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Abstract

This paper proposes a risk assessment method for estimating theCOVID-19 Infection risk index in flight destinations based on
the pair wise comparison method to solve the problem of health monitoring devices shortage in airlines. In this research, Kish
Airlines flight destinations are considered as a case study. By considering the importance of continuing air travel during COVID-19
pandemic, one of the most effective ways for decreasing the risk of infection to COVID-19 in air travel is establishing health
monitoring stations at the airport gates. Because of the enormous number of airports and airline routes, nationwide coverage of them
by the establishment of the health monitoring stations is unimaginable. Therefore, in this paper, the pair wise comparison method
used for evaluating COVID-19 infection risk index in selected flight destinations and to evaluate the optimal policy for allocation of
health monitoring equipment in Kish Airline destinations a geostatistical map is designed based on the calculated infection risk score.
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Nomenclature and units”
The Notation to be used in this paper listed as follows:

The probability parameter

M;; .
U superiority

n  Systems step number

The probability of selected member winning in the
comparison process

x  The numerical value of the input parameter

r Statistical range
S Standard deviation

Xs  The Normalized value of the input parameter

Introduction

The first Comprehensive report about corona virus
(COVID-19) was released in December 2019 in Wuhan,
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Hubei Province, China [1]. Eight months after this
report, more than 23 million people worldwide have
been infected, and 800,000 have died from COVID-19
complications. Due to the absence of effective vaccines
and medications to combat the virus, immediate actions
should be taken to control the pandemic. In infectious
diseases such as COVID-19, there are three approaches
to control the outbreak. The first method is to blockade
the virus in the infected Cities. In this method, populated
places such as schools and public markets are closed,
and stay-at-home orders establish by central
governments[2]. In the second method, If the
establishment of the restriction’s rules cannot reduce the
number of infected cases and the number of
hospitalizations is accelerated, local authorities will
impose the travel ban restriction between the cities and
announcing the quarantine status[3, 4]. In the third stage,
if the outbreak gets out of control, public health
authorities will try to control the number of deaths by
protecting vulnerable age groups against the disease[5].
Imposed the quarantine statutes is the hard decision for
controlling the COVID-19outbreak. Shutting down
public places and establishing stay-at-home orders can
cause widespread social and economic problems in
quarantined cities [6, 7].
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Transportation of goods and services by airlines is
so important. During the travel ban order, health
authorities impose restrictions to stop airlines flying
from infected cities[8]. Due to the necessity of
continuing flights during the COVID-19 pandemic, one
of the proposed solutions to control the infection risk in
air travel and prevent the spread of the virus by airlines
is to equip the airport terminals with health monitoring
devices such as COVID-19 rapid test kits and infrared
camera for diagnosing the infected passengers. By
considering the vastness of airports, full coverage of all
flight routes is impossible due to the limited available
number of health monitoring devices [9, 10]. To address
this issue we proposed a risk assessment model to find
an optimal distribution policy of health monitoring
devices based on the COVID-19 infection risk index in
selected airport terminals. The COVID-19 infection risk
index in this paper is calculated based on the pairwise
comparison method. In this method, the infection risk
index of the selected flight destination is estimated by
scoring the parameters associated with COVID-19
infection risk. Moreover, we calculated a geostatistical
map to discussed the optimal policy of allocation of
health monitoring devices in selected flight destinations.

Coronavirus pandemic has radically changed the
airline’s business models. Due to the negative impact of
the coronavirus pandemic on airlines many research
articles have been published that offer different
strategies for reducing the risk of infecting COVID-19
in air travel. In [11, 12]Jauthors discussedCOVID-19
infection risk during the loading and boarding process in
airport gates and suggest new methods to reduce the
infection risk in airport terminals. According to
researchers, despite the low chance of COVID-
19transmission in air travel, most passengers have
serious concerns about the safety of air travel during
outbreaks. The studies suggest that by increasing the
health safety protocols more passengers may decide to

choose air travel during outbreaks[13—16].

In the following, the methodology of evaluation of
the risk assessment model for estimating COVID-19
Infection Risk index is presented. The first part
introduces the importance of studying the impact of the
COVID-19 pandemic on airlines. In the second part, the
COVID-19 pandemic impact on airline companies in
2020 is studied. In the third part of this research, the
historical impact of past major outbreaks on airline
industries is discussed. In the fourth section, the main
reason for the selection of the parameters associated
with the COVID-19 infection risk index was discussed.
In the fifth section, the COVID-19infection risk score
calculated based on the pair wise comparison methods
and a geostatistical map generated. In this paper, kish
airline, s flight destinations are considered as a case
study. Furthermore, by evaluation of the risk assessment
model the optimal policy for allocation of health
monitoring equipment is discussed. Finally, a summary
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of pair wise comparison method application in
modelling of COVID-19 risk index in kish airlines flight
destinations is discussed.

The impact of the COVID-19 virus on the
general aviation industry

The number of flights passenger has dropped
dramatically since the World Health Organization
declared the COVID-19 pandemic and international air
travel bans had been imposed by local governments. The
Impositions of international air travel bans have
restricted the transfer of goods and services worldwide.
In figure 1 the number of air travel in the united states of
America compared for the same period in 2019 and
2020[17].
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Figure 1. Travel numbers for 2020 and 2019 in the united
states recorded by Transportation Security Administration

The main reasons for the reduction in the number
of airline passengers are the imposition of quarantine
restrictions by governments. According to the financial
reviews during the first months of theCOVID-19
outbreak in 2020, the number of airline passengers
decreased dramatically by about 40% globally, and the
number of pre-sale tickets saw a 50% decreased in sale
compared to the number of pre-sale tickets sold at the
same period in 2019. [18, 19]. Similarly, due to the
impact of the COVID-19 outbreak on the world
economy World's GDP is expected to fall by 0.02 to
0.12 percent as the COVID-19 pandemic continues and
the revenues in the aviation sector continue to decline
significantly. This decline in World's GDP could lead to
the loss of more than 25 to 35 million jobs in 2020 in the
worst-case scenario [20]. In figure 2 the Corona virus
impact on GDP growth factor for selected countries in
the third quarter of 2020 has been shown[21, 22].
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Figure 2. Coronavirus impact on GDP growth factor in
selected countries for the third quarter of 2020

The impacts of past outbreaks on the
aviation industry

Throughout the history of the aviation industry, global
and local pandemics have raised economic doubts about
airline companies. The first case of contagious disease
impaction in the aviation industry saw in the late 1950s
[23]. the outbreak of the flu virus Between 1957 and
1958, as well as between 1968 and 1970 has killed more
than one million people, had been faced airlines with a
new challenge for continuing their normal flight
schedule while fewer passengers intended to choose
airlines for traveling [24]. However, due to the limited
number of passenger flights in the mentioned historical
periods, the airlines were not widely faced with the
challenge of reducing the number of their flights. But by
studying the public response to the outbreak of
contagious diseases airline companies try to find an
effective strategy for managing financial crises during
public pandemics.

In 2003, a widespread outbreak of severe acute
respiratory syndrome (SARS) in the Far East led to
widespread economic damage to airlines. Although
about 8098 cases infected to the virus and less than 800
deaths have been recorded as a result of the SARS
pandemic[25], due to the dramatic growth of the
aviation industry in compared to the flu outbreak of the
1950s, public fear and anxiety over the spread the
disease had a profound effect on the decline in airline
revenues in 2003. According to surveys conducted in 8
different regions of the world, more than 75% of the
participants stated that they do not intend to use public
transportation services during outbreaks[16]. According
to the provided statistics, airlines based in the North
American region have suffered a loss of one billion
dollars as a result of the SARS pandemic and the
decrease in the number of passengers [26].
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Middle East Respiratory Syndrome (MERS)
pandemic in 2012 in the Arabian Peninsula had less of
an impact on airlines than the SARS outbreak. Based on
previous experiences with past contiguous diseases, the
Centers for Disease Control and Prevention (CDC) in
the United States has set up health monitoring stations to
closely monitor passengers on flights from the Arabian
Peninsula to united states based airports [27].

The Ebola outbreak in West Africa in 2014 has
been the next challenge for airlines facing financial
crises. In response to the Ebola outbreak, a large number
of non-African airlines, such as British Airways, have
suspended their services in areas affected by the disease,
and other airlines, such as Air France and the Dubai
Emirates reduced their weekly flight numbers to the
infected destinations [28]. To prevent the spread of the
disease, European countries have legislated travel bans
from the impacted areas, and in the North American
region, all travelers with a history of traveling to
outbreaks underwent medical examinations upon arrival.
At airports located in outbreaks, all passengers are tested
at arrival at health monitoring stations, and training
brochures on how to properly deal with the virus are
distributed among passengers[29, 30].

The procedure of selecting the parameters
associated with the COVID-19 infection risk
index

The selected parameter for model COVID-19 risk
assessment in this paper includes Population, Population
ages 50 and above, COVID-19 growth rates, COVID-19
infected cases, and the Total number of incoming and
outgoing flights.

The population factor describes the number of
people in selected destinations who can be infected with
the COVID-19 virus and potentially transmit the virus to
other cities. The new studies discussed that the
populated cities catalyse the spread of COVID-19[31—
35].

The Population of people aged 50 and more may
treat incoming passengers indirectly. In most case
scenarios elderly people who are infected with COVID-
19 will need to be hospitalized for receiving specials
aids[36] thus by considering the important role of the
healthcare worker in hospital in taking care of elderly
people the number of health care workers who could
work in airports gate for diagnosing passengers may
reduce considerably in cities with a high portion of
elderly people.

COVID-19 growth rates and COVID-19 infected
casesare two main factors that describe COVID-19
infection riskin flight destinations. By considering these
two parameters the risk assessment model can predict
the infection risk in a short period timebecause this
number change radically every day the risk prediction
model cannot rely on them for long time risk
assessment. The total number of incoming and outgoing
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flights in airports describes airport congestion.
Contagious disease like COVID-19 can easily transmit
in populated places like airport terminals therefore by
considering this parameter the chance of infecting
COVID-19 in airport terminal will be conceded in the
designed model.[37].

Finally, the number of Active bed per capita to the
population by province factor describes the public health
facilities of destination cities in treating people who
infected to COVID-19. In cities with low health
facilitiesfewer people will diagnose with test kit thus the
chance of infecting to COVID-19 is much higher [38,
39]

COVID-19 risk assessment model
designation based on the pair wise
comparison method

Classification of statistical variables based on the degree
of importance is one of the most complicated issues in
statistical modelling problems. Deciding to determine
the importance of each parameter is a time-consuming
process when the relationship between the variables of
each parameter is unclear to each other [40]. There are
several decision-making methods based on data type,
variables dependency, and the amount of information
provided for each variable that has been developed and
presented. Decision methods for classifying variables
based on wvariable structure include deterministic
methods, stochastic classification, and Multiple-criteria
decision-making method.

The pair wise comparison method is the simpler
form of the analytic hierarchy process (AHP). The AHP
usually use for choosing the best decision among
available options, as long as the only discussed decision
in this paper is to scoring the relevant factors to the
infection risk index, we decide to use the pairwise
comparison method to reduce the complexity of the
parameter scoring process. The pairwise comparison
method is based on the multiple-criteria decision-
making method which can rank and scoring the
members of a specific category [41].

In the pairwise comparison method, the studied
parameters such as (population, percentage of the
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population over 50 years, the growth rate of COVID-19
virus, etc.) are measured in pairs relative to each other,
while the o member with the probability of M;; = (0,1)
is superior to the B member. The importance of each
parameter compared to the other is determined and
scored based on Table 1 [42]. The output of the pairwise
comparison method is statistically considered a random
and non-independent variable. The classification of
members is defined by Equation (1) based on the
unpredictable score of T;which is the probability of
member o winning over the selected comparable
member  with the step number of n.

1
T; = mz Ml]

=1

(1

Table 1. Definition of descriptive and numerical scores in the
pair wise comparison method

Descriptive score Numerical score

Not preferred 0

Somewhat preferred 0.25
Equally preferred 0.5
Highly preferred 0.75

Absolutely preferred 1

To determine the contribution of each parameter we
compare the degree of importance of each parameter
based on Table Icriteria and Equation 1. The figure 3
show that how every two parameters compare mutually
based on 24 judgmental connections that established for
calculating the final degree of importance score for
selected parameters. The scored parameters showed in
Table 2.

Table 2. Scoring parameters related to COVID-19 Infection Risk Index

Total number

Population COVID-19 C,O VID-19 éctlve bed per‘ of incoming Total
. infected capita to population .
Population ages 50 and growth b . and outgoing score
above rate cases y province flights

Population 0.25 05 025 025 03 175

Population ages 50 and 0.5 0 3

above
0.25 0.5 2

COVID-19 growth rate
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COVID-19 infected cases

Active bed per capita to
population by province

Total number of incoming
and outgoing flights

0.75

0.75

0.5

0 0.5
0.5 0.75
1 0.5
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Figure 3. The mutual relation of related factors to infection
risk index in pair wise comparison method scoring system

In Table 3 the statistical data of parameters that are
related to COVID-19 infection risk is determined for
Table 3. Parameters related to COVID-19 Infection Risk Index based on flight destinations of Kish Airlines

Kish airlines domestic flight destinations[43—46].
Selected flight destinations include Tehran, Mashhad,
Isfahan, Shiraz, Yazd, Kish, Asaluyeh, Abadan, and
Bandar Abbas.

Statistical data related to the variables classified in
Table 3 are dispersed in compared to each other, which
makes it difficult to statistically model the risk index of
COVID-19 in the cities under study. Statistical
parameters are comparable to each other if they are
normalized to a specific parameter or population.
Accordingly, performing data normalization operations
on a specific variable causes the statistical data provided
for different groups to be measured relative to each
other. This is possible by transferring the data to the Z-
score format [47]. In the Z-score normalization method,
statistical data are normalized based on the difference of
each data from the standard deviation and based on the
numerical range from 0 to 1.

Active bed per Total number of
Cities Population Population ages COVID-19growth COVID-19 infected ca[ln;z‘l tob incoming and
P 50 and above rates cases popu’a .10n Y outgoing flights
province
Tehran 8693706 19.3 169.93 3098 2.08 26
Mashhad 3001184 15.9 19.5 858 13 12
Isfahan 1961260 19.5 65.96 1979 1.56 14
Shiraz 1565572 17.6 16.83 305 18 8
Yazd 529673 16.1 24.16 725 248 4
Bandar 148 1.23 12
harda 526648 11.8 493
Abadan 231476 13.8 14.8 444 1.56 6




68/ LIRRS / Vol. 3/ Issue 2/ 2020

1. Shafieenejad, Sh.Ghasemi, M. Siami

Asaluyeh

73958

12.9

1.83

55

1.22

Kish

39853

11.8

4.93

148

1.23

40

For weighting, statistical data of Table3 based on
the total scores categorized in Table 2, statistical data
based on Equation (2) are normalized in the numerical

ranges 0 and 1.
xX—r
X5 =

- @)
In this equation, x is the numerical value of the
input ,and the parameters r and s represent the statistical

range and standard deviation and X is the normalized
value of the input parameter.

After normalizing the statistical data from table 3
the calculated scores multiply in each statistical data
subject. By multiplying the score in each parameter, the
degree of importance of each parameter is calculated for
each city. Finally, by summation of weighted statistical
data for each destination the raw COVID-19 infection
score is calculated for flight destinations Table 4.

Table 4. Normal and weighted statistical parameters related to COVID-19 Infection Risk Index

COVID-19 Actcl;'e.lt):(tloper Total number of
Cities Population Population ages COVID-19growth infected ) I]) lt, b incoming and
’ S0 and above rates frecied cases popuation by outgoing flights
province
Tehran 8693706 19.3 169.93 5098 2.08 26
Mashhad 3001184 15.9 19.5 858 15 12
Isfahan 1961260 19.5 65.96 1979 1.56 14
Shiraz 1565572 17.6 16.83 505 18 3
Yazd 529673 16.1 24.16 725 2.48 7
Bandar 148 1.23 12
Abbas 526648 11.8 4.93
Abadan 231476 13.8 148 444 1.56 6
Asaluyeh 73958 12.9 1.83 55 1.22 4
Kish 39853 11.8 4.93 148 123 20

According to Table 4, during the peak period of the
COVID-19 virus pandemic in February 2020 in Iran
[48], Tehran province has the highest ,and Asaluyeh city
has the lowest risk of virus infection. The risk index of
COVID-19 normalized in the numerical range from 0
to10 is shown in figure 4.

Infection Risk Index
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Figure 4. Normalized risk index of COVID-19 in kish airlines
flight destinations

The COVID-19 risk assessment model designed
based on categorized the selected flight destinations in
three risk groups namely: red, orange, and yellow in
terms of COVID-19 virus infection risk index in a
geostatistical map figure 5.By considering COVID-19
infection risk in red and orange cities, allocation of
forces and health monitoring equipment at those airports
should be considered.

Asaliryeny Bandar Abbas

, [fmom 12 Kish

45'E SE $5°E S'E
Longitude

Figure 5. Geostatistical map of COVID-19 infection risk index
in Kish airlines flight destinations
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Conclusions

In this paper, the COVID-19 risk index in kish airlines'
weekly flight destinations was estimated by the risk
assessment model that was designed based on the
pairwise comparison method. Due to the number of
airports and airline routes and the lack of health
monitoring equipment, by determining the risk index of
the COVID-19 virus for the weekly flight routes of Kish
Airlines, the optimal policy for distribution of health
monitoring equipment is determined. According to the
results, Kish Airlines' weekly flight destinations are
presented in three categories of red, orange, and yellow
in terms of the COVID-19 virus infection risk score.
Accordingly, the risk of passengers and flight crew
infection to the COVID-19 virus is high at the
destinations in the red and orange categories. Due to the
high risk of passengers getting COVID-19 virus in cities
of origin in the red and orange categories, the allocation
of forces and health monitoring equipment at those
airports should be considered. giving passengers and
flight crews the right information about how to protect
themselves at the time of COVID-19 outbreak can
increase the safety and reliability of flight travels.
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