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Abstract: Policy decisions and urban governance are being influenced by an emergence of data from
internet of things (IoT), which forms the backbone of Smart Cities, giving rise to Big Data which is
processed and analyzed by Artificial Intelligence models at speeds unknown to mankind decades ago.
This is providing new ways of understanding how well cities perform, both in terms of economics
as well as in health. However, even though cities have been increasingly digitalized, accelerated by
the concept of Smart Cities, the exploration of urban health has been limited by the interpretation of
sensor data from IoT devices, omitting the inclusion of data from human anatomy and the emergence
of biological data in various forms. This paper advances the need for expanding the concept of Big
Data beyond infrastructure to include that of urban health through human anatomy; thus, providing
a more cohesive set of data, which can lead to a better knowledge as to the relationship of people
with the city and how this pertains to the thematic of urban health. Coupling both data forms will be
key in supplementing the contemporary notion of Big Data for the pursuit of more contextualized,
resilient, and sustainable Smart Cities, rendering more liveable fabrics, as outlined in the Sustainable
Development Goal (SDG) 11 and the New Urban Agenda.

Keywords: big data; urban health; smart cities; medical data; artificial intelligence; internet of things
(IoT); liveability

1. Introduction

Efforts in rendering urban centers more liveable has yielded numerous positive and rewarding
results, and the role of technology is known to have accelerated this process; leading to an increase
in the number of smart cities globally aimed at achieving increased liveability [1,2]. These lead to
improvement in service delivery, seamless traffic flow, and data and information sharing, amongst
others. The monitoring of critical issues like the weather patterns, mobility, emissions, sanitation,
security, and land use has been greatly improved, and real-time solutions have been designed and
implemented in various cities [3]. The monitoring of these issues has enabled the use of advanced
technologies such as Big Data, IoT, and Artificial Intelligence, as promoted by the Smart Cities
concept [1,4]. The health sector is amongst those that have greatly benefited from the advent of
Big Data; generated by data collection from a wide network of sensors riding on IoT platforms and
protocols [5].
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A report by McKinsey and Company [6] showcases how the health sector gained from these
installations and shows that, through Big Data and smart sensors, it is now possible to monitor patients
remotely, receive first aid alerts and real-time information on air quality, temperature, and others,
receive alerts on looming natural disasters like flooding and earthquakes that cause bodily injuries, and
allows for surveillance of infectious diseases. Those data add to render informed decisions in the advent
of a crisis and offer better urban management tools [4,7,8]. The use of data in this fashion is increasingly
relevant for the health sector in urban centers, as health is known to be influenced by different issues
like traffic, energy generation, waste generation, and production, and the availability of green spaces,
water, and food. Cook, et al. [9] further argue that smart city infrastructures are supporting smarter
healthcare, especially by increasing its effectiveness by capitalizing on real-time data generated by these
infrastructures. They found that the availability of mobile and ambient sensors enabled by machine
learning, which is part of the IoT, is key to this improvement. In particular, the interlinkage of these
infrastructures allows for data collaboration and sharing that can be further improved for enabling data
privacy, a sensitive area in the health sector [10,11]. With quality and secured data, concerted action to
address health concerns has become easier and more efficient. Coupled with other dimensions like the
economy, society, and environment, this creates a more resilient grid tailored towards the improvement
of urban liveability.

To affirm and qualify the above assertion of the benefits of the health sector to other urban fabric,
numerous studies converge toward the conclusion that improved health sectors forms the pinnacle of
a liveable city [12-14]. Nevertheless, despite this fact, the concept of urban health in most Smart Cities
is limited in its design and is restrictive when it comes to data collection from sensors, as they target
only infrastructural data, and thus work in disconnection with the advances of the medical sector.
In this vein, since the concept of smart cities is a work in progress [15,16], the Big Data gained need to
be aligned with modern medical practices through the careful and seamless integration of the medical
field in the planning and further actualization of the Smart City concept.

2. Urban Health and the Emergence of Data

The landscape of current urban evolution and the prevalence of Smart Cities have promoted a
data-centric society. From real-time traffic predictions to personalized fitness tracking, the advancement
in technologies and the emergence of data from various fields, as noted above, is influencing the
health sector. Data generation pertaining to urban health is coming from several directions. In the
medical science, there is a notable increase in research in various fields such as genetics, infectious, and
noninfectious diseases, wellness and fitness, ageing, and pharmaceuticals, amongst many others [17-19].
With this, a substantial amount of data is routinely generated; providing for vital advancement in
preventive care and treatment [20]. Fatt and Ramadas [21] posit that the Big Data garnered has allowed
for prevention of morbidity and mortality through adequate prediction of health and disease outcomes
and the management of outbreaks. Indirect urban health-related data are also generated constantly via
established components of the modern city. Examples are traffic and pollution monitoring, disease
surveillance, and natural catastrophe monitoring. Senthilkumar, et al. [22] advance that the use of Big
Data now enables stakeholders to prospect on future needs and trends; hence, planning in advance.
Technology has allowed the generation process of Big Data to increase in volume, velocity, and variety
as well as improve in veracity, variability, and value, all to the benefit of the health sector [7]. As shared
by McKinsey and Company [6], data has provided patients with added benefits such as rights to
living, care, value, and professional services coupled with cutting edge innovation. This argument
is supported by Schlick, et al. [23] who express how cancer patients are now receiving quality care
as courtesy of Big Data collected and shared from different medical fields. See, et al. [24] further
this notion by showcasing that Big Data has the potential to allow error-free medical prescription by
enhancing the administration of precise medicine for particular cases. Mehta and Pandit [25] share the
same view and add that Big Data can help in the reduction of wastage in healthcare sectors as well as
improving the quality and reducing associated costs to care.
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Though these myriads of datasets have been generated via the same Big Data technologies that
power the concept of smart cities, a majority of them are being used primarily towards the advancement
of the medical field alone or towards urban monitoring alone. Little effort has been made to dwell
in those datasets and understand the synergies between people (as a physiological entity) and cities.
An explanation to this could be the sensitive and confidential nature of medical data that call for
the highest levels of privacy and security when being shared, exchanged, and used; especially for
cross-sectorial initiatives and for purposes beyond the medical sector only. However, in those instances
where datasets have been used for collaboration across different sectors, fascinating insights have
emerged. Examples being the relationship between DNA and migration patterns and also the link
between microbiomes and health and culture. Greenaway and Castelli [26] explain that identifying
and understanding the movement of microbes is vital to the medical sphere, especially in deciphering
and explaining the occurrence of certain traits or disease in a given region. Further to this, Azmak,
et al. [27] argue that medical datasets have the potential to unveil the biological make up of human
groups and explain how this influences behaviors and lifestyles. Similarly, it has the potential to reveal
why and how different groups of people in a given area are impacted by environmental conditions
and the implications of altering their environment; hence, allow for the improvement of their health
and quality of life. Medical data thus has the potential to reveal why certain medical conditions are
geographically tied [28], and coupled with other datasets, with the help of Artificial Intelligence (Al),
those could garner even larger and more effective predictive tools.

3. Classification of Urban Health & Medical Data

From the above literature, it is noted that most of the Big Data that shapes urban health is obtained
from the interpretation of results from two main avenues—sensors installed in cities and medical data.
Sensors used as part of modern urban set ups produce large amounts of data that can be harnessed
towards the improvement of urban health. In this case however, engagement with the data is limited to
the way data is garnered and analyzed. Yet, the quality and relevance of this data cannot be discredited
given the implementation of a wide array of sensors generating a sizeable amount of data relating
to health. These sensors range from those dedicated to traffic to those in energy sectors, and they
have the potential to capture data on parameters like atmospheric emissions and casualties, in case of
accidents. Other sensors record information about temperature, humidity, wind speed and direction,
and rainfall. While those directly pertain to the field of urban climate, they are equally adaptable and
often significantly used in urban health models. Table 1 below summarizes the different dimensions
from which urban health data is garnered.
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Table 1. Dimensions frequently factored in urban health.

262

. Traffic
Rela.t e Emissions  Temperature = Wind Precipitation Emissions &  Waste Wate.:r Noise uv
Humidity C It Quality Index
asualties
José, et al. [29] X X
Liul, et al. [30] X X X X
Nadrian, et al. [31] X X
Nayak [32] X X
McKinsey & Company [6] X X X X X X X X
Hanckle, et al. [33] X X
Alvear, et al. [34] X X
Wong, et al. [35] X X X X X
Peckens, et al. [36] X
Segura-Garcia, et al. [37] X
Zhao, et al. [38] X X X X
Deo, et al. [39] X
Ekeu-wei, et al. [40] X X
Baci¢, Jogun and Maji¢ [5] X X X X X X X X X X
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The use of medical data to explore urban health depends largely on the presence of baseline
datasets that are routinely managed and report burden of disease (BoD) and mortality patterns in urban
populations. Advents of worldwide datasets such as the Global Burden of Disease (Lopez, et al. [41])
provide important indicators to monitor health at city levels. The links between medical data and cities
are then made possible using tools and integrated methods such as health impact assessments (HIA),
health risk assessments (HRA), and burden of disease assessments (BoDA). Various studies explore the
health impacts of urban environment on the health of urban environment by analyzing the benefits
of active behaviors and pitfalls of pertaining to low-income populations and being confronted with
risky exposure pathways [42-44]. Different types of medical data have been used to predict outcomes
relevant to urban health including the prevalence of communicable and noncommunicable diseases,
hospital admission rates, levels of physical activity, food consumption, and access to water, sanitation,
and hygiene (WASH) services. Table 2 below summarizes data types in the medical field that have a
correlation with the urban field and could be collected through various means through the array of IoT
devices installed in Smart Cities.
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Table 2. Identified medical datasets that could be coupled with Smart City-collected data from IoT (internet of things).

Noncor.nmumcable Comr.nunlcable Dlse?s'e Total Hospital Outpatient Emergency Physical .
Diseases Diseases Specific M . .. . . WASH . Nutrition
. . . . . ortality =~ Admissions Visits Visits Activity
Diagnosis Diagnosis Mortality
Liu, et al. [45] X X X
Tashayo, et al. [46] X X
Hayajneh, et al. [47] X
Guttikunda and
Khaliquzzaman [48] X X X X
Rojas-Rueda, Audrey de
Nazelle and X X
Nieuwenhuijsen [44]
Mueller, et al. [49] X X
Tainio, et al. [50] X X X

Zapata-Diomedi, et al. [51] X
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4. An Agenda for Redefining Urban Health

There is no single best way of organizing and addressing the complex links between environment,
urban development, and health [52]. However, the use of data from the medical sector provides a
possible entry point to enhance positive urban health actions and outcomes. First, the consideration
of disease prevalence data provides a useful and detailed measure of the risk to which populations
are exposed. For example, a study estimating the risk of exposure to heavy metals from the food
consumption in urban areas of Westmidlands (UK) goes as far as defining site-specific health risks using
high-definition maps of sensitivity and maps the risks following specific subpopulation groups [53].
Similarly, the analysis of fecal samples and medical home visits in urban Brazilian children provided
a detailed understanding of the common pathogens causing incidence of diarrhea prevalence in
“sentinel” areas and vulnerable populations [54].

Second, medical data such as levels of physical activity provides an opportunity to explore a variety
of aspects related to economic, social, and ecological factors associated with urban living. In short,
medical data has potential to provide a subtle understanding of the environment where urban initiatives
and realities take place. Using a health impact modelling tool focused on cities, Woodcook and his team
show that it is indeed possible to achieve health benefits while reducing greenhouse gas emissions
from transport, resulting in a policy win—win scenario [55]. From a methodological perspective, both
environmental data (carbon dioxide emissions) and health data (physical activity and traffic injury)
were modelled simultaneously to understand the estimated health impacts in urban settings of Wales
and England, with a particular focus on individual diseases faced by population groups.

Third, the management of urban risks using health data can be, and is increasingly, associated
with economic benefits. Guttikunda and Khaliquzzaman [48] show that integrating health data in the
urban narrative can enable one to consider effective cost gains and losses in terms of restricted day
activities and annual health losses [48]. Particularly, the economic costs of health risk to cities are being
expressed with convertible units such as DALYS (disability adjusted life years), WTP (willing to pay),
and YLLs (years of life lost) due to diseases. For instance, in Istanbul Turkey, a study calculated the
DALYS related to noise pollution, air pollution, and impact of the emission of greenhouse gases and
found that in 2010, 87,471 years of life lost (YLL) occurred due to cardiovascular disease in nine urban
municipalities [56]. In Bangkok (Thailand), Li and Crawford-Brown [57] estimated that in year 2000
the total health damage cost due to exposure to traffic-related fine particulate matter was 2678 million
U.S. dollars in the Bangkok Metropolitan area and that premature deaths accounted for 1369.2 million
dollars or 51.1% of the total health damage costs. Their results further indicated that the economic
loss due to exposure to PM10 emissions from transportation in the capital city alone accounted for
about 2.35% of Thailand’s gross domestic product (GDP) [57]. The economic dimension can however
be designed to ensure that those inclusions are catered by the private sector, through the Information
Communication Technology (ICT) organizations that will ultimately install those sensors and process
the generated data [58].

Therefore, besides expanding data collection from infrastructure to the medical field in Smart
Cities and allowing data analysis, while keeping sensible privacy controls, furthering an agenda for
redefining urban health will have to consider and integrate at least three major benefits, summarized
as the ability to (1) conduct more sensitive and detailed risk and impact assessments, (2) complete
studies providing a more subtle and holistic understanding of urban realities while adapting methods
to socioeconomic and environmental contexts, and finally (3) converting health risks and outcomes
into monetary gains and loss, which in turn can drive strategic economic profitability in cities.

5. Conclusions

The advent of the digital revolution has fueled an increased use of data in cities with the aim to
sharpen the efficiency and liveability of urban fabrics; whereby the concept of Smart Cities has gained
in popularity and emerged as a potent solution for the current challenges of our time. However, despite
the direct linkages between the thematic of urban health and the dimension of liveability, health has
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received little attention in Smart City policy frameworks when it comes to the adoption of holistic
and cross-sectorial approaches merging medical and infrastructural data collected from IoT solutions.
One notable challenge to this is the need to define strict protocols, as health data may not be available
or accessible due to its complex, confidential, or sensitive nature. This paper further showcases that
there are in fact synergies that can be achieved from the association of various datasets, and this can
further our knowledge on the relationship of people and cities and lead to complementary commercial
activities if the proper fiscal mechanisms are put in place.
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