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Abstract—Rapid technological developments in
smart cities have unveiled new dimensions of research,
one of which is the adaptive capabilities of smart
cities. In this paper, we introduce the “adaptive
smart city” concept. We discuss adaptive smart city
components, parameters, processes and mechanisms.
Furthermore, we propose a detailed procedure for
smart city adaptation in cases of pandemics and
natural disasters.

Index Terms—Internet of things; smart cities; adap-
tation algorithms.

I. Introduction
A. Vision of Smart Cities

Population in cities and urban areas worldwide is grow-
ing at alarming rates. Providing quality services to cit-
izens using the limited available resources is, therefore,
becoming increasingly challenging. The smart city vision is
mainly to exploit advanced communication and computing
technologies that enable providing sustained smart ser-
vices to administer the city and to improve the lives of its
citizens [1]. Throughout this process, the operational costs
of public administration must be minimized [2]. Health
care, education, environment and transportation, among
others, are example domains of smart services. Currently,
the internet of things (IoT), big data and cloud/edge
computing provide a majority of the needed solutions to
achieve the smart city vision [3].

Environmental, economic, and social sustainability in
the implementation of smart cities is an integral part of the
smart city vision [4]. In general, sustainability of a smart
city is critically dependent on the flexibility of legislation
and policies, availability of funding, infrastructure, and
technological advancements [5].

B. Smart City Enabling Technologies
In order to facilitate adaptation in the services of

smart cities, it is important to understand what enabling
technologies are needed, and to explore how they can
be adaptable. Several technologies related to communica-
tions, computing, and networking in general are included
in the notion of smart city. Researchers are increasingly
interested in sixth generation (6G) mobile networks; since

This work received funding from the Deanship of Scientific Re-
search at Jordan University of Science and Technology, Irbid, Jordan.

fifth generation (5G) networks are unable to meet the re-
quirements of real-time and data-intensive applications [6].
For example, IoT-enabled smart city applications require
massive connectivity [7] that is very difficult to achieve
in 5G. 6G communication networks will support data-
intensive applications through features like reduced end-
to-end delay, extremely high data rates up to 1 Tbps,
improved mobility and higher reliability, among others [8].

IoT enables devices of everyday life to communicate
with one another and with the users, ultimately making
them an integral part of the Internet [9]. Device categories
that can fit naturally in the IoT include home appliances,
monitoring sensors, displays, vehicles, as well as many oth-
ers [1]. Smart cities can benefit from the IoT paradigm in
many application domains, including home and industrial
automation, medical aids and smart health care, assisted
living for the elderly, energy management, transportation
and traffic management, and so on [10].

Cloud computing (CC) is based on the convergence
of a group of technologies (e.g., networking, processing,
and storage) to enable on-demand computing and storage
services [11]. These services are provided in an efficient and
scalable manner. The most important difference between
CC and traditional computing is that the former does not
necessitate investments in communication and information
technologies (CIT) infrastructures and support. The wide-
spread use of IoT in delay-aware and real-time smart city
applications requires quick responses, in combination with
reduced energy consumption in IoT devices. As a result,
an intermediate computing paradigm that complements
cloud computing was required. Edge computing (EC) and
fog computing (FC) have emerged as strong candidates to
play this role [2], [11], [12].

EC is a computing system that puts computations near
the source data, at the edge of the network. EC evolved
from the problems that arose in traditional CC as the
number of IoT devices grew rapidly. These problems in-
clude high energy use [13], unacceptable latency [14], poor
support for mobility [15], and poor security and privacy
[13]. EC provides secure real-time CC services without the
need for extensive network communication with the cloud
[13], [16].

FC is a paradigm that emerged in response to IoT
applications that require real-time and delay-sensitive re-
sponses [17]. The idea behind fog computing is to put



processing and storage capabilities close to IoT environ-
ments and their users. Hence, at the network edge, fog
computing delivers the same capabilities as the cloud, but
it is constrained. This proximity to the IoT environment
has numerous benefits for sustainable smart cities, includ-
ing immediate reaction, reduced energy usage, mobility
support, and improved security [18], [19].

The evolution of smart cities needs more enablers than
just those in the communications and computing fields.
Many new trends have emerged as smart city enabling
technologies. Following are a few examples of such tech-
nologies.

• Smartphones are the perfect interface between the
user and the data due to them being an essential part
of everyone’s lives, enabling them to generate data, as
well as to access processed ones. The increased usage
of smartphones make them a great generator of raw
data using the various tiny sensors integrated within
them [20], which in turn serves the purpose of the
smart city that is to produce, process, and manage
data.

• Smart dust, which refers to miniaturized devices
made of microelectromechanical systems (MEMS),
are small devices within the range of a few millime-
ters. They are able to sense and detect various things
such as vibrations, temperature, wind shear, and light
while being connected in a network of other devices
to process the data. They found usage in a lot of fields
such as medicine, agriculture, security, making them
suitable enablers for smart cities [21].

• Smart cities are meant to be energy efficient, which
naturally leads to the realization of the importance
of the smart grid. The smart grid is an intelligent
bidirectional network, that can exchange information
and make decisions about energy usage and other
related issues. The smart grid is, therefore, a key
enabler in the smart city energy sector [22], [23].

• An intelligent transportation system (ITS) relies on
a wide variety of technologies that serve the pur-
pose of providing safe, reliable, and energy-efficient
transportation. Some of the key involved technologies
are the global positioning system (GPS), dedicated
short range communications (DSRC), roadside cam-
era recognition, among others [24]. No doubt, ITSs
cannot be overlooked while designing a smart city.

• Smart health care technologies and services are of
great help in developing smart cities. Eaxmple tech-
nologies include automated health care systems, mo-
bile health care, telemedicine and smart hospital man-
agement [25].

C. Research Motivation and Goals

With the above in mind, smart cities are no doubt
the wave of the future. As a matter of fact, many cities
around the globe have shown clear evidence that the smart

city concept is more than a mere research curiosity [26]–
[28]. The idea of writing this paper came from realizing
that being adaptive is an essential part of being smart.
Motivated by this simple understanding, the adaptive
smart city concept is introduced and discussed. The goal
is to steer future research efforts in the direction of making
cities no only smart, but also adaptive to changes arising
from imaginable, and very often unimaginable, sources.

D. Problem Statement
We investigate how to equip the smart city with adap-

tation mechanisms and algorithms in cases of pandemics
and natural disasters.

E. Paper Contributions
• Introduction of the adaptive smart city concept.
• Outlining the general smart city adaptation proce-

dures and mechanisms.
• Detailing the behavior of an adaptive smart city in

conditions of pandemics and natural disasters.

F. Paper Organization
The rest of this paper is organized as follows. In section

II, we introduce the adaptive smart city concept. In section
III, we discuss the possible adaptive smart city compo-
nents, parameters, processes and mechanisms. In section
IV, we describe the adaptive behavior in a smart city,
taking the situation of a pandemic or a natural disaster as
an example. Finally, in section V we conclude the paper
and present a few future research recommendations.

II. What is an Adaptive Smart City?
An adaptive smart city is meant to be one where the

configuration and services are self-upgrading, following
any subset of the following triggers:

• Changes in user numbers, characteristics and de-
mands. In a typical smart city, the population size is
continuously varying (mostly upwards). Users them-
selves are increasingly changing from being tradi-
tionally all-human to mixed societies of humans and
machines. Meanwhile, it has become a proven fact
that user needs and demands keep changing in nature
and growing in terms of technological requirements.

• Changes in city infrastructure, both to cope with the
natural development of the city, and in response to
emergencies. For example, major changes can take
place in regard to streets and buildings, energy supply
networks, sports and recreation facilities, and to many
other elements of the city infrastructure.

• Technological developments in
– electronic devices and systems
– communication systems and networks (e.g., 5G-6G

wireless)
– computing systems and networks
– energy, health care and transportation systems and

networks



– etc.
Such developments open opportunities for running
the smart city in more effective and more efficient
ways. For example, new sensing features allow gen-
erating, communicating and processing new types of
data that can lead to improving existing services, and
even creating new services.

• Pandemics and natural disasters. This is the main
focus of this article, in the context of the smart city
being able to reconfigure itself and scale its operation
features in terms of both type and quantity. The
objective is to limit the potential consequent losses of
all types, and to maintain acceptable levels of service
delivery to citizens.

• Changes in governmental laws, policies and regula-
tions. Such changes can involve taxes, health care,
education, many kinds of application and licensing
procedures and fees, and so on. The smart city system
should able to accommodate these changes in a way
that is as accurate and as transparent as possible.

• Emergence of new applications and use cases. Cit-
izens and businesses alike are always seeking to
receive/provide new and improved digital services.
This has been lately becoming more and more of
an established fact as times goes on. The smart city
system should be flexible enough to allow seamless
integration of new services that prove to be essential
to achieving the goals of the smart city.

III. Adaptive Smart City Components,
Parameters, Processes and Mechanisms

A. Adaptable Components and Parameters
In order to determine the elements that can be adapted

in a smart city, it is essential to conduct a study of the
services and technologies involved. This investigation helps
identify the elements that are amenable to adaptation.
Adaptable components of a smart city are those that can
be enhanced or optimized by considering trade-offs related
to costs and utilization of resources.

As an example, components that can be adapted in
cases of pandemics or natural disasters include, but are
not limited to

• traffic management all over the city or in severely
affected areas,

• numbers and capabilities of ambulances, as well as
procedures for distributing and moving them,

• numbers and capabilities of support and surveillance
and unmanned aerial vehicles (UAVs), as well as
procedures for distributing and moving them,

• deployments, capacity, networking and priorities of
communication systems,

• deployments, programming, networking and priorities
of computing systems,

By adapting and optimizing these components, along-
side other relevant factors determined in the specific use

case algorithm, a smart city can improve its ability to
effectively respond to and manage pandemics and natural
disasters.

B. Adaptation Processes and Mechanisms
To facilitate seamless adaptation with real-time mon-

itoring, we propose the algorithm illustrated in Fig. 1.
This algorithm serves as a general procedure for adaptive
smart cities, providing a systematic approach for effective
adaptation in response to changing data patterns and
anomalies.

Fig. 1. General smart city adaptation algorithm

The operation of the adaptation algirthms can be de-
scribed as follows.

1) Collecting data from various sources such as sen-
sors, activity logs, documented records, and cameras,
depending on the specific use case. These data are
key parameters defining the system elements, such
as temperature, number of users, wind speed, traffic
volume, energy consumption, etc.

2) Analyzing the key parameter data to establish models
for the system elements, in the form of public health
status, traffic status, weather status, energy usage
status, etc. Pattern detection techniques need to be
used to characterize the parameters. For example, to
establish a weather status model, we collect data on



temperature, wind speed, humidity, precipitation, and
other relevant weather parameters. Following this, we
use pattern detection techniques to identify patterns
in the data.

3) Detecting pattern changes in the system using deep
learning anomaly detection methods [29], or respond-
ing to direct changes in the system model.

4) Adapting to changes in the data patterns or anoma-
lies. Adaptation methods are different in different
cases, and building well-suited algorithms is essential
for effective adaptation. In order to develop effective
adaptation algorithms for smart cities, it is essential
to follow certain rules and considerations. These rules
include
• Ensuring that adaptation methods protect the pri-

vacy and security of the citizens. This requires
embedding security and privacy measures within
the algorithms to safeguard sensitive information.

• Iterative tests, simulations, and pilot projects to
validate and optimize the algorithms that have to
be done before large-scale implementation.

• Implementing mechanisms for real-time monitoring
of the adaptation process. Continuously analyzing
data patterns and anomalies to trigger timely and
appropriate adaptive processes.

• Recognizing that each scenario may require a tai-
lored adaptation algorithm. Considering the unique
characteristics, requirements, and constraints of the
scenario to design algorithms that address its spe-
cific needs.

• Monitoring the effectiveness of the adaptation. This
part is discussed in sub-section D below.

C. Adaptation Costs and Limitations

The development of adaptive smart cities brings forth
a plethora of opportunities for innovation, efficiency, and
improved quality of life. However, it is crucial to assess
and address the costs and limitations associated with these
adaptive procedures.

The main limitation to how well a smart city can adapt
is the cost that adaptivity comes with. Exploiting sensors
for data collection is the first step for good adaptation,
which essentially requires a good infrastructure that often
comes with a big cost. Moreover, the adaptation process
itself can be resource-intensive and can entail additional
expenses.

Another critical consideration pertains to privacy and
security concerns. As adaptive smart cities rely on ex-
tensive data collection and analysis, safeguarding privacy
and ensuring data security becomes paramount. Striking
a balance between effective adaptation and preserving
individual privacy can limit the extent to which adaptive
measures can be implemented.

Finally, integrating diverse systems within a smart city
is inherently complex. This integration challenge is further

amplified when attempting to adapt to changes occurring
across multiple systems simultaneously.

D. Assessment of the Adaptation Process
The evaluation of the adaptation process is achieved

through having a closed-loop algorithm, where the data is
fed back again for analysis. The system checks if the adap-
tation has made significant changes in the key parameters
and tries to re-adapt if needed.

By leveraging the closed-loop algorithm, adaptive smart
cities can enhance their ability to respond and adapt
effectively to evolving conditions. This iterative evaluation
and re-adaptation process helps ensure that the adaptive
measures are continuously assessed, refined, and optimized
for maximum efficiency and desired outcomes.

IV. Adaptive Smart Cities in Pandemics and
Natural Disasters

In this section, and as an example of adaptive behavior
in a smart city, we focus on adapting the communications
and computing features. We discuss an adaptation proce-
dure that is proposed to work in cases of pandemics and
natural disasters.

A. Performance/Cost Tradeoff
The adaptive behavior depends on the infrastructure of

the smart city, as some solutions might require advanced
technologies like UAVs. That being said, there are many
less advanced IoT-based services that can be utilized effi-
ciently to reduce the damage caused and to help maintain
the situation.

In emergency situations, it is essential to have high-
performance communication technologies in place, even
if they come at higher costs. However, the feasibility of
switching to new technologies is often limited due to
differences in the infrastructure and the protocols that are
used.

In this context, a dual-mode communication technology
that can switch between medium performance with low
cost and high performance with high cost could be an
effective solution. Such a technology would offer greater
flexibility and adaptability, allowing it to be adjusted to
the specific needs and constraints of the situation.

B. Adaptation Process
1) Increase communication capacity in affected areas to

avoid any type of congestion. This can be done by
allocating more channels to severely affected cells
of the cellular communication network. Additionally,
implementing temporary mobile cell towers can pro-
vide additional coverage and capacity where existing
infrastructure is dacmaged or overwhelmed.

2) Change the internet protocol to a more suitable one
for emergency situations, such as quick UDP internet
connection (QUIC) protocol. Such a change can im-
prove the resilience and efficiency of data transmission
during disruptions. QUIC’s ability to handle packet



loss and provide faster connectivity can be greatly
advantageous in emergency scenarios.

3) Prioritize communication for emergency services or
implement alternative communication channels that
are less affected by the disruption, such as satellite
communications.

4) Maximize edge computing for real-time processing to
ensure that accurate data is timely available during
disruptions.

5) Utilize multiple location technologies, such as GPS,
map matching, or beacon-based location systems to
ensure that accurate location data is available even
in the event of disruptions.

6) Provide real-time information to commuters to help
them navigate the disruption and avoid congested
areas.

7) Implement adaptive routing algorithms to adjust traf-
fic flow and reduce congestion in affected areas.

V. Conclusion and Future Research Horizons
We have introduced the concept of an adaptive smart

city. We have discussed the adaptive smart city compo-
nents, parameters, processes and mechanisms. Building on
the above concepts and ideas, we have proposed a detailed
smart city adaptation algorithm in cases of pandemics and
natural disasters.

This work can be easily extended in many dimensions,
including but not limited to the following:

• Smart city models, communications and computing
features and infrastructures, device and system tech-
nologies, security and privacy measures, and so on.

• Specific adaptation procedures and mechanisms in the
context of domains like health care, energy systems,
transportation, and others.
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