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Abstract 
Today, with the increasing data volume coming from different sources, the data and information shared with the citizens 
have also increased. Municipalities, public institutions, and organizations share a huge volume of data and big data and 
information with citizens. Sharing the information and knowledge needed by citizens is an issue that is worked on jointly 
by different science and social science disciplines. Although technological and scientific developments have increased, 
the cartographic geovisualization part is not concerned enough. To consider the geovisualization part, one should 
examine the geospatial data. First of all, it is necessary to consider with a cartographic approach in which data will be 
used and visualized to create the earth’s reality. Thematic cartography offers the opportunity to examine single/multiple 
phenomena and also the relationship of various phenomena with each other. Due to carto-democracy, anyone can 
produce maps with inaccurate cartographic design. That’s why poor maps can mislead citizens and decision-makers. 
This problem arises in the information-sharing service of smart cities. To prevent this problem, in the case of smart city 
services and relations should be created in a GIS environment. At the same time, the cartographic geovisualization of 
these services should be considered. Smart city services are related to smart economy, smart people, smart living, smart 
mobility, smart environment and smart governance. In this study, all mentioned smart city services and their components 
are integrated. As a case study, based on a designed epidemic scenario, necessary service components and relationships 
are created and alternative cartographic geovisualization solutions will be discussed. 

INTRODUCTION 

According to the United Nations, it is predicted that 68% of the world's population will live in cities by 2050 (United 
Nations, 2018). This means significant challenges to environmental and social sustainability. Cities are major consumers 
of energy resources as they consume about 70% of the world's resources. The needs of future generations should be 
protected by considering the lack of capacities and designs of urban systems as a result of urban growth, increased air and 
water pollution, hazardous waste disposal, depletion of resources, and increase in greenhouse gas emissions. (Sachs, 2015; 
Bibri & Krogstie, 2017). Cities that benefit from the internet of things, big data, and cloud computing technologies to 
solve urban problems, ensure the sustainability of natural resources, provide resilience against disasters and economic 
crises, and increase the quality of life of citizens are called smart cities. 

Cities are complex systems that use spatial and non-spatial information. An effective platform should be designed for 
real-time spatial/non-spatial data acquisition, storage, query, and analysis for monitoring and management. Thus, urban- 
related data can be shared with city planners, decision-makers and citizens. If cities are created in a virtual environment, 
this virtual twin information can be used for decision-making analysis and to inform citizens. Spatial data infrastructure 
constitutes the base layer of the platform to be created. Spatial/non-spatial data from institutions and organizations, 
personal devices, sensors, smartphones, social media, citizens, crowdsourced data, and volunteered geographic 
information are semantic data for the platform. Among the listed data, citizens are also a producer of spatial 
data/information such as sensors in the city. Thus, smartphones and wearable technologies generate some of the citizen- 
sourced data. Crowdsourced data and volunteered geographic information are also citizen science topics that need to be 
studied on. Citizen science topics comprise studies conducted totally or in part by amateurs or non-professional scientists. 
Therefore, data accuracy and data quality issues should be considered in these studies. 

Both geometric and semantic information derived from data sets such as maps, satellite images, aerial photographs, and 
sensors can be used to contribute to decision-making, information-service sharing, and the solution of management 
problems. How to extract accurate and reliable information from sensor datasets is one of the most researched topics in 
cartography and other spatial information communities (ICA Sensor-Driven Mapping Commission, 2020). The important 
thing in the concept of a smart city is not to obtain a lot of data, but to produce accurate information and knowledge. Maps 
and diagrams will help both the state, institutions and citizens to better understand and evaluate the services related to the 
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user since the majority of the data are related to the space. Maps are very important spatial communication tools. The main 
problem is that there are problems in information communication with the users due to the production of 
incorrect/inaccurate maps. For this reason, the importance of the design of the maps to be used by the citizens in the smart 
city application should be addressed. 

SMART CITIES AND SPATIAL RELATIONS (GIS) 

Establishing relations and providing services within GIS enables the concept of the smart city. The services that will be 
explained in the following part of the study reveal the open data issue. Governments provide more transparency for 
citizens by providing datasets about urban processes with an open data policy. Maps are the most efficient way for GIS to 
share information with citizens. Besides, smart city data can be shared with users through infographics, diagrams, charts, 
geospatial dashboards, open city portals, or digital twins. Maps are key components of understanding the environment and 
related statistical data. Existing maps are not designed to be reused with new spatial datasets that are gathered from 
different sources such as sensors, citizens, etc. Spatial data infrastructures define data standards for ensuring the reuse of 
spatial data. However, today there are many unstructured data resources that are hard to integrate into different applications. 
Maps reveal hidden spatial patterns by reducing complexity in data, thus supporting the decision-making stage by local 
and national authorities. In the design process of maps and diagrams, the same subject can be mapped or graphed in 
several different equally convenient ways. However, some design technics may be insufficient for communication with the 
user. Problems are often caused by incorrect data processing, distracting symbols and text, confusing map object selection, 
and incorrect use of the software's default settings (Kraak et. al., 2020). With the development of technology, the 
knowledge and experiences of cartographers are transferred to geographic information systems software, helping the 
democratization of cartography, that is, the production of maps by non-experts. 

There are too many resources in the developing world that make it difficult for people to obtain information. It is also 
important to examine the relationship between various urban datasets and prepare action plans accordingly. Keeping data as 
interoperable parts of a system makes people's lives easier by protecting them from potential dangers (air pollution, 
infectious disease, flood, etc.). Although studies on smart city data have been studied separately, such as traffic and air 
pollution, no study covers all smart city components in the literature. However, some events trigger or effects each other 
such as earthquake and flood or landslide. For this reason, it is necessary to create an effective platform that covers all 
smart city components. This platform consists of high temporal resolution (streaming data) data. Data sources may be 
stationary or mobile and should be evaluated (analyzed) simultaneously. In this study, the complex conceptual design of 
the platform is created based on the main topics proposed by Cohen’s Smart Cities Wheel. This conceptual design involves all 
spatial data in smart cities (Figure 1). Smart Cities Wheel defines smart cities with six components: “smart economy, smart 
people, smart living, smart mobility, smart environment, and smart governance” (Cohen, 2012). In order to create the 
platform, Cohen's smart city components and the indicators are utilized (Table 1). In the table, subcomponents and 
elements (which are given detailed in figure 1) are created by the writers for designing the mentioned platform. 
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Table 1. Smart city components and indicators according to Cohen. (Subcomponents and elements are developed by the 
writers.) 

 

Components Smart Government Smart People Smart Living Smart Economy Smart Mobility Smart Environment 

 ICT&e-Government, Embrace Creativity, Safe, Healthy, Entrepreneurship& Mixed-Modal Green Urban 

 Transparency&Open Inclusive Society, Culturally Innovation, Access, Prioritizes Planning, Green 

Indicators Data, Enabling Supply- 

Demand Side Policy 

21st Education Vibrant&Happy Productivity, Local 

and Global 

Clean& Non- 

motorized Options, 

Energy, Green 

Urban Planning 

    Interconnectedness, Integrated ICT  

 Disaster Management, Social Services, Health Services, Business Support Transportation Park, Garden and 

 Zoning and Urbanization, Education Services, Protection and Services, Urban History Services Afforestation 

 Science Affairs- Faith Centers Security Services, and Tourism  Services, 

 Infrastructure,  Youth and Sports   Agricultural 

Subcomponents Information 

Technologies, Cemetery 

 Services, Cultural 

and Social Activities 

  Services, Energy, 

Environmental 

 Services, Justice Services,     Protection and 

 Government, Buildings     Control, Waste 

      Services 

Elements and Fire Management, Services for Hospitals, Gyms, Markets, Small- Traffic Signaling Irrigation Services, 

Data Demographic Disabled, Elderly Pharmacies, Law Medium Services, Logistic Agricultural 

 Information, Property and Needy Citizens, Enforcement…etc. Enterprises…etc Services Lands…etc. 

 Management, Private     

 Municipalities…etc. Courses…etc.     
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Figure 1. Smart City Services and Spatial Relations- (Version 1: under development) 
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For mentioned conceptual design study Cohen’s smart city components form the main structure of the system (Figure 1). 
Cohen also defines these six components with three different indicators for each component. Accordingly, subcomponents 
and elements are determined based on the indicators to see the relationships between the spatial data. After spatial data 
relations are determined (which is still under development), and also visualization options can be considered. 

“Smart government” refers to governments sharing open data with citizens through web portals and mobile applications to 
increase transparency and accountability. Smart City 3.0 "Citizen Co-Creation" is based on public requirements, user 
needs, user experience and the idea of co-creation. With e-government applications, citizens will be included in urban 
processes by governments. The European Union's ELISE (The European Location Interoperability Solutions for e- 
Government) Project is also based on this purpose. However, a very diverse, multi-format, multi-variable, and unstructured 
big/huge dataset has to operate as part of a system on a common platform. “Smart government” indicators are expressed as 
ICT (Information and Communications Technology) and government relationship, transparency and open data, enabling 
supply-demand policy. Subcomponents such as disaster management, zoning and urbanization, science affairs 
infrastructure, information technologies, cemetery services, justice services, government and buildings have been added to 
the smart government component to better define it and examine its spatial data (Table 1). In the conceptual scheme of 
“Smart City Services and Spatial Relations” given in Figure 1, smart city components are grouped and shown in different 
colors. In Figure 1, smart government components, subcomponents, elements and data are shown in green. 

“Smart environment” is about waste management, ensuring the sustainability of resources, and managing climate change 
related issues with ICT tools. Indicators related to smart environment are determined as green building, green energy and 
green urban planning. Within the scope of smart environment, subcomponents such as park, garden and afforestation 
services, agricultural services, energy, environmental protection and control, and waste services have been created. In 
Figure 1, smart environment components, subcomponents, elements and data are shown in red. 

“Smart people” concept is encouraged in participation, open-mindedness, and lifelong learning. Smart people - smart 
society indicators are defined by Cohen as education, inclusive society and promoting creativity. Within the scope of smart 
people, subcomponents are created such as social services, education services, and faith centers and detailed with elements 
and data. In Figure 1, smart people components, subcomponents, elements and data are shown in dark blue. 

“Smart mobility” is expressed with integrated information and communication technologies, clean-non-motorized options, 
and mixed-modal access. Within the scope of smart mobility, the transportation services subcomponent is detailed with 
elements such as traffic signaling services, logistics services, etc. In Figure 1, smart mobility components, subcomponents, 
elements and data are shown in blue. 

“Smart living” indicators are defined by safety, health, and cultural vitality. Smart living related to the quality of life is 
divided into subcomponents such as health services, protection and security services, youth and sports services, and 
cultural and social activities. In Figure 1, smart living components, subcomponents, elements and data are shown in 
yellow. 

One of the factors that ensure the resilience of cities is the economy. Smart economy indicators are defined by Cohen as 
entrepreneurship & innovation, productivity, and local and global connectedness. Within the scope of “smart economy”; it 
has been handled with subcomponents such as business support services, urban history and tourism. In Figure 1, smart 
economy components, subcomponents, elements and data are shown in gray. 

DEVELOPING STANDARDS FOR SPATIAL RELATIONS IN SMART CITIES 

Spatial data infrastructure studies such as INSPIRE (Infrastructure for Spatial Information in Europe) and Turkish National 
Geographical Information System (TUCBS in Turkish) aim to establish the system given in Figure 1. Service- based 
visualization of spatial data is expected to be created within the scope of spatial data infrastructure research. INSPIRE has 
an application scheme related to human health and safety. Human Health and Safety application scheme is also associated 
with other INSPIRE application schemes such as Administrative Units, Geographical Names, Statistical Units. Human 
Health application scheme consists of classes such as Health Statistical Data, General Health Statistics, Disease, Health 
Services Statistics, Biomarker, Environmental Health Factor Measurements (air quality, water quality, etc.), Noise 
Measurements. Diseases are classified internationally and include processes and situations determined by ICD 
(International Classification of Diseases) code values. After the coronavirus pandemic, ICD codes related to Covid- 19 
have been added. The human health application scheme introduces some statistical data related to the theme to be 
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reported on statistical units. General thematic map rules should be followed for the visualization of statistical data on 
administrative units. It is stated in Data Specification on Human Health and Safety – Technical Guidelines (2013) that it is 
necessary to provide a tool for INSPIRE geo-portal to create simple online thematic maps (URL 1). However, it is stated 
that such a tool is already available on the Eurostat (European statistics) website (proportional symbol maps, choropleth 
maps a region level) (URL 2). Though, it is not an adequate tool for presenting urban data. The INSPIRE Drafting Team 
(2014) and INSPIRE Drafting Team (2008) only provide general cartographic advice such as using traditional colors (URL 
3; URL 4). Yet, prepared catalogs are available for visualization of some data. (U.S. Environmental Protection Agency- 
Noise Maps-Color Pallets). Many spatial data infrastructure policies such as INSPIRE Drafting Team (2014) recommend 
using OGC (Open Geospatial Consortium) standards Styled Layer Descriptor (SLD) and Symbology Encoding (SE) for 
cartographic portrayal. Bocher and Ertz (2018) addressed the deficiencies of spatial data infrastructures and OGC. 
Mainstream cartographers have recommended considering visual variables and the statistical nature of the data 
(qualitative, quantitative, continuous, discrete, abrupt, smooth…) in terms of aesthetics and effectively conveying a 
message for years (Slocum et al., 2008). The functional design of these theories of cartographers can be used to define a 
standard style language for spatial data infrastructure (Bocher ve Ertz, 2018). OGC published the cartographically 
developable/improvable symbology standard in 2020 (URL 5). This standard allows editing of all elements of the 
symbology model; rules, symbols, and visual variables. It is necessary to combine the cartographic rules, conventions, 
traditions, and visual variables used by cartographers in the production of thematic maps with standardization. Spatial data 
infrastructures (INSPIRE, TUCBS), OGC, and ISO (International Organization for Standardization) define standards 
related to spatial data and services to make spatial data reusable and interoperable. 

COVID-19: CASE STUDY WITH SMART CITY APPROACH   

Maps are used to share spatial information with citizens. It is also possible to create a comprehensive mental map for the 
user by using the power of geovisualization. Since the movement of people on the earth determines the spread of infectious 
diseases, epidemics and pandemics maps have been widely used to determine, follow and prevent pandemics from past to 
present. Pandemics are defined by geometric (geodetic), temporal and thematic information. In the prevention, 
preparedness, response, and recovery phases of pandemics, it is necessary to manage geometric, temporal, and thematic 
data and share it with citizens and decision-makers as accurate and reliable information. In order to minimize the risk of 
exposure to the virus in pandemics, it is important to keep transmission under control through early detection, contact 
tracing and limiting human mobility. Spatial interfaces help users protect themselves from dangers with analytical 
reasoning. It also provides a decision-support mechanism to decision-makers on issues such as distribution of critical 
supply chain, quarantine plans and restriction of flights. Citizens and decision-makers have benefited from maps such as 
trace-tracking, learning the number of cases and deaths, vaccine application points and following the quarantine processes 
during the pandemic. 

The data must be findable, accessible, interoperable, and reusable. Unstructured data is difficult to reuse. For this reason, 
during the Covid-19 pandemic, there have been problems with the elimination of data inconsistency and quality problems, 
the data storage, sharing, updating and visualization. Hence, OGC has started an initiative to build a broader spatial health 
data infrastructure covering all possible infectious diseases (OGC, 2021). Therefore, there are problems with the 
simultaneous visualization of data from different country institutions in different formats. 

In this study, a conceptual design study is conducted to show spatial data relations are carried out from the smart city 
general conceptual model to struggle with the Covid-19 pandemic (Figure 2). The data given in pink color has been added to 
the smart solutions regarding the Covid-19 pandemic. As a result of the pandemic, many people lost their lives all over the 
world. Due to the sad reality of the pandemic, cemetery services are added to health services. In the hospital attributes, 
hospital resources such as the number of beds with intensive care units, the number of normal beds, bed occupancy rate, 
and the number of personnel have been indicated. Information such as drug use, medical condition, and pregnancy status 
change the vulnerability levels. Age, race, ethnicity, gender, marital status, income, education and employment 
information should be indicated in demographic information. Crowded, poor families would be more vulnerable to Covid- 

19. Since poor families can be dismissed in this pandemic period, financial support should be given as required by the 
social state. Pathogen samples should be taken from the sewer system. Therefore, these elements have been added to waste 
management. The critical supply chain should be ensured in the pandemic period. Distribution centers for personal 
protective equipment, vaccines, drugs, antibiotics, and test kits should be established. This information should be shared 
with citizens through open data portals. Cold chain logistics is necessary for Covid-19 vaccines. Transfer and transport 
centers can be found shortest distance analysis. 
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Figure 2. Pandemic Scenario Service Components and Relationships (under development). 
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All the information given above can be shared with decision-makers, but not all with citizens. In this case, it is necessary to 
make different cartographic generalizations in the information shared with the citizens. In other words, the information 
access level of decision-makers and citizens will be different on the mentioned platform. Decision-makers need to 
implement transportation-related restrictions in time and citizens need to follow the restrictions. Citizens can follow 
restrictions about buildings and facilities on this platform as well. Components related to disaster management and 
transportation are also added to the conceptual design. By considering the possibility of multiple disasters, digital solutions 
should be considered and the system should be designed for possible threats. 

As a result, information needs to be shared with citizens and decision-makers via Web or mobile applications, through 
maps, charts and graphs. Although the disease information of individuals cannot be shared regarding Personal Data 
Protection Law, density maps shared from anonymous data will enable citizens to protect themselves. As in natural 
disasters, early detection is important in epidemics. Early warning will prevent further life loss. The situation of 
immigrants and tourists should also be considered. Moreover day/night, seasonal differences, meteorology, topography, 
etc. situations need to be evaluated. The conceptual design of spatial data relationships created for only the Covid-19 case 
alone is very complex. These all are multidisciplinary problematic issues. People from different disciplines should come 
together to determine the information to be produced and shared with citizens. In this case, cartographers should assist in 
the cartographic visualization of spatial data for different presentation environments. 

RESULTS AND SUGGESTIONS 

Smart cities benefit from information and communication technologies to improve people's living conditions, ensure the 
sustainability of our limited natural resources, and create resilient cities against disasters, epidemics and economic 
uncertainties. It is necessary to manage the data/information in a system in order to both manage the decision support 
processes and inform the citizens. In this study, a general “Smart City Services and Spatial Relations” conceptual design 
study (given in Figure 1) is carried out with a multi-disciplinary team consisting of city and regional planners, 
environmental engineers, geomatics engineers and architects. Since it is a multi-disciplinary subject, constituting a multi- 
disciplinary study team with master’s and Ph.D. students has been benefited. The study team should also include 
multidisciplinary science and social researchers working on database design and visualization which are including future 
smart city services. In the study, elements are developed and detailed based on Cohen's smart city components. Smart city 
information can be shared with citizens, decision-makers and planners at various levels of accessibility through the 
platform to be created based on this conceptual design. In this study, all data coming from sensors, IoT devices, citizens, 
public and private sectors are considered available and interoperable. 

Pandemics require the collection of data held by municipalities as well as data held by other state institutions. After 
identifying the information which the municipality wants to share, the cartographers should study how this information 
should be visualized for citizens. After that, cartographers should consider quick and easy-to-understand visualization 
options based on spatial relationships. Generalization for different scale levels, symbolization rules, presentation screen 
size, and user characteristics changes visualization properties. Since user priorities and requests are important today, user 
experience and user interface design should be studied. Different interfaces can be designed for children, young people, 
old people, immigrants and tourists. In addition, different levels of access permissions can be granted to decision-makers, 
planners, engineers, related disciplines and citizens. The use of products should be increased produced discussing with the 
experts on the subject in a multi-disciplinary manner and giving more importance to map design. The writers’ research 
continues on the cartographic visualization of smart city spatial information. 
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