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Evaluating the Preparedness of Indian States against
COVID-19 Pandemic Risk: A Fuzzy Multi-criteria
Decision-Making Approach

Sudipa Choudhury ,1 Abhijit Majumdar ,2,∗ Apu Kumar Saha,1 and Prasenjit Majumdar3

The preparedness of Indian states and union territories (UTs) against the COVID-19 pan-
demic has been evaluated. Ten parameters related to demographic, socioeconomic, and
healthcare aspects have been considered and the performances of 27 states and three UTs
have been evaluated applying the Fuzzy Analytic Hierarchy Process. Opinions of medical ex-
perts have been considered to ascertain the relative importance of decision criteria as well
as subcriteria. The scores of various states and UTs in each of the decision subcriteria have
been calculated by using the secondary data collected from authentic sources. It is found
that Kerala and Bihar are the best prepared and worst prepared states, respectively, to com-
bat COVID-19 pandemic. Karnataka, Goa, and Tamil Nadu have very good preparedness
whereas Chhattisgarh, Jharkhand, and Bihar have very poor preparedness. Maharashtra, the
most affected state in India, has average preparedness. As around 650 million people are vul-
nerable due to the poor and very poor preparedness of their states, the country needs to make
region specific mitigation strategies to combat the COVID-19 pandemic and the preparedness
map will be helpful in that direction.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused
by the serious acute breathing syndrome corona-
virus 2 (SARS-CoV-2) is arguably the most cursed
pandemic in the last one century (WHO, 2020a). The
disease was first detected in the city Wuhan of China
in December 2019 (Huang et al., 2020). On January
30, 2020, the World Health Organization (WHO) de-
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clared an international public health emergency, and
on March 11, a nationwide emergency. Till the end
of July 2021, almost 197 million COVID-19 cases
have been registered, resulting in around 4.2 mil-
lion deaths (John Hopkins CCSC, 2021). The viruses
are mainly transmitted to humans during close con-
tact, mainly through small droplets released to the
environment while coughing, sneezing, and talking
(CDC, 2020a). The droplets generally fall onto the
ground or floor instead of traveling long distances
through the air. When a person touches this infected
surface and then rubs his or her face, he or she can
also get infected. It is most contagious within the first
three days after the initial infection, although it is
more likely to spread from the asymptomatic individ-
uals before symptoms start appearing (CDC, 2020a).

Fever, cough, tiredness, breathlessness, and loss
of smell are the typical symptoms of this disease

85 0272-4332/22/0100-0085$22.00/1 © 2021 Society for Risk Analysis

https://orcid.org/0000-0003-3061-8744
https://orcid.org/0000-0002-0353-1849


86 Choudhury et al.

(Rubio-Romero, Pardo-Ferreira, Torrcialla-Garcìa,
& Calero-Castro, 2020) whereas serious complica-
tions can occur in the form of acute respiratory dis-
tress syndrome (Huynh, 2020). The symptoms typi-
cally take about five days to surface, however, it can
vary from two to 14 days (Velavan & Meyer, 2020).
So far, no specific antiviral treatment is available for
this disease through research work is going on across
the world to find some remedies (Haas, 2020). It is
advised to take precautions such as frequent wash-
ing of hands, covering one’s mouth while coughing
and sneezing, maintaining social distances and wear-
ing face masks in public places. Monitoring and self-
isolation are recommended for people suspected of
being infected. Authorities have adopted travel bans,
lockdowns, and closure of offices, schools, malls, and
so on to thwart the community spread of the virus.
Walensky and del Rio (2020) suggested rapid con-
tact tracing using digital technologies and quarantin-
ing within 24 hours.

India, which reported the first case on 30 Jan-
uary 2020, currently has the second highest number
of confirmed cases after the United States. The In-
dian government took some strict decisions including
lockdowns in four stages across the country during
March–May 2020 to mitigate the spread of the dis-
ease. As of July 31st 2021, the Ministry of Health and
Family Welfare, Government of India has confirmed
a total of 30.78 million recoveries and 0.42 million
deaths in the country. Nevertheless, the fatality rate
in India is 1.34%, which is lower compared to the
global fatality rate.

Several works related to patient’s care and pan-
demic spread have already been published related
to COVID-19 (Bhatraju et al., 2020; Holshue et al.,
2020; Zhou et al., 2020). Adhikari et al. (2019) have
worked on the bioaerosol transport model in a hospi-
tal setting with the aid of Monte Carlo Simulation to
predict the risk of infection. They found that within
the same room the risk of infection is the maximum
for the healthcare workers including nurses and the
lowest for the visitors. Solé et al. (2020) showed how
to take care of neuromuscular patients during the
COVID-19 pandemic. Hirsch et al. (2020) studied pa-
tients with acute kidney problems who were hospi-
talized for COVID-19. Kushnir et al. (2020) tried to
reactivate gastroenterologist practices following this
disease. deBruin et al. (2020) have analyzed various
methods and strategies adopted by countries to con-
tain the spread of COVID-19. For the COVID-19
epidemic in Italy, Giordano et al. (2020) estimated
the model parameters based on data from February

20th, 2020 (day 1) to April 5th, 2020 (day 46) and
showed how the progressive restrictions and lock-
down have affected the spread of the epidemic. They
opined that a combination of voluntary and enforce-
able measures are expected to give the best results. It
has now become quite obvious that the disease is go-
ing to stay for some time before some effective med-
ical intervention is discovered. Therefore, it is impor-
tant to evaluate the preparedness of countries and
states to combat against this pandemic so that effec-
tive strategies can be formulated by the government.

With 1.35 billion population, India is the second
most populated country in the world. According to
size, it is the 7th largest country. It has 28 states and 8
union territories (UTs) which vary widely in various
demographic, socioeconomic, and healthcare param-
eters. Therefore, the preparedness of Indian states
and UTs to counter the COVID-19 pandemic is
expected to be different. However, evaluation of this
preparedness is not an easy task as multiple criteria
having different weights or importance are involved.
Some of these criteria may have a beneficial effect in
containing the pandemic whereas some others may
have a negative effect (Sangiorgio & Parisi, 2020).
Flanagan, Gregory, Hallisey, Heitgerd, and Lewis
(2011) proposed a percentile based ranking approach
to determine social vulnerability index against dis-
aster. The authors used simple sum approach to
combine the percentile ranking in various criteria.
However, the weightage of various criteria in deter-
mining the vulnerability of states to any pandemic
is different. Therefore, multiple criteria decision
making (MCDM) should be invoked to solve such
a decision-making problem. Among the MCDM
methods, the analytic hierarchy process (AHP) is
probably the most popular one as it can handle
subjective as well as objective criteria (Saaty, 1983,
1986). However, the original AHP can only handle
the use of crisp numbers. Therefore, incorporation
of fuzzy set theory and fuzzy numbers in AHP is
required as the expert’s opinion may have vagueness
and ambiguity. In recent years, fuzzy AHP has been
used to solve various decision-making problems re-
lated to the internet of things (Ly, Lai, Hsu, & Shih,
2018), financial distress in aviation companies (Mah-
tania & Garg, 2018), site selection (Karasan, Ilbahar,
& Kahraman, 2019), and supply chain risk quantifi-
cation (Majumdar, Sinha, Shaw, & Mathiyazhagan,
2020). Besides, some researchers have modified
the AHP by using Gini coefficient and other ap-
proaches to overcome the drawbacks of parent AHP
(Choudhury, Howladar, Majumder, & Saha, 2019;
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Choudhury, Saha, & Majumder, 2020). However,
our literature search shows that there is no reported
research using MCDM approaches to evaluate the
preparedness of a country or its states against a
pandemic.

The main objective of this research is to eval-
uate the preparedness of Indian states and UTs by
considering important demographic, socioeconomic
and healthcare parameters (subcriteria) and perfor-
mance scores of each state and UT in each of these
subcriteria. The research makes an attempt to group
the Indian states and UTs into few clusters based on
their preparedness. The results reveal that there ex-
ists stark contrast in terms of preparedness in var-
ious parts of India. Therefore, the government can
develop and implement zone wise pandemic mitiga-
tion strategy rather than adopting a uniform strategy
across the whole country.

2. BASIC DEFINITION AND TERMINOLOGY

The following definitions have been recalled and
used in this study.

2.1. Fuzzy Set Theory

The crisp set theory was extended by Zadeh
(1996) to the fuzzy set theory. In an ambiguous and
vague scenario, fuzzy set theory can deal with real-
life problems (Viadiu, Fa, & Saizarbitoria, 2006).
Fuzzy set theory has been characterized by a mem-
bership function which maps from 0 to 1. Till now,
many researchers have improved the concept of
fuzzy methods to use in several fields e.g., optimiza-
tion problems, multiobjective problems, and multicri-
teria decision-making problems (Bajpai, Sachdeva, &
Gupta, 2010; Chen & Sanguansat, 2011; Wang, Chen,
Shi, & Chen, 2011).

2.2. Definition 1: Fuzzy Sets

Let X be a collection of objects denoted by x. A
fuzzy set Â in X is a set of ordered pairs defined as

Â = {(
x, µÂ(x)

)
: x ∈ X

}
(1)

where, µÂ(x) is the membership function of x in Â.

Table I. The Basic Operations Between two Triangular Fuzzy
Numbers

Operation Explanation

Addition (n1 ⊕ n2) (n1l + n2l , n1m + n2m, n1u + n2u)
Subtraction (n1 � n2) (n1l − n2l , n1m − n2m, n1u − n2u)
Multiplication (n1 ⊗ n2) (n1l × n2l , n1m × n2m, n1u × n2u)
Division( n1

n2
) ( n1l

n2u
,

n1m
n2m

,
n1u
n2l

)

Inverse( 1
n1

) ( 1
n1u

, 1
n1m

, 1
n1l

)

2.3. Definition 2: Triangular Fuzzy Number

A fuzzy number A = (l, m, r) is called Triangu-
lar Fuzzy Number (TFN) if its membership function
is defined as:

µA (x) =

⎧⎪⎪⎨
⎪⎪⎩

0, x < l
x−l
m−l , l < x < m
r−x
r−m , m < x < r

0, x > r

(2)

where, m is the most probable value, l and r are the
smallest and largest value. The basic operations of
TFN are shown in Table I.

where, n1 = (n1l, n1m, n1u) and n2 = (n2l, n2m,

n2u) represent two TFN with lower, modal, and
upper values.

2.4. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) was de-
veloped by Saaty (1983, 1986). It is one of the most
widely used methods of decision making when sev-
eral qualitative and quantitative criteria and alterna-
tives are involved. In AHP, a decision-making prob-
lem is first broken down into many subproblems by
arranging them in a hierarchy which includes a num-
ber of criteria and subcriteria at respective levels. The
top layer of the hierarchy reflects the goal or objec-
tive of the problem and the intermediate levels rep-
resent the criteria and subcriteria related to the ele-
ment at the next higher level. The alternatives of the
decision problem are placed at the lowest level of the
hierarchy. After formulating the problem hierarchy,
a team of experts prepare the pairwise comparison
matrix of criteria with respect to the objective and
pairwise comparison matrices of subcriteria with re-
spect to the corresponding criteria. The perception
of the experts about the dominance of one element
(criterion or subcriterion) over the other is converted
by using Saaty’s scale given in Table II. Thereafter,
Eigen vectors of these matrices are determined to
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Table II. Pairwise Comparison Used in AHP (Saaty, 1983)

Rating Description

1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance

Table III. Linguistic Expressions and Equivalent Triangular
Fuzzy Numbers (Wang, Liu, Fan, & Feng, 2009)

Linguistic judgment Fuzzy number

Approximately equal 1/2, 1, 2
Approximately x times more significant x − 1, x, x + 1
Approximately x times less significant 1

x−1 , 1
x , 1

x+1
Between y and z times more significant y, y+z

2 , z
Between y and z times less significant 1

z , 2
y+z , 1

y

elicit weights of criteria and subcriteria. The scores of
alternatives with respect to criteria or subcriteria are
then derived either by using actual objective data or
by using pairwise comparison for subjective data. Fi-
nally, the weights and scores are synthesized to elicit
the priority or ranking of alternatives.

2.5. Fuzzy-AHP

One of the drawbacks of classical AHP is that
the vagueness and ambiguity of decisionmakers in
case of priority of criteria of alternatives cannot be
handled. To overcome this drawback, fuzzy AHP was
developed by integrating the fuzzy theory with AHP
(van Laarhoven & Pedrycz, 1983). Various forms of
fuzzy numbers, namely triangular, trapezoidal, sig-
moidal, and Gaussian can be used to represent the
vagueness. TFN is a special case of trapezoidal fuzzy
number. The former is used in conservative cases as
full membership is given only at a specific value of
universe of discourse whereas the latter is used in
tolerant cases where full membership is given for
large regions of universe of discourse (Berkan &
Trubatch, 1997). In this research, TFNs have been
used as they are easy to comprehend and are com-
putationally simple. Table III shows the linguistic
judgements and corresponding TFN. Fuzzy AHP also
has some variants. Chang (1996) proposed the ex-
tent analysis approach of fuzzy AHP. However, it
is computationally more complicated than the ap-

proach that has been used in this work following the
work of Triantaphyllou and Lin (1996).

3. METHODOLOGY

This study has been conducted in four stages. The
flowchart of the steps involved is depicted in Fig. 1.

First, a conceptual hierarchical model compris-
ing of all the criteria and subcriteria relevant to the
objective of the study was formulated as depicted in
Fig. 2. The decision criteria, namely, demographic,
socioeconomic, and healthcare were placed at level
2 of the hierarchy. Level 3 of the hierarchy con-
tained 10 sub-criteria, divided into three, three, and
four, respectively for demographic, socioeconomic,
and healthcare criteria. At the lowest level of the
hierarchy, were all the states and UTs to be ranked
based on their priority score of preparedness against
COVID-19. Table IV presents a brief description of
decision criteria and subcriteria.

In the second stage, pairwise comparison was
made for criteria and subcriteria. Fuzzy numbers
were used to compare the criteria as well as subcri-
teria based on their importance with respect to the
element at the next higher level. In the third stage,
weights of criteria and subcriteria were determined.
In the fourth stage, weights of subcriteria and scores
of all the states and UTs in each of these subcriteria
were synthesized to get the priority values. Finally,
the states were ranked according to the descending
values of the priority and a preparedness map was
delineated.

After preparing the problem hierarchy, the fuzzy
pairwise comparison matrix of criteria with respect
to the objective of the problem was formulated as
shown in (Equation 3).

A =

⎡
⎢⎢⎢⎣

ã11 ã12 · · · ã1n

ã21 ã22 · · · ã2n
...

...
...

...
ãn1 ãn2 · · · ãnn

⎤
⎥⎥⎥⎦ (3)

where,
∼

ai j represents the dominance of the criterion
in the row in terms of TFN with respect to the crite-
rion in the column.

As the formulation of the pair-wise comparison
matrix requires domain knowledge of pandemic mit-
igation, telephonic discussions were made with the
doctors of a COVID-19 hospital located in the state
of West Bengal, India. The perception of experts was
converted to TFN using the scale given in Table II.
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Fig 1. Flow chart of fuzzy AHP
methodology

Afterward, the geometric mean of each row (
∼
Vi) of

the pairwise comparison matrix was calculated as
shown in Equation (4).

Ṽi =
⎛
⎝ n∏

j=1

ãi j

⎞
⎠

1/n

(4)

Furthermore, normalization was done to obtain
the fuzzy weights of criteria as shown in Equation (5).

W̃i = Ṽi∑n
i=1 Ṽi

(5)

In the next step, pairwise comparison was done
among sub-criteria (of a criteria) to elicit local fuzzy
weights of subcriteria with respect to correspond-
ing criteria. Then, the global fuzzy weight of a sub-
criterion was determined by multiplying the weight
of a criterion and local weight of a subcriterion with
respect to the criterion.

The data of Indian states and UTs in selected
nine subcriteria were collected from authentic gov-
ernment sources. Andhra Pradesh and Telangana,
two separate states at present, were considered as a
single state as only unified data were available. Sim-

ilarly, Jammu and Ladakh, two UTs at present, were
considered as Jammu and Kashmir state. Table V
shows the data used in this research. As the units
are different for various subcriteria, it is important to
normalize the data so that the effect of scale is neu-
tralized. Sub-criteria where higher values are desir-
able (literacy rate, doctors/1000 persons, etc.), were
normalized using Equation (6). On the other hand,
cost criteria (population density, below poverty line
%, etc.) were normalized using Equation (7).

xn = xi

xmax
; forbenefitcriteria (6)

xn = xmin

xi
; forcostcriteria (7)

where, xn, xmax and xmin are the normalized score,
maximum score, and minimum score of states and
UTs in a subcriteria.

4. RESULTS AND DISCUSSION

The priority scores obtained from the fuzzy AHP
indicate the preparedness of states and UTs against
the pandemic. Table VI presents the first step of
fuzzy AHP where demographic, socioeconomic, and
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Fig 2. Hierarchical model

Table IV. Decision Criteria and Subcriteria

Criteria Subcriteria Description

Demographic Population density (km−2) Population per square km
Slum-dwellers (%) Percentage of urban population living in slums
Elderly population (%) Percentage of people over 60 years of age

Socioeconomic Literacy rate (%) Percentage of people who are literate
Poverty level (%) Percentage of people below the poverty level
Per capita income Per capita income of each state/UT

Medical Doctors/1000 people Total number of registered doctors available in 2020
Nurses/1000 people Total number of registered nurses available in 2020
Beds/105 people Total number of hospital beds available in 2020
Ventilators/105 people Total number of ventilators available in 2020

healthcare criteria are compared with each other us-
ing TFN. Healthcare criteria are the most important
followed by socioeconomic ones to combat a pan-
demic like COVID-19. From the normalized fuzzy
weights shown in Table VI, it is noted that the
modal value of the weight of healthcare criteria is
0.645 implying that it is contributing around 65% to
the objective whereas socioeconomic criteria, with a
modal value of the weight of 0.231, is contributing
around 23%. Tables VII, VIII, and IX show the pair-
wise comparison of subcriteria with respect to de-
mographic, socioeconomic, and healthcare criteria,
respectively. The last column of these tables shows
the local weights of sub-criteria in terms of TFN

with respect to the corresponding criteria. Table X
shows the global weights of all subcriteria in terms of
TFN which have been defuzzified using Kaufman and
Gupta’s (1988) method. The last column of Table X
shows the final weights of subcriteria after normaliza-
tion.

It is observed from Table X that the number of
doctors per 1000 persons is the most important sub-
criterion followed by the number of nurses per 1000
persons. Table XI presents the preparedness scores
of all states and UTs in descending order. Kerala has
the highest preparedness score (0.690) followed by
Karnataka (0.596). It is noteworthy that Kerala is the
only state to acquire a preparedness score of more
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Table VI. Pairwise Comparison Matrix and Weight of Criteria

Criteria Demographic Socioeconomic Medical Normalized fuzzy weight

Demographic 1.00 1.00 1.00 0.33 0.50 1.00 0.17 0.20 0.25 0.083 0.124 0.211
Socioeconomic 1.00 2.00 3.00 1.00 1.00 1.00 0.25 0.33 0.50 0.137 0.231 0.381
Medical 4.00 5.00 6.00 2.00 3.00 4.00 1.00 1.00 1.00 0.429 0.645 0.950

Table VII. Pairwise Comparison Matrix and Local Weights Demographic Subcriteria

Socioeconomic Population density Slumdwellers Elderly population Normalized fuzzy
weight

Population density 1.00 1.00 1.00 0.33 0.50 1.00 0.25 0.33 0.50 0.097 0.164 0.332
Slum dwellers 1.00 2.00 3.00 1.00 1.00 1.00 0.33 0.50 1.00 0.153 0.297 0.603
Elderly population 2.00 3.00 4.00 1.00 2.00 3.00 1.00 1.00 1.00 0.278 0.539 0.957

Table VIII. Pairwise Comparison Matrix and local Weights of Socioeconomic subcriteria

Socioeconomic Literacy rate Poverty level Per capita income Normalized fuzzy weight

Literacy rate 1.00 1.00 1.00 0.50 1.00 2.00 2.00 3.00 4.00 0.217 0.428 0.827
Poverty level 0.50 1.00 2.00 1.00 1.00 1.00 2.00 3.00 4.00 0.217 0.428 0.827
Per capita income 0.25 0.33 0.50 0.25 0.33 0.50 1.00 1.00 1.00 0.087 0.144 0.264

Table IX. Pairwise Comparison Matrix and Local Weights of Medical Subcriteria

Medical Doctors Nurses Beds Ventilators Normalized
fuzzy weight

Doctors 1.00 1.00 1.00 1.00 1.50 2.00 2.00 3.00 4.00 5.00 6.00 7.00 0.279 0.451 0.704
Nurses 0.50 0.67 1.00 1.00 1.00 1.00 1.00 2.00 3.00 4.00 5.00 6.00 0.186 0.318 0.530
Beds 0.25 0.33 0.50 0.33 0.50 1.00 1.00 1.00 1.00 2.00 3.00 4.00 0.100 0.166 0.306
Ventilators 0.14 0.17 0.20 0.17 0.20 0.25 0.25 0.33 0.50 1.00 1.00 1.00 0.044 0.064 0.102

Table X. Global Weights of Subcriteria

Subcriteria Fuzzy weight Defuzzified weight Normalized defuzzified weight

Population density 0.008 0.020 0.070 0.030 0.023
Slum dwellers 0.013 0.037 0.127 0.053 0.042
Elderly population 0.023 0.067 0.202 0.090 0.071
Literacy rate 0.030 0.099 0.315 0.136 0.107
Poverty level 0.030 0.099 0.315 0.136 0.107
Per capita income 0.012 0.033 0.100 0.045 0.035
Doctors 0.120 0.291 0.669 0.343 0.271
Nurses 0.080 0.205 0.504 0.249 0.196
Beds 0.043 0.107 0.291 0.137 0.108
Ventilators 0.019 0.041 0.097 0.050 0.039

than 0.6. Our results are in agreement with the fact
that Kerala has emerged out to be the model state
in India to contain the spread of COVID-19 though
the first case was reported from this state (Arentz
et al., 2020). At the end of July 2021, Kerala has

a case fatality (ratio of number of deaths to num-
ber of infections) of 0.6% which is much lower than
the Indian national average (1.34%). Goa and Tamil
Nadu are the other two states which have a pre-
paredness score of more than 0.5 implying that they
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Table XI. Preparedness Score of Various States and UTs

State/UT Score State/UT Score

Kerala 0.69 Uttrakhand 0.32
Karnataka 0.60 Meghalaya 0.30
Goa 0.59 Jammu & Kashmir 0.30
Tamil Nadu 0.52 Manipur 0.30
A & N Islands 0.50 Nagaland 0.29
Punjab 0.48 West Bengal 0.28
Delhi 0.48 Assam 0.28
Maharashtra 0.40 Tripura 0.27
Sikkim 0.40 Madhya Pradesh 0.26
Mizoram 0.38 Haryana 0.26
Himachal Pradesh 0.37 Odisha 0.26
Andhra Pradesh 0.36 Uttar Pradesh 0.23
Arunachal 0.35 Chhattisgarh 0.20
Gujarat 0.35 Jharkhand 0.19
Rajasthan 0.33 Bihar 0.18

are also very well prepared. Andaman and Nikobar
Islands, Punjab, and Delhi have good preparedness
with score higher than 0.4. On the other hand, Chhat-
tisgarh, Jharkhand, and Bihar have score ≤ 0.2 imply-
ing very poor preparedness. The number of doctors
per 1000 persons in these three states is 0.271, 0.155,
and 0.385, respectively, which is much lower than the
WHO’s guideline of 1 doctor per 1000 persons. More-
over, Bihar has the lowest numbers of nurses per
1000 persons (0.091) and lowest number of hospital
beds per lakhs of population (29.7). Besides, there
are 11 other states and UTs (Meghalaya, Jammu and
Kashmir, Manipur, Nagaland, West Bengal, Assam,
Tripura, Madhya Pradesh, Haryana, Odisha, and Ut-
tar Pradesh) which have poor preparedness (0.2 <

score ≤0.3). Together, these 14 states and UTs have
a population of around 650 million accounting for al-
most half of the entire Indian population. This study
reveals that a huge population is under the pan-
demic risk as the preparedness of these states is ei-
ther poor or very poor. Therefore, it important for
the Indian government to make region-specific pan-
demic mitigation strategy. Fig. 3 depicts the prepared-
ness map by grouping the states and UTs in five clus-
ters: very good (score: >0.5; green), good (0.4 <score
≤ 0.5; yellow), average (0.3 <score ≤ 0.4; pink); poor
(0.2 <score ≤ 0.3; orange) and very poor (score ≤
0.2; red). It is observed that the southern part of In-
dia is better placed with preparedness level of aver-
age and above. However, the central and eastern part
of India have poor or very poor preparedness, thus
requiring immediate attention. According to British
medical journal Lancet, pandemic vulnerability is dy-

namic as a group of people may not be vulnera-
ble at the beginning. However, they may become
vulnerable with time as the pandemic spreads (The
Lancet, 2020). The experts suggested that it would
be very difficult to increase the number of doctors
or nurses overnight. However, trained medical vol-
unteers should be recruited to monitor patients with
mild and moderate symptoms locally and only the
patients with severe symptoms should be hospital-
ized as beds are bound to be limited. They expressed
that most of the critical patients have suffered from
micro-vascular clots in the lungs and other parts of
the body. Therefore, the oxygen saturation level in
the body should be monitored after every two hours
as the conditions of patients deteriorate very quickly.

5. CONCLUSIONS

The preparedness of Indian states and UTs
against the COVID-19 pandemic has been evalu-
ated using the fuzzy AHP method of multi-criteria
decision making. Demographic, socioeconomic, and
healthcare-related criteria and subcriteria have been
considered. Weights or importance of these decision
criteria and subcriteria were determined by convert-
ing the perception of medical experts using triangu-
lar fuzzy numbers. It is found that the preparedness
of the states and UTs, represented by preparedness
score, varies widely. Kerala, Karnataka, Goa, and
Tamil Nadu are the states which have very good pre-
paredness against the pandemic. The southern states,
in general, have average or better preparedness. On
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Fig 3. Preparedness Map of Indian States and UTs
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the other hand, Bihar Jharkhand and Chhattisgarh
have very poor preparedness. Besides, a large num-
ber of states in the central and eastern part of In-
dia have poor preparedness. A population of around
650 million is under the risk of COVID-19 as the pre-
paredness of states is either poor or very poor.

Therefore, fuzzy AHP presents a sound and log-
ical decision-making platform based on which poli-
cymakers can formulate pandemic mitigation strate-
gies. As India is on the cusp of third wave, this study
will be helpful to devise region specific strategy to
combat against the COVID-19 pandemic. As an ex-
tension of this study, district wise mapping can be
done for the states having poor and very poor pre-
paredness.
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