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Abstract

The coronavirus (COVID-19) pandemic has caused disastrous results in most countries of the world. It has rapidly spread
across the globe with over 156 million cumulative confirmed cases and 3.264 million deaths to date, according to World
Health Organization (WHO) Coronavirus Disease (COVID-19) Dashboard. With these huge amounts of causalities in the
world, Geographic Information Systems (GIS) as a computer-based analyzer could help governments, experts, medical staff,
and citizens to prevent and respond to the incidence. On the other hand, the COVID-19 pandemic involves many unknown
parameters where most of them have a spatial dimension. Thus, spatial analysis and GIS could provide appropriate decision-
making tools, predictive models, statistical methods, and new technologies for COVID-19 outbreak control, also help the
people for avoiding direct contact and preserving social distance. This article aims to review the most promising categories
of GIS-based solutions in this domain. We divided the solutions into ten classes including spatio-temporal analysis, SDSS
approaches, geo-business, context-aware recommendation systems, participatory GIS and volunteered geographic informa-
tion (VGI), internet of things (IoT), location-based service (LBS), web mapping, satellite imagery-based analysis, and waste
management. The main contribution of this paper is proposing different geospatial guidelines that could provide reliable and
useful protocols for COVID-19 outbreak control to minimize causalities, restrict incidence, establish effective urban com-
munication, provide new approaches for business in lockdown situations, telehealth treatment, patient monitoring, adaptive
decision making, and visualize trend analysis.
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Introduction

COVID-19 is a novel coronavirus infecting animals and
nneysani @ut.ac.ir humans. Infected human may show no or mild symptoms,
Hua Li to the severe incidence that cause death. It was first reported
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HXLiu@odu.edu from Wuhan, China in December 2019, and soon spread to
the rest of the country and other countries as a public health
emergency of international concern [1]. There were more
than 156 million cases of COVID-19 and 214.468 million
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Geographic Information Systems (GIS) as a framework
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public health studies (e.g., [3-8] and can support various
applications and protocols for COVID- 19 outbreak preven-
tion and control [9]. Some new technologies and comput-
ing approaches have become commonplace in everyday life
such as IoT and context-aware computing [10-15]. Accord-
ing to our investigations, there are ten distinct categories for
GIS-based solutions on managing epidemic and pandemic
diseases as illustrated in Fig. 1. This paper defines most of
the capabilities of these categories in COVID-19 outbreak
prevention and control.

The rest of the paper demonstrates the properties and
possibilities of the mentioned ten groups and the related
research that used these methods in studying COVID-19.
Then, the conclusions are drawn to clear the horizon of using
the GIS-based solution in pandemic diseases.
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Ten GIS-Based Solutions for COVID-19
Outbreak Prevention and Control

Our studies in the use of categorized GIS-based approaches
in pandemic and epidemic diseases, before the advent
of COVID-19, include 124 papers from Science Direct,
Springer, ResearchGate, and Google Scholar, the propor-
tion of each group shown in Fig. 2.

As can be seen, the main category is related to spatio-
temporal analysis in pandemic and epidemic diseases, while
the least research is related to IoT-based approaches. Based
on the more common use of methods in previous articles,
the following expresses the GIS-based capabilities and
approaches that can be used in COVID-19 outbreak preven-
tion and control.

Spatio-temporal Analysis

Spatio-temporal spreads of COVID-19 have been recently
reported in different countries [16-20]. Usually, the environ-
mental characteristics of places are various especially in the
scale of a province and a country. For example, no connec-
tion was found between COVID-19 cases and temperature
in Spain in early Spring [21]. There were notable improve-
ments in air quality reported from different countries dur-
ing the lockdowns using regression-based spatio-temporal
analysis [22-26].

On the other hand, some demographic characteristics of
the urban environment could affect COVID-19 propagations.
For example, in Kuwait, a significant relationship between
the ‘densely populated areas and poor living conditions’
and COVID-19 spread was reported [27], a spatio-temporal
relation between the celebrations and virus propagation was
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investigated [28], and human travel and stay-at-home man-
dates indicated by mobile phone location was coupled with
COVID-19 incidence in the U.S. based on GIS and statistical
analysis [29]. Table 1 shows some research that concentrated
on spatio-temporal analysis of COVID-19 and related fac-
tors. The date column signifies the date of paper acceptance
and publication.

Regression-based models are the most popular and
effective way of detecting the involving factors of
COVID-19 prevalence. After that, data mining methods

Table 1 Selected studies that used spatio-temporal analysis in COVID-19

revealed new facts in this field accurately. In this method,
usually, all independent effective factors are detected and
their impression on the COVID-19 outbreak is assessed.
Due to the essence of spatio-temporal modeling of the
pandemic disease, the required data should be col-
lected and prepared in specific temporal intervals. The
results of executing regression-based models will enable
the decision-makers to predict the level of prevalence
spatio-temporally.

Study Date Spatio-temporal analysis Subject

Luo et al. [30] 2/17 Regression Correlation between the number of COVID-19 incidents
and absolute humidity

Allam and Jones [31] 2/27 Al Using universal data sharing standards and Artificial Intel-
ligence (AI) to monitor and manage urban health

Bogoch et al. [32] 3/13 Data mining Potential for the global spread of COVID-19

Sangiorgio and Parisi [33] 3/18 GIS-MCDA A multicriteria-based approach for analyzing the spread of
COVID-19 in urban district lockdown

Zhou et al. [34] 3/20 Data mining Reflections on the use of GIS with big data and spatiotem-
poral analysis of COVID-19

Kang et al. [35] 3/26 Moran’s I spatial statistic Investigating spatial dynamics of the COVID-19 in China

Chan et al. [36] 3/29 Web mapping/data mining Analysis with mobility data from Google users

Tosepu et al. (2020) [37] 4/3  Regression Correlation between climate and COVID-19 in Jakarta

Gupta et al. [38] 4/19 Data mining Correlation between climatic characteristics and the spread
of the virus in the USA, and extrapolation of the method
to India

Allcott et al. [39] 4/7  Regression Correlation between the ruling party in each county, social
behavior, and confirmed COVID-19 cases

Velasquez and Mejia Lara [40] 5/20 Regression Evaluating the spread of COVID-19 in the USA with
Gaussian process regression

Cuevas [20] 5/25 Agent-based modeling Using an agent-based model to assess the COVID-19
spread in facilities

Franch-Pardo et al. [41] 6/4  Data mining A review of spatial analysis and GIS in studying COVID-
19

Jin et al. [42] 6/9  Interpolation Examining the time, place, and population of COVID-19
in China between Jan 20 and Feb 10, 2020

Pourghasemi et al. [43] 6/17 Regression/Random Forest Spatial analysis and modeling of COVID-19 in Iran
between Feb 19 and Jun 14, 2020

Huang et al. [16] 6/17 Logistic regression model Spatio-temporal analysis of COVID-19 and its relationship
with epidemiological characteristics, control of measures
taken, and their effects

Cordes and Castro [18] 6/18 Cluster analysis Spatial analysis of COVID-19 spread in New York City

Chatterjee et al. [44] 6/20 Timeline Series Analysis An innovative COVID-19 Risk Assessment Tool

Karaye and Horney [45] 6/26 Geographically weighted regression Analyzing the association between the number of COVID-
19 cases and social vulnerability in the U.S

Kulkarni and Anantharama (2020) [46] 6/30 Multi-objective approaches Examining the impact of COVID-19 pandemic on munici-
pal solid waste management

Gao et al. [29] 8/9  Statistical model Assessing the connection between human mobility changes
and COVID-19 incidence in the U.S

Sannigrahi et al. [47] 10/1 Geographically weighted regression Assessing the relationship between socio-demographic
conditions and COVID-19 deaths in the European region

Briz-Redoén and Serrano-Aroca [21] 10/8  Statistical model Examining the influence of temperature on COVID-19

early evolution in Spain
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LBS in Lockdown and Social Distancing Situation

According to the definition of the international Open Geo-
spatial Consortium [48], LBS is “a wireless-IP service that
uses geographic information to serve a mobile user. Any
application service that exploits the position of a mobile
terminal.” LBS provides spatial services remotely, which
is a basic requirement in lockdown and social distancing
situations. This service could afford different daily activi-
ties of humans in indoor and outdoor spaces without any
direct contact [49]. Figure 3 shows the main activities of
citizens which could be carried out using LBS considering
the social distance. Location-based services answers ques-
tions like [50-53]:

e “Where am I, “Where are the high/low-risk regions due
to COVID-19 incidence”, “Where are the best places
for recreation and amusement regarding the social dis-
tance parameter?”, “Where are safe places for walking?,
“Which sidewalks have lower risk due to the COVID-19
outbreak?”, “Where are the most prone regions due to
COVID-19 outbreak?”, “Where are the nearest places for
receiving COVID-19 medical services?”, “Where are the
most in-demand zones for receiving the desired product
online?”.

e What is nearby?”, “What is the temporal pattern of
COVID-19 incidence risk in different places?”, “What
is the daily schedule for urban commuting?”, “What was
the last time a COVID-19 patient crossed a place (espe-
cially in indoor places)?”, “What should I do for prevent-
ing COVID-19 in this location?”.
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Fig. 3 Different applications of LBS in lockdown and social distanc-
ing situation
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e “How can I go there to have the least risk due to COVID-
1977, “How is the health status of nearby people”, “How
are the quality services of nearest COVID-19 health care
services?”, “How can I deliver my daily healthy food-
stuffs in a limited time?”’, “How can I have some business
with the other people in other places?”.

As seen in Fig. 3, different daily activities can be facili-
tated using location-based services. Six categories have been
considered as the main responsibilities of LBS in lockdown
and social distancing situations. Among them, navigation
in urban traffic networks is a very important task that could
help the citizens and urban services using GPS-enabled
mobile phones based on social distancing protocols [54,
55]. Another key duty is distance learning which provides
learning services for any people, anywhere, anytime, and via
any device [56]. Tracking the patients and their companions,
also the hospital supplies and goods is one more mission of
LBS that could aid to prevent outbreaks [57]. In this regard,
the safety and security of transportation, tracking, the health
information should be guaranteed by these types of services
[58]. Location-based marketing and entertainment are the
last categories of LBS which are very vital for citizens in
distance trading and also pleasure trips. For example, intro-
ducing solitude resorts and low-risk tourism centers could
help the people in the outbreak [59, 60].

Web Mapping

According to the Neumann definition [61], web mapping
is “the process of designing, implementing, generating and
delivering maps on the World Wide Web”. In other words,
it is a technique of visualizing and sharing spatial and geo-
graphic data on the World Wide Web. Web mapping replies
on the web to disseminate maps that require cartographic
design. Web-based maps are online operational mapping
designs consenting different geographical data to be dis-
played in digital internet-based platforms. These types of
maps are rooted in web sheets or applications which could
be implemented as interactive media [62].

With the increasing number of Internet users and the
growing interest of citizens to deliver web services, also, as
the dynamic characteristic of COVID-19 prevalence, web
mapping is an essential awareness part of this pandemic.
Since the main policy of preventing COVID-19 outbreak
is social distancing, therefore, utilizing web mapping tech-
nologies in this situation will help the people for their daily
activities. Indeed web-based near-real-time maps which
indicate the outbreak intensity of COVID-19 enable the
urban and health managers to decide on establishing con-
trolling strategies. Also, the public and citizens could utilize
form these maps to aware of the pandemic prevalence in
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Fig.4 Different applications of web mapping in COVID-19 outbreak

different regions. As seen in Fig. 4, four key tasks could be
done using web mapping technologies.

Spatial pandemic extensively considers web-based maps
as an effective way for studying the spread of transferrable

diseases besides the other data. Developing well-intended
maps can present numerous pieces of information into one
interface [63].

Figure 5 shows an example of COVID-19 outbreak web
mapping. The map is dynamic and indicate the temporal
changes of COVID -19 in different countries.

As seen, different facts can be concluded by interpreting
the web maps of COVID-19 outbreak in different coun-
tries, also at various times. Usually, web mapping provides
some reports and diagrams for users to conclude schemati-
cally [64]. For example, Bing developed a live web map
COVID-19 Tracker. Figures 6 and 7 show the number of
new cases and fatal cases from 2020-01-02 until 2020-
06-26, respectively (https://www.bing.com/covid?vert=
graph).
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Fig.5 Transmission classification of COVID-19. ( Source: WHO Coronavirus Disease (COVID-19) Dashboard, URL: https://covid19.who.int/,

accessed on Aug 22, 2020)
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Fig.7 The diagram of new fatal cases of COVID-19 in the world from 2020-01-02 to 2020-06-26. Microsoft product screen shot(s) reprinted

with permission from Microsoft Corporation

PPGIS, VGI and Geo-social Media

Public participatory GIS (PPGIS) attempts to consider citi-
zens’ knowledge into urban decision-making processes, dis-
aster management, future planning, etc. Usually, PPGIS is
used by administrators to encourage the participation of citi-
zens in urban and public decision-making [65-68]. Involving
the spatial dimension in the PPGIS increases the accuracy
and validity of urban problems significantly [69, 70]. Vol-
unteered Geographic Information (VGI) is a technique for
individual volunteers to disseminate spatial and geographic
data [71]. It could offer a reasonable prospect for collecting
COVID-19 outbreak data. VGI was presented by Goodchild
[71], as user-generated geographical data and information
formed to help managers, treatment staff, citizens, and urban
planners. The term VGI was introduced to highlight user
inputs, e.g., geotags and coordinates in the web-based map-
ping [71]. As stated by Goodchild and Li [72], VGI com-
prises of a form of crowdsourcing data that usually include
georeferenced point and line data types, attached by a brief
text-based explanation, pictures, or even videotapes. Crowd-
sourcing appears to be an operative approach for gathering
reliable geographical data for different domains and applica-
tions in which people are utilized as “sensors” [72].

Another approach for implementing PPGIS is geosocial
media that enables users to compose and post short state-
ments about their perceptions and/or experiences with geolo-
cations, which plays an increasingly important role in our
daily lives [73]. The location provides a strong tie between
social networking and GIS. It is significant to understand the
location data of people and provide location-based services
to users by integrating spatial analysis capabilities and social
networks [74, 75].

Both VGI and geosocial media are promising infrastruc-
tures for COVID-19 data gathering. Different kinds of data
could be achieved via these platforms as depicted in Fig. 8.
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Fig.8 Different applications of PPGIS, VGI and geo-social media in
COVID-19 outbreak

As seen in Fig. 8, the location information of COVID-
19 patients, the illness severity, the cause of the disease
(direct contact, going to a high-risk area, ...), trajectories
of patients, the location information of fatalities and intro-
duction of high risk and low-risk areas could be collected
toward PPGIS using VGI and geosocial networks.

SDSS

Spatial decision support systems (SDSS) combine spatial
and non-spatial data, the analysis and visualization func-
tions GIS, and decision models in specific domains, to com-
pute the characteristics of problem solutions, facilitate the
evaluation of solution alternatives, and the assessment of
their trade-offs [75]. The decision problems in SDSS are
typically characterized by a combination of spatial and non-
spatial characteristics, with the former recording a location's
geographic coordinates and spatial relations (i.e., proximity,
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overlap, containment, distribution pattern). Usually, SDSSs
use multi-criteria decision-making analysis [75-78]. SDS
could be efficient in caregiving, scheduling the routes, pri-
oritization of health-care services and hospitals, risk assess-
ment, zoning of more prone areas to diseases, detection of
hot spots and cold spots [79—-81]. Different MCDM methods
such as analytical hierarchical process (AHP), analytical net-
work process (ANP), ELimination Et Choice Translating
REality (ELECTRE), Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS), Preference Rank-
ing Organization METHod for Enrichment of Evaluations
(PROMETHEE) and Vise Kriterijumska Optimizacija I
Kompromisno Resenje (VIKOR) have different efficiency
and pertinence depending on the problem of examination. A
comparative analysis of various MCDM methods has been
given in several pieces of literature. AHP and ANP used
pair-wise comparisons of alternatives between criteria and
sub-criteria [82, 83]. ANP is regularly applied whensoever
there is some sort of interdependences amongst the crite-
ria or sub-criteria; while AHP considers all the criteria and
sub-criteria independently [84]. The ELECTRE technique
is usually measured more appropriately for problems hav-
ing not many criteria and several alternatives [85]. PRO-
METHEE is a ranking practice comparable with ELECTRE
as it similarly contains multiple repetitions and it is easy to
use [86]. The main profit of the VIKOR technique is that it
uses the multi-criteria grade index based on the particular
measure of ‘‘closeness’’ to the ideal solution [87]. Because
of its advantages, the use of the VIKOR method has been
enhanced in the recent past including green supplier selec-
tion [88], evaluating service quality in the air industry [38],
military airport location selection [89], industrial robots’
selection [90] and much more. All these spatial decision-
making methods have been used in COVID-19 outbreak
control [91-93].

Satellite Imagery

Satellite remote sensing nowadays became a very power-
ful tool for estimating different parameters such as land
surface temperature [94], total atmospheric water vapor
content, global solar radiation, land surface, and also
near-surface air temperature emissivity [95, 96]. Since
the relations between the COVID-19 outbreak and the
environmental factors haven’t been completely considered
yet, the environmental effects of COVID-19 according to
the lockdown strategies and changing of human activi-
ties in different countries should be investigated. In this
regard, satellite imageries are an important data source
that could produce environmental data layers to analyze
via GIS modeling. From the beginning of the COVID-19
outbreak on 31 December 2019, several studies focused
on this domain. For example, a significant reduction in

nitrogen dioxide (NO,) emissions before and after lock-
down (up to 20-30%) were observed in China by analyzing
the satellite imagery captured by European Space Agency
(ESA) satellite Sentinel-5P using TROPOMI Instrument,
and [97]. Similar results were reached for the reduction
in NO, emissions in Spain, France, Italy, and the USA
before and after lockdown using the same method [97].
Figure 9 displays a notable reduction of NO, in China
before lockdown (Jan 6-19, 2020) and after lockdown (Feb
3-16, 2020).

An image-based analysis was carried out on air pollu-
tion changes in India after lockdown, with results showing
that the concentration of PM, 5 has reduced in one month
especially in the Northern and eastern states including the
capital New Delhi (the hotspot of air pollution) [24].

Another study mapped global temperature and absolute
humidity during a COVID-19 outbreak (January-March
2020) using ERA-5 reanalysis data [98]. The study dis-
covered that temperate areas with temperatures ranging
from around 2 to 21 °C appeared to possess a higher risk
of COVID spreads, although the intensity of COVID-19
spread is not uniform across the globe. In recent months
and weeks, more COVID-19 cases were reported from
Europe and North America (e.g., U.S.) with more rapid
human-to-human transmission [98].

Sentined-5P tropospheric NOZ: 3 - 16 Feb 2020

Fig.9 NO, emissions in China before lockdown (Jan 6-19, 2020)
and after lockdown (Feb 3-16, 2020). (Data source: ESA Coperni-
cus Sentinel-5P Mapping Portal, 2020, doi: https://www.esa.int/Appli
cations/Observing_the_Earth/Copernicus/Sentinel-5P)
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Medical Waste Collection (MSW) Strategies
and Vehicle Routing Problem (VRP)

Solid waste management, especially medical solid waste col-
lection and transportation, has become a major concern in
large urban areas. The existing waste management systems
incur a huge cost for collecting and hauling, e.g., accounting
for almost 50-70% of the total cost [54, 99]. The medical
waste should be collected, transported, and disposed of in
a minimal time directly from hospitals and medical centers
to disposal sites, via safe and conservative methods. The
necessity of optimal waste collection and transportation will
be intensified when encountered with medical and infectious
wastes: they contain potentially dangerous micro-organisms
that may infect medical center patients, staff, public, and the
environment [46, 55]

The crisis brought upon by the COVID-19 pandemic has
impacted waste generation on a global scale and the unex-
pected fluctuations in waste composition and quantity also
require a dynamic response from policymakers [83]. There
was a sudden demand on medical supplies like masks and
hand sanitizers with a fast and widespread of COVID-19
across the continents, with estimated amounts of 89 million
medical masks and 76 million examination gloves needed for
COVID-19 protection and treatment every month according
to the WHO Coronavirus Disease (COVID-19) Dashboard
(accessed on July 18, 2020). Due to the coronavirus-contam-
inated waste, as well as the need for rapid and efficient col-
lection and disposal of waste, it is necessary to provide new
solutions. Also, in the COVID-19 outbreak, the volumes of
waste are increased because of masks and sanitizers which
may be varied locationally. So, we encounter a new type of
VRP which is the base procedure in waste collection and
transportation and it is one of the fundamental problems

Fig. 10 New problems in waste
management need to use a new
GIS-based method

New types of waste
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| —

Priorities of waste
collection based on their
danger
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that could be solved using a GIS-based approach [54, 99].
Figure 10 shows some new problems which lead to improv-
ing the new method to manage the new types of waste that
are distributed in urban are unbalanced.

Geo-business

The COVID-19 outbreak has meaningfully impacted the
economic situation of the world moreover its impacts are
more severe in some countries. Some small and medium
businesses have been destroyed because there are many
interruptions in their everyday activities, also the restricted
class of available clienteles. The rate of joblessness enlarged
whereas the economic development reduced quickly. The
beginning of COVID-19 and the following reduction of these
small initiatives have significantly affected the economy
because of socio-economic lockdown [100-102]. COVID-
19 is mostly related to the location, so considering the con-
cept of geospatial business or geo-business will help the
business managers to introduce new business approaches to
decrease the COVID-19 outbreak [101, 103]. In this regard,
innovating geo-startups and new digital geo-marketing
approaches could facilitate the business in the new situation
of the world. One of the main industries which have been
affected by COVID-19 is tourism [104]. This slowdown for
the industry may set millions of occupations at risk, thus
intimidating to roll back the growth made on the front of
supportable development goals [1]. In this regard, improv-
ing the new platform for tourism management due to the
novel location-based protocols could enhance the industry.
Promoting different location-based strategies for banning
and restricting some jobs could decrease the awful effects
of lockdown also in high-risk regions despite banning all the
businesses [105, 106].
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Context-Aware Recommendation Systems

Efforts have been made to describe the context for opera-
tional use [107-111]. According to Abowd’s definition,
context is any information for describing an entity or object
[94]. Although important characteristics were given in
Abowd’s definition of context, it is still challenge to quickly
determine what information should be considered as context
[107].

Efforts have been made to describe the context for opera-
tional use [53, 107, 109]. According to Abowd’s definition,
context is any information for describing an entity or object
(Abowd et al. [108]). Although important characteristics
were given in Abowd’s definition of context, it is still a
challenge to quickly determine what information should be
considered as context [108]. Context-aware systems should
sense context and adapt to context [110, 111]. Usually, in
healthcare services, the contexts are static and dynamic.
The static contexts are the location of patients’ homes,
their job, and gender. Dynamic contexts can be defined

Doctor

H

as air pollution, patients’ activities, mode of transporta-
tion, weather, and time. For example, the context should be
able to be observed and manipulated as needed, such as the
GPS coordinates [112]. Ubiquitous or pervasive healthcare
(U-Healthcare) signifies one of the key pervasive computing
applications that provides several services; includes moni-
toring health and patient’s wellbeing anytime and anywhere
employing smart technologies. These provide safely life for
patients and help to live independently in their homes. To
achieve these goals, the context-aware systems should learn
over time, and respond quickly even if they encounter a new
situation in which behavioral adaptation is required. Fig-
ure 11 shows a context-aware architecture for adapting the
needs of patients, doctors, and caregivers.

As seen in Fig. 11, different context-aware recommen-
dations will be provided for users in different situations.
Context-aware recommendation systems could be efficient
for controlling COVID-19 incidence in two ways: (1) provid-
ing context-aware alarming for healthy people to keep social
distance with patients in daily activities. In context-aware
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Fig. 11 A context-aware architecture for adapting the needs of patients, doctors, and caregivers. Adapted from Esposito et al. [114]
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systems, the types of services are adapted according to the
different contexts. The contexts may be static (population
density, surrounding land use, level of the immune system,
income for an individual) or dynamic (location, time of day,
social interaction, and the number of near patients) [15].
Therefore, context-aware services should be provided to
minimize the interaction with high-risk areas and patients,
(2) helping the patients who should be stayed at home. Being
at home is necessary for COVID-19 patients. They should
receive caregivers’ services according to the disease level,
age, affordance, and needed requirements [113—115]. Also,
some medical services should be provided directly for them,
which should consider their location, also the surrounding
contexts.

loT

The Internet of Things (IoT) is a mode involving mechani-
cal equipment and computation capability and being able to
transfer data on the network without human involvements
(Singh et al. [116]). IoT can be used as an innovative tech-
nique to monitor the COVID-19 pandemic by capturing the
real-time COVID-19 surveillance data and other relevant
information, especially during the lockdown [116-118].
Figure 12 shows the typical processes applied by IoT for
monitoring COVID-19.

Telehealth facilities based on IoT has a significant role in
the COVID-19 outbreak. A portal is formed where patients
interrelate with the physicians and the treatment is con-
ducted remotely. The advantage of using an IoT system in
COVID-19 is that the doctors do not need direct contact with
the patients, consequently preventing the propagation of the
virus [119]. Numerous nations have begun to innovate new
treatment facilities using IoT for digital telehealth. Health
Arc [31] offers health care strategies based on IoT to the
patients whose data is observed continuously under medical
supervision. Continuous Care [120], Health Net Connect
[121] and Sehatyab [122] are amongst the IoT-based tele-
health monitoring systems. Utilizing these tools, patients are
timely directed by avoiding virus spread. Besides, it corre-
spondingly assists to decline the counts for hospitalizations
and readmissions, which help in refining the superiority of
life and offers appropriate dealing to COVID-19 patients
[117].

As seen, IoT technology includes devices and objects
such as radio-frequency identifications (RFID) tags, Pcam-
eras, various sensors, and smart assistants that aid in effi-
cient completion of tasks. The interconnected nature of IoT
devices provides an environment to streamline tasks, reduce
workload, and minimize the impact on the end-user [123].

Although IoT-based approaches have many advantages
such as accuracy of data, on-time treatment, timely diag-
nosis, information of safety measure, high demand, and
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Fig. 12 Applications which could be achieved by designing IoT
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accurate forecasting, there are some challenges in imple-
menting these types of facilities include scalability of IoT
devices, high bandwidth requirements, security and privacy
issues, and big data centers [119]

Conclusions

This paper aims to introduce all aspects of geospatial ser-
vices, especially modern technology in tracking and moni-
toring the COVID-19 pandemic. The study proposes ten
classes of geospatial solutions including spatio-temporal
analysis, SDSS approaches, geo-business, context-aware
recommendation systems, participatory GIS and VGI, IoT,
LBS, web mapping, satellite imagery-based analysis, and
waste management. These approaches have been assessed
according to our investigations on Science Direct, Springer,
ResearchGate, and Google Scholar about controlling pan-
demic and epidemic diseases in the world. The main cat-
egory of articles is related to spatio-temporal analysis, while
the least research is related to IoT-based approaches. This
proportion has been held on surveying GIS-based solutions
for preventing and controlling COVID-19. The amount of
spatio-temporal analysis is significantly more rather than the
others. But as we investigated, the new progress on internet-
based technologies, improvement of wireless communica-
tions, and increasing the practice of these equipment remind
the increasing usage of web mapping and IoT-based services
for social distancing in COVID-19.

It seems that the reason for the extensive use of spatio-
temporal models in COVID-19 is that they can partially
clarify the geographic disparities in this outbreak. Also, spa-
tio-temporal models such as regression, GWR, agent-based
models, data mining, and machine learning approaches
can derive the spatial, geographical, and temporal rela-
tions between the intensity of COVID-19 outbreak and
any environmental, socio-demographic, and infrastructural
characteristics. Correspondingly, according to the dynamic
characteristic of COVID-19 prevalence, web-mapping with
different scales is a suitable strategy for stating the spatio-
temporal propagation of new cases, confirmed cases, recov-
ered patients, and deaths as it has been done by WHO during
the COVID-19 pandemic. Besides, IoT has a key role in
reducing the risks of coronavirus spread by providing plat-
forms that support the WHO protocols of social distancing
in daily activities. On the other hand, providing location-
based services along with the internet could improve urban
activities to control the COVID-19 outbreak. Integrating the
context-aware concepts in location-based services will per-
sonalize the spatial services for the people.

The PPGIS, VGI, and geo-social media are the other
solutions that could enhance the data gathering process
especially the patients’ position, the disease intensity of

individuals, and the people movement patterns. As a cer-
tain knowledge about the involving factors on COVID-19
prevalence is not existed until now, so it is not reasonable to
use the SDSS framework in this case. Hence, it is suggested
to apply the data-driven or explicit knowledge for making
better decisions based on MCDA. Regarding the satellite
imagery, the environmental changes of temperature, different
kinds of pollutions, humidity, soil moisture, and other envi-
ronmental characteristics could be monitored and assessed
using remotely-sensed data. Also, the surveys concluded
that some new paradigms for providing geospatial services
are raised in this situation especially in geo-business, waste
management, and health-care facilities. It means that in these
categories which are related to all people, the government
should afford new GIS-based facilities while considering
‘social distancing’ and ‘indirect contact’.
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