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Abstract: Traditional urban management plays a critical role in urban governance, addressing the
increasing urban challenges relating to urban housing, land, infrastructure, services, and livelihood
using policies, principles, specialised tools, and programmes. With increased urbanisation and
population growth, the pursuit of sustainable development brings about complex challenges in
planning and managing primary and secondary cities towards sustainability and efficiency. With
urban centres and cities being a scramble point for shelter, employment, mobility, and access to
quality health and education, urban managers are posed with a significant challenge in making
predictions, planning, and managing cities timeously with updated information in real-time for
better efficiency. These challenges have resulted in the development of various city concepts
leaning on sustainability, innovation, information and communication technologies to better
manage urban centres and cities. Despite developing various urban management approaches, smart
city concepts and agendas, many Southern cities and even the North grapple with complex urban
problems. The question thus arises: how can digital technologies and innovations be used in a
sustainable way to improve traditional urban management in the cities of the South, considering
their peculiar challenges? Following the broad paradigm of cognitive cities theory and smart
governance theory, this paper explores the challenges and prospects of leveraging technological
advancements in managing cities and improving urban management. While extensive structured
and unstructured urban data are collected occasionally in silos by companies and municipalities,
these data sets are not integrated to influence planning and management when they are processed.
This article concludes that an integrated digital approach to urban management offers new
sustainable pathways to address the planning, development, governing, monitoring and
maintaining of cities using the Internet of Things, machine learning, remote sensing, drone
technology, and other innovative practices.
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Introduction to urban management and challenges in the South

implementation of those plans, policies, and strategies within an urban ecosystem to achieve continuous

optimal living standards and conditions ['?], Karlenzig et al.assert that cities of the South are struggling on a
daily basis to “meet daily operational needs while at the same time investing in the future — all with limited financial
resources...(and are faced with) how to provide essential services—including housing, energy, water, sanitation,
health and education--to meet the basic needs of an ever-growing population” [3: p. 1]. It is important to note that
the world urban population has risen from “751 million in 1950 to 4.2 billion in 2018, representing a leap from
30% to 55% respectively, and expected to reach about 5.2 billion in 2050 [4: p. 2]. The expected growth towards
2050 will be pioneered by China, India, and Nigeria, which comprise 35% of the urban populace (ibid.). Also, over
“50% of the global population, expected to reach 9.7 billion by 20507, will be concentrated in eight Southern
countries, namely “the Democratic Republic of the Congo, Egypt, Ethiopia, India, Nigeria, Pakistan, the Philippines
and the United Republic of Tanzania” [4: p. 2]. These figures imply that for cities of the South to remain efficient
and sustainable in line with social and public service delivery, there is a need to optimise the urban infrastructure

| 'rban management is an essential aspect of human existence which constitutes planning and the
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and management to accommodate human additions and other socioeconomic challenges [*]. While many Northern
cities have managed their housing and infrastructure issues with increased data investment, the reverse is the case
for many Southern countries with rapid urbanisation and problematic urban management [, The more cities become
predominantly urban, the bulk of the pressure goes to the city officials and the built environment professionals to
devise new strategies and innovations to combat the ills of urbanisation and meet the demands posed to the city or
municipality ). The 2024 United Nations report stating that the member nations globally have only achieved about
17% of the 2030 Sustainable Development Goals is an indication of a crisis in achieving a sustainable world 1.

To manually and effectively manage urban issues requires practitioners to plan, organise, and ensure human capacity
and resources to lead the various functions and lead and control the urban components and infrastructure [,
According to McGill, urban management aims to “plan for, provide and maintain a city’s infrastructure and services,
and secondly, to make sure that the city’s government is in a fit state, organisationally and financially, to ensure that
provision and maintenance” [10: p. 463]. Devas and Rakodi state that urban management consists of municipal
planning, town planning and economic development planning ['!l. The significance of this statement is that urban
management is closely related to planning in terms of the “design, growth and management of the physical
environment, in accordance with predetermined and agreed policies, whereby balanced social and economic
objectives may be achieved” [12: p. 42]. In their summation, they pointed out that while urban planning focuses on
the preparation of projected land use and spatial urban development, urban management deals with the day-to-day
running of public services across all sectors and ensuring law and order with the protection of life and propertiest!!.
Achieving urban management within the broad urban planning paradigm is done within the control of politicians
(the executive), urban-city officials with different portfolios, and the confines of the legislature policies that govern
urban centres and cities.

However, with rapid urbanisation and global challenges, there are limitations to what traditional urban Management
(UM) tools and practices can achieve in cities, especially where there is an urgent need to act fast. For instance,
there is a limit to what urban managers can do ‘manually’ and timeously when there are societal issues requiring
urgent attention, climate induced disasters and other force majeures. The truth is that changes are happening very
fast, and the nature of these changes does not always follow a predictable pattern, especially with the impact of
climate change and all forms of migration %131, The need for urban managers and politicians to respond to
increasing urban demands and challenges has led to several UM practices and approaches. Also, there has been the
optimisation of these practices through various smart city concepts and infusion of digital innovations and
technologies. This study is grounded within the broad paradigm of cognitive cities theory and smart governance
theory. Cognitive cities theory is founded on the principles of smart cities where there is reliance on advanced digital
technologies and living city is optimised by a process of learning, adapting, and evolving based on the requirement
of the city 419, Through artificial intelligence and computer learning, it follows an adaptive learning process with
focus on urban data to make informed decisions to serve the citizen [7]. Cognitive cities theory promotes interaction
between human intellect and digital techniques to achieve efficient smart cities. Also, smart governance theory is
based on the use of smart data-driven information to make decision to address the complex inter relationship
between the various urban sectors and governance demands ['®l. This article explores the influence of digital
transformation on UM with digital tools towards achieving efficient, smart and digitalised cities. This article is
structured in five parts: the first part explores the complexity of UM practices, and the second part looks at the
historical and current UM approaches. The third part explores the technological and digital transformation journey
and the various applications. The fourth part looks at the holistic application of digital transformation for UM and
lastly, the implication of adopting digital transformation and technologies into urban management.

Cities and complexities around urban management practices in the South

According to the United Nations (UN), “cities have become a positive and potent force for addressing sustainable
economic growth, development and prosperity, and for driving innovation, consumption and investment in both
developed and developing countries” ), Similarly, Hardoy and Satterthwaite along with other scholars have
emphasised that “Cities have become centres where vast numbers of people compete for the most basic elements of
life: for a room within reach of employment with an affordable rent, or vacant land on which a shelter can be why
don without fear of eviction, for places in schools, for medical treatment for health problems or injuries, or a bed in
a hospital; for access to clean drinking water; for a place on a bus or train; and for a corner on a pavement or
square to sell some goods—quite apart from the enormous competition for jobs ’[21-22, 23: p. 301]. As a result of
the city's many potentials, people migrate to urban centres and cities in search of juicy opportunities, better living
conditions, and personal preferences. The continuous migration from rural and non-urban centres puts much
pressure on the cities to accommodate the influx, thus requiring efficiency, sustainability and smart cities all over the
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globe. UM through city services and quality of life monitoring in urban centres are benchmarked against 19 sectors
according to the International Organization for Standardization (ISO) 37120:2018 on sustainable cities and
communities. These sectors are governance, urban planning, health, housing, urban/local agriculture and food
security, safety, transportation, population and social conditions, economy, energy, education, environment and
climate change, solid waste, waste, wastewater, recreation, finance, telecommunication, and sport and culture. The
traditional UM forms an integral part of urban governance towards addressing daily increasing urban challenges
relating to these sectors using policies, principles, specialised tools and programmes 2324, Kiani et al. (2013)
emphasise that UM must deliver sustainable urban development goals for cities across various sectors and
dimensions %), The failure or the success of cities in terms of liveability rests upon UM when cities are appraised as
complex socioeconomic, environmental, and political systems. Cities within the built environment are complex
systems likened to human metabolism, exhibiting the ability to breathe, respond to positive and negative stimuli,
grow, develop, and produce waste ?7). The complexities require interactions at different levels of production and
consumption with the systems, which include but are not limited to housing, transportation (road, rail, air, sea),
biodiversity, environmental services (water, waste, sanitation), public services (healthcare, education) and public
infrastructure (power, roads). One critical point of emphasis is that all these sectors and systems work together
simultaneously and are interrelated. One way of addressing many sectoral and urban challenges is through integrated
urban management (IUM); however, there are issues relating to time, governance, politics, and capacity for cities
and municipalities [628-30-

Each system or sector within the city possesses peculiar management strengths and challenges depending on the
city's scale, nature, size, available resources, and technical expertise on the part of the urban managers and public
officials considering the population. Also, “while megacities have long dominated the urban conversation and will
continue to play a prominent economic role, most of the future urban growth will occur in small, intermediate and
secondary cities” [32: p. 116]. Thus, there is a need to pay attention to how smaller and growing cities are
managed. Again, with upcoming small, intermediate and secondary cities worldwide, there will be a need for more
capacities and resources, new expertise, new urban infrastructure and most importantly, the devising of clever ways
of managing new challenges and devastating effects of climate change and other societal vices. Due to smaller
capacities and space, the use of advanced technologies can be easily applied to smaller and upcoming cities to
address issues around systems and sub-systems of the city’s socio-ecological systems at varying scales.

Another critical challenge with the UM is keeping up with social-economic, environmental and political changes as
they occur in urban environments using the multi-sectorial governance approach of dealing with issues or sectors in
isolation. At the barest minimum, UM involves day-to-day running and supply of physical infrastructure (water,
sanitation, waste management, power supply and transportation, be it by road, rail, water or air); social infrastructure
(education, healthcare services, social services/regulation such as recreational/sporting, court, security and law
enforcement); entreprencurial infrastructure (banking/financial services, legal services, private sector
regulation/operations); environmental management, land use development, development planning, implementation
and monitoring. UM in Southern cities becomes more complicated due to the unpredictable nature of frequent
changes and service disruptions, which affect the effective functioning of systems %33, Also, these cities lack
adequate financial and human resources to address rising social and technical issues, such as housing, power supply
and infrastructural maintenance.

In addition, these cities experience intra and inter-migrations comprising different racial and cultural values with
political undertones 1. Most cities and municipalities in the global South are underfunded and under-capacitated to
address development challenges 4. For instance, many South African and other African cities are defunded due to
service delivery issues in human settlements 4. While projects imbibing technological innovations in the global
North develop “data platforms and sensor networks based on mature institutions and well-developed infrastructures,
Southern cities such as Jakarta are characterised by rapid urbanisation, weaker institutions, a lack of resources, and
poorer public services” [36: p. 1566]. Moreover, unlike their highly regulated Northern cities, cities in the global
South are shaped predominantly by informal economies and improvisation practices that negatively impact local
institutions. While there is nothing wrong with the informal economy driving urban development and management,
the problem lies in the discrimination by the elite class P%¥": Furthermore, a modern-day challenge in these cities is
the lack of precise data to plan and manage urban issues. For instance, many African countries have porous borders,
and most censuses carried out by their government are outdated ©%3°, Hence, it becomes extremely difficult to
manage cities when the figures available are based on mere projections or estimates. It then becomes a significant
problem to adequately plan for adequate housing, power supply, education, water supply and sanitation, healthcare
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facilities and other societal needs. Again, these recurrent challenges persist despite inadequate financial and human
resources to meet the growing population.

In addition, many cities have adopted the United Nations 2015 Sustainable Development Goals and 2016 New
Urban Agenda to achieve inclusive, resilient and sustainable cities, however, their management operations still
follow old practices, and they are struggling to meet the targets [¥]. Particularly for Sub-Saharan Africa and some
parts of Asia, understanding of the urban environment, urbanisation and social indices remains a mirage with the
same problems of the 20" century manifesting in different dimensions in the 21st century [“**, While these
challenges seem prevalent in the South, the Northern counterparts are not exonerated from the wicked and complex
problems with the need to optimise UM. Furthermore, the morphology of cities has changed considerably with the
impact of local and international migrations, with more pressure on both primary and secondary cities 44, As
often observed and stated in the literature, the cities have become a scramble point for opportunities, which
consequently significantly impact urban governance and management of people, services, and infrastructure across
various sectors [“7#1, The next section looks at the historical UM approaches and policies.

Urban management approaches and policies in history

There has been a lot of local, national and global approaches, policies and ‘good’ practices proffered to urban
managers to address effective and efficient urban planning, governance and management [2848:30-541 Degpite
extensive solutions and research into the relationship between urban growth and challenges within urban centres, no
viable solution has been proffered to holistically address all the urban sectors in real-time. Similarly, there have been
formulation and resolutions at the international level through the United Nations Human Settlements Programme
(UN-Habitat) and allied organisations, however, the urban challenges and management issues persist 2834551 Ag far
back as the early 1990s, Mabogunje, stated that many cities in sub-Saharan Africa are very weak due to their
inability to respond to changing city dynamics; instead, they cling to traditional practices and bureaucracy inherited
from colonial legacy in city management %, For instance, as highlighted above, many African cities cannot provide
or sustain timely essential service provision to their citizens, such as portable water, sanitation, and effective waste
management. Unfortunately, despite rapid urbanisation, UM practices have not changed much in response to
complex problems. He also noted that many municipalities or local governments suffer from institutional
radicalisation to address growing urban issues facing the cities. Institutional radicalism refers to “changed processes
which seek to preserve the obvious forms of existing institutions while radically transforming their substance; that
is, to change processes which do not immediately abolish and replace forms of behaviour but circumvent them in a
manner to make them more accommodating of new rules while still deriving advantages from the enforcement
characteristics of the institutions” [58: p. 16]. So, despite many institutions having a modern facelift with borrowed
planning and management ideas globally [38], they still hold on to traditional UM practices that do not acknowledge
urban reality and socioeconomic status (ibid.).

Despite the increasing urban challenges, UM practices have undergone different phases across developing countries
post-Second World War when there was a need to rebuild many places with the interventions of specific institutions.
Some of these institutions are the World Bank, the UN Development Programme, the UN Housing, Building and
Planning Committee, the UN Human Settlement Foundation Committee, and the UN Centre for Human Settlements,
which later metamorphosed into the UN-Habitat 59611,

Phases of urbanmanagement

The first phase of UM practices was dated pre-1972 when the World Bank focused on advancing development loans
to finance various infrastructural projects in Africa and other developing countries. The second phase occurred
between 1972 and 1982 when the focus shifted towards addressing urban challenges of poor human settlements with
the popular scheme of ‘site and services and slum upgrading’ #>621, The next phase extends from 1982 to the early
1990s, where the approach was towards integrating projects across different sectors beyond focusing on the urban
poor. The concept gained prominence in urban issues, governance and policy-making with the formal launch of the
Urban Management Progroamme (UMP) by the World Bank and allied organisations in 1986. Remarkably, the
UMP highlighted the importance of UM in human settlements and its contributions were directed towards social
development, addressing poverty, economic growth and improved urban governance [®). These periods saw the
promotion of globalisation, neoliberal urban policies with heavy investment by the government of many countries in
urban developments and the death of Keynesian state welfarsim in urban issues (ibid). UMP's direct pursuit and
approach partially ended in late 2000 due to emerging issues in global development trends. While the World Bank
promoted redevelopment policies and infrastructural developments through various financial products and loans
advanced to developing countries, the UN-Habitat and United Nations Development Programme (UNDP) were
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promoting agendas addressing the ills of rapid urbanisation and underdevelopment beyond housing and human
settlements.

Apart from different UM approaches, concurrent global urban development frameworks impacted housing and
human settlements. For instance, there were the Healthy Cities Movement in the 1980s, the need for global
sustainable development through the 1987-Our Common Future, and the notable vigintennial conferences (1976,
1996, 2016) by the UN-Habitat [*4. The World Bank and allied institutions promoted participatory budgeting, co-
production at scale and bottom-up urban development in the 1990s. The 1992 Rio de Janeiro Conference, through
the Agenda 21 birth goal setting, significantly impacted how urban areas are managed considering social, economic,
environmental and political sectors %61 As a result of many challenges at that period, the ‘Global Campaign for
Good Governance’ was also promoted in 2001. By the early 2000s, there were the Millennium Development Goals,
the 2015 Sustainable Development Goals and the Wider Agenda 2023 (ibid). While these goals and agendas were
multisectoral, they also focus on specific sectors that impact UM in the cities. Pertinently, despite the changing
nature of how the concept of UM was viewed or promoted, it remained an essential part of urban governance and
human settlements towards ensuring the daily running of urban affairs to keep the society in equilibrium.

As a result of the enormous sectors and importance of UM towards maintaining ecosystem balance in cities and
human settlements, many scholars and practitioners have advocated for an integrated urban management (IUM)
approach [®3%67-6%1 UM, through various principles and concepts, seek to build a more liveable, sustainable, and
resilient urban environment that encourages citizens' well-being and economic growth and prosperity ©°1. While
IUM acknowledges that urban ecosystems are complex with interconnected sectors and tackling the issues
necessitates a holistic approach, this approach becomes limited with urbanisation and the need to address challenges
without waiting for governmental bureaucracies. For instance, Domingues et al. state that “the multilevel
coordination (public-private, state-municipalities and parish-municipalities) configures still a fragility of the
integrated public management, which should be addressed” [31: p. 67]. In the case of the Ethiopian Government, it
was acknowledged that general urban managers cannot manage the “increasing complexity of urban problems (81,
This management issue shows that there is a need for specialised human capacity to address the complex problems
related to UM due to the many sectors involved and the changing urban issues. Furthermore, while the IUM concept
is promoted like other neoliberal urban policies by the likes of UN-Habitats and UNDP ), Salari and Ahmadabadi
lament that environmental, legal and decision-making challenges impede local governments' UM P79, Tt goes to
affirm that UM is a complex venture that requires decisive and modernised approaches with respect to challenges
affecting cities. In all the challenges confronting UM, technology and digital transformation present an avenue to
capture reality, make informed decisions, predict and manage physical and environmental issues. The next section
explores technological applications in UM.

Journey into technological and digital transformations for urban management

Over the years, the world has transcended into different industrial revolutions to address the interphase between
humans, labour, technology, and production to aid human existence. The transition started from using steam power
to mechanise production lines in the first era to using electricity to fast-track the production of commodities and
services in the second industrial revolution 72, By the third era, there were computer programmes written to
automate what humans will naturally do at a faster rate in a controlled environment. And now, in the age of the
Fourth Industrial Revolution (4IR), the discussion centres around full automation, quantum computing, the internet
of things (IoTs), machine learning, artificial intelligence and a lot more on the use of smart and innovative
technologies to solve human and non-human challenges [7'~731. As it is currently known, the internet is undergoing
significant transformation as we journey into the 4IR in an automatic response world as opposed to human control of
issues in specific sectors "4, The 4IR and the technologies available raise a concern around how practitioners in
various fields, including the built environment, continue to do things normally in the analogue way when there are
smarter machines and innovative systems that can deliver better, faster, and more efficient results. The use and
adoption of digital transformation transcends many sectors, with every industry consistently outperforming itself
towards greater efficiency, be it health, infrastructure or service provision. As shown in Figure 1, the world has
transcended from the use of ancient mainframe large computers from the 1960s through the world-wide-web space
and mobile devices to present-day intelligent technologies with the inert ability to read, respond, react, sense, store
and transmit data remotely and in real-time ">7¢,
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Mainframe and PCs Client server and internet  Cloud, mobile and big data Intelligent technologies
1960s-1980s 1990s-2000s 2000s-2010s 2010s-2020s
Enabling technologies . . . .
Transistors & silicon Widespread PC adoption Mobile & smartphone Machine learning (ML) and
revolution Broadband internet ubiquity artificial intelligence (Al)
Large scale mainframe ERP and business Cloud computing Internet of things (loT) and
computing adoption process technologies Social networks distributed computing
Emergenceof PC's Big data Blockehain

Plant floor automation

Figure 1: Evolution of Information Technologies (IT) from the digital era into the intelligence era [’}

Vial points out that digital transformation is a complex phenomenon where an entity is optimised through digital
technology, considering its structure, culture, strategies, and processes to create a new value path 78, It employs the
infusion of digital technologies and strategies beyond disciplines to optimise an organisation's products, services and
performance towards greater efficiency 88, It entails fully exploiting innovative advancement in the industrial
revolution to modify business operations, products, models and capacities to maximum benefit (ibid.). One critical
element in the operations of digital transformation is to cause disruptions in the ways processes are carried out by
infusing various digital technologies, which may be social in nature, mobile, analytics, cloud-based, and [oTs in line
with the 4IR B, It substantially disrupts normal processes, giving rise to added values. This implies that it totally
changes the business ontology to new forms of knowledge and sometimes unplanned better outcomes 78821, These
changes are significant in the way technology innovations and strategies are used to revolutionise UM. For instance,
the use of digital twin city (DTC) technology in the UM of cities such as Singapore, Wellington and Helsinki have
shown that cities can be digitally replicated, managed, governed, and controlled in real-time [33-%1 With digital
transformation, UM can be disrupted with better efficiency and management approaches, as evidenced by the digital
twin city technologies.

Kraus et al. (2021) pointed out in their work that certain elements are responsible for these disruptions in modern
digital transformation across concepts 1. Firstly, the 4IR is highly enabled by the IoTs in terms of the
interconnectedness of objects, systems and processes. Secondly, with artificial intelligence, cyber-physical systems
are optimised with autonomous control, and they can function flawlessly with or without direct human involvement.
This is a significant shift in management systems requiring hands-on monitoring and management. Lastly, these
systems can handle big and multiple data irrespective of the structure, speed and size without crashing the entire
system. Putting into consideration and combining the daily datasets coming from the environment, traffic, air
quality, water, waste and other city sectors (tax and administrative data), this will go a long way in making an
informed decision as well as good input for urban planning. This is because cyber-physical systems can be trained
using machine learning, and the data can be identified, sorted, analysed and categorised to perform specific tasks.
The importance and impact of digital transformation were invigorated with the COVID-19 pandemic across all
fields and works of life with the disruption of traditional ways operations were performed. During the pandemic in
2020, despite the global advice on ‘stay at home’, UM was hampered in many regions. Still, planning and
implementation of urban strategies were heightened with technological interventions 381, Many physical activities
relating to work and the academic environment were moved to cloud space with the introduction of new protocols.

While the global North is making remarkable progress with digital transformation, the global South and especially
African countries, are lagging in leveraging digital technologies and innovation®!. In the same way, the UN has
acknowledged the urban divide regarding poverty and inequality, there is also a digital divide and inequality across
the globe when it comes to adopting new technologies and innovations to address urban challenges Y. While it may
be expensive to digitalise many cities or municipalities, cities may adopt a phase-by-phase approach where digital
transformation tools and applications can be introduced into the UM sectors, and these sectors can be optimised
gradually. The next section presents the broader integrated frame of adopting these applications holistically beyond
individual sectors, highlighting the challenges and human limitations affecting UM and the journey into digital
transformation.
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Digital transformation applications in urban management in cities

This section explores different approaches to addressing UM deficiencies beyond sectoral approaches with applying
4R/ digital transformation concepts, tools and applications. According to the UN-Habitat, “many cities have
struggled to appropriately plan, prepare for and manage the impacts of the (COVID-19) pandemic (which) is a clear
indication of the inadequacy of current models and paradigms of urban planning and design that guide urban
development in many parts of the world”’[91: p. 181]. While many cities struggled with urban management
practices, the pandemic further exasperated this struggle with the call for city and urban managers to rethink
decision-making and deliver efficient and timely services based on accurate data. Table 1 shows endless possibilities
of how digital transformation applications can be incorporated into urban management practices across the sectors.
There are endless possibilities for artificial intelligence and machine learning to optimise operations and urban
management. As part of a project where a digital twin city is explored in Hatfield Pretoria, physical evidence with
sensors and other digital technologies, digital transformation offers limitless opportunities to manage the built
environment. However, it requires heavy financial investment and capacity development.

Table 1: 4IR/ Digital transformation concepts, tools and applications

ISO Urban | 4IR/ Digital transformation concepts, tool and | Sources
management sector | applications
1 ‘Urban’ Governance | Smart governance/e-governance [91-94]

Social, Mobile, Analytics, Radical openness, and
Trust (SMART) components

2 Urban Planning Smart cities, digital twin cities, virtual cities, [77.94-101]

Platform urbanism

Urban informatics,

Urban cybernetics

Geographic Information Systems
Decision Support Systems
Planning support systems

Expert Systems

Early detection warning systems

3 Health Biometrics [96,102-104]
Access to e-health

Wearable technology

Telemedicine/ virtual doctor visit

Remote surgery/ telesurgery

Electronic patient reported outcomes.
Electronic health records

Digital imaging

E-prescription services

Enterprise resource planning systems

In patient monitoring

Clinical Operation

Connected imaging medication management.
Digital laboratories

4 Housing Airbnb [98,105-109]
Rental property technology

Building information modelling (BIM)
City Information Model (CIM)
Facilities management

Smart and efficient buildings

Material passport & databanks

Scan to BIM

Building energy models

Digital twinning

Open BIM for building supervision
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3D printed technology

Lean-agile integrated building construction
Concrete technology

Monitoring of greenhouse gases in buildings

Urban/Local
Agriculture and Food
Security

Agricultural digitalisation
Global positioning systems
Unmanned aviation systems
Agriculture Biosensors
Farm robotic systems
Electronic nose/ Digital disease control
Improved food supply chain
Robotics aquaculture
Robotics farm harvesting
Biosecurity

Drone farm management
Digital Farm Equipment
Smart farming systems
Virtual animal fence

Smart dairy

[110-113]

Safety

Digital identity passport

Facial recognition

Building automation and control systems
Home automation system or Building automation
systems

Fire protection systems

Video surveillance

Real-time visualisation

Electronic evidence

Device placement for intrusion detection
Digital urban policing

Urban digital twins

Video digital twins for safety and security
Smart alarm systems

Natural disasters Smart warning systems
Agile monitoring

Digital access control systems
Automated fire safety codes

Building automation systems

Fire protection systems,

Natural disaster protection systems,
Intrusion detection systems,

Indoor air quality systems,

Antiburglary systems

Digital locks

[104,114-116]

Transportation

Smart mobility concept
Intelligent transportation systems
Smart grid initiative,

E-hailing rides

Autonomous vehicles
Autonomous aircraft piloting
Autonomous air taxis

Google Map applications

Smart parking solutions
Connected vehicles

Automatic detection of number-plate traffic
infractions

[96,117-121]
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Electronic wayfinding and journey planning
Intelligent transport systems

Blockchain for transportation

Electric and sustainable transportation

Population and Social
Conditions

Digital identity

Digital economy

Digital performance rating

Smart city initiative for quality of life
Social media revolution

Care robots in public places

Social welfare technology

Shower robots

Safety bracelets

Online dating platforms

[104,122,123]

Economy and
Finance

E-commerce and online marketing
Online payment solutions

Digital payments

Mobile banking apps

Blockchain and cryptocurrencies
Fintech and digital banking
Digital marketing

Digital economy

Digital finance

Blockchain technology

[123]

10

Energy

Energy information management,
Lighting control systems
Energy management systems
Renewable energy integration
Energy smart metering
Energy efficient buildings
Smart grids

Smart meters

Urban energy dashboards
Load shedding apps
Predictive maintenance

[89,116]

11

Education

Gamification of education

Learning management systems

Online learning/virtual classrooms
Artificial intelligence tutors
Augmented and virtual reality learning
Digital skills

[123-125]

12

Environment and
Climate Change

Generative Al systems and sensors
Carbon footing tracking

Climate modelling and simulation
Environmental monitoring Sensors

[96,126-128]

13

Solid Waste, Waste
and Wastewater

Smart waste management
Smart trash bins

Mobile Automation
Self-driving sweeping vehicles
Digital waste tracking system
Automatic sorting bins

Waste robotics sorter

[126]

Source: Authors
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From a non-exhaustive compilation of the digital transformation concepts, tools and applications, it is argued that a
digitalised integrated urban management approach should be at the centre of urban policy to address multifaceted
challenges affecting primary and secondary cities in the South. To meet these huge demand and expensive venture
of managing cities, Brandt et al. state that “city governments and urban businesses are increasingly turning to
information technology and systems as a way to make cities more efficient, sustainable, and resilient...(with)
various initiatives seek to bring stakeholders together and leverage digital means for improving urban life” [130: p.
193]. The need to achieve efficient running of the cities, sustainable development and achieve all the objectives of
smart sustainable urban management has historically led to the formation of various concepts and approaches [130-
1321 Some of these concepts include smart cities, intelligent cities, digital cities, techno cities, hybrid cities and
digital twin cities, which is the most advanced technological innovation to manage cities in real-time with multiple
options. Pacione (2009) also highlights city concepts towards achieving sustainable development or high efficiency
for future cities, emphasising ecologically friendly and ‘tech’ cities '*3]. Notable among the concepts are the green
or eco-city, close to the ecological or natural environment to achieve urban sustainability in line with climate change
issues. Qin and Qi (2021) and Ringenson et al. (2018) alluded that the smart city concept came about as a solution to
look for ‘smarter’ ways using information and communication technology (ICT) to address urban challenges,
especially with demands related to urban and population growth %921,

As highlighted above, city officials and managers use many approaches to manage urban centres. With the
introduction of some technological gadgets and innovations, there have been many misconstrued understandings of
smart cities and other related concepts in recent years. For instance, the availability of digital images and navigation
maps on digital applications does not necessarily make a city smart. For instance, because drivers can use Google
Maps to navigate the city, commuters hail rides with Bolts or Uber, or a citizen can purchase an item online, it does
not ‘necessarily’ imply that the city is smart. As rightly pointed out by Watson, we have many ‘smart cities’, ‘eco-
cities’ and urban fantasies springing up, which use these concepts as a buzzword to ‘imitate’ world-class cities to
connote greater city efficiency '34. Many politicians and real estate actors have perfected the act and art of using
smart or digital suffixes to the name of cities as a manifesto or promotional tool without these cities meeting the
expected standards. For instance, how comparable are Wellington City or Singapore City in terms of smartness to
cities such as Tatu City-Nairobi, Konza Techno-Nairobi, Eko Atlantic City-Lagos, or Waterfall City-Gauteng? The
latter-mentioned cities are still in their developmental state and cannot boast of efficient urban management
smartness to address the ISO urban management sectors mentioned above. These approaches to UM have not
yielded the expected result because the conception and the political will to actualise ‘smarter cities and digital cities’
are fraughted. It has equally observed from literature where planning through development plans, strategic plans,
national developments and even ‘sustainable’ urban development plans are used to manage city growth and services.
Again, while these plans and approaches are great, they do not improve urban management and governance.

While there is no clear-cut definition for smart cities, different authors have tried to define smart cities regarding
urban management, while others have used certain terminologies mentioned above. Hall et al. described a smart city
one “that monitors and integrates conditions of all of its critical infrastructures, including road, rail/subways,
airports, seaports, water, power, ...buildings, (that) can better optimise its resources, plan its preventive maintenance
activities, and monitor security aspects while maximising services to its citizens” [136: p. 1]. These descriptions in
terms of ICT usage, technologies, monitoring and governance for the benefit of the citizens do not match urban
fantasies in naming smart cities in southern cities. However, beyond the misconception of smartness in cities, it
offers a great deal in addressing daily urban management concerns and challenges.

Implication of digital transformation and technologies for urban management in the South

In answering the key question above, Table 1 has proven to urban managers that there are endless opportunities to
apply various technologies to address urban management challenges in contemporary primary and secondary cities.
The question of whether cities can be transformed and managed by digital transformation has been answered by
examples of cities like Wellington and Singapore 3334, These cities use digital platforms and dashboards to monitor
the urban centres in real-time with data and information so that the authorities can make informed decisions. To
achieve similar feats in the South, city and urban managers must accept and face the disruption digitalisation and
digital transformation bring to urban management [7®13¢], This requires changing old practices and approaches by
embracing machine learning, artificial intelligence, and other innovative ways of urban management. As Mabogunje
argued, urban and city managers should seek to avoid institutional radicalisation and explore best management
planning and practices where these technologies have worked 71371381 Particularly, practices and approaches that
embrace IUM, urban sustainability, improved quality of life, less dependence on human resources and efficient
urban management. Also, beyond the many benefits of digital transformation in cities, these technological
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advancements and innovations can be incorporated with indicators and used to monitor the implementation of the
SDGs and the Wider Agenda 2030. The truth is that this urban transformation will come with its own huge cost,
training and high investment in data and various technologies [!3140], Also, there will be the need for urban planning
and policy reforms with the support of politicians to see that it works and that there is continuity. The opportunity
cost of transforming our cities with innovative and digital tools is in envisioning better planned, managed and
efficient Southern cities.

The incorporation of digitisation in urban management practices for the cities of the South offers extensive pathways
to sustainability and efficient cities ['4!, While many countries in the South are lagging behind with census, the
combination of remote sensing, data from telecommunication services providers and other government
administrative data can aid development planning %1, Firstly, urban planning, governance and management will be
greatly enhanced through SMART components and e-governance, which will cover up all human deficiencies
highlighted above. This will considerably reduce the pressure and weight of urban managers and city officials.
Either through monitoring of dashboards or machine learning through artificial intelligence, city demand and supply
for water, energy, and waste management can be efficiently managed!'*>!%3], Secondly, decision making will be
faster and enhanced through accurate data 7%l Thirdly, adopting digital platforms to enhance urban management will
aid sustainability and attainment of the United Nations SDGs with the targets and indicators. Particularly, city and
country reporting of targets can be monitored in real-time 1441441 Also, adverse effects of climate change and
environmental disasters can be reduced significantly towards safety with the safety tools and technologies. With
respect to climate change and greenhouse gases, safety and planning tools in Table 1 can help to monitor and reduce
activities of humans towards Paris Agreement [!43], It is pertinent to note that incorporating digital transformation in
urban planning and management becomes significant enabler of realising and monitoring the SDGs. Thirdly,
imbibing digital transformation will also help to reduce the digital divide in the South, improve citizen participation
and engagement in governing the city, and equally provide inclusive planning platforms [46-148] In the case of
Wellington digital twin, the citizens were co-planners with the government in developmental projects and they were
able to give feedback on issues affecting the communities B4,

Digital twin cities (DTC) offer UM “a large-scale deployment of multifunctional information facilities and
intelligent gateways that support various distance communication protocol standards” in real-time [77, 141: p. 129].
While smart cities use ICT and IoT-enabled devices to optimise the operational efficiency of city services for the
benefit of the citizenry, DTC provides a real-time simulated holistic digital replica model of the city using building
and city information modelling, connected through the IoTs with two-way feedback and feedforward loop for
efficient management of city sectors and systems [27-12%149] The benefits of DTCs transcend urban management, they
address issues relating to sustainability, climate change and natural disasters with early warnings and predictions
that can help urban managers. Apart from the many benefits, digital twinning in cities and buildings offers smart
building and asset management features to cover up for limitations in terms of real-time monitoring, information
management, asset predictions and optimisation of city infrastructural assets and services [712%%1, Hence, smart
cities and DTCs can significantly optimise how urban centres and cities are managed towards more sustainable,
efficient and smart future cities of the South, considering the rate of urbanisation and peculiar challenges
experienced in the South.

Digital transformation and technology come with a huge cost in term of infrastructure and capacity building for
urban managers. Also, it comes with concerns relating to cyber security, access control, and protection of private
information [142150151 Hence, it will require directed policies and legislation with a governance framework to
incorporate digital tool on phase by phase based on what the cities can handle. It can help to reduce all the linking
financial taps through e-financing and other digitalised financial systems where there are digital identities for
everyone to monitor tax-based revenue for the government. Also, capital, and recurrent expenditures can be tracked
digitally for all projects.

Conclusion and Recommendations for policymakers and urban managers

As highlighted above, urban management play a crucial role globally in the day-to-day running of cities and
community. Apart from complex and wicked challenges experienced in many parts of the world, the pandemic has
revealed deep urban management issues around urban population growth, nature of work, housing, public health,
and the need to make impactful decisions in a short time. These deficiencies and challenges require a new holistic
approach to sustainable urban management of cities beyond the TUM and IUM with the infusion of digital
technologies. Particularly, the deficiency in managing and monitoring in real-time with the ability to make timely
decisions with accurate data across multiple sectors requires digital and technological intervention. Incorporating
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innovative digital tools and artificial intelligent into urban governance creates a sustainable and inclusive approach
in urban management beyond previously promoted practices and approaches. The 4IR with artificial intelligence
offers new approaches and pathways to address the planning, development, governing, monitoring and maintenance
of cities using IoTs, machine learning, remote sensing, and drone technology (as shown in Table 1). While there are
multiple ways and techniques used with digital transformation in urban management sectors, evident from smart
cities’ concept and digital twin city technology should be deployed in cities to help urban managers with different
daily tasks. There is a need for a digitalised, sustainable, integrated urban management approach through digital
transformation, which offers a holistic approach to urban management beyond the selective adoption of tools to
achieve effective, efficient, and sustainable management of cities.
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