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Cities are complicated entities with multiple stakeholders operating data infrastructures 
complying to different regulations and standards in heterogeneous environments; 
this can be challenging when developing a smart city data platform to support 
cross-sector urban data management. Recent advances in Internet-of-Things 
technology can combine real-time data streams, such as weather sensors, traffic 
lights, cameras, and parking sensors, in a smart city data platform that supports 
city decision-making and enables new collaborations and knowledge production. 
This paper uses a case study methodology to analyze the Smart City Operating 
System (SCOS), part of a Smart City project awarded by the US Department of 
Transportation in 2016 in Columbus Ohio. SCOS was developed as a robust smart 
city data management platform. However, despite a well-designed organization, 
methodology, and processes, the platform did not sufficiently capture city users, and 
was no longer used soon after demonstration funding ended in 2021. We employ 
a literature review, project completion reports, key informant interviews, and a 
project evaluation to understand the value and limitations of SCOS and consider 
how it could have better captured city users. Our comparative analysis of the UK 
Observatories shows that their more restrained “living laboratory” vision, university 
support, and stable funding environment helped them endure, although they 
serve primarily as a research platform rather than a city management platform. 
To make recommendations for future city data platform projects, we discuss 
organizational and technical aspects of conducting smart city projects, including 
continuous stakeholder engagement, required data ownership and real-time data 
management support. The results aim to support city stakeholders in developing 
future data platforms and provide urban management support.
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1 Introduction

The global population is majority urban (WHO, 2010) and 
continues to urbanize, meaning that urban sustainability and 
resilience are crucial challenges facing humanity. Providing an urban 
data management platform that can integrate diverse user 
requirements and data across different sectors can help address urban 
challenges such as reliable infrastructure services, improved security 
and resilience to extreme weather conditions and climate change. 
These goals are recognized from local scales in city plans, e.g., climate 
action and net zero plans (The City of Columbus, 2021a; Newcastle 
City Council, 2020), through to global scale, where SDG 11 calls for 
cities to be inclusive, safe, and resilient (United Nations, 2015a), while 
many other SDGs call for action to address food and water security, 
climate change (United Nations, 2015b), inequalities and other issues 
which are key to sustainable urban development. To help achieve these 
goals, city managers require reliable, high-resolution urban datasets 
to gain an overview of the city, to measure the performance of sectors, 
identify the effectiveness of interventions, to ensure that urban 
services operate appropriately (Rusli et al., 2023) and local ambitions 
can be achieved.

Recent advances in technology and computing resources have led 
to the ubiquitous deployment of internet-enabled technology- Internet 
of Things (IoT) across cities worldwide (Kitchin, 2014). A “smart city” 
is often used to refer to a city hosting a dense network of sensors that 
collects and computes data and communicates between different 
spatially distributed devices (Sarwat et al., 2018). Some cities collate 
and analyze these data to provide web-based dashboards, an 
agglomeration of Key Performance Indicators (KPIs), maps, graphs, 
line graphs and pie charts visualizing the condition of different city 
assets (Stehle and Kitchin, 2020). City authorities can use this 
information and communication technology to stream data for various 
applications, such as smart grids, cars, parking, buildings, bins, and air 
quality that help monitor the city and provide a safe and more resilient 
environment to different groups, e.g., traffic authorities, public health 
officials and citizens (Bibri, 2019; Sánchez-Corcuera et al., 2019).

The availability of data from the various systems helps stakeholders 
identify potential incidents or failures before they occur and mitigate 
potential far-reaching cascading consequences. However, these 
datasets often reside with respective stakeholders within their system 
boundaries, creating challenges in cross-agency collaboration, such as 
(Clement et al., 2022; Perera et al., 2014):

 • Lack of system integration interoperability between 
different systems;

 • Missing standardization, access and availability of different 
software, systems and applications;

 • Security and privacy concerns (personably identifiable data);
 • Organization’s resistance to change;
 • Lacking trust and social acceptance of new systems; and
 • Difficult usability or digital illiteracy of future end users.

In this paper, we  examine the technical implementation and 
deployment of the Smart Columbus Operating System (SCOS), which 
served as a backbone for all Smart Columbus projects during the 
demonstration period, aiming to act as a shared platform for smart 
city challenges from various city domains and provide a comparative 
analysis of the UK Observatories. Like other smart city dashboards, 

the SCOS aimed to enable an “integrated data exchange” and serve 
stakeholders’ data needs, including public agencies, researchers, and 
citizens, by providing performance metrics. While the Smart 
Columbus project seemed to have a well-established organization, 
implemented project methodology, and defined processes, the SCOS 
abruptly stopped being accessible to the public soon after project 
funding ended in the summer of 2021. The purpose of this paper is to 
identify challenges to the SCOS project, and answer the following 
normative questions to inform future smart city initiatives:

 1. How were stakeholders determined and involved in the design 
of the SCOS?

 2. How was data collected and included in the SCOS platform?
 3. What challenges were encountered in the development of 

the SCOS?

To inform these questions, we draw on a literature review, project 
completion reports, a subsequent project evaluation, and key 
informant interviews.

The Columbus case examined in this paper achieved its primary 
goal of demonstrating an array of smart city technologies. However, its 
costly data platform failed to find a lasting utility in the city through 
use by agencies and citizens, despite a well-established organization 
and implemented project methodology. The SCOS provides an 
example of long-term challenges stemming from criteria and 
stakeholders not sufficiently accounted for and involved at the start of 
and during the project’s design and development. The UK Observatory 
comparative case examined in this paper did manage to create 
enduring data platforms with their methodologies yet were less 
ambitious in scope and are mostly limited in usage to “living 
laboratory” research functions.

By comparing these examples, the results of this paper inform the 
future development of robust smart city data platforms that are well-
integrated with city stakeholders and that surpass research functions. 
The findings will be of interest to smart city researchers, practitioners, 
founders, and city decision-makers.

2 Literature review

2.1 Smart city applications

Smart cities are characterized by their interactions and 
information exchange through a communication infrastructure (Mora 
et al., 2017). In this paper, we consider a smart city to be a “system of 
systems” where the built environment has a pervasive network of 
spatially distributed, internet-enabled devices (e.g., traffic detectors, 
environmental sensors, surveillance cameras), supporting the 
ubiquitous data collection, processing, and communication (Kitchin, 
2014). An extensive overview of smart city definitions can be found in 
Mora et al. (2017). Marrone and Hammerle (2018) identify two main 
concepts of smart cities: (1) A technology-oriented approach focusing 
on information and communication technology for various urban 
applications, and (2) a people-centric approach, which focuses on the 
role of people, community, and their needs.

Smart city applications support city management and improve 
citizens’ quality of life and wellbeing: Transportation enables the 
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movement of goods, services and people and sustains economic 
activity; utility networks such as electricity, water, and gas support 
essential urban infrastructure; and communication services allow the 
timely interaction between authorities and emergency services 
during incidents (Sarwat et al., 2018). Whereas in the past, these 
networks have been treated independently of one another, with little 
or no interaction (Sarwat et al., 2018), this concept is evolving in 
cities that become increasingly interconnected through internet-
enabled devices (IoT), allowing to collect data with high temporal 
and spatial resolution.

Implementing a smart city data platform and developing useful 
urban applications for stakeholders requires data from different urban 
domains. Figure 1 visualizes common data source, opportunities, and 
analytics techniques for smart cities.

Although smart cities can vary in the data they collect, Figure 1 
lists exemplary datasets commonly found in the literature 
(Raghavan et al., 2020; Li et al., 2013). Location-based data can 
enable smart cities with different types of data analysis, from 
descriptive to prescriptive (Deshpande, 2019; Huang et al., 2021). 
Smart city stakeholders, including citizens, academia, industry, and 
government (Marrone and Hammerle, 2018) can use the data to 
develop smart applications in various urban domains. To solve 
complex public problems and overcome technical hurdles in smart 
cities, a network of diverse stakeholders must work together 
(Clement et al., 2022).

2.2 Technical challenges of smart city 
applications

Smart city project implementations can quickly get very complex, 
and integrating location-based data to derive insights for decision-
makers can present multi-fold challenges (Raghavan et al., 2020; Cecílio 
et al., 2018; Nam and Pardo, 2011; Li et al., 2016; Huang et al., 2021):

 • Data type and format: “data silos” might include datasets in 
various formats and structures, for instance, CSV, Excel, XML or 
JSON format.

 • Data integration: data collected and stored in indifferent 
databases might adhere to specific standards and protocols, 
requiring metadata for successful integration.

 • Data processing and storage: integrating large and complex 
datasets from different sources can be computationally intensive, 
requiring significant processing and storage resources.

 • Data quality: heterogeneous data may vary in quality, 
completeness, and accuracy. Missing or incomplete data and faults 
in sensor parameters can lead to erroneous or biased conclusions.

 • Data semantics: data from different sources may use different 
terminologies for the same concepts or entities, creating 
misunderstandings when integrating these datasets.

 • Data compatibility: proprietary systems might not be compatible 
across the wider “system of systems.” Due to their structure and 

FIGURE 1

Smart city applications enabled through location-based data and big data analytics (own figure, adapted from Huang et al., 2021).
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format heterogeneity, stakeholders might need help extracting 
data and specific connectors.

 • Data privacy and security: different stakeholders may hold 
sensitive information requiring authorized use, such as 
health records.

 • Data access and use: sharing heterogeneous data across different 
city domains can be  challenging due to different access 
requirements or ownership policies.

Although not an exhaustive list, these challenges demonstrate the 
need for better solutions to bridge interoperability and facilitate better 
data integration and sharing across different stakeholder systems. In 
addition to the technical aspects, organizations must establish clear 
data governance policies and procedures that address data access, 
ownership, and privacy concerns.

3 Methodology

We consider the steps of the systems engineering methodology 
(Parnell et  al., 2011), a methodology for complex multi-agency 
environments with multiple stakeholders from different domains and 
different requirements to answer our three research questions:

 1. How were stakeholders determined and involved in the design 
of the SCOS?

 2. How was data collected and included in the SCOS platform?
 3. What challenges were encountered in the development of 

the SCOS?

3.1 Research design and case study 
approach

This paper adopts a comparative case study approach, which is 
defined as “the systematic comparison of two or more data points 
(‘cases’) […] using the case study method” (Kaarbo and Beasley, 1999). 
A case study is an appropriate social science research method when 
addressing questions related to processes about real-world phenomena 
embedded in a particular context over which the researcher has little 
control (Yin, 2009).

After presenting a short case study of the UK Urban Observatories 
to establish a precedent for comparison, we perform an in-depth case 
study of the Smart City Columbus OS. This comparative approach of 
the two countries helps better understand the implementation of 
complex technological systems for urban management in 
different contexts.

3.2 Data collection and analysis

As part of the UK case study, this paper presents a categorical 
overview of the datasets available for different UK Urban 
Observatories: Cranfield, Manchester and Newcastle upon Tyne. 
Based on common characteristics of international Urban 
Observatories by Rusli et  al. (2023), we  evaluate the UK Urban 
Observatories from a design and technical perspective, including data 
collection, interoperability, analytics and data platform functionalities.

The Smart City Columbus OS case study data consists of public 
project documents, media coverage of project activities, and seven 
interviews with project participants. Among key documents collected 
by researchers were quarterly progress reports and the project final 
report. Interviews were conducted remotely, and interviewees 
included members of the city, a local partnership formed by local 
firms created to support Smart Columbus, and three of the consulting 
firms that were contracted by Smart Columbus. To address the three 
research questions, first, we  provide an overview of the city 
stakeholders in Columbus that were involved in the Smart Columbus 
city project and the mechanisms of their development, including 
government departments, local authorities, regional agencies, 
transportation providers, academics, businesses, technical working 
groups, community members, and independent reviewers. Next, 
we consider the data that was included and methods through which 
it was collected.

3.3 Recommendations formulation

Based on the evaluation of the SCOS from project feedback and 
the experience of the Urban Observatories, this study created cross-
location insights for the systematic implementation of ambitious, 
smart city management data platforms like SCOS.

This study finishes with an overview of recommendations divided 
into organizational and technical aspects to better ensure their utility 
and longevity. We further assess the role of funding in such large-scale 
city infrastructure projects and the role of consulting firms regarding 
long-term stability and platform management.

4 Results

4.1 Case studies

4.1.1 UK Urban Observatories
Cities stakeholders have an increasing need for data analytics to 

tackle different urban challenges. Structured monitoring systems can 
help provide accurate data and support analytical functionalities. 
While we refer to such monitoring system as an Urban Observatory, 
depending on the location, other cities call it a “Living Lab” or 
“Living Observatory.”

Rusli et al. (2023) provide a comprehensive overview of existing 
urban monitoring systems. Although many of them have the common 
goal of sharing data to improve existing urban services, they vary in 
their level of development. Despite their different maturity levels, 
some common functionalities include:

 1. Data collection: urban Observatories are data-driven 
repositories that deploy a network of connected sensors to 
collect and store data about the urban environment, including 
weather, air quality, and land use information.

 2. Data analysis: stakeholders use the data to analyze historical 
and real-time events and identify trends and patterns.

 3. Monitoring city assets: stakeholders can monitor and evaluate 
the performance of the urban environment and city assets, e.g., 
transportation networks, water and energy systems, and public 
services (UN-Habitat, 2020).
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 4. Modeling and simulation: Urban Observatories provide data for 
predicting and testing the impact of government-implemented 
policies and the potential outcomes of different scenarios on 
the urban environment.

 5. Visualization and communication: Urban Observatories data 
can help visualize results and communicate the findings of 
complex urban matters to city stakeholders in an accessible and 
understandable way, such as through dashboards.

 6. Decision-making: Urban Observatory platforms can inform 
decision-makers about the city’s current condition and 
highlight areas for improvement. They can further facilitate 
knowledge transfer across stakeholders and drive broader 
discussions about policy, urban planning, and investment to 
improve the quality of life in cities (Rusli et al., 2023).

The following introduces an example of implementing Urban 
Observatories in the UK. Using existing smart city data platforms, 
we can learn from these examples to increase project success and 
maximize progress when implementing a smart city data 
infrastructure. Smart cities that share their experiences can also help 
others avoid duplicating efforts and repeating the same mistakes. This 
way, cities can achieve their common goal of implementing sustainable 
smart city solutions faster.

The UK Collaboratorium for Research in Infrastructure & Cities 
(UKCRIC) established a network of interlinked urban infrastructure 
“observatories” in six localities across the UK: Newcastle, Bristol, 
Sheffield, Cranfield, Manchester, and Birmingham. The UKRCIC 
observatories received a £8 million grant across all the observatories 
(EPRSC, 2017). UKCRIC aims to use the observations to improve the 
understanding of the different interactions between the environment, 

people, and infrastructure within the “system of systems” and improve 
the resilience of the nation’s infrastructure to extreme events and the 
adaptability to changing conditions. The Urban Observatories are a 
collaboration between different UK Universities that are 
responsible for:

Data collection: although each Urban Observatory focuses on 
slightly different urban variables, we  can identify common data 
categories in the environmental, economic, social and transport 
domains. Using three different UK Urban Observatories (Cranfield 
Living Lab, Manchester-I, and Newcastle Urban Observatory), Table 1 
summarizes the data variables for which high-resolution and high-
temporal-resolution time series data is available for analysis, download 
and visualization via the open-access platforms (Cranfield Urban 
Observatory, 2024; Manchester Urban Observatory, 2024; Newcastle 
Urban Observatory, 2024).

Newcastle Urban Observatory supports different commercial-off-
the-shelf sensors and integrates data from third-party sensors where 
that data is accessible openly or through agreement with the provider 
(James et al., 2022), such as transportation data and Closed-Circuit 
Television (CCTV) feeds from the Urban Traffic Management Control 
Centre (UTMC).

Design process: motivated by Jacobs’ observation that cities are 
a continuous set of experiments (Jacobs, 1969), the aim was to 
develop an observation platform to collate relevant available daily 
data to understand how different city sectors interacted, study 
emergent phenomena (e.g., urban heat islands), and assess the 
effect of city improvement initiatives (e.g., new road layouts, 
buildings, green spaces). The project team ran sandpits with 
businesses, industry, and researchers to stimulate interest, find 
synergies, and ensure the collation of data that would achieve a 

TABLE 1 UK Urban Observatories and datasets available.

City Available datasets

Cranfield

Living Lab

(Cranfield Urban Observatory, 2024)

 • Environmental monitoring: Air density, air pressure, Carbon monoxide, Nitric Oxide, Nitrogen dioxide, Nitrogen oxides, 

ozone, particulate count, PM1, PM2.5, PM4, PM10, total suspended particulate.

 • Weather: Precipitation depth, precipitation rate, precipitation type, relative humidity, temperature, dew point air temperature, 

wind chill temperature, wind direction, wind speed.

Manchester

Manchester-I

(Manchester Urban Observatory, 2024)

 • Traffic: Vehicle count (motorcycles, card and light vans, cars with trailers, rigids, heavy, and or mini busses, articulated heavy 

good vehicles, busses and coaches), vehicle speed.

 • Hydrology: River levels.

 • Air quality: Nitrogen oxide (NO), Nitrogen dioxide (NO2), Nitric oxide (NO), PM2.5, PM10;

 • Meteorology: Wind speed, wind direction, wind gust, air pressure, air temperature, solar radiation.

Newcastle upon Tyne

Urban Observatory

(Newcastle Urban Observatory, 2024)

 • Weather: Humidity, wind direction, temperature, wind speed, rainfall, sunshine, visibility, wind gust.

 • Traffic: Parking spaces, travel time, occupied spaces.

 • Vehicles: Plates matching, car count, motorcycle count, bus count, van count, truck count.

 • Environmental data: Water quality.

 • Hydrology: Water level, river level.

 • Electrical: Real power.

 • People: People count.

 • Seismic: Horizontal displacement, vertical displacement.

 • Sewage: Sewage level.

 • Soil: CO2, moisture, soil temperature, soil moisture.

 • Noise: Sound.

 • Sensor metrics: Battery.

 • Bee hive: Weight, hive activity, mean flight nose, mean fanning, brood.
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wider community purpose. Recognizing the importance of 
stakeholder engagement, the project team included community 
groups, often excluded from this sort of data access, as major users, 
since it provided real-world evidence that could be presented to 
decision-makers.

Data storage: Newcastle uses cloud computing technology and 
scalable open-source databases to store big time-series data. For long-
term sustainable data storage, they create archives of the observation 
data and make them available for users to download in .csv format. 
The large amount of historical- and real-time data can provide a future 
basis for developing digital twins.

Usability of data platform: Figure 2 visualizes the Newcastle Urban 
Observatory platform. The individual elements are described below 
according to the numbering in the figure.

 1. Menu containing individual tabs for the following items:

 • Graphs for different variables, comparing observations between 
different sensors.

 • Radar visualizing historical precipitation on a map using a time 
slider and time-series data chart.

 • “Explore” option providing metadata on various sensors, 
deployment topics, variables, and measurements.

 • Download area with sensor data and observations.
 • Archive with direct download access to historical 

observation data.
 • Tools include metadata, .svg graph generators for variables 

and sensors, air quality tools, script statuses, and sensor 
check-ins.

 • API (application programming interfaces) providing REST API 
services to sensor information, raw sensor observations, 
variables, topics, and sensor types.

 2. Map displaying Newcastle and its surrounding area. Using the 
web interface, users can select one or more data categories to 
visualize aggregated views of different sensors on the map. 
Users see the observations collected at this location when 
zooming in and clicking on a specific sensor.

 3. Legend showing how the sensors are grouped into classes.
 4. Legend of the different topics and the symbols used to represent 

them in (2).

4.1.2 Data and system interoperability
 • Compatibility: Urban Observatory platforms are openly 

accessible through a web browser using an internet connection.
 • Data access: Urban Observatories make data accessible through 

direct download in .csv format or available REST API services.

Data analytics: users clicking on a sensor topic in Figure 2 will see 
a list of variables and a graph with a time-series of the most recent 
observations (last 24 h), 7 days or the last month. Figure 3 visualizes 
a graph for PM 2.5 time-series data.

Added value through city use cases: researchers have used data to 
identify patterns, trends, and anomalies, predict traffic forecasts using 
Machine Learning algorithms and build customized applications to 
generate insight into the city’s condition, including:

 • Understand the drivers and impact of congestion charges and the 
impact of COVID-19 lockdowns (James et al., 2020);

 • Assessing the impact of extreme weather events on the transport 
network (Wolf et al., 2023);

 • Assessing the impact of air quality on school children (Keast 
et al., 2022); and

 • Estimating Vehicle and Pedestrian Activity from Town and City 
Traffic Cameras (Chen et al., 2021).

FIGURE 2

Newcastle Urban Observatory portal (Newcastle Urban Observatory, 2024).
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While UK Urban Observatories mainly function as research-
enabling demonstration platforms, their actual use in day-to-day city 
management is currently limited. However, they do find practical 
applications, e.g., the city council using Urban Observatory data to 
assess how busy the city is, thereby providing a useful tool for people 
to decide about visiting the city center (UK Ministry of Housing, 
Communities and Local Government, 2021).

4.1.3 Smart Columbus Operating System
Columbus is the capital of Ohio, located in the Midwestern 

United States. With a 2020 population of 905,860, it is the 14th largest 
city in the US. In December 2015, the U.S. Department of Transport 
launched a Smart City Challenge, asking U.S. mid-sized cities to 
develop ideas for an integrated smart transportation system using use 
data and technology for applications to improve citizens’ 
transportation and quality of life. Funded by the U.S. Department of 
Transportation’s Smart City Challenge grant program in 2016 for 5 
years, Columbus was announced as the winner of the Smart 
City Challenge.

Meeting the requirements of a typical “mid-sized American 
city” with a record of proven transport infrastructure to reconnect 
neighborhoods, including covering highways that divided 
neighborhoods, Columbus was considered an ideal test site. The 
existing CMAX bus route, an enhanced bus service, was developed 
to improve social and health conditions in northeast Columbus. As 
part of the Smart Columbus project, the city intended to introduce 
self-driving shuttles to close first- and last-mile gaps and solve 
CMAX’s first- and last-mile access problem, which could lower the 
barrier for low-income citizens to access the services they need. 
Thus, the Smart Columbus project presented a unique opportunity 
to position the Columbus metropolitan area as a pioneer by 
enabling integrated data exchange, deploying advanced sensors and 
cameras at smart intersections, and introducing autonomous and 
connected vehicles. Using Columbus as a working smart city model, 
the approach could be  applied to other cities in the U.S. in 
the future.

Smart Columbus received a $40 million grant from the 
U.S. Department of Transport (USDOT), paired with $10 million 
from Microsoft cofounder Paul Allen’s Vulcan Inc. foundation, and 
$90 million in matching value from local organizations in Ohio. The 
resulting joint venture initiative was described by one interviewee as 

complicated yet imbued with a healthy tension (Interviews). The 
USDOT grant funded eight demonstration projects altogether, 
including the operating system, with several additional projects 
related to electrification and visioning funded by Vulcan Inc. Key 
projects included:

 1. Multi-modal trip planning to improve mobility by expanding 
public transport options, reducing traffic to increase access to 
jobs and education, and a new Pivot smartphone app.

 2. Connected electric autonomous shuttle routes to connect major 
tourist points and to improve access to services and jobs in the 
deprived community of Linden.

 3. Electrical vehicle charging infrastructure to grow the region’s 
network of electric vehicle charging stations and support 
future-forward mobility.

 4. Prenatal trip assistance to address high infant mortality rates by 
connecting pregnant individuals without reliable transportation 
to doctors’ appointments and pharmacies.

The Smart Columbus Operating System (SCOS) aimed to be  a 
digital backbone for hosting and integrating all data from these and 
other Smart Columbus City projects in addition to other data. The 
Smart Columbus project aimed to make the SCOS sustainable and 
replicable across other cities. Figure 4 provides a visualization of the 
SCOS from initiative materials.

After abandoning a plan to use the open-source platform CKAN 
in part because of lacking support for streaming data, Smart Columbus 
decided to custom-build a more advanced, flexible, and scalable 
platform. This decision to build rather than buy was reportedly a 
strong preference of the funder, the USDOT (Interviews). The custom 
SCOS would support features such as:

 • Data hub to collect, ingest and manage data from a variety of 
sources, including sensors and social media;

 • Analytics platform with application using cross-city data for 
stakeholders to analyze and visualize data and use for their 
decision-making;

 • Development platform for smart city technologies, including data 
from connected streetlights and traffic management systems; and

 • APIs to allow third-party developers to build new applications 
and services.

FIGURE 3

Newcastle Urban Observatory sensor time-series observations (Newcastle Urban Observatory, 2024).
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The SCOS platform aimed to serve and integrate stakeholders 
across the public and private sectors, including city agencies, 
researchers, nonprofit organizations, entrepreneurs, and citizens, by 
sharing open and secure data on the city and supporting various 
applications and services. It was a large undertaking requiring a large 
team from the selected vendor- a large global consulting firm with 
dozens of on-site staff, far more than any other Smart 
Columbus vendor.

4.2 Data analysis

4.2.1 Stakeholder engagement
We first consider the question “How were stakeholders determined 

and involved in the design of the SCOS?” As defined earlier, a smart 
city comprises many different entities both in its creation and use. 
Because of the complexity of its funding arrangement, the goals of its 
funders, the Smart Columbus project included numerous stakeholders 
from environmental, social, transport, and commercial domains as 
well as from multiple scales of government and the private sector. 
Table 2 provides an overview of major stakeholder groups involved in 
the Columbus project and associated with the SCOS.

Further stakeholders included various state and regional agencies 
and organizations such as the Ohio Department of Transportation, the 
Mid-Ohio Regional Planning Commission, the Ohio Public Utilities 
Commission, the Central Ohio Transit Authority (COTA), as well as 
other local organizations such as The Ohio State University and the 
Columbus Partnership, a local business group.

With numerous vendors and funders, there were differences in 
favored approaches to managing Smart Columbus projects with 
implications for stakeholder engagement. More information 
technology-oriented firms, especially the ones selected to build the 
operating system, strongly favored an “agile” management approach, 
which progressed more rapidly through software product cycles. One 
of the principals of an agile methodology is to “fail fast” through 
smaller problems early in the product cycle, in order to learn, and 
avoid more catastrophic failures later on (James, 2007). Proponents 

thought this would offer better risk management for Smart Columbus 
by making problems visible early, as well as creating opportunities for 
demonstrating early progress- what one interviewee described as 
“getting busses on a map very quickly” (Interviews). The agile 
approach also was favored by the city in how it allowed looping back 
for feedback from stakeholder citizens. However, the primary funder, 
USDOT, was unfamiliar with agile methodology, which created extra 
work for the city explaining it to them. Additionally, some city 
members of SCOS questioned whether a “failing fast” approach was 
suitable for government in its role as a regulator with an eye on equity 
(Interviews).

Working groups were the main form of stakeholder engagement 
for the operating system project. This idea stemmed from the 
USDOT mandate and engaged 250 people from 50 organizations 
(The City of Columbus, 2021b). The SCOS team appreciated how 
working groups allowed everyone who wanted to play a role, to play 
a role, but an early diversity of volunteers that included participation 
from local non-profits fell off later in the program to become a 
smaller core group (Interviews). The final report highlighted the 
importance of having local “subject matter experts” and “businesses” 
in the working groups (The City of Columbus, 2021b). The SCOS 
team managed the working groups, including posing topics and 
problems and recording the outputs of discussions at later stages, 
guiding the translating of each “issue” into a “feature/capability” 
with defined “users” and “model organizations,” and then further 
developing “use cases” related to specifics OS capabilities (SMRT 
Cities Columbus: Segment 4, 2019a). Yet in these notes, even later 
in the project timeline, named user groups and roles tended to 
be generic and repeated across capabilities, with “city planners,” 
“entrepreneurs,” and “data scientists” mentioned several times each 
in one working matrix from 2020 (SMRT Cities Columbus: Segment 
4, 2019b).

There were also two hackathons using Smart Columbus Operating 
System data, one attended by more than 100 people, and other efforts 
at building community apps. However, the SCOS team had been 
hoping to see more novel and sustainable apps built from SCOS data 
than were actually produced. Reflecting on the skill set of the user 
base, a consultant member of SCOS came to consider the challenge as 

FIGURE 4

Smart Columbus OS (own figure, adapted from The City of Columbus, 2021a, 2021b).
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one of “how can we  make people smarter and data easier?” 
(Interviews).

4.2.2 Data integrations
Next, we  consider the question “How was data collected and 

included in the SCOS platform?.” According to the Smart Columbus 
report, over 2000 datasets were hosted on the SCOS platform by 
March 2021 (Final Report). A review of an archived SCOS data 
inventory shows it ingested data from various state, regional, and local 
sources, and data from other Smart Columbus projects. Some of this 
data was already publicly available, but others were not or were new. 
The largest share of SCOS data was geospatial data from the state’s 
Ohio Geographically Referenced Information Program, which had 
recently begun hosting its own open data platform. Other state data 
from the Ohio Department of Transportation, such as crash locations, 
was previously only available through approved registration, but 
would be  publicly accessible in the SCOS. Local nonprofit 
organizations and research institutes at The Ohio State University 
contributed fewer but important or unique datasets, such as data on 
food pantry providers and vulnerable senior populations (SMRT 
Columbus, 2024a). Finally, the platform successfully hosted data to 
support other smart Columbus projects during the demonstration 
period, including data on smart kiosks, connected vehicle segments, 
and parking meters (SMRT Columbus, 2024b).

The challenge of “ingesting” data was much discussed by the 
SCOS team and represented a large share of its effort. It was a 
particular challenge for government data because, according to one 
interviewee, each department was doing something different 
(Interviews), resulting in the team having to build connectors for each 
different format, including considering cases on non-tabular data 
(Smart City Challenge Demonstration, 2019). A requirement to 
prevent the upload of data containing personally identifiable 
information also presented a major feature (The City of Columbus, 
2021b). Despite these challenges and even the failure of the SCOS data 
to continue to be hosted past the demonstration program termination, 
the city saw the benefit of combing through and confronting the 
diversity of its data management (Interviews).

4.2.3 Smart Columbus challenges
We finally consider the question, “What challenges were 

encountered in the development of the SCOS?” Our case analysis 
above, alongside a review of Smart Columbus documentation, 
including its own extensive self-evaluation (The City of Columbus, 
2021b) and news coverage of the initiative, reveals several areas that 
explain how the project experienced difficulties. For clarity, we divide 
the various issues into organizational and technical areas. Table 3 
provides an overview of the challenges, while the following evaluation 
in Section 5 shows lessons learned and recommendations for future 
smart city data platforms.

In the words of one consulting firm team member after the 
project, when it comes to collaboration, “it is okay for things to not go 
as well as expected,” a sentiment that reflects the benefits of going 
through such a complex process together despite its challenges 
(Interviews). In responding to questions about lessons learned for 
their organizations, members of the city indicated the value of have 
had to think critically about its own varied data, while consultancies 
indicated the benefits of learning to better work with civic and 
university partners (Interviews). Thus despite its challenges, the 
overall project increased collaboration and knowledge among various 
city stakeholders and beyond. While novel projects carry the risk that 
some components may work and others may not, the city of Columbus 
and other future initiatives can now benefit from the experience, 
expertise and lessons learned from the SCOS experience, a 
fundamental goal of the grant that enabled it.

5 Discussion

5.1 Recommendations for implementing 
future smart city data platforms

This section discusses and derives best practices and 
recommendations for future implementations from our case studies 
of the UK Urban Observatory platforms and the Smart Columbus 
Operating System. Given both examples’ different natures and 

TABLE 2 Stakeholders involved in Smart Columbus SCOS implementation.

Stakeholder Role and responsibility

U.S. Department of Transportation The USDOT was the grant administrator for the operating system project and ensured that the development of the OS 

agreed with the mission of the grant.

The City of Columbus The city was responsible for managing grant funds for different sub-projects in the overall portfolio including the 

operating system. City workers and agencies were key data providers and intended users of the operating system.

The Vendor for the Smart Columbus Operating 

System

The SCOS Team was comprised of members of a consulting firm selected as its vendor who was responsible for building 

components of the OS and operating and maintaining it for the project duration.

Other Project Vendors After a process of requesting proposals for each project, consulting vendor firms were selected, some for multiple projects. 

Some worked on-site, while others worked off-site while maintaining a frequent presence. Most worked on projects that 

needed to integrate data with the OS.

Technical Working Groups Community members guided by the SCOS project team to provide input, develop operational concepts, and use cases, 

and consider data needs and implementation.

Other Columbus Community Members Individual community members represent potential users of the operating system and other projects and are who the 

USDOT grant ultimately aims to serve.

Independent Evaluators They evaluate the OS with regard to the baseline and post-implementation data to measure the performance of the 

projects.
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TABLE 3 Smart Columbus project challenges (divided into different categories).

Area Challenge Case evidence

Organizational areas

Project management Stakeholders were not onboarded early enough to the systems 

engineering approach and were not convinced of its benefits over 

other methods.

“The City began the initial development of the OS and was not accustomed to delivering projects in an Agile method” (The City of 

Columbus, 2021b, p. 6–36).

The funder USDOT was more accustomed to a Waterfall approach, so the City had to help “translate” Agile for them. (Interviews)

“The Agile approach to developing and delivering the software to production should have been implemented earlier in the process […]” 

(The City of Columbus, 2021b, p. 6–36).

Cross- collaboration Roles, responsibilities, and collaborative guidelines were not clearly 

defined to stakeholders early in the process.

“Too many cooks in the kitchen” made it hard to balance different goals and aspirations. (Interviews)

Challenge of “bringing together so many private companies.” (Interviews)

There were a lot of “micro teams” each with their own culture. (Interviews)

Stakeholder engagement/user 

adoption

Existing technology was not sufficiently leveraged with the technical 

infrastructure of stakeholders to ensure interoperability of systems.

There was not sufficient guidance and training on available data and 

tools as part of stakeholder engagement.

“There were problems “integrating technology with stakeholders.” (Interviews)

“As ambitious as the city’s plans were, it did hit roadblocks due to challenges with implementing such advanced technology in the real 

world and the pandemic […]” (McLean, 2021).

Sustainable community-developed apps built on SCOS data were lacking. (Interviews)

“A recurring theme from surveyed agency partners was that there was not high awareness among their peers regarding the ability to find 

the agency data on the OS, which meant that data requests to the agency did not decrease” (The City of Columbus, 2021b, p. 6–37).

Stakeholder expectations Project expectations were not set based on requirements and 

feasibility studies.

“Expectations were high when Columbus won the US Department of Transportation’s Smart City Challenge in 2016” (Warren, 2021).

The “level of attention” made it difficult to manage expectations. (Interviews)

“The overall impact of Smart Columbus has been less dramatic than the picture painted by leaders in the early days” (Warren, 2021).

Community trust User trust was not sufficiently established with evidence of added 

value from other smart city data projects.

Evidence of the value of spending so heavily on vendor consulting 

firms was not provided to the community.

“The “smart city” was a hard-to-pin-down marketing term associated with urban optimism” (Marshall, 2021).

Community stakeholders were wondering “where’s the money?” when the reality is that most of it was going to consultants. (Interviews)

“Today, as citizens think more carefully about tech-enabled surveillance, the concept of a sensor in every home does not look as shiny as it 

once did” (Marshall, 2021).

Technical areas

APIs/ connectors An open data policy based on the broad use of APIs to ingest and 

share data was not engaged from the start.

“Greater focus on building in the ability to interface with a larger number of API types early on would have allowed the OS to ingest more 

and wider varieties of data over time” (The City of Columbus, 2021b, p. 6–37).

GIS support There was not enough understanding of the technical infrastructure 

used by stakeholders to facilitate the integration of GIS software.

“Survey responses indicated greater consideration should have been given to develop a connector early on for Esri data tools” (The City of 

Columbus, 2021b, p. 6–37).

User interface End users were not sufficiently consulted in the design and 

development of user interfaces and tools.

“Feedback from agency surveys suggested that the interface was complex and intimidating” (The City of Columbus, 2021b, p. 6–37).

Unclear utility of SCOS, “what is it solving?” (Interviews)

Data formatting Data standards were not established or encouraged for stakeholder 

agencies.

“COTA TVIER [Transit Vehicle Interaction Event Recording] streaming data was provided in an incorrectly identified format […] which 

due to the size of the data took much time and involved large amounts of computing power” (The City of Columbus, 2021b, p. 6–38).

“Many of the open data sets ingested into the system early on lacked complete metadata and dictionaries” (The City of Columbus, 2021b, 

p. 6–38).

“There was so much technology being implemented to solve specific use cases.” (Interviews)
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directions, we summarize critical lessons from which future end users 
can benefit in similar projects to ensure long-term sustainability and 
utility of data platforms. Reflecting on the key concepts of smart cities 
described by Mora et al. (2017), this study has shown that successful 
implementation must be people- and technology-centered.

The Urban Observatories project, developed as part of the broader 
UKCRIC, serves as a driver for new forms of applied interdisciplinary 
urban research. The idea is to use the city as a living laboratory to 
collect and use a wide range of datasets related to various aspects of 
urban life. This facilitates a better understanding of the city’s 
performance, enabling increased sustainability through regular 
monitoring and intervention, and informing better decision making 
in the future. Yet its aims did not extend to transforming the 
day-to-day management of cities.

The Smart Columbus Operating System served the data needs of 
the Smart Columbus demonstration program and had widely agreed-
upon benefits from its collaborative process. However, despite its 
ambitious aims to create a robust data platform for city management, 
the SCOS did not find enduring utilization for the city of Columbus 
and was halted in 2021, shortly after the demonstration funding 
period ended. As of 2023, it is no longer accessible to the city’s 
stakeholders and citizens. Despite the aim for the SCOS to 
be sustainable and replicable, other cities have not adopted the generic 
SCOS software. The experiences of SCOS integrating with city 
agencies from the start provide the basis of sound recommendations 
for the next generation of enduring smart city data platforms. Table 4 
gives an overview of these recommendations.

 • Engage project team members in a systems engineering 
approach at an early stage.

While the Smart City Columbus project adopted the systems 
engineering approach, post-project assessments and interviews 
revealed that the project team could have introduced the approach 
earlier, as some participants were less unfamiliar with agile project 
management. Future projects must introduce the project methodology 
at the beginning to ensure that different stakeholder groups are 
familiar with the approach, thereby preventing potential delays.

 • Define clear roles and facilitate stakeholder collaboration.
The SCOS project team could have allocated more time to 

engaging stakeholders at the beginning of the project and could have 
more clearly defined their roles. Future projects must involve 
government agencies, private companies, and academia from an early 
stage to ensure that stakeholders understand the project’s aims and 
have the same data-sharing goals, prompting them to be more likely 
to collect relevant and valuable data. Projects must demonstrate the 
added value of sharing data, over storing it in independent silos, that 
can help create a common operating picture and understanding of 
the city among stakeholders.

 • Appoint data owners for managing multi-agency data sources.
Although the SCOS aimed to integrate various multi-agency data, 

not all SCOS stakeholders shared data easily. Data availability could 
have been improved if stakeholders had shared more bespoke datasets. 
For future development, we suggest identifying a responsible person 
who acts as an intermediary and hosts and curates the data between 
stakeholder organizations and end users while organizations remain 
the owners of their data and only provide access.

 • Manage privacy concerns around personally identifiable 
information (PII).

The SCOS project team could not collect personally identifiable 
information (PII) for the SCOS development (The City of 
Columbus, 2021b). While not hosting personally identifiable 
information minimized risk to the community and increased public 
trust, PII restrictions meant that the SCOS had to remove 
applications which were initially part of the project. Future 
implementations can include data aggregated at different levels to 
avoid PII and still help emergency services help vulnerable citizens. 
For example, as opposed to social care workers who deal with 
critical incidents, emergency services do not need detailed 
information about a person’s health status but how many people in 
the community need special assistance for evacuation.

 • Provide ample user guidance and training on available 
datasets and tools.

Not all stakeholders used the SCOS to find data, and some 
agencies continued to approach the council directly. Additionally, 
community use of the data was lacking. Smart cities must ensure that 
users understand the data platform enough to interact, search for data 
and perform queries.

As a recommendation for future deployments, providing clear 
guidance and documentation to a central data integrator and 
workshops with tutorials can ensure that stakeholders know the scope 
and features of the data portal and can find the required data for 
their analysis.

Although smart city data platforms can help integrate data from 
different city domains and bridge existing silos, project teams must 
consider various technical challenges.

 • Ensure interoperability with multi-city agency systems.
In Columbus, about 90% of municipal authorities use Esri-

based GIS technology. The failure to ensure good compatibility 
between the SCOS and Esri software resulted in limited OS usage 
by several city authorities, thus contradicting the initial aim to 
provide a common operating picture. For future developments, 

TABLE 4 Recommendations for future smart city data platform 
implementation.

Recommendations for building next-generation smart 
city data platforms

Organizational aspects Technical aspects

 • Engage project team members in a 

systems engineering approach at an 

early stage;

 • Define clear roles and facilitate 

stakeholder collaboration;

 • Appoint data owners for managing 

multi-agency data sources;

 • Manage privacy concerns around 

personally identifiable 

information (PII);

 • Provide ample user guidance and 

training on available datasets and tools

 • Ensure interoperability with 

multi-city agency systems;

 • Select the right data formats 

and sizes;

 • Facilitate data integration with 

ample API connectors;

 • Support real-time data;

 • Include complete metadata 

and documentation;

 • Listen to users when developing 

analysis and visualization tools
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we suggest federated data management to manage multi-agency 
access and sharing according to need and security and ensure 
available connections to systems currently used by future end users. 
This way, stakeholders can use the developed data platform from 
the beginning and do not need to change their licensed software for 
a new system.

 • Select the right data formats and sizes.
At the beginning of the Smart Columbus project, the streaming 

data received from the transit operator, Central Ohio Transit Authority 
(COTA), providing real-time bus locations, was initially ingested into 
the SCOS in a misidentified format, requiring large amounts of 
computing power. Identifying the data format and estimated size is 
advisable to avoid bottlenecks in future development. While some 
data types are more accessible, as programming scripts, such as 
Python, can quickly convert JSON or CSV files, other data types, e.g., 
PDF files, require more advanced steps, resulting in a longer 
response time.

 • Facilitate data integration with ample API connectors.
The Smart Columbus project team offered a data curator self-

service interface. However, some agencies had to enter data 
programmatically due to lacking support for their formats and types 
(The City of Columbus, 2021b). Future implementations must ensure 
several data input options, such as by creating standardized REST API 
connectors to avoid city authorities having to integrate different 
datasets individually and programmatically. If local and regional 
transit providers agree to upload their data, e.g., on busses, subways, 
and trains, they must receive proper guidance and documentation, 
thus impacting the project’s success.

 • Support real-time data.
The SCOS could have included more real-time datasets, which 

would have improved the stakeholders’ use of the data (The City of 
Columbus, 2021b), including weather, traffic, road status information, 
and images using REST API services from the Ohio Department of 
Transportation (ODOT). Different city domains can benefit from 
collected real-time data. Emergency services require dynamic data as 
incidents change frequently, and responders must have an up-to-date 
picture of the current city’s condition. City stakeholders require air 
quality measurements to assess potential intervention actions and 
monitor wellbeing. Traffic managers use traffic information to 
understand the current situation on the network.

 • Include complete metadata and documentation.
Much of the data available in the SCOS has been integrated 

without associated metadata. According to post-project evaluations, 
stakeholders did not find the data useful due to a lack of 
understanding of the data. While data curators had to spend time 
curating the data, they first audited datasets of higher priority, i.e., 
stakeholders had to wait for metadata of specific datasets. We suggest 
data repositories with associated data management plans for future 
deployments that provide a comprehensive overview of which 
datasets are used and for what purpose. Thus, metadata describing 
different data attributes can help stakeholders understand individual 
variables, ensure sustainable project development, and increase the 
project’s success, even if the people responsible may have already left 
the organization.

 • Listen to users when developing analysis and visualization tools.
Post-project evaluations show that stakeholders in the Smart 

Columbus project critiqued the SCOS’s difficulty level. Reports 
describe stakeholders’ opinions to simplify the chosen graphical 
interface (The City of Columbus, 2021b). We recommend asking 
future system users for feedback from an early project stage for future 
deployments to ensure that the datasets and visualizations meet the 
user requirements. Ultimately, the data platform must be designed so 
that many users can interact with it and retrieve the necessary 
information. A user guide documenting the individual map elements 
and examples of common case studies and queries can help users 
analyze data and create compelling visualizations.

5.2 Planning for sustainable funding

The UK Observatories secured funding from various sources, 
including academic grants and local government support. The 
Department for Environment, Food, and Agriculture (DEFRA), 
Department for Transport (DfT), and local authorities directly funded 
air quality studies, data management, and other measures, such as 
COVID-19 social distance monitoring. The SCOS was funded through 
a federal grant from the Smart Cities Challenges, supplemented by 
private-sector partnerships. Still, its primary funder, USDOT, had a 
stringent five-year time limit for what it considered a 
demonstration program.

There is not likely to be  a one-size fits all funding and 
financing model. In addition to significant initial investment, 
diverse funding structures are recommended to support consistent 
support and ensure longevity. If observatories rely only on project-
based funding, they may be inflexible and thus limited in their 
long-term stability. The starting point should always be to have a 
clear value proposition with a purpose and vision for the platform 
that helps identify users, develop use cases and applications, and 
grow opportunities that add value. In doing so platform developers 
should seek to develop a resilient, multi-user model, including a 
mix of public and private funding sources for the initial set-up, 
deployment, and maintenance costs, covering renewal and upkeep 
for a successful long-term application at city scale. Different 
approaches might range from entirely free at the point of use with 
costs covered by local government and service providers (e.g., 
transport companies). An alternative could be  a subscription-
based model whereby different users pay for different levels of 
access and analysis, e.g., everybody might have basic access to data 
for a nominal fee, while data analysis might be provided for a 
higher subscription and bespoke services provided for 
specific users.

A further recommendation is to form a governance board with 
representatives from different stakeholder groups who will take 
ownership of the smart data platform and ensure regular 
stakeholder feedback for a long-term duration. A strong governance 
team can increase the chance of securing funding through 
continuous city stakeholder engagement by demonstrating how the 
smart city data platform benefits their specific areas. Such 
considerations of sustainable funding should begin at the earliest 
stages of platform planning so that they can be  part of the 
systems engineering.
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5.3 Critically considering the role of 
consulting firms

Another major difference between the two cases, is the role of 
large consulting firms as vendors in the case of Smart Columbus. 
Indeed, the vendor that developed the operating system is one of the 
largest consulting firms in the world, both in terms of revenue and the 
number of global employees. A different consulting vendor ran 
multiple other Smart Columbus projects and viewed itself as an overall 
owner’s representative for the city while also serving the needs of the 
primary funder (Interviews). A third consulting company- also one of 
the largest in the world- helped to reorient the initiative when it 
foundered in its visioning early on. By contrast, development of the 
UK Observatories has relied more on university expertise and local 
partnerships, without the involvement of such consulting firms.

Yet it is unlikely that a university, alone or in conjunction with 
only the government, could develop and sustain a truly transformative 
smart city management platform. Thus, we expect some role for a wide 
range of organizations, including NGO, academic, government and 
the private sector. Consultancy and technology firms bring expertise 
and innovation in sensor and community technologies, data analytics 
and software, and practical smart city experience, and importantly the 
capacity to scale and transfer wherever they operate.

However, as our SCOS case study showed, community members 
can be skeptical of the sheer size of contracts awarded to consulting 
firms compared to unclear benefits to the community. At Smart 
Columbus, the vendor awarded the contract for the operating system 
invested in a large office near the city center, which supported the 
economic development goals of the overall initiative. However, such 
investments may not do much for more deprived neighborhoods in 
aspiring smart cities. The best approach for future platforms is to 
ensure the product is both sustainable and beneficial to community 
members and to find ways to articulate those benefits to community 
stakeholders. Such clear benefits were lacking in the case of Smart 
Columbus, where the operating system vendor walked away with 
ample new expertise and control over a potentially valuable open-
source repository, while the community ended up with no lasting 
functional platform after the program’s end.

5.4 Implications

While the UK Observatories have found enduring success in 
enabling research, their use in day-to-day management has been 
limited. In the case of SCOS, with no dedicated research owner, the 
platform was wholly dependent on use by Columbus city agencies. 
When such utilization did not sufficiently materialize, the platform 
was left without funding to continue. However, both case studies fall 
short of fully transforming city management through their platforms.

Future smart city data platforms should foster real use by and 
collaboration between local authorities, researchers, and communities 
and address various issues of interest, including climate change, 
decarbonization, and electric transport. City services spanning 
different city areas can bring together researchers from currently 
fragmented and isolated departments to work together on these urban 
problems and provide different analytical use cases to 
urban stakeholders:

 • Traffic managers can analyze travel times and incident patterns 
and share this information with citizens through social media.

 • Transport providers can use information on current transport 
parameters, such as traffic volume, to optimize their services, 
reducing people’s reliance on private vehicles.

 • Emergency services can use real-time weather, transport, and 
incident data for their operational response, such as finding 
alternative routes to an incident.

 • Infrastructure providers can identify city areas vulnerable to 
different types of incidents to make decisions about investing in 
future flood protection and infrastructure improvements.

 • City councils can perform air quality and transport analysis to 
inform policy decisions and implement car-free zones in highly 
visited areas.

 • Community groups are empowered to lobby local officials for 
change through access to data that enables them to monitor 
issues of local concern, often air quality and traffic related.

Linking data across these domains can also create a data ontology, 
capturing knowledge for different smart city services. When designing 
the data ontology for a future system, we suggest gathering data from 
different themes related to the Sustainable Development Goals.

6 Conclusion

This paper examines the technical implementation and 
deployment of the Smart Columbus Operating System (SCOS), which 
served as a shared platform from various city domains in Columbus 
to identify challenges and better inform future smart city initiatives. 
We  draw on a literature review, project completion reports, a 
subsequent project evaluation, and key informant interviews to 
identify how stakeholders were determined and involved in the design 
of the SCOS, how data was collected and included in the platform, and 
what challenges were encountered in the SCOS development. We then 
provide a comparative analysis of the UK Observatories, using their 
openly accessible platforms, including that of Newcastle upon Tyne. 
Based on a review of project materials, including stakeholder 
interviews, we made recommendations for how smart city platforms 
can be improved and take into account lessons and innovations from 
SCOS and the UK Urban Observatories.

To help tackle urban challenges and support the United Nations 
SDGs 11 and 13, cities can use smart city data platforms to integrate 
data from traditional siloed domains. Examples include so-called 
“Urban Observatories” which use a large-scale sensor network to 
collect data about different city areas, such as weather, water, 
transportation, population, infrastructure, health, and business. By 
using these data to monitor the environment and the condition of 
various assets and infrastructure in near real-time, these smart city 
data platforms can contribute to sustainable city improvement and 
resilience management and bridge existing data silos across the wider 
city. Although stakeholders can access these datasets through direct 
downloads or REST API services, they must first transform the data 
before incorporating it into smart city applications and use it during 
decision-making. Building platforms beyond a “living laboratories” 
research model means involving multiple city stakeholders and 
datasets from different domains to create an integrated, common 
data platform.
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Using Columbus, Ohio (US) as an example, we evaluated the 
technical implementation challenges of the Smart Columbus 
Operating Systems, part of the U.S.DOT-awarded Smart City 
Challenge. While the entire project aimed to roll out advanced smart 
technology, supporting apps, and focus on underrepresented 
communities, the SCOS, in particular, was the technical backbone for 
the individual projects under the Smart Columbus umbrella. SCOS 
fell short of finding a utility in city management that would allow it to 
access the funding to continue to operate. The UK studies have mainly 
been utilized in research projects, providing value to universities and 
only have a few initial practical applications. However, they all have 
had successful implementation models that have resulted in enduring 
smart city data platforms and can be made valuable to local authorities. 
The existence of a long-term funding plan and a commitment from a 
network of universities are also critical factors. The absence of a 
committed long-term funder at the start of the project was also a 
factor in its ultimate demise and formed a key difference between the 
Observatories and SCOS.

Although no existing platform is wholly satisfying, the different 
examples in this paper demonstrated several key lessons to improve 
the deployment of smart city platforms elsewhere in the UK, USA and 
worldwide, including organizational and technical key aspects. To 
ensure project success from an organizational perspective, we suggest 
a rigorous project methodology from the early start of the project. 
Project teams must have clearly defined roles and responsibilities 
within the team, as well as a well-established leadership and 
governance board with representatives from different stakeholder 
groups, ensuring ownership of the platform can help increase the 
success of smart city project implementations. While we  suggest 
considering sustainable funding and financial planning resources, 
we highlight the importance of responsibly selecting consulting firms 
and vendors with the community benefit in mind. Smart city platforms 
must provide a clear value proposition to their users, highlighting 
tangible benefits from successful case studies on solving urban 
challenges. When selecting the technical components for a smart data 
platform, different aspects can impact the choice of software, such as 
open or proprietary software, cloud technology and GIS providers, 
available budget for potential licensing costs, access to software, and 
scalability. Smart city data platforms must support flexible and scalable 
technology stacks to handle increased data volumes and changing 
stakeholder needs in the future. With different stakeholders in mind 
acting as future end users, urban data platforms must ensure 
interoperability with other existing systems. Overall, we recommend 
continuous stakeholder engagement involving local authorities, city 
officials, businesses, and residents through regular outreach and 
workshops for increased user adoption of the future system and 
technical capacity building.

By reflecting on these challenges and successes in deploying 
different smart city platforms, we offer practical advice and experience 
to other cities on the funding, technical, engagement, and governance 
aspects when implementing projects of similar scale.
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