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Abstract

The Covid-19 pandemic has changed the daily lives of millions of people around the world.
Its impact has also been felt in the Smart Cities concept. The aim of this paper is to identify
the main challenges created by the Covid-19 pandemic through its impact on the Smart Cities
environment. To achieve the objective, a secondary analysis of 80 peer-reviewed relevant
articles from Web of Science and Scopus databases between 2020 and 2021 was used. The
results of the paper are intended for use by fellow researchers, strategic Smart Cities
management and citizens interested in the future direction of their cities. The findings suggest
that cities should promote the development of new technologies, not forgetting the social
aspect, the needs and participation of citizens through communities, and the protection of the
environment in the field of sustainability of resources for future generations.
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1 INTRODUCTION

The Smart Cities market is influenced by global trends of urbanization, the use of advanced
technologies such as the Internet of Things (IoT) or artificial intelligence, ecological aspects
of limited resources, and pandemics. Despite the coronavirus, experts forecast the Smart
Cities market to grow at a CAGR of 18.22% during the time span of 2021 to 2026 [25].

The first outbreak of Covid-19, the so-called SARS-Cov-2 respiratory syndrome, was
recorded in December 2019. According to statistics evaluated on February 1, 2021, more than
2 million people have succumbed to the virus, with more than 100 million infected from 210
different countries around the world [29].

The pandemic has spurred the development of new technologies that replace the social factor
in different areas, reducing the risk of transmission between people [29].

Strategic management at the national, regional and local levels must deal with stabilizing
social distance, economic growth, adherence to quarantine measures, or promotion of science
and research. Covid-19 created the need to look for global collective solutions not only in the
health sector based on a more user-oriented management system, i.e. bottom-up [26].

The impact of the pandemic has been particularly evident in major Smart Cities such as
Milan, London, New York and Paris. Covid contributed to the disruption of the simultaneous
flow of two basic managerial functions, i.e. planning and organising. However, rural
urbanisation has embraced the virus more resiliently than cities with high population
densities, a preference for individual transport and a lack of green space. Research suggests
that future Smart Cities need to improve spatial planning, use digital services and tools, and
invest in science and research. These changes can be achieved through a holistic and
multidisciplinary approach. Covid has affected the whole world and all cities, but with
different intensity. Better prepared cities, with digitalization-based Smart City concepts
already in place, generally coped better with the pandemic [10].

Smart Cities and innovation form a win-win strategy, as innovative technologies are the
driving force behind the development of Smart Cities that support research activities. City
stakeholders have reacted differently to the new pandemic situation. The government has
ordered restrictions, regular testing, border control and financial assistance. Businesses and



educational institutions have cancelled business trips and introduced home-office. Citizens in
the early stages of the pandemic bought durable goods in bulk, used online tools such as MS
Teams and Zoom, and used online data. ICT infrastructure and its future innovative
development play a key role in coping with these responses. Kim argues that Smart City
concepts will dominate plans for growth in sustainability, livability, productivity, and the
strengthening of technological and social connections [11, 15, 16].

2 THEORETICAL BACKGROUND
Smart City is a concept of urban development that seeks to address social problems through
the use of information and communication technologies (Manville et al., 2014; Chun et al.,
2021). According to Dirks et al. a focus on the effective use of technology, analytics and
systems thinking for the needs of sustainability and citizen satisfaction is typical of smart
cities [4, 6, 15, 16]. (Dirks et al., 2010; Chun et al., 2021; Koman, Kubina, Holubcik, Soviar,
2018).
According to the authors, a Smart City represents "a city inhabited by a high number of
different ethnic groups that can cohabitate and generate synergies based on the perception and
management of diversity as a competitive advantage of 21st Century Smart Cities" [28].
Magare, Kondekar, and Dudhgaonkar view the Smart City concept as a key platform and
digital ecosystem that can effectively collect, share, analyze, and leverage Big Data in times
of pandemic [22].
The Covid-19 pandemic has affected the future development of Smart City in the areas [22]:
development of advanced trend technologies,
education,
social planning,
security,
sustainability,

e monitoring.
There are mutual feedbacks and relationships between the Covid-19 pandemic and Smart
Cities concepts. According to a research study by Yang and Chong, control and prevention
affect communities, strategic city management, information, and health care levels. Results
from Chinese projects argue that if the government invests 1 million yuan in smart pandemic
solutions, the number of positive cases will decrease by 0.342 per 10,000 inhabitants [30].
Costa and Peixoto view the Smart City as a living organism that should grapple with the
pitfalls of civilizational epidemics through detection, alerting, and mitigation processes [5].
Smart City concepts, by building new technologies and responding quickly to pandemic
challenges, can detect outbreaks in real time through sensors, IoT, and the network, and
effectively improve management functions of planning, control, and monitoring processes |8,
30].

3 METHODS

The aim of this paper is to identify the main challenges created by the Covid-19 pandemic
through its impact on the Smart Cities environment. Secondary analysis of relevant
publication sources from Web of Science and Scopus databases was used to fulfill the stated
objective. In both databases the keywords "smart cities and covid-19" were searched, in
Scopus the search criteria were filtered as follows:

( TITLE-ABS-KEY ( smart AND cities AND covid-19 ) ) AND ( challenges ) AND (
LIMIT-TO ( OA, "all")) AND ( LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-TO (
PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019))

To ensure temporal relevance, articles were selected from the current period 2021 compared
to the previous period 2020, with a preference for open access publications. The first filtering



generated 55 articles of interest in 2020 and 28 in 2021 in Web of Science, while in Scopus it
was 134 articles for 2020 and 67 in the current year 2021.

The second filter included all previous criteria with the addition of the new keyword
"challenges". In Web of Science, 13 articles from 2020 and 9 from 2021 were identified in
this way. In Scopus, 35 articles from 2020 and 23 from 2021 (until April) were identified that
matched the keywords "smart cities", "covid-19", "challenges" (Table 1).

Table 1. Number of relevant publications in WoS and Scopus databases in 2020-2021

Number of relevant publications with keywords “smart cities”, “covid-19”,
Year “challenges”
Web of Science Scopus
2020 13 35
2021 9 23

Source: own processing according to selection results in WoS and Scopus databases

For the selected articles, the abstracts were read. Their analysis revealed a similar focus, based
on which they could be assigned to the three categories created (technology, sustainability and
communities in Table 2).

Table 2. Number of relevant publications classified into the three categories

Category
Database Technological . Sustainability Commu.nlty
development rozvoj formation
Web of Science 12 8 2
Scopus 34 18 6

Source: own processing according to selection results in WoS and Scopus databases

Technology-oriented articles make up a significant majority, accounting for 55% of relevant
articles in Web of Science and 59% of relevant articles in Scopus. Sustainability-focused
articles come second (WoS 36%, Scopus 31%). The third category is represented by articles
on communities, with a 9% share in WoS and a 10% share in Scopus. The primary task of the
Results section was to identify and summarize the specific challenges posed by the Covid-19
pandemic in the categories of technological development, sustainability, and community
formation.

4 RESULTS

4.1 Technological development challenges

Of the 46 articles in the technology category (Table 2), 10 of them, i.e. 22%, were focused on
digitalisation and 9 publications (20%) on the Internet of Things. These two elements
represent the main challenges of the Covid-19 pandemic in the technological aspect of the
Smart City concept (Figure 1).

Figure 1. Thematic focus of the articles in the technological development
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Source: own processing according to selection results in WoS and Scopus databases

The following topics were also covered:
Big Data (8 articles, i.e. 17%),
Mobility as a service (5 publications, 11%),
process monitoring (3 articles, 8%),
2 articles (4%) were published in each of the areas of detection systems, tourism,
educational systems and remote working,

e deep learning and tracking systems had 1 article each (2%).
Globally, the pandemic has highlighted the importance of quality information and
communication technologies, public administration applications and the availability of digital
infrastructure for all [7, 20].
According to Marston, Shore, and White, digital technologies can solve future societal
challenges in Smart Cities concepts, which include Covid-19 [23]. Strategic management of
cities has applied different approaches for managing the virus depending on their
geographical location. While Asian cities address Covid-19 by incorporating modern
technology, Western cities focus more on the human aspect of the virus and adherence to
quarantine measures. Although the technological approach is more productive, it places little
emphasis on the needs, attitudes and demands of citizens [17].
Reduced travel and the negative impact on tourism to once popular holiday destinations is
also an important challenge for today's cities. Governments are therefore promoting new
forms of virtual tourism including unmanned aerial vehicles, such as convergence-smart
tourism cities [19]. As of March 2020, the pandemic has also had a rapid impact on the
teaching process of educational institutions. Distance education appeals to the need for the
development of the Internet of Things, which will contribute to achieving the smart
universities of the future [24].
In addition to digital tools and advanced IoT technology, new diagnostic monitoring systems
have begun to be developed through the use of smartphones and online platforms of each
patient's medical record. For example, the system has been implemented in the Korean city of
Daegu. Its benefits consist of real-time data and higher efficiency of monitoring processes
[12, 13]. Scanning techniques using deep learning principles are also currently being used to
prevent Covid-19 for the need of analysis of medical imaging tools and methodologies [1].



4.2 Smart Cities Sustainability Challenges

Pandemic Smart Cities challenges, for the sustainability category, have been published in 26
relevant peer-reviewed articles. A significant proportion of the publications were oriented
towards the area of preference for technological approaches and appealing to the importance
of social approaches to Smart City management (10 articles, i.e. 37%).

Figure 2. Thematic focus of Smart Cities sustainability articles
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Source: own processing according to selection results in WoS and Scopus databases

The secondary most covered issue was the impact and challenges of the pandemic on the
social life of urban dwellers (4 articles, 15%). Articles analysing:

e Urbanization trends (3 articles, 12%),
reduced emissions (3 articles, 12%) during the home-office,
business resilience (2 articles, 8%),
ecosystem (2 articles, 8%),
climate change (1 article, 4%),

e organisation and management (1 article, 4 %).
To meet the long-term sustainability goals of Smart Cities by 2030, digital architectures and
services need to be built primarily at the household level with a secondary extension to the
city to national level. In times of pandemic, the need for digital tools during home-office work
has increased [14]. Social distance and regulatory measures caused a reduction in mobility,
thus decreasing emissions in direct proportion. A study from Cyprus argues that through
pandemics, distance learning and home-office, the region saved 4 litres of fuel and produced
7.4 kg less CO2 per hour, contributing to a lower ecological footprint for humanity [18].
Survey results from Sui et al. in 2020 provide a counter-argument that 56.3% of post-
pandemic travellers want to reduce their travel by public transport and make more use of
private car transport. However, doing so will increase the number of emissions produced in
the future [27].
Surprisingly, rural areas have coped better with the pandemic, as confirmed by research in
Romania arguing the importance of Smart City issues, sustainability and entrepreneurial
initiatives [9]. A major sustainability challenge is the increased demand for protective medical
equipment (gowns, respirators) that needs to be recycled after use. The challenge for cities is
to provide a smart waste disposal system in collaboration with Industry 4.0 in the circular
economy [3].



4.3 Challenges in building communities

Only 8 articles were identified in the category of community building challenges. Within the
topics, the authors mainly preferred the area of planning (2 articles, i.e. 25%) and civilization
transition (25%).

Figure 3. Thematic focus of articles in the area of community building
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Source: own processing according to selection results in WoS and Scopus databases

Issues also included professional publications on partcipation (1 article, i.e. 12.5%) and
citizen relations management (12.5%, Figure 3).

In the current pandemic situation, it is not enough to build classical communities, but it is
essential to generate intelligent clusters of people. The new standard for building Smart City
communities in 2021 should be based on the collective values, expectations, needs and
demands of all city stakeholders. Smart citizens no longer just occupy the role of technology
users, but also participate in the city's planning and innovation processes. An important
challenge of the future is to provide immediate feedback and generate urban social
innovations [2].

For Smart Cities to be successful they need to know the psychological needs of citizens above
all in critical times of pandemics, for example through the new integrated platform NeedFull,
or the modern framework of so-called Virtual Communities in Practice [2, 21].

Virtual Communities of Practice (VCoPs) function as social learning systems that co-create
the universal design of a city. Smart Cities should prefer to focus on problem solving and
prevention, which is more effective than just collecting raw data with unmanned aerial
vehicles from the field. According to Bricout et al. the community building pandemic has
created a challenge in the form of the need for communities of citizens to respond quickly to
technical, social and ecological changes [2].

5 DISCUSSION

The topic of Smart City in connection with the challenges posed by the Covid-19 pandemic is
very present. The new challenges in the field of technology, which should be more centric to
the needs of the inhabitants, safe and supportive of sustainable intentions, should be addressed
by the strategic leadership of the city with its initiatives, development plans and
organizational structures.

The limitations of the article are the logical reduction of articles from two databases (Web of
Science, Scopus) according to the identified keywords in the time period of 2020 and 2021.
The evolution of technology is subject to constant change, and it was therefore necessary to
identify the main challenges summarised in Table 3 that affect cities today and will also drive
their future direction, as the post-pandemic world will never be the same again.



In terms of the technology category, cities need to ensure that, once the pandemic has been
contained, they will first and foremost provide monitoring, scanning and digitisation
processes, collaborate in the development of new forms of tourism and not forget the social
aspect of technological development.

Table 3. Summary of the main challenges of Smart Cities in the context of Covid-19

Categories Challenges identified
real-time data monitoring with sensor and UAV (unmanned aerial
vehicles)

technology scanning techniques based on deep learning

development of internet of things and the digitalisation process

focuding not only on technologies, but also on the social aspect

need for new forms of tourism (for example using drones)

massive increase in medical waste

increase in the need for digital tool

sustainibility an increase in emission after the pandemic due to the preference for
individual transport for safety reasons

need to build greater resilience of cities to change

community building should be based on collective and psychological
needs

communities T o : - - .
participating communities need immediate feedback in an online

environment

Source: own elaboration according to the results found in the Results section

In the context of sustainability, the strategic management of cities should focus on the
efficient management of medical waste, digitalisation and the increase in emissions from road
transport. Smart Cities for the future need to build participatory smart communities, know the
needs of their citizens and build greater resilience to unpredictable changes.

6 CONCLUSION

The importance of building Smart City concepts deepens especially in difficult times of
pandemics. The aim of this paper was to identify the main challenges of the impact of Covid-
19 on aspects of Smart Cities. Analyzing relevant publications that are published in Web of
Science and Scopus databases in 2020 and 2021 (until April) identified three areas of
challenges, i.e. technological, sustainable and social.

In the technological area, the pandemic is accelerating digitalisation, the development of
advanced technologies, the implementation of monitoring through drones or the preference
for socially oriented technologies. Currently, it is important that citizens not only act as users
of technology, but also as co-creators. According to the approvers, this goal can be achieved
by creating smart communities. Smart cities of the future should be adaptive to change, ready
to protect scarce resources and able to dispose of the large amounts of new waste generated in
the form of gowns and respirators in an environmentally friendly way.

In future research activities, it is planned to map the situation after the end of 2021, since in
the current situation the pandemic is still ongoing and the dynamic development of
technology, scientific and research activities in the field of Smart City and the pandemic
Covid-19 may bring new interesting results from the studies of foreign experts.
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