0.0782 6 -5 -2
Brazil 1 4 0 4 052 10 -0.4721 10 0 0
India 1 6 0 3 0.25 11 -0.7365 11 3 0
England 099 8 0 9 095 2 -0.0112 2 -1 0
Spain 099 7 0.02 2 0.98 1 —0.0069 1 5 0
Italy 0 11 -1.81 11 092 4 -0.0764 5 0 -1
Colombia 1 1 0 6 091 6 -0.0886 7 -5 -1
Russia 1 4 0 4 091 6 -0.0636 3 0 3
Turkey 1 1 0 6 086 8 -0.1091 9 -5 -1
I, 0.209 0.918
z 0.661 2.904
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The Z-score for the Spearman's rank correlation test for
the fuzzy TOPSIS and MOORA method's rankings on the
March 2, 2020 case is 0.661, which is lower than the critical
value of 1.645. This implies that the differences between
the rankings generated by the two methods are statistically
significant. On the other hand, the Z-score for April 25,
2021, case is 2.904, which is higher than the critical value of
1.645. This means that the differences between the rankings
generated by the two methods are statistically insignificant.
Based on the test results, we can conclude that the proposed
model is robust when the data are sufficiently accessible
fuzzy TOPSIS (i.e., April 25, 2021 case). Additionally, the
results indicate that the rankings generated by the MOORA
method are similar to the ones generated by the fuzzy TOP-
SIS method. The TOPSIS model is used to calculate the
distances between the negative and positive ideal solutions
for the alternatives. However, the MOORA method does not
use distance-based or compromise solution steps. The TOP-
SIS method is the preferred method for this study as it uses
a distance-based MCDM procedure. For future studies, if a
benefit-type criterion is available for evaluation, the TOPSIS
method has the advantage of modeling the problem.

5.3 Sensitivity analysis

In this section, we present a sensitivity analysis to analyze
how robust are the presented results obtained from the fuzzy
TOPSIS model. We analyzed some scenarios, such as if one
of the criteria is deleted, how does the ranking? And deletion
of a criterion or deletion of a country reverse the country
rankings? We used six different cases as follows:

- Deleting the K3 criterion on the March 2 case (starting
day for the analysis).

- Deleting the K1 criterion on the March 2 case (starting
day for the analysis).

- Deleting the K3 criterion on the April 25 case (ending
the day for the analysis).

- Deleting the K1 criterion on the April 25 case(ending
day for the analysis).

- Deleting the USA alternative on the April 25 case
(ending the day for the analysis/for the largest population
country).

- Deleting the Brazil alternative on the April 25 case
(ending day for the analysis/for the second largest popula-
tion country).

There are no significant ranking differences among
the cases for March 2, 2020, as shown in Table 11. Also,
Table 11 presents the test results between the different cases
for April 25, 2021. The last rows in Table 11 show Spear-
man's rank correlation coefficients and Z-scores for the

@ Springer

ranking differences. All the Z-scores, 3.119, 3.119, 2.745,
and 2.964, are higher than the critical value of 1.645, which
implies that the differences in the rankings are statistically
insignificant. Based on the test results, it can be concluded
that the rankings obtained by the proposed model are statisti-
cally similar to the rankings obtained from sensitivity analy-
sis cases. Therefore, it can be concluded that the proposed
model is robust as the results of sensitivity analysis indicate
that the rankings obtained by the model are consistent across
different cases. The rankings change little across both cases
of March 2 and April 25, which further supports the conclu-
sion that the proposed model is robust.

6 Conclusions

We present the decision-making model, using the fuzzy
TOPSIS for monitoring the country's COVID-19 pandemic
trend monthly basis. The proposed model is easily adapted
for the statistical data by using the effective processing
capability of the TOPSIS model. On the other hand, in
linguistic evaluations, the graphical representation of the
criteria trends is analyzed by the decision-makers for a
selected time frame. This cognitive evaluation is converted
to the fuzzy number integrated with Value at Risk (VaR)
combined IF Then rules, and all modeling steps of the
TOPSIS method are handled in the Excel Program. This
model can be converted into a computer program to evalu-
ate the COVID-19 pandemic daily analysis.

The COVID-19 pandemic has become endemic in most
countries. However, the proposed methodology could also
be extended to other possible diseases in the near future.
Although the COVID-19 pandemic is not currently the
most pressing problem in the world, its impact is a hot
topic.

Also, the COVID-19 pandemic illustrates that the new
potential pandemics would be impacted the population.
So, our paper is the exemplified case study that illustrates
how the new pandemic disease can be modeled with an
MCDM methodology to determine its possible impacts
on the countries.

All pandemics have unique characteristics. So, our
model cannot be generalized to all pandemics. But, it
can be modified with the new pandemic's specifications.
The proposed approach can be adapted to incorporate the
unique characteristics of future pandemics.
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Appendix

K1: Cumulative total cases

Date Germany USA Argentina  Brazil India UK Spain Italy Colombia Russia  Turkey
02.03.2020 129 62 0 2 3 36 45 1689 0 2 0
03.03.2020 157 64 0 2 39 114 2036 0 3 0
04.03.2020 196 108 1 2 6 51 151 2502 0 3 0
05.03.2020 262 129 1 3 29 89 198 3089 0 3 0
06.03.2020 534 148 1 7 30 118 257 3858 0 4 0
07.03.2020 639 213 2 13 31 167 374 4636 1 7 0
08.03.2020 795 213 9 19 34 210 430 5883 1 7 0
09.03.2020 1112 213 12 25 43 271 589 7375 1 7 0
10.03.2020 1139 472 12 25 44 323 1024 9172 3 7 0
11.03.2020 1296 696 17 34 60 373 1639 10,149 3 7 0
12.03.2020 1567 987 19 52 73 460 2140 12,462 9 20 1
13.03.2020 2369 1264 31 77 74 594 2965 15,113 9 34 1
14.03.2020 3062 1678 34 98 82 802 4231 17,660 16 34 5
15.03.2020 3795 1678 45 121 107 1144 5753 21,157 24 34 5
16.03.2020 4838 1678 56 200 114 1395 7753 24,747 24 63 5
17.03.2020 6012 3503 65 234 137 1547 9191 27,980 45 93 47
18.03.2020 7156 3536 65 234 137 1954 11,178 31,506 45 93 47
19.03.2020 8198 7087 79 291 151 2630 13,716 35,713 93 147 191
20.03.2020 10,999 10,442 97 428 195 3277 17,147 41,035 108 199 191
21.03.2020 18,323 15,219 128 621 195 3983 19,980 47,021 145 253 670
22.03.2020 21,463 15,219 158 904 283 5018 24,926 53,578 196 306 947
23.03.2020 24,774 31,573 225 904 415 5687 28,572 59,138 196 438 1236
24.03.2020 29,212 42,164 266 1546 434 6654 33,080 63,927 277 438 1529
25.03.2020 31,554 51,914 301 2201 562 8081 39,673 69,176 306 658 1872
26.03.2020 36,508 63,570 387 2433 649 9533 47,610 74,386 470 840 2433
27.03.2020 42,288 68,334 502 2433 724 11,662 56,188 80,539 470 1036 3629
28.03.2020 48,582 85,228 589 2915 724 14,547 64,059 86,498 491 1264 5698
29.03.2020 52,547 103,321 690 3417 979 17,093 72,248 92,472 539 1534 7402
30.03.2020 57,298 122,653 745 3904 1071 19,526 78,797 97,689 608 1534 9271
31.03.2020 61,913 140,640 820 4256 1071 22,145 85,195 101,739 702 1837 10,827
01.04.2020 67,366 163,199 966 4579 1636 25,154 94,417 105,792 798 2337 13,531
02.04.2020 73,522 187,302 1054 5717 1636 29,478 102,136 110,574 906 2777 15,679
03.04.2020 79,696 213,600 1133 6836 1965 33,722 110,238 115,242 1065 3548 18,135
04.04.2020 85,778 241,703 1265 7910 2301 38,172 117,710 119,827 1161 4149 20,921
05.04.2020 91,714 273,808 1353 9056 3374 41,907 124,736 124,632 1267 4731 23,934
06.04.2020 95,391 307,318 1451 10,278 4067 47,810 130,759 128,948 1406 5389 27,069
07.04.2020 99,225 333,811 1554 11,130 4067 51,612 135,032 132,547 1485 6343 30,217
08.04.2020 103,228 363,321 1628 12,056 5194 55,246 140,510 135,586 1579 7497 34,109
09.04.2020 108,202 395,030 1715 13,717 5734 60,737 146,690 139,422 1780 10,131 38,226
10.04.2020 113,525 425,889 1795 15,927 6412 65,081 152,446 143,626 2054 11,917 42,282
11.04.2020 117,658 461,275 1929 17,857 7447 70,276 157,022 147,577 2223 13,584 47,029
12.04.2020 120,479 492,881 1975 19,638 8356 78,995 161,852 152,271 2473 15,770 52,167
13.04.2020 123,016 524,514 1975 20,727 9152 84,283 166,019 156,363 2709 18,328 56,956
14.04.2020 125,098 553,822 2252 22,169 10,363 88,625 169,496 159,516 2776 21,102 61,049
15.04.2020 127,584 578,268 2336 23,430 11,439 93,877 172,541 162,488 2852 24,490 65,111
16.04.2020 130,450 604,070 2477 25,262 12,380 98,480 177,633 165,155 2979 27,938 69,392
17.04.2020 133,830 632,781 2598 28,320 13,387 103,097 182,816 168,941 3105 32,008 74,193

@ Springer



How COVID-19 pandemic influenced the countries? A value at risk based fuzzy TOPSIS approach... 657

K1: Cumulative total cases

Date Germany USA Argentina  Brazil India UK Spain Italy Colombia Russia  Turkey

18.04.2020 137,439 665,330 2694 30,425 14,378 108,696 188,068 172,434 3233 36,793 78,546

19.04.2020 139,897 695,353 2784 33,682 15,712 114,221 191,726 175,925 3439 42,853 82,329

20.04.2020 141,672 723,605 2839 36,599 17,265 120,071 195,944 178,972 3621 42,853 86,306

21.04.2020 143,457 751,273 2960 38,054 18,601 124,747 200,210 181,228 3792 52,763 90,980

22.04.2020 145,694 776,907 3073 40,581 19,984 129,048 204,178 183,957 3977 57,999 95,591

23.04.2020 148,046 800,926 3197 43,079 21,393 133,499 208,389 187,327 4149 62,773 98,674

24.04.2020 150,383 830,053 3340 45,757 23,077 138,082 213,024 189,973 4356 68,622 101,790
25.04.2020 152,438 860,772 3479 49,492 24,506 143,468 219,764 192,994 4561 68,022 104,912
26.04.2020 154,175 899,281 3701 52,995 26,496 148,381 219,764 195,351 4881 74,588 107,773
27.04.2020 155,193 931,698 3838 58,509 27,892 152,844 207,634 197,675 5142 87,147 110,130
28.04.2020 156,337 960,916 3892 61,888 29,435 157,153 209,465 199,414 5379 93,558 112,261
29.04.2020 157,641 983,457 4019 66,501 31,332 161,149 210,773 201,505 5597 99,399 114,653
30.04.2020 159,119 1,003,974 4201 71,886 33,050 165,225 212,917 203,591 5949 106,498 117,589
01.05.2020 159,119 1,035,353 4304 78,162 35,043 171,257 212,917 205,463 6211 114,431 120,204
02.05.2020 161,703 1,067,127 4476 85,380 37,336 177,458 215,216 207,428 6507 124,054 122,392
03.05.2020 162,496 1,093,880 4532 91,589 39,980 182,264 216,582 209,328 7006 134,687 124,375
04.05.2020 163,175 1,125,719 4681 96,559 42,533 186,603 217,466 210,717 7285 145,268 126,045
05.05.2020 163,860 1,154,985 4799 101,147 46,433 190,588 218,011 211,938 7668 155,370 127,659
06.05.2020 164,897 1,171,185 4922 107,780 49,391 194,994 219,329 213,013 7973 165,929 129,491
07.05.2020 166,091 1,193,452 5076 114,715 52,952 201,205 220,325 214,457 8613 177,160 131,744
08.05.2020 167,300 1,215,571 5305 125,218 56,342 206,719 221,447 215,858 8959 187,859 133,721
09.05.2020 168,551 1,245,874 5530 135,106 59,662 211,368 222,857 217,185 9456 198,676 135,569
10.05.2020 169,218 1,245,775 5680 145,328 62,939 215,264 223,578 218,268 10,051 209,688 137,115
11.05.2020 169,575 1,271,645 5924 155,939 67,152 219,187 224,390 219,070 10,495 221,344 138,657
12.05.2020 170,508 1,298,287 6034 162,699 70,756 223,064 227,436 219,814 11,063 232,243 139,771
13.05.2020 171,306 1,322,054 6278 168,331 74,281 226,467 228,030 221,216 11,613 242,271 141,475
14.05.2020 172,239 1,340,098 6563 177,589 78,003 229,709 228,691 222,104 12,272 252,245 143,114
15.05.2020 173,152 1,361,522 6973 188,974 81,970 233,155 229,540 223,096 12,930 262,843 144,749
16.05.2020 173,772 1,382,362 7134 202,918 85,940 236,715 230,183 223,885 13,610 272,043 146,457
17.05.2020 174,355 1,409,452 7479 218,223 90,927 240,165 230,698 224,760 14,216 281,752 148,067
18.05.2020 174,697 1,432,265 7805 233,142 96,169 243,699 231,350 225435 14,939 290,678 149,435
19.05.2020 175210 1,464,232 8068 241,080 101,139 246,410 231,606 225,886 15,574 299,941 150,593
20.05.2020 176,007 1,477,459 8371 254,220 106,750 248,822 232,037 226,699 16,295 308,705 151,615
21.05.2020 176,752 1,501,876 8809 271,628 112,359 248,297 232,555 227,364 16,935 317,554 152,587
22.05.2020 177,212 1,525,186 9283 291,579 118,447 250,912 233,037 228,006 17,687 326,448 153,548
23.05.2020 177,850 1,547,973 9931 310,087 125,101 254,199 234,824 228,658 18,330 335,882 154,500

24.05.2020 178,281 1,568,448 10,649 330,890 131,868 257,158 235,290 229,327 19,131 344,481 155,686
25.05.2020 178,570 1,592,599 11,353 347,398 138,845 259,563 235,772 229,858 20,177 353,427 156,827
26.05.2020 179,002 1,618,757 12,076 363,211 145,380 261,188 235,400 230,158 21,175 362,342 157,814
27.05.2020 179,364 1,634,010 12,628 374,898 151,767 265,231 236,631 230,555 21,981 370,680 158,762
28.05.2020 179,717 1,658,896 13,228 391,222 158,333 267,244 237,141 231,139 23,003 379,051 159,797
29.05.2020 180,458 1,675,258 13,933 411,821 165,799 269,131 238,278 231,732 24,104 387,623 160,979
30.05.2020 181,196 1,694,864 14,702 438,238 173,763 271,226 238,936 232,248 25,366 396,575 162,120
31.05.2020 181,482 1,716,078 14,702 465,166 182,143 272,830 239,600 232,664 26,688 405,843 163,103
01.06.2020 181,815 1,734,040 16,214 498,440 190,535 274,766 239,801 233,019 28,236 414,878 163,942
02.06.2020 182,028 1,783,638 16,851 514,849 198,706 276,336 240,010 233,197 29,383 423,741 164,769
03.06.2020 182,370 1,798,330 17,415 526,447 207,615 277,989 240,304 233,515 30,493 432,277 165,555
04.06.2020 182,764 1,823,220 18,319 555,383 216,919 279,860 240,326 233,836 31,833 441,108 166,422
05.06.2020 183,271 1,837,803 19,268 584,016 226,770 281,665 240,660 234,013 33,354 449,834 167,410
06.06.2020 183,678 1,857,872 20,197 614,941 236,657 283,315 240,978 234,531 35,120 458,689 168,340
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Date Germany USA Argentina  Brazil India UK Spain Italy Colombia Russia  Turkey

07.06.2020 183,979 1,886,794 21,037 645,771 246,628 284,872 241,310 234,801 36,635 467,673 169,218
08.06.2020 184,193 1,915,712 22,020 672,846 256,611 286,198 241,550 234,998 38,027 476,658 170,132
09.06.2020 184,543 1,933,560 22,794 691,758 266,598 287,403 241,717 235,278 39,236 485,253 171,121
10.06.2020 184,861 1,951,096 23,620 707,412 276,583 289,144 241,966 235,561 40,719 493,657 172,114
11.06.2020 185,416 1,968,331 24,761 739,503 286,579 290,147 242,280 235,763 42,078 502,436 173,036
12.06.2020 185,674 1,988,646 25,987 772,416 297,535 291,413 2427707 236,142 43,682 511,423 174,023
13.06.2020 186,022 2,010,391 27,373 802,828 308,993 292,954 243,209 236,305 45,212 520,129 175,218
14.06.2020 186,269 2,032,524 28,764 828,810 320,922 294,379 243,605 236,651 46,858 528,964 176,677
15.06.2020 186,461 2,057,838 30,295 850,514 332,424 295,893 243,928 236,989 48,746 537,210 178,239
16.06.2020 186,839 2,079,592 31,577 867,624 343,091 296,861 244,109 237,290 50,939 545,458 179,831
17.06.2020 187,184 2,098,106 32,785 888,271 354,065 298,140 244,328 237,500 53,063 553,301 181,298
18.06.2020 187,764 2,126,027 34,159 923,189 366,946 299,255 244,683 237,828 54,931 561,091 182,727
19.06.2020 187,764 2,149,166 35,552 955,377 380,532 300,473 245,268 238,159 57,046 569,063 184,031
20.06.2020 189,135 2,172,212 37,510 978,142 395,048 301,819 245,575 238,011 60,217 576,952 185,245
21.06.2020 189,822 2,208,829 39,570 1,032,913 410,461 303,114 245938 238,275 63,276 584,680 186,493
22.06.2020 190,359 2,241,178 41,204 1,067,579 425,282 304,335 246,272 238,499 65,633 592,280 187,685
23.06.2020 190,862 2,268,753 42,785 1,085,038 440,215 305,293 246,504 238,720 68,652 599,705 188,897
24.06.2020 191,449 2,295,272 44,931 1,106,470 456,183 306,214 246,752 238,833 71,183 606,881 190,165
25.06.2020 192,079 2,329,463 47,216 1,145,906 473,105 306,866 247,086 239,410 73,572 613,994 191,657
26.06.2020 192,556 2,367,064 49,851 1,188,631 490,401 307,984 247,486 239,706 77,113 620,794 193,115
27.06.2020 193,243 2,407,590 52,457 1,228,114 508,953 309,364 247,905 239,961 80,599 627,646 194,511
28.06.2020 193,499 2,452,048 55,343 1,274,974 528,859 310,254 248,469 240,136 84,442 634,437 195,883
29.06.2020 193,761 2,496,628 57,744 1,313,667 548,318 311,155 248,770 240,310 88,591 641,156 197,239
30.06.2020 194,259 2,537,636 59,933 1,344,143 566,840 311,969 248,970 240,436 91,769 647,849 198,613
01.07.2020 194,725 2,573,393 62,268 1,368,195 585,493 312,658 249,271 240,578 95,043 654,405 199,906
02.07.2020 194,725 2,616,949 64,530 1,402,041 604,641 313,487 249,659 240,760 97,846 661,165 201,098
03.07.2020 195,674 2,671,220 67,197 1,448,753 625,544 283,761 250,103 240,961 102,009 667,883 202,284
04.07.2020 196,096 2,724,433 69,941 1,496,858 648,315 284,280 250,545 241,184 106,110 674,515 203,456
05.07.2020 196,335 2,776,366 72,786 1,539,081 673,165 284,904 250,545 241,419 109,505 681,251 204,610
06.07.2020 196,554 2,833,552 75,376 1,577,004 697,413 285,420 250,545 241,611 113,389 687,862 205,758
07.07.2020 196,944 2,877,238 77,815 1,603,055 719,665 285,772 251,789 241,819 117,110 694,230 206,844
08.07.2020 197,341 2,923,432 80,447 1,623,284 742,417 286,353 252,130 241,956 120,281 700,792 207,897
09.07.2020 197,783 2,973,695 83,426 1,668,589 767,296 286,983 252,513 242,149 124,494 707,301 208,938
10.07.2020 198,178 3,038,325 87,030 1,713,160 793,802 287,625 253,056 242,363 128,638 713,936 209,962
11.07.2020 198,556 3,097,300 90,693 1,755,779 820,916 288,137 253,908 242,639 133,973 720,547 210,965
12.07.2020 198,804 3,163,581 94,060 1,800,827 849,553 288,957 253,908 242,827 140,776 727,162 211,981
13.07.2020 198,963 3,225,950 97,509 1,839,850 878,254 289,607 253,908 243,061 145,362 733,699 212,993
14.07.2020 198,963 3,286,063 100,166 1,864,681 906,752 290,137 255,953 243,230 150,445 739,947 214,001
15.07.2020 199,726 3,344,783 103,265 1,884,967 936,181 291,377 256,619 243,344 154,277 746,369 214,993
16.07.2020 200,260 3,405,494 106,910 1,926,824 968,876 291,915 257,494 243,506 159,898 752,797 215,940
17.07.2020 200,843 3,472,659 111,160 1,966,748 1,003,832 292,556 258,855 243,736 165,169 759,203 216,873
18.07.2020 201,372 3,544,143 114,783 2,012,151 1,038,716 293,243 260,255 243,967 173,206 765,437 217,799
19.07.2020 201,574 3,544,143 119,301 2,046,328 1,077,618 294,070 260,255 244,216 182,140 771,546 218,717
20.07.2020 201,823 3,685,460 122,524 2,074,860 1,118,043 294,796 260,255 244,434 190,700 777,486 219,641
21.07.2020 202,345 3,748,248 126,755 2,098,389 1,155,191 295,376 264,836 244,624 197,278 783,328 220,572
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22.07.2020 202,799 3,805,524 130,774 2,118,646 1,192,915 295,821 266,194 244,752 204,005 789,190 221,500
23.07.2020 203,368 3,868,453 136,118 2,159,654 1,238,635 296,381 267,551 245,032 211,038 795,038 222,402
24.07.2020 204,183 3,938,094 141,900 2,227,514 1,287,945 297,150 270,166 245,338 218,428 800,849 223,315
25.07.2020 204,964 4,009,808 148,027 2,287,475 1,336,861 297,918 272,421 245,590 226,373 806,720 224,252
26.07.2020 205,269 4,009,808 153,520 2,343,366 1,385,522 298,685 272,421 245,864 233,541 812,485 225,173
27.07.2020 205,609 4,148,011 158,321 2,394,513 1,435,453 299,430 272,421 246,118 240,795 818,120 226,100
28.07.2020 206,242 4,209,509 162,526 2,419,091 1,483,156 300,115 278,782 246,286 248,976 823,515 227,019
29.07.2020 206,926 4,263,531 167,416 2,442,375 1,531,669 300,696 280,610 246,488 257,101 828,990 227,982
30.07.2020 206,926 4,323,160 173,355 2,483,191 1,583,792 301,459 282,641 246,776 267,385 834,499 228,924
31.07.2020 207,828 4,388,566 178,996 2,552,265 1,638,870 302,305 285,430 247,158 276,055 839,981 229,891
01.08.2020 209,653 4,456,389 185,373 2,610,102 1,695,988 303,185 288,522 247,537 286,020 845,443 230,873
02.08.2020 209,893 4,523,888 191,302 2,662,485 1,750,723 303,956 288,522 247,832 295,508 850,870 231,869
03.08.2020 210,402 4,582,276 196,543 2,707,877 1,803,695 304,699 288,522 248,070 306,181 856,264 232,856
04.08.2020 211,281 4,629,459 201,919 2,733,677 1,855,745 305,627 297,054 248,229 317,651 861,423 233,851
05.08.2020 212,022 4,678,610 206,743 2,750,318 1,908,254 306,297 302,814 248,419 327,850 866,627 234,934
06.08.2020 213,067 4,728,239 213,535 2,801,921 1,964,536 307,188 305,767 248,803 334,979 871,894 236,112
07.08.2020 214,214 4,781,612 220,682 2,859,073 2,027,074 308,138 309,855 249,204 345,714 877,135 237,265
08.08.2020 215,336 4,836,930 228,195 2,912,212 2,088,611 309,009 314,362 249,756 357,710 882,347 238,450
09.08.2020 215,891 4,897,958 235,677 2,962,442 2,153,010 309,767 314,362 250,103 367,196 887,536 239,622
10.08.2020 216,327 4,951,851 241,811 3,012,412 2,215,074 310,829 314,362 250,566 376,870 892,654 240,804
11.08.2020 217,293 4,999,815 246,499 3,035,422 2,268,675 311,645 314,362 250,825 387,481 897,599 241,997
12.08.2020 218,519 5,039,709 253,868 3,057,470 2,329,638 312,793 326,612 251,237 397,623 902,701 243,180
13.08.2020 219,964 5,094,500 260,911 3,109,630 2,396,637 313,802 329,784 251,713 410,453 907,758 244,392
14.08.2020 221,413 5,150,407 268,574 3,164,785 2,461,190 313,802 337,334 252,235 422,519 912,823 245,635
15.08.2020 222,828 5,203,206 276,072 3,224,876 2,526,192 316,371 342,813 252,809 433,805 917,884 246,861
16.08.2020 223,453 5,258,565 282,437 3,275,520 2,589,682 316,371 342,813 253,438 445,111 922,853 248,117

Funding Not applicable.

Availability of data and materials All data generated or analyzed during
this study are included in this published article.

Declarations

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval This paper does not contain any studies with human
participants or animals performed by any of the authors.

Consent to Participate Not applicable.

Consent to publish All authors have read and agreed to the published
version of the manuscript.

References

Algahtani AY, Rajkhan AA (2020) E-Learning Critical Success Factors
during the COVID19 Pandemic: A Comprehensive Analysis of
E-Learning Managerial Perspectives. Education Sciences

Barai RK, Nonami K (2008) Locomotion control of a hydraulically
actuated hexapod robot by robust adaptive fuzzy control with

self-tuned adaptation gain and dead zone fuzzy pre-compensation.
J Intell Robot Syst 53:35-56

Brauers WKM, Zavadskas EK, Turskis Z, Vilutiene T (2008) Multi
Objective Contractor’s Ranking by Applying the Moora Method.
J Bus Econ Manag 9(4):245-255

Chen S-J, Hwang C-L (1992) Fuzzy multiple attribute decision mak-
ing. Springer, Berlin

Cheng C-B (2004) Group opinion aggregation based on a grading pro-
cess: a method for constructing triangular fuzzy numbers. Com-
puters and Mathematics with Applications, 1619-1632.

Cobos-Guzman S, Verdu E, Herrera-Viedma E et al (2020) Fuzzy logic
expert system for selecting robotic hands using kinematic param-
eters. J] Ambient Intell Human Comput 11:1553-1564. https://doi.
org/10.1007/s12652-019-01229-x

Ecer F, Pamucar D (2021) MARCOS technique under intuitionistic
fuzzy environment for determining the COVID19 pandemic per-
formance of insurance companies in terms of healthcare services.
Appl Soft Comput 104:107199

Fateh MM (2010) Robust fuzzy control of electrical manipulators. J
Intell Robot Syst 60:415-434

Grida, M., Mohamed, R., & Zaied, A. N. (2020). Evaluate the
impact of COVID19 prevention policies on supply chain aspects
under uncertainty. Transportation Research Interdisciplinary
Perspectives.

Gupta S, Vijayvargy L, Gupta K (2021) Assessment of stress level in
urban area’s during COVID19 outbreak using critic and topsis: A
case of Indian cities. J Stat Manag Syst 24(2):411-433

@ Springer


https://doi.org/10.1007/s12652-019-01229-x
https://doi.org/10.1007/s12652-019-01229-x

660

S. Bilal, Y. T. i

Hezer, S., Gelmez, E., & Ozceylan, E. (2021). Comparative Analysis
of TOPSIS, VIKOR and COPRAS Methods for the COVID19
Regional Safety Assessment. Journal of Infection and Public
Health.

Ic YT, Simsek E (2019) Operating window perspective integrated
TOPSIS approach for hybrid electrical automobile selection. SN
Appl Sci 1(11):1-11

Ic YT, Yurdakul M, Dengiz B (2013) Development of a decision sup-
port system for robot selection. Robot Cim-Int Manuf 29:142-157

ig, Yusuf Tansel; Ozel, Melis; Kara, Imdat. (2017). An Integrated
Fuzzy TOPSIS-Knapsack Problem Model for Order Selection in
a Bakery. SYSTEMS ENGINEERING, 5321-5337.

Ic, Y. T., & Yurdakul, M. (2020). Development of a new trapezoidal
fuzzy AHP-TOPSIS hybrid approach for manufacturing firm per-
formance measurement. Granular Computing.

Kocak S, I¢ Y, Atalay KD et al (2021) The development of a reviewer
selection method: a multi-level hesitant fuzzy VIKOR and TOP-
SIS approaches. ] Ambient Intell Human Comput, in Press.
https://doi.org/10.1007/s12652-021-03466-5

Majumder, P., Biswas, P., & Majumder, S. (2020). Application of New
TOPSIS Approach to Identify the Most Significant Risk Factor
and Continuous Monitoring of Death of COVIDI19. Electronic
Journal of General Medicine, 2516-3507.

Ministry of Health (2020, Temmuz 20). COVID19 Nedir? Kasim 19,
2020 tarihinde T.C. Saglik Bakanligi COVID19 Bilgilendirme
Sayfast: https://covid19.saglik.gov.tr/TR-66300/COVID19-nedir-.
html adresinden alind1

Mohammed, M. A., Abdulkareem, K. H., Al-Waisy, A. S., Mostafa, S.
A., Al-Fahdawi, S., Dinar, A. M., ... & Diez, T. (2020). Bench-
marking methodology for selection of optimal COVID19 diagnos-
tic model based on entropy and TOPSIS methods. IEEE Access,
8, 99115-99131.

Mohammed, T. J., Albahri, A. S., Zaidan, A. A., Albahri, O. S., Al-
Obaidi, J. R., Zaidan, B. B., Hadi, S. M. (2021). Convalescent-
plasma-transfusion intelligent framework for rescuing COVID19
patients across centralised/decentralised telemedicine hospitals
based on AHP-group TOPSIS and matching component. Applied
Intelligence, 1-32.

Moslem, S., Campisi, T., Szmelter-Jarosz, A., Duleba, S., Nahiduzza-
man, K., & Tesoriere, G. (2020). Best—Worst Method for Model-
ling Mobility Choice after COVID19: Evidence from Italy. Sus-
tainability, 6824.

Parkan C, Wu M-L (1999) Decision making and performance meas-
urement models with applications to robot selection. Comput Ind
Eng 36:503-523

Sen P, Yang J-B (1998) Multiple attributes decision support in engi-
neering design. Springer, London

Seraji H, Howard A (2002) Behavior-based robot navigation on chal-
lenging terrain: a fuzzy logic approach. IEEE Trans Robot Autom
18:308-321

Shirazi, H., Kia, R., & Ghasemi, P. (2020). Ranking of hospitals in
the case of COVID19 outbreak: A new integrated approach using
patient satisfaction criteria. International Journal of Healthcare
Management, 312-324.

Singh, R., & Avikal, S. (2020). COVID19: A decision-making
approach for prioritization of preventive activities. International
Journal of Healthcare Management, 257-262.

@ Springer

Triantaphyllou, E., Lin, C. T. (1996). Development and evaluation of
five fuzzy multiattribute decision-making methods. international
Journal of Approximate reasoning, 14(4), 281-310.

Tsay, R. (2005). Extreme Values, Quantile Estimation, and Value at
Risk, Wiley Series in Probability and Statistics, Wiley, USA.

World Health Organization. (2020a). Coronavirus disease 2019
(COVID19) Situation Report — 28. World Health Organization.

World Health Organization. (2020b). Coronavirus disease 2019
(COVID19) Situation Report — 30. World Health Organization.

World Health Organization. (2020c). Coronavirus disease 2019
(COVID19) Situation Report — 39. World Health Organization.

World Health Organization. (2020d). Coronavirus disease 2019
(COVID19) Situation Report —43. World Health Organization.

World Health Organization. (2020e). Coronavirus disease 2019
(COVID19) Situation Report — 51. World Health Organization.

World Health Organization. (2020f). Novel Coronavirus (2019-nCoV)
SITUATION REPORT - 1. World Health Organization.

World Health Organization. (2020g). Novel Coronavirus (2019-nCoV)
SITUATION REPORT - 3. World Health Organization.

World Health Organization. (2020h). Novel Coronavirus (2019-nCoV)
SITUATION REPORT - 5. World Health Organization.

World Health Organization. (2020i). Novel Coronavirus(2019-nCoV)
Situation Report — 14 - ERRATUM. World Health Organization.

World Health Organization. (2020j). Novel Coronavirus(2019-nCoV)
Situation Report — 16 - ERRATUM. World Health Organization.

World Health Organization. (2020k). Novel Coronavirus(2019-nCoV)
Situation Report — 22. 2020: World Health Organization.

World Health Organization. (20201). Novel Coronavirus(2019-nCoV)
Situation Report - 7. World Health Organization.

World Health Organization. (2020m). Novel Coronavirus(2019-nCoV)
Situation Report - 9. World Health Organization.

Wu, D., Mendel, J. M., & Joo, J. (2010). Linguistic summarization
using if-then rules. In International Conference on Fuzzy Systems
07, 1-8, IEEE.

Yorulmaz M, I¢ YT (2022) Development of a decision support sys-
tem to determine engineering student achievement levels based
on individual program output during the accreditation pro-
cess. Educ Inf Technol 27:4447-4472. https://doi.org/10.1007/
$10639-021-10790-y

Zadeh L (1965) Fuzzy sets. Inf Control 8:338-353

Zhang, X., Zhang, Q., Sun, T., Zou, Y., & Chen, H. (2018). Evalua-
tion of urban public transport priority performance based on the
improved TOPSIS method: A case study of Wuhan. Sustainable
Cities and Society, 357-365.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1007/s12652-021-03466-5
https://covid19.saglik.gov.tr/TR-66300/COVID19-nedir-.html
https://covid19.saglik.gov.tr/TR-66300/COVID19-nedir-.html
https://doi.org/10.1007/s10639-021-10790-y
https://doi.org/10.1007/s10639-021-10790-y

	How COVID-19 pandemic influenced the countries? A value at risk based fuzzy TOPSIS approach using IF–THEN rules
	Abstract
	1 Introduction
	2 Literature review
	3 Methodology
	3.1 TOPSIS method
	3.2 Fuzzy logic and fuzzy set theory
	3.3 Fuzzy TOPSIS
	3.4 Value at risk (VaR)
	3.5 Linguistic summarization using type 1 fuzzy set

	4 Application
	5 Discussion
	5.1 Practical perspective
	5.2 Comparative analysis
	5.3 Sensitivity analysis

	6 Conclusions
	Appendix
	References




