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Abstract: In December 2019, the virus SARS-CoV-2
responsible for the COVID-19 pandemic was detected in
the Chinese city of Wuhan. The virus started to spread
from China and dispersed over the rest of the world. In
March 2020, WHO (World Health Organization) declared
COVID-19 a pandemic. The transmission path of the pan-
demic was accelerated by different types of transporta-
tion. With complete analysis of spatial data, population
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A geographer’s perspective

density, types of traffic networks, and their properties,
the spatial distribution of COVID-19 was estimated. GIS
(Geographical Information System), numerical methods,
and software for network analysis were used in this
research to model scenarios of virus distribution on a
global scale. The analyzed data included air, railway,
marine, and road traffic. In the pandemic research,
numerous models of possible trajectory of viruses can
be created. Many have a stochastic character. This study
includes all countries in the world affected by the COVID-
19 up to date. In this study, GIS methods such as buffer,
interpolations, and numerical analysis were used in order
to estimate and visualize ongoing COVID-19 pandemic
situation. According to the availability of new data, tra-
jectory of virus paths was estimated. On the other hand,
sparsely populated areas with poorly developed and small
traffic networks (and isolated island territories) tend to be
less or not affected as shown by the model. This low-cost
approach can be used in order to define important mea-
sures that need to be addressed and implemented in order
to successfully mitigate the implications of COVID-19 not

. only on global, but local and regional scales as well.

Keywords: COVID-19, GIS, progressions, traffic types,
modelling, mapping

1 Introduction

Modern society has forgotten the danger of infectious
diseases, and relying on medical advancement created
a zone of false comfort, by suppressing the memory of
many outbreaks and pandemics that have occurred
throughout history [1,2]. The risk of pandemic in modern
society does not only depend on the pathogen and host
characteristics and mode of its transmission, but also on

" human and environmental factors (population density,

population movement, timeliness, and effectiveness of
prevention and control measures, as well as ecological
changes). Previous studies have shown that population
growth, urbanization, global mobility, and changes of the
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environment and balance are the main contributing fac-
tors associated with the increase of probability of pan-
demics’ occurrence over the past decades [3]. More than
60% of humanity in the 2iIst century occupy densely
populated urban areas [4-6] (Figure 1).

The new infection caused by the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) has fulfilled
all the conditions to be declared a global threat and to be
called a pandemic [7]. In comparison to other corona-
viruses and pathogens that have caused outbreaks in
the past, COVID-19 is less deadly, but it spreads more
easily than the others. The virus’s basic reproduction
number is higher than that observed for the seasonal
influenza. Additionally, the recent studies have shown
that railway and aircraft transportation, human mobility
(i.e., migrations on all scales), as well as population den-
sity significantly correlate with the intensive spread of
the novel coronavirus across China and worldwide [8].
As pointed out by the ref. [9] and [10], Geographic Infor-
mation System (GIS) stands as an essential tool for the
analysis of the spatial distribution of infectious diseases
and can aid in the process of combating a pandemic and
improving the quality of medical care. Since it has an
important place in imagery evaluation of disease growth,
concentrations variability, or spreading of threats across
time, it has much to offer medical geography (health care
planning and service provision) and epidemiological
research in general. Therefore, mapping the pandemic
path presents an important challenge for the humanity.
With methods such as interpolation and kriging, GIS can
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be of significant assistance to alert others about the
COVID-19 spread precisely [9,10]. The understanding of
spatial relationships between the pandemic and identi-
fying exposure to the biological hazard in high-risk popu-
lations is essential for public health. Hence, GIS is a very
important tool in visualization of this data. The spatial
data are also helpful in estimating pandemic paths in the
geospace [11]. Many methods and techniques supported
by GIS could find prominent place in public health and
epidemiology research as shown by the contemporary
studies conducted worldwide [9-15].

New technologies and mathematical models using
known information on population density, population
migration patterns, and pathogen transmission capabil-
ities have made it possible to predict and monitor the
spread of the disease, the concentration of disease cases,
and to identify potential hotspots/epicenters of novel
infections [15-17]. Therefore, visualization and modelling
of virus paths can help health systems around the world
by showing how the virus will continue to spread.

As pointed out by ref. [18], marine, rail, air, and road
transport can play dissimilar roles before, during, and
after different stages of epidemic outbreaks. Therefore,
functions of transportation can be perceived as a depen-
dent, mediating, and moderating variable. The city
of Wuhan, in the Chinese Hubei Province, has almost 11
million inhabitants and very frequent air traffic. In 2018,
the city’s airport registered 20,450,356 passengers [19].
This airport is also the central point between several Eur-
opean and North American airlines (companies). The

Figure 1: Populated areas of the world.
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airport has a huge number of connections between South
America, Australia, and Africa, as a stopping point [20].
Previous studies [e.g., ref. 21 and 22] have shown that
airplane cabins represent a suitable environment for
the transmission of viruses, thus the global increase in
new cases of SARS-CoV-2 can be associated with this type
of traffic. On the other hand, many people in large cities
use more than two types of transportation and commute
40 km daily from home to work and vice versa. The most
commonly used types of local transportations are trains
and buses. However, the highest number of traffic lines
worldwide is comprised of air traffic, followed by road
traffic, railway traffic, and finally marine traffic [23-25].
In comparison with other types of traffic, air traffic has
the highest number of passengers. Even if governments
try to mitigate epidemic or pandemic consequences by
reducing or stopping traffic, after some time the traffic
must be restored again. With restricted population mobi-
lity and trade in goods, the global economy tends to fall
in recession, which could lead to financial problems, job
loss, and expansion of poverty [26]. However, traffic clo-
sure is a very important preventive measure for miti-
gating the virus spread together with quarantine and
hygienic methods, as well as reduction of inner and out-
door migrations [27-29].'It is really difficult to control
COVID-19 spread without a vaccine, and existing preven-
tion measures cannot be sustained for longer than the next
few months. This was especially observed for air traffic,
where it was shown that most of the current airport
screening measures failed in halting the spread of the
virus [22].

2 Materials and methods
2.1 Data source

For the purpose of this study, the data on COVID-19
origin with its geographical dispersion on a global scale
throughout the first and second wave was used. Likewise,
all vector and raster data of traffic properties and popula-
tion density on a global scale were included as well. The
used data belong to the open source formats. With the
help of these data, GIS base was created for mapping and
calculations. For that purpose, all populated areas of the
world were used in the analysis of the paths of COVID-19
pandemic dispersion [30,31]. The data were taken from
the latest United Nations (UN) reports (see Figure 1) and
database entitled worldometer (https://www.worldometers.
info/coronavirus/).

Modelling and mapping of the COVID-19 trajectory = 1605

2.2 Pandemic path

As mentioned in the introduction, the first outbreak (case
of disease) was identified in Wuhan (Hubei), China. The
geographical coordinates of this first point of observation
are 30.58°N and 114.28°E. In December 2019, this location
was recognized as a cluster of pneumonia cases, where
novel coronavirus was eventually identified. Later on, dis-
persion of COVID-19 was observed in all provinces of China
[32-36]. WHO declared the COVID-19 outbreak to be a global
public health emergency on 30 January 2020, ranking it at
sixth place after the outbreak of HIN1 (2009), Polio (2014),
Ebola in West Africa (2014), and Zika (2016) and Ebola in the
Democratic Republic of Congo (2019). In the following
period, on 11 March 2020, WHO characterized COVID-19 as
a pandemic on a global scale [37,38]. In Italy, regions with
the most confirmed cases were Bergamo with geographical
coordinates 45.7°N/9.6°E and Rome 41.8°N/12.5°E. In the
USA, the points with high incidence of cases were New
York City 40.6°N/73.9°W; Chicago 41.8°N/87.6°W; Seattle
47.6°N/122.3°N; and Los Angeles 34.05°N/118.25°W. Other
places of high concentration of identified cases were Madrid
40.38°N/3.71°W; Barcelona 41.38°N/2.18°E; Berlin 52.52°N/
13.40°E; Tehran 35.68°N/51.38°E; Paris 48.85°N/2.35°E; and
Bordeaux 44.83°N/0.57°W. These cities represent the main
communication and connection points especially regarding
the air traffic. More than 40% of the world air traffic in 2019
was located in these airports [39,40] (see Figure 2). These
points (airports) are perfectly connected to railway and road
networks. They have huge population density, higher
than 500 inhabitants per 1km®. Due to all elements listed
above, the COVID-19 virus is well-dispersed on all sides
of the world, excluding Antarctica.

According to ref. [41], air transport has created its
own vulnerabilities during the years, because it is a
vector in the spread of pathogens and diseases on var-
ious scales. This was confirmed by the latest pandemic
worldwide situation regarding COVID-19 where air-
ports and aircrafts act as potential incubators and
nodes of disease distribution (Figure 2). The mentioned
facts should push worldwide states to take radical
structural actions to deal with these emergencies in
the future with the ongoing pandemic.

2.3 Mathematical background of COVID-19
paths

In this study, we calculated two potential paths of COVID-
19. These paths are actually two types of distribution. First,
we presented the worst scenario in case of pandemic wave
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Figure 2: Frequencies of airplane lines in 2019 - the main corridor is between Mainland China, Western Europe, and the USA. This map was
generated using open source GIS software QGIS; the data were taken from the International Air Transport Association.

occupying the whole world. In that case, we can expect
exponential growth of pandemic spread (see equation (1)).

eX. gt

PX=x)= ¢))

Equation (1) presents modified exponential distribution or
Poisson distribution. X is the Poisson distribution with
mean u. This distribution is better than classic exponential
distribution because the parameter of measure m depends
on the average time between occurrences. In our case, that
presents the start of pandemic and current pandemic
situation. This close exponential distribution is very useful
for calculations in natural science and medicine [42].
Another distribution used and elaborated in this
research is geometric. This distribution presents the cur-
rent stage of the pandemic since the humanity is still
waiting for the vaccine. This distribution could be pre-
sented in the following form (see, e.g., 2-equation (4)).

BE=sxy=4"" @)

where
E(x)=1/p 3)
Var(x) = q/p*,q=1-p (4)

This dispersion is very useful because the results could be
used for GIS calculations.

2.4 GIS analysis of pandemic paths at
global scale

With the help of spatial information tool such as GIS and
algorithms used in this research, potential scenarios of

virus distribution on a global scale were modelled. As
pointed out by the ref. [9], spatial models are funda-
mental tools to statistically investigate the geographic
relationship between several explanatory variables and
disease outhreak such as COVID-19. This is why GIS has
become an important tool in analyzing and visualizing
the spread of COVID-19, regardless of the fact that a lim-
ited number of GIS-based studies have been published
since the initial outbreak. The analyzed data for the pur-
pose of this study included air, railway, marine, and road
traffic. Due to the fact that there are numerous models of
possible trajectory of viruses, in this research the authors
used classical GIS and advanced numerical methods.
With the usage of two software’s QGIS 3.12. (Quantum
Geographical Information System) and GRASS GIS, ana-
lysis and estimation of traffic capacities, as well as virus
paths across the globe were investigated. All the proce-
dures and all the algorithms used for the purpose of this
research were presented in the flow chart (see Figure 3),
which was modified in a way to point out the algorithm of
spatial analysis of COVID-19 dispersion across the world.

For the analysis of potential dispersion of COVID-19
on a global scale, conventional models were used. The
first presented model is extreme and it uses exponential
progression. It is marked as dangerous potential of COVID-19
for dispersion across the world. The second model is used to
assess medium and mild increase of pandemic cases across
the world and it uses geometric progression for the analysis
of COVID-19 dispersion. By using special GIS numerical
methods, spatial properties at the time of the beginning of
the spread of the virus were reconstructed.

As already pointed out, GIS and modelling of pan-
demic data can be very powerful tools for calculating
and describing some major properties of COVID-19.
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Figure 3: Algorithms and procedures used in this research.

GIS software QGIS and SAGA (System for Automated
Geoscientific Analyses), along with the tools for geospa-
tial calculations, were used for the visualization of the
infected cases dispersion across the world. The ordinary
and semi-kriging methods were used through QGIS and
SAGA (GIS) of the Spatial Analyst. Other methods used
include interpolation and semi-zonal algorithms. The
number of virus-infected cases over certain area depends
on the density of population which is important for future
predictions. By using QGIS within heat map layer, the
zones of the virus dispersion were observed [43,44].
The traffic networks were created in open source software
Gephi 0.9.1. This software was used for quantification
and analysis of graph properties for all types of traffic.
For each traffic network, the modified Likert scale in QGIS
was applied. The results are given between 0.0 (the
lowest result) and 1.0 (the best result). Beside the Likert
scale, in this research, the authors used analysis of net-
work properties by applying the buffer and threshold ring
analysis [45]. Two types of buffers were used: (a) rounded
buffer with radius of 20; 50; and 100 km — used for the
analysis of railroads and roads, and (b) circular buffer of
20; 50; and 100 km ~ used for the analysis of ports. In the
final phases, correlation method was used. This method
connected two types of values y and x, while r is the
coefficient of correlation between y and x. The value of
r can vary between -1 and +1, where r = 1 indicates that
an increase in x is associated with a corresponding
increase in y, r = -1 indicates that an increase in x is

associated with a corresponding decrease in y, and r =
0 indicates the absence of a predicable relationship. The
main formula used for this purpose has the following
form (equation (5)):

= Z?:l(xi e )?) (yx & )7)
JZE o — %)% x T (s - 72

where the value r is a summary measure relating to an
entire set of paired observation. In this research, the r
was varied between 0.1; 0.3; and 0.6 [46,47]. Other GIS
methods used in this research encompassed semi-auto-
matic spatial analysis, buffer analysis, visualization of
raster objects, categorization, and graduation.

r

(5)

3 Results

From the airplane traffic network, it can be seen that the
total path length of all airplane lines in 2019 was 4.1 x
10" km. The largest number of lines is between America
and Europe 37%, then between Asia and Europe 33%,
North America and South America 11%, Asia and East
Asia 9%, Europe and Africa 5%, and other 5%. The total
number of nodes (airports) is 5,623; the total number of
edges is 72,406 (number represents the trajectory of
direct airplane lines). The results in modified Likert scale
are: the mobility of air traffic is 1.0; the connectivity is
0.6; the availability is 0.8; the density of graph which
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represents direct lines is 0.002; the modularity is 0.0; the
average clustering coefficient is 0.270; and the centrality
is 0.03. The number of weekly connected lines is 2,206
and the number of frequent lines is 2,242. In the USA, the
biggest node is Atlanta’s airport; in Europe, the biggest
nodes are identified in the UK (Heathrow), in Germany
(Frankfurt Airport), in Netherland (Schiphol), in France
(Charles De Gaulle), and in Turkey (New International
Airport). In Central Asia, the biggest nodes are Sheremetyevo
in Russia, Beijing Capital International Airport, and
Shanghai Pudong International Airport.

The results of the modified Likert scale of the road traffic
networks are: the mobility of road traffic is 0.8, the connec-
tivity is 1.0, and the availability 0.7. The densest road net-
work is located in the eastern part of the USA, western and
central part of Europe, and on the east coast of China. The
road traffic network between three continents, i.e., between
North and South America across the Central America, is a
closed network. The number of possible connected lines is
1.5 x 10° per month (see Figure 4c and Table 1).

The roads of Europe, Asia, and Africa belong to the
same closed network. The highest number of possible
connected lines per month is in Europe (2.3 x 10°).

This graph (network) for all continents has the
following characteristics that can be observed in Table 1.
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Table 1: Properties of road network in the world

Continent  Centrality Clustering  Modularity Connectivity
coefficient

Europe 0.06 0.420 0.2 High

North 0.07 0.340 0.1 High

America

South 0.05 0.690 0.4 Moderate

America

Asia 0.09 0.770 0.5 Moderate

Australia  0.08 0.620 0.3 Moderate

Africa 0.06 0.560 0.6 Low

Antarctica 0.09 1.000 1.0 Very low

The road networks in Australia and East Asia are isolated.
The number of possible connected lines per month in
Australia is 0.4 x 10°. In Asia, the number of possible
connected lines per month is 5.2 x 10°. In South America,
the number of possible connected lines per month is
2.6 x 10°,

The railway traffic network has the following results:
the mobility is 0.9; the connectivity is 0.3; and the avail-
ability is 0.9. The railway graph is relatively less con-
nected in comparison with road graph. The railways
traffic network in North America represents the

Figure 4: Traffic networks and population density on a global scale; (a) railway network is the densest in Europe; (b) ports are highly

distributed in Western Europe and the East of USA; (c) the longest roads with the highest density are in the USA and Europe; (d) according to
the UN data, the highest population density is in Western Europe, east coast of the USA, Central America, east coast of South America, east
coast of Central Africa, North India, South-east Asia, southeast coast of Australia, and Japan. These maps were created with the help of open

source GIS software.
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Table 2: Properties of railway network in the world

Continent  Centrality Clustering  Modularity Connectivity
coefficient

Europe 0.03 0.210 0.2 High

North 0.03 0.270 0.3 High

America

South 0.09 0.770 0.8 Low

America

Asia 0.06 0.555 0.5 Moderate

Australia 0.08 0.778 0.7 Moderate

Africa 14 0.989 0.9 Low

Antarctica — — — Very low

dependent graph. The number of possible connected
lines per month is 1.3 x 10°.

The railway graph has the following characteristics:
the modularity is 0.4; the average clustering coefficient is
0.370, and the centrality is 0.05 (see Figure 4a and
Table 2).

The number of possible connected lines per month in
South America is 0.9 x 10% Europe has the largest railway
network and the number of possible connected lines per
month is 2.8 x 10*. In railways of Asia, the number of
possible connected lines per month is 0.7 x 10> (see
Table 2).

The results of the marine traffic network are: the
mobility is 0.2, the connectivity 0.1, and the availability
0.4. As it can be seen on Figure 4b, ports are highly dis-
tributed in Western Europe and the East of USA.

After digitizing the population density data, the
results of average density of regions on a global scale
excluding the oceans were obtained. The average density
in 2019 was 52 inhabitants per 1 km? The highest density
is in North India, Central and Western Europe, east
coast of the USA, west coast around San Francisco, east
coast of China, central part of China, southeast part of
Australia, conurbations in Japan, and the biggest cities in
Africa and South America, where there is more than 100
inhabitants per 1km? (see Figure 4d). These data are sup-
ported by the densest traffic networks of roads, railways,
and large airports (Figure 4). It is easy to point out that
during pandemic these areas are the most susceptible to
infection spreading.

The railroad network shows 33 x 10 vertices at global
scale. When buffer analysis was performed, three radius
belts were derived. First one represents belt with 20 km
radius (see Figure 5a). This belt covers vast areas in
Europe, the countries like Germany, France, Italy, Aus-
tria, Spain, Portugal, Great Britain, Switzerland, Belgium,
Netherlands, Poland, Slovakia, Czech Republic, Hungary,

Modelling and mapping of the COVID-19 trajectory == 1609

Bulgaria, Greece, etc. On the second place regarding the
network density is the United States of America, followed
by India, South America, South-east Australia, and Cen-
tral and Eastern China. The belts of 50 km radius possess
connectivity that is very similar to the first belt; with
zones expanding on 50 more countries (see Figure 5b).
Finally, the belts with a radius of 100 km cover >35%
areas than first two belts. This belt encompasses +76
countries more than first belt. This largest belt is closely
linked with huge urban areas. Also, it elongates closely
with road networks (see Figure 5c).

The total capacity of roads at global scale is 56 x 10°
vertices. After finalization of buffer analysis, the three
belts of 20km (A), 50 km (B), and 100 km (C) showed
prominent feature for potential dispersion of COVID-19
regarding the road traffic networks (see Figure 6a—c).

Road networks display a far better possibility for
COVID-19 dispersion because it is fifty times denser in
comparison with the railroad network. The east coast of
the United States of America has a high connectivity and
high potential of traffic flow. The following regions and
counties exhibit the similar results: Western Europe,
South-east Europe, South East China, Japan, Central
America, South Africa, South-east Australia, and all areas
close to big agglomerations. The first belt with a radius of
20km has high potential in the eastern parts of the
United States of America and Western Europe due to pos-
sible connectivity with other types of traffic. The belt of
50 km covers the same areas, and it extends on the +90
countries across the world. Ninety percent of areas near
big cities belong to this belt. Finally, the belt of 100 km
radius encompasses 199 countries and territories, cov-
ering 75% of the world. This belt has higher risk of
susceptibility to COVID-19 dispersion via road traffic.
Only areas in Antarctica, Central Australia, Greenland,
Northern Canada, Arctic Circle, Central and Eastern parts
of Russian Federation, and Central parts of the Amazon
Basin are likely to be unaffected. This belt has a good
possibility for connection with all traffic types. In that
way, COVID-19 is more likely to be dispersed via roads,
rather than railroads network (5 times faster with 40%
larger area).

3.1 Modelling and mapping of COVID-19-
spreading paths

In this study, all countries in the world affected by the
COVID-19 were analyzed. According to the availability of
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Figure 5: Buffer analysis of railroads of potential three belts with a radius of 20 km (a); 50 km (b); and100 km (c) at global scale.

new data, trajectory of virus-spreading paths was esti- similar to geometric progression. For all estimated cases,
mated. It was observed that in the present conditions two other types of progression, arithmetic and exponen-
on a global scale, the expansion rate of virus is very tial, were used. After modelling and mapping of the
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Figure 6: Buffer analysis of roads of potential three belts with a radius of 20 km (a); 50 km (b); and 100 km (c) at global scale.

results on a global scale, it was observed that the pan- and densely populated areas in the USA and Europe, the
demic dispersion (between the first two waves) shifted areas of big conurbations with large infrastructure of
toward the USA and Europe (Figure 7a and b). The large traffic networks, will be more affected and susceptible
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Figure 7: (a) The beginning of pandemic with geographical dispersion of first reported cases across the world (for pandemic visualization,
the capital city of all countries and territories was used). (b) The contemporary situation of pandemic includes the rapid acceleration of

reported cases across the world.

to the COVID-19. Only sparsely populated areas with
underdeveloped and small traffic networks (and isolated
island territories) will be less or not affected (see Figure
7a and b). From these figures, potential COVID-19 disper-
sion with included geometric progression was analyzed.
Hence, it can be observed which areas are more likely
to be affected by the ongoing COVID-19 pandemic. Dis-
persion belts (between first and second wave) can be
observed after thorough GIS analysis (Figure 7a and b).
From the Figure 7b, it can be observed that, during the

contemporary pandemic situation, more than 213 coun-
tries and territories are affected by COVID-19. The first
belt with a high percentage of reported cases covers
areas with frequent traffic and dense population, encom-
passing the big agglomerations across the world. It
stretches over Brazil, Chile, Columbia, and Peru in South
America, Mexico in Central America, and the USA in
North America. In Europe, this belt stretches over terri-
tories of Spain, Italy, France, and Great Britain. In Eur-
asia, the belt encompasses the Russian Federation,
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Turkey, Iraq, Iran, Saudi Arabia, and Bangladesh. Republic
of South Africa dominates in the African continent in
terms of total registered cases. The belt with low regis-
tered cases includes Tanzania, Comoros, Faeroes Islands,
Gibraltar, Saint Martin, Mauritius, Eritrea, Mongolia, North
Korea, Cambodia, Monaco, Bhutan, Barbados, Brunei, and
Liechtenstein. Other countries and territories belong to the
medium belts regarding the reported cases (see Figure 7b).
The other territories which would be affected by the
ongoing pandemic situation are agglomerations in the
South-East Asia and East Australia.

4 Discussion

From the Figure 7a and b, it is possible to observe the
change of COVID-19 dispersion on a global scale. This
represents the medium scenario of virus progression. In
this scenario, the infected cases encompass >200 coun-
tries and territories. With the new dispersion belts iden-
tified in the USA and Europe, the virus tends to spread to
other border territories. In the worst prediction model
scenario, where exponential progression is used, the
number of infected cases ranges between 60 and 70%
of the world population [48-50]. In the analysis of traffic
network dispersion and density, it is important to point
out that air traffic is more dangerous regarding the infec-
tion spread than road, railway, and marine traffic. The
largest and most densely populated areas in the USA,
such as New York, Chicago, Indianapolis, California, Ari-
zona, Vermont, New Jersey, Ohio, New Orleans, and
Indiana, will be strongly affected according to the pre-
sented model results. The isolated and low population
density states, such as Idaho, Montana, Wyoming, North
Dakota, South Dakota, and Alaska, are expected to be
less affected. In Europe, countries in Scandinavia and
small islands in the Atlantic Ocean including Greenland
will most likely be less affected. The Asian part of Russian
Federation has low population density and undeveloped
road and railway traffic networks, so it will also probably
be less affected. Siberia and the countries in Central Asia
will most likely experience a small number of virus-
infected cases. Central part of South America and central
part of Canada will most likely be less affected as well,
due to low population density and poorly developed
traffic networks.

The contemporary studies indicate that since January,
the virus has rapidly spread over the world, with signifi-
cant outbreaks occurring in countries such as Italy, Iran,
Brazil, and the United States of America. As of June 30th,
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there were cumulatively 26,18,817 cases and 1,26,623
death cases associated with COVID-19 in the USA accord-
ing to ref. [51]. Also, ref. [52] obtained results which indi-
cate that a spatial ordinary least squares regression
model tends to overestimate the COVID-19 period pre-
valence among counties in the United States. On the
other hand, respective authors outline that spatial
models can better estimate the period prevalence for
counties, especially along the Atlantic coasts and
through the Black Belt.

In Europe, study of [53] shows that up to 80% of the
UK population have been infected, with a total of more
than 3,00,000 cases and 42,000 associated deaths being
announced as of 22nd June 2020. On the other hand,
study of [54] emphasizes that the impact of COVID-19
pandemic on the Finnish society has been somewhat
unpredictable, although it has not been as extensive
and massive as in other European countries. Respective
authors state that by August 2020, the reported number of
COVID-19 cases rose up to 7,464 and the number of
deaths up to 333 with recovery rate over 90% of all
reported cases. Contemporary studies of novel corona
virus in East Asia (China) report 80,793 confirmed cases
and 3,169 deaths on the Chinese mainland from March
onward [55,56]. The study of [57] points out that for India
(in the region of South Asia), the overall volume of
infected cases is definitely less compared to other coun-
tries due to timely announcement of lockdown and con-
siderable efforts invested by Indian authorities to impose
stringent lockdown. Also, the authors discuss that Indian
Railways have come up with an innovative approach by
converting train coaches into health care facilities if a
situation arises with large volumes of infected cases
due to the importance of this type of public transport
across the country. In the region of Middle East, Iran
became the second focal point of COVID-19 in the world
after China virus outbreak. According to [58] (2020), until
April 14, 74,877 cases have been identified in the country,
of which 4,683 (6.25%) have died. The African continent
reported 12,37,070 cases, 29,430 deaths, and 9,68,962
recoveries. Republic of South Africa has experienced
severe infection outbreak with highest cumulative
COVID-19 cases and accounts for 90% of the confirmed
deaths, with fatality ratio of 7% [59]. Observed case
studies over the world correspond quite well with the
obtained dispersion belts (between first and second
wave) generated through GIS analysis (Figure 7a and
b). The main advantage of GIS methods in this investiga-
tion lies in easy analysis of geospatial data and in the
possibility to visualize these data. The error of GIS ana-
lysis used in this research varied between 0.5 and 1.0%.
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The buffer and interpolation models outline that GIS
techniques, resources, and methods can be efficiently
used for more effective investigation of vulnerable geo-
graphical locations around the world. Also, geographic
modelling of COVID-19 distribution on global scale can
provide useful insights for policymakers (for targeted
interventions) and for authorities in order to identify
the highly affected areas and take appropriate actions.
This emphasizes the significance of utilization of GIS
techniques and adequate interpretation of geospatial
information for understanding the spatiotemporal
dynamics of COVID-19 and its mitigation, as well as sus-
tainable health care management in different parts of the
world.

5 Conclusion

In the long history of mankind, the pandemic always
presents one of the biggest threats to the entire world
population. Other threats for the world population are
associated with economic problems and everyday living
necessities. In this research, it was noted that air traffic
has high share regarding the mobility, especially in the
USA and Europe, as well as in Mainland China. The
connectivity with other traffic networks is ranked as
average — it is better with the road traffic system, and
less with railway traffic. The reason for this lies in the
fact that speed of air traffic is relatively high, some lines
even have reconnections. Road traffic has high mobility,
the highest connectivity, and reliable availability. This is
due to the fact that road traffic can operate “door to
door.” Other traffic such as marine does not present
real threat to humanity during pandemic, because ports
can be very easily quarantined. These scenarios were
compared with population density accompanied with
the data from 2019. Four types of traffic were investigated
in conjunction with pandemic dispersion of COVID-19.
Obtained results highlight that mobility, connectivity,
and availability of traffic resources can be crucial in the
analysis of virus-spreading paths. The worldwide pan-
demic is ongoing and the model derived areas with
high and low dispersion of COVID-19. For the worst pre-
diction model, where exponential progression is used,
the number of infected cases spans between 60 and
70% of world population. This requires important
measures that need to be addressed and implemented
in order to successfully mitigate the implications of
COVID-19 not only on global, but also on local and
regional scales. There are a number of limitations in this
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research. Although authors investigated the influence of
different types of traffic on human mobility and thus dis-
persion of infection on global scale, future studies should
be oriented towards a more comprehensive analysis of the
detailed impact of different travel types on the pandemic.
Therefore, future studies are recommended to be more
focused on the assessment of the volume of air travel, as
well as on the investigation of the impact of sea, bus, train,
and car travels (with usage of daily, monthly, and yearly
data resolution) on the distribution of COVID-19 in dif-
ferent regions of the world. Also, necessity for unique geo-
database which would comprise environmental, socioeco-
nomic, topographic, and demographic variables should be
imperative for some future work that would strive to
explain the spatial variability of disease incidence. For
this purpose, artificial intelligence-driven methods can
be useful to predict the parameters, risks, and effects of
such a pandemic, which would be crucial for COVID-19
mitigation measures that could be implemented in many
regions of the world.
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