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1.0. Introduction

The Ontario Municipal Act of 2001 mandates that municipal councils represent the public
and the municipality's well-being. To this end, and with growing populations, aging
infrastructure, and spending constraints, a city needs a well-designed and executed asset

management plan to ensure accountability and transparency in its operations.

"Sustainable urban infrastructure planning and maintenance require an integrated
approach that considers various infrastructure assets and their inter-linkages as a holistic system"

(Du et al., 2023). To state this differently, how a pipe, a valve, a service, a policy, or a strategic

plan relate to one another and the entire municipal system.

Relational databases and file management techniques are most commonly used to create
and manage the asset registry to support asset management programs throughout all
municipalities today. "The current IT structures in many municipalities do not support seamless
information sharing, highlighting the need for interoperable systems that facilitate

communication and data exchange across departmental boundaries" (Hobson et al., 2011)

More innovative techniques, including ontologies and knowledge graphs, are being
implemented across many sectors, including government. This study will mention case studies
from Vancouver and Edmonton to illustrate these advancements. Municipalities will require
continuous improvements to keep pace with technology, and this paper suggests that focusing on

the asset registry is an excellent place to start.

This study will first examine the literature on advanced data integration and the

theoretical means (socio-technical theory) to understand the challenges of implementing



innovative projects and how maintaining momentum by balancing the socio-technical aspects of

the entire asset management process will contribute to a more robust system.

Secondly, it will bring relevant case studies from the City of Vancouver and, to a lesser
extent, Edmonton to the reader's attention, providing evidence of the viability of implementing

innovative technology to solve municipal challenges.

Lastly, based on my experience in GIS, public administration, and asset management and
supported by the knowledge gained in this study's research, the paper will conclude with
recommendations for the City of London (or others) to enhance the asset registry (AR) using

ontologies and knowledge graphs.

2.0. Background

2.1. Asset Registry

According to Ontario Regulation 588/17, municipalities must develop strategic asset
management policies that integrate their asset management plans with their budgeting and long-
term financial planning processes. This includes a commitment to continuous improvement and
adopting appropriate asset management practices (Ontario Regulation 588/17, 2021).
Additionally, municipalities must prepare asset management plans detailing lifecycle activities
necessary to maintain current service levels. These activities encompass the entire lifecycle of
assets, from construction to decommissioning, and involve a thorough assessment of costs,

options, and associated risks (Ontario Regulation 588/17, 2021).

The asset management system’s purpose is to optimize the performance of all assets. To
do this, information about real-world assets is required. This paper focuses on the built
infrastructure and the asset registry (AR) needed for a robust asset management program. An AR
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is a repository for asset data containing detailed and essential information about physical assets
within a municipality. It supports efficient and effective asset management practices as a central

hub of geospatial infrastructure knowledge.

Complex decision-making in city infrastructure management is challenging. The asset
registry integrates critical inputs and outputs from key systems such as CMMS (Computerized
Maintenance Management System), GIS (Geographic Information System), financial systems,
and SCADA (Supervisory Control and Data Acquisition) to support decision-makers. It includes
attributes such as asset types (e.g., roads, pipes), condition ratings (e.g., poor, fair, good),

performance, and maintenance history (e.g., work orders, inspections).

2.2. Data Management

The research question focuses on identifying the technical and social barriers to
adopting enhanced data integration techniques in municipal asset management, specifically
knowledge graphs and ontologies. The City of London's geomatics division is responsible for
managing the city's geospatial infrastructure systems, including GIS, CMMS, geospatial data

management, Planfile (as-built drawings), and surveying. This includes the asset registry (AR).

The division is evolving and continuously looking to improve to advance a centralized
digital infrastructure asset management program for the city's approximate $28B worth of
physical asset infrastructure. This paper focuses on two advanced data management strategies
(knowledge graphs and ontologies) that, when understood and implemented, would make the

program significantly more robust.



"Municipal asset data are characterized by their complexity and are often scattered across
various systems and formats, leading to significant integration challenges" (Martin, 2021). This

study refers to these barriers as a lack of interoperability and data fragmentation.

2.3. Data Integration Techniques

Interoperability is the ability of a system or component to function effectively with other
systems and components. This concept is often understood and used in technology-related circles
to refer to two applications exporting and importing data but can also represent a socio-barrier
between two silos of expertise in a municipal organization (i.e., planning, engineering,
operations, finance). "This interoperability enables data to be the centerpiece of an enterprise

information policy" (Martin, 2021).

The interaction between technology and social aspects is crucial for effective information
sharing in municipal governments. Departments must collaborate and share information to
manage resources and provide services efficiently. The current IT structures in many
municipalities do not support seamless information sharing, highlighting the need for
interoperable systems that facilitate communication and data exchange across departmental

boundaries (Hobson et al., 2011).

2.4. Data Fragmentation

Data fragmentation refers to the issue of data being scattered across various systems and
formats, leading to difficulties in consolidating and analyzing this information. Different
departments within a municipality might use different software and databases, resulting in siloed
data that is not easily accessible or integrable. This can impede the ability to gain a holistic view

of municipal assets and make informed decisions.



These barriers, arising from multiple applications (systems) or domains (divisions or
teams) operating somewhat autonomously, result in inefficiencies and suboptimal asset
management strategies. The integration of geospatial knowledge graphs (KGs) and GIS-
supported applications will expedite the evolution of municipal asset management programs by
overcoming challenges related to interoperability and fragmented data handling. Knowledge
graphs provide the underpinnings and architecture for effectively sharing data throughout an
enterprise, contributing to developing a more data-driven and efficient urban asset management

program in the City of London, Ontario.

Solving interoperability and data fragmentation are barriers all organizations face.
Organizational change management, or the lack thereof, can significantly challenge the
implementation of robust information systems necessary for managing infrastructure assets. This
paper aims to identify and address these barriers, using Socio-technical Theory (STT) to
highlight the importance of considering both social and technical aspects in the adoption of

enhanced data integration techniques.

3.0. Literature Review

To support this paper, a review of data integration techniques was undertaken to better
understand the innovative ideas of ontologies and knowledge graphs in the context of municipal
government, specifically in infrastructure asset management. While it is important to provide a
high-level introduction to the reader sufficient to see the benefits, avoiding delving into the
advanced details of their design and functionality is equally important to maintain the scope of

this study.



To better identify key barriers to implementation, socio-technical theory will provide a
lens that emphasizes the human and technological factors that challenge the implementation of
such initiatives. Lastly, a high-level review of current implementations (case studies) will round
out the knowledge base compiled and used in support of the research question: What are the
technical and social barriers to adopting knowledge graphs and ontologies in the municipal asset

management system of the City of London?"

3.1. Asset Management

The Corporate Asset Management (CAM) Policy (By-law number CPOL.-389(a)-193)
forms the foundation of the City of London’s CAM Program, which helps identify and prioritize
investments in municipal infrastructure to ensure it remains robust, safe, sustainable, efficient,

and capable of supporting a high quality of life. The policy focuses on three fundamental goals:

1. Providing sustainable service to City customers.

2. Optimizing the value of municipal infrastructure assets while minimizing lifecycle costs.

3. Managing risks to service delivery.

The CAM Policy ensures alignment with the city's financial plans, budget, relevant Acts,
accounting standards, policies, frameworks, and plans. It also emphasizes the importance of
considering climate change mitigation, disaster planning, and informed decision-making

regarding contingency funding (London, 2024).

3.2. Data Integration Techniques

Knowledge graphs and ontologies have emerged as pivotal data integration techniques,

significantly impacting various sectors, including municipal asset management. Efforts from



Universities such as Toronto, along with private sector contributors, are leading the way in this
direction of innovation using O&KG. Research also highlights the importance of interoperability
in IT applications within municipal governments. The integration of diverse data sources and
systems through ontologies can significantly reduce manual data handling, lower errors, and

improve overall efficiency in municipal operations.

A knowledge graph represents a network of real-world entities and their interrelations,
enabling a more intuitive and interconnected representation of data (Fig. 1). Du et al. (2022)
highlight that knowledge graphs enhance the ability to retrieve, integrate, and interpret diverse
data sources (GIS databases and text documents), fostering improved decision-making and
operational efficiency in municipal contexts. This perspective is supported by the work of Hogan

et al. (2021) and Ehrlinger & WoB (2016).

Knowledge graphs and ontologies have

has become essential tools in municipal asset

Relationship
management by enabling the integration of

belongs to

diverse data sources into a unified framework.
Authors such as Halfawy and Figueroa (2006)
emphasize the importance of these
technologies in overcoming the traditional

Fig. 1 — Simplistic Knowledge Graph

"islands of information," or "data silos," thus

facilitating seamless data sharing and interoperability across municipal departments.

By using semantic relationships to link data not easily linked, like a pipe and its
geographic location, as well as its maintenance records and connected water meters, a

knowledge graph provides a comprehensive and interconnected view of the city's water
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infrastructure. Additionally, it can link to other relevant documents such as reports, strategic
plans, and budgets, thereby integrating operational data with planning and financial information
for improved decision-making. "Katsumi, Huang, and Fox (2022) highlight that ontologies
enhance decision-making by providing structured frameworks that support semantic
interoperability, leading to more sophisticated analytics and better-informed strategic planning.
This is echoed by Barramou et al. (2020), who argue that standardized, vendor-neutral data
models inherent in knowledge graphs promote data reusability and maintain data consistency,
which is essential for effective asset management. In municipal asset management, these
technologies would be invaluable for integrating disparate data silos. They support the
development of comprehensive asset inventories, improved maintenance scheduling, and better-
informed strategic planning. They improve the efficiency and effectiveness of managing

infrastructure assets.

The adoption of knowledge graphs and ontologies can lead to more resilient and adaptive
municipal [asset] infrastructure systems, aligning with the goals of smart city initiatives, [or asset
management initiatives] (Khan et al., 2019; Hitzler et al., 2020). By leveraging these advanced
data integration techniques, municipalities can achieve a higher degree of operational efficiency
and strategic foresight, ultimately benefiting urban infrastructure management and public

administration.

3.3. Socio-technical theory

Socio-technical theory (STT) provides a framework for understanding the interplay
between social and technical factors in organizational settings. Originating in the mid-20th

century, it posits that optimal organizational performance is achieved when there is a harmonious



alignment between social systems (people, culture, structure) and technical systems (tools,

processes, technology) (Trist & Bamforth, 1951).

Organizations, including municipalities, often focus on technology while minimizing the
social or human side. This imbalance can hinder program success and return on investment. A
new system may be chosen and implemented based on satisfying certain goals, such as better
reporting. Without educating and communicating with all users at all levels of the workflow to
understand the impact on their workflow, there is a risk of jeopardizing 'buy-in' and difficulty
regaining the trust and support needed to maximize the system. STT emphasizes the need for
integrated design approaches that consider both human and technological dimensions. This

means involving the users in the design of the system.

Providing a participatory environment when designing information systems and
involving expert users at every stage ensures the system meets their needs and fosters a deeper
understanding of the bigger picture: the other users in the workflow they don't see. This will lead

to a well-informed team from top to bottom.

4.0. Theoretical Framework

“The rationale for adopting socio-technical approaches to systems design is that failure to
do so can increase the risks that systems will not make their expected contribution to the goals of
the organization” (Baxter, 2010). Socio-technical Theory (STT) emphasizes the interdependence
of social and technical systems in organizational contexts. It advocates for the joint optimization
of both to improve organizational performance and user satisfaction (Baxter, 2010). For example,
the CMMS application and field staft’s ability to complete their function must be optimized for

the best experience and return.



According to STT paradigm, people are considered a “resource to be developed,”
encouraging collaboration, commitment, and a risk-taking environment, as opposed to

competition, alienation, and minimal levels of risk-taking (Trist, 1981).

4.1. Multi-level Framework

Geels, a leading scholar in the field of sustainability transitions, developed and refined a
multi-level perspective (MLP) framework over several years, integrating insights from various
theoretical perspectives. The MLP on socio-technical transitions emphasizes the complex
interplay between niche innovations (e.g., intelligent traffic signals), existing regimes (current

technologies and related policy), and broader landscapes (organizational culture) (Geels, 2005).

The dynamic nature of implementing or changing a system (i.e., ontology and knowledge
graph-supported AR) is characterized by phases of institutional complexity, where competing

logics coexist and create friction (Hacker & Binz, 2021). Coordination efforts to prioritize

technology projects are under pressure to make choices that will impact existing niches. There
are times when an organization needs to undergo extensive technological change. A good
example is London's implementation of CMMS to improve work order management, inspections,

and reporting and, of course, improve data for use in the asset management system.

MLP uses the term ‘transition’ for moving from one system to another but accounting for
all levels of the workflow. Implementation is more specific, more the action of applying the plan.
One of the key takeaways from London’s implementation of Phase One CMMS was the lack of
understanding of the complete process from both the technology and business side. In hindsight,
had we understood MLP, we would have approached it as a transition (at every level) to CMMS

and not just a new piece of technology we want stakeholders to use.
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4.2. Socio (people)

These transitions involve not only technological substitutions but also changes in user

practices, regulations, and cultural meanings (Geels, 2005). The MLP can be complemented by

the concept of institutional work to focus on micro-level dynamics in niche projects

(Vassilakopoulou & Marmaras, 2013). This combined approach offers valuable insights for

policymakers, technology providers, and researchers in understanding the complex processes of

socio-technical transitions and navigating institutional complexities (Hacker & Binz,

2021; Vassilakopoulou & Marmaras, 2013). The scope of this study doesn't pay attention to

micro-level dynamics but recognizes they exist and should be understood and addressed in future

projects.

Municipalities have complex organizational structures with varying interests and
priorities. Workflows can be deeply ingrained within the culture, making change difficult. To
adopt a knowledge graph-based system, significant work is needed to educate everyone about the
bigger picture, requiring cooperation at every scale of the organization. Abbas (2023),
paraphrasing Herbst (1974), wrote, “[s]ocio-technical design signifies [that] the [successful]
design or redesign of (information) systems [must be] achieved through stakeholder participation

and incorporating interaction between people and (new) technologies” (Herbst, 1974).

4.3. Socio-technical in the design

STT serves as a high-level framework to guide the design process. By addressing the
potential socio-technical challenges early in the development phase, it allows time for evaluation,
and re-education to occur leading to a better designed system. This approach mitigates the risks

associated with transitioning systems, system usability, and stakeholder satisfaction. Adopting
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STT ensures a holistic approach to system design, balancing technical capabilities with human

factors to achieve an integrated and effective asset management solution.

Integrating STT principles into the design phase of the AR would provide a framework to
analyze the issues to adopting enhanced data integration techniques in municipal asset
management systems. Perhaps I should have told you sooner, but to further the point; an asset
management system is a socio-technical system according to its adherence to the five key

characteristics seen below.

Below, I provide basic examples from an asset management system to satisfy Baxter's

(2010) five key characteristics of open socio-technical systems.

Interdependent Parts: An asset management system integrates GIS data and maintenance

schedules, where accurate location data is crucial for timely maintenance actions.

Goal Adaptation: The asset management system adjusts maintenance schedules and resource
allocation based on near real-time data from inspection programs, as well as feedback from field

workers.

Internal Environment: The asset management system includes a robust software platform (GIS,

CMMS) and trained personnel who interpret data and make decisions (multiple divisions).

Equifinality: Achieving optimal asset management can be done through predictive analytics
using machine learning, manual inspections by field staff, or a combination of both, providing

flexibility in the system design.
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Joint Optimization: The asset management system's effectiveness depends on both advanced
software tools for data analysis (technology) and well-trained staff (socio) to interpret and act on

the data, ensuring balanced optimization of both subsystems (socio-technical).

Incorporating socio-technical principles, specifically a multi-level perspective, is required to
transition the multiple contributors to the Asset Register (AR), each producing data that is
interdependent on one another. These operations produce critical data that the AMS needs, such
as condition scores and maintenance details. The goal of a well-designed AR using ontologies
and knowledge graphs would bring the data together in a smooth manner with minimal
disruption to the silos of expertise that are required but can contribute to interoperability

challenges as a result of data silos.

5.0. Methodology

5.1. Research Design

This study adopts a qualitative case study approach, focusing on the City of London’s
Geomatics Division to explore the technical and social barriers to adopting enhanced data
integration techniques in support of infrastructure asset management, specifically the asset
registry (AR). A qualitative case study is appropriate for this research as it allows for an in-depth

understanding of complex phenomena within their real-life context.

5.2. Case Study

The City of London was chosen due to its ongoing efforts to advance its asset
management system and the strategic role of its Geomatics Division. The Geomatics Division
functions as the city’s GIS/CMMS Centre of Excellence, making it an ideal case for studying the

adoption of advanced data integration techniques. In my capacity as the manager of geospatial
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infrastructure systems and an MPA candidate (at the time of writing), [ bring 25 years of
experience in geospatial data management and a forward-looking perspective on the challenges
of managing infrastructure assets. This selection allows for an examination of the unique
challenges and opportunities encountered in this specific setting. Geomatics has always been the
‘keepers’ of spatial data, both legally defined and natural, as well as the built environment (asset

infrastructure).

Given my dual role as a researcher and practitioner, there is a unique opportunity to

provide insider insights.

5.2. Theoretical Framework

This study is guided by socio-technical theory (STT), which provides a lens through
which to understand the interplay between technical and social factors in the adoption of new
technologies. This framework helps categorize the identified barriers into technical and social
challenges. It also serves to keep the connection between the two grounded in theory as this

paper progresses.

Having an enhanced AR makes the system more successful in meeting the socio-technical
criteria needed for project success. It's self-serving; STT helps build a system that, when

implemented, will provide better service by successfully addressing STT priorities.

5.4. Data Collection

Relevant documents, including academic papers, literature reviews, white papers, policy
and plans, and industry standards, were sought with a focus on the most recent discourse. A
systematic search was conducted using databases such as Google Scholar and industry-specific
repositories. Given the innovative subject matter and the pace at which it evolves, older

14



documents help identify the need for better tools for asset data management but lack the currency

of the technology itself, which is becoming more accessible to organizations.

5.5. Data Analysis

The collected data was analyzed using thematic analysis, a method well-suited for

identifying patterns and themes within qualitative data. The analysis involved several steps:

1. Familiarization with the data through repeated reading and note-taking.

2. Identifying significant features related to barriers in data integration.

3. Categorizing the themes into technical and social challenges.

Implementing ontologies and knowledge graphs (O&KG) to define and interact with a
complex system such as a municipal government presents several challenges. As with any
attempts to implement technology solutions, we will face issues related to the interoperability
between technologies (different systems, different file formats) and social elements (historic

workflows, change management, perceived value).

5.6. Ethical Considerations

Ethical considerations were considered throughout the research process. Given my dual
role as both a researcher and a manager within the case study context, it necessitates a conscious
effort to mitigate any potential bias in the interpretation of findings. To this end, I limited my
opinions, and what I do make of real-world examples, I keep within the scope of this paper. All
data sources were publicly available, and no confidential information was used. The analysis was

conducted with integrity, ensuring the accuracy and reliability of the findings.

6.0. Motivating Case Studies
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6.1. Vancouver's Digital Strategy

The City of Vancouver released a digital strategy in 2013 identifying four pillars of focus:
Engagement and Access, Infrastructure and assets, Economy, and Organizational Digital
Maturity. The focus of this study relates to the pillars of infrastructure and assets and
Organizational Digital Maturity, which are most relevant to enhancing municipal asset
management. By conducting a 'current state assessment,' Vancouver identified three key themes:
Design Strategically and deploy Tactically, Empower Employees to Support Empowered
Citizens, and Digital Governance. Notably, they recognized a socio-technical barrier: "[s]trong
resistance exists within the city to move services to a digital channel without addressing the end-

to-end people, process, and technology concerns" (Vancouver, 2013).

One of the key barriers facing London, and arguably all municipalities, is resistance to
change. Many processes within government organizations are ingrained in the culture, making
integrating or changing to new systems difficult. In socio-technical theory, the imbalance
between technology and people is a critical factor in a project's success. Vancouver's approach to
addressing these barriers can provide valuable insights for London. For example, Vancouver
understood that designing strategically and deploying tactically would help overcome resistance
to change through careful planning that aligns with existing processes and addresses concerns

users may have with the new direction.

Connecting back to the five characteristics of STT, Vancouver addressed the following:
“System performance relies on the joint optimization of the technical and social subsystems.
Focusing on one of these systems to the exclusion of the other is likely to lead to degraded

system performance and utility.”
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In 2013, they recognized that a lack of formal governance had resulted in a less cohesive
experience and strategic impact. Governance lends to joint optimization, a unified system.
London currently lacks unified governance across asset management systems. A good example is
the role of AR and Geomatics in the asset management workflow of the City of London, which is
still operating under historic governance models based on the collection of data through surveys,
CAD, and GIS. This model needs to be updated to reflect the new roles and responsibilities

around AR and CMMS, including enhanced data management like O&KG.

Vancouver defined its services and accountabilities, optimized technology use for
productivity, and fostered a digital culture within the organization. The goal here is to drive
strategic impact and reduce risk. The more they understand the relationships between their
domains (services) and responsibilities, the better they can adapt to changes; goal adaption is
another characteristic of a socio-technical system. For London to address key barriers to
implementing enhanced data management like O&KG for its AR and to strengthen goal adaption

and joint optimization, it will also need to implement robust governance.

6.2. Digital Infrastructure Mapping

Vancouver has digitally mapped its infrastructure with the objectives of implementing an
agile infrastructure plan, optimizing digital infrastructure and physical assets, and continuously
improving its digital infrastructure strategy. This digital representation of the city’s infrastructure,
including pipes, roads, and other assets, is incredibly valuable to asset management. Knowing
and utilizing the location of assets in the real world to assist maintenance and inspection
programs that ultimately feed the asset management system is critical. Ultimately, this represents

an enhanced AR for the asset management system.
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London can learn from Vancouver's approach to optimizing digital infrastructure,
particularly when enhancing its Asset Registry (AR), building onto the existing structured

geospatial knowledge with unstructured data sources, such as reports and other text documents.

6.3. City of Edmonton

To quickly share more innovative examples, Edmonton is noted for its integration of
advanced technologies to enhance urban living. The city has implemented several applications
and projects to improve the quality of life, including smart traffic management, which uses
sensors to monitor traffic flow and adjust signals in real time to reduce congestion and improve
road safety. Additionally, Edmonton is developing digital twin technology to create virtual
replicas of physical assets and infrastructure for better scenario simulation and maintenance
planning. Furthermore, the city applies predictive analytics using Al for various urban

management tasks, such as infrastructure inspections and maintenance.

7.0. Case Study in Progress

Geomatics (at the City of London) plays a crucial role in modern municipal asset
management by providing the tools and techniques necessary for effective data integration and
analysis from the asset registry (AR). London’s asset management plan is considered one of the
leading examples among Ontario municipalities; however, in practice, the interdependent parts
are not reaching joint optimization. This continuous improvement to the AR would be a strength
of our asset management system. Next-generation Geomatics Divisions need education and tools

to be the stewards of asset infrastructure data.

7.1. Background
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The City’s Geomatics Division has well-ingrained roles and responsibilities related to
more traditional tasks like surveying, planfile, and drafting. In one form or another, spatial data
management is as old as the city itself. It’s fitting then that when designing the asset management
plan, Geomatics was chosen to administer the asset registry. Over the past eight years, GIS and
CMMS responsibilities have increased, and new roles have been developed to provide the

expertise needed to not just keep up but improve upon current services.

Geomatics, along with Information Technology Services - GIS, is responsible for
different sides of the city's geographic information system (GIS). With a virtual splitting of
duties that ensures GIS technology infrastructure is well managed and aligns with corporate ITS
policies, ITS provides expertise that will be critical to enhancing the AR. The data models and
the geospatial data that are used in the asset management system (and other systems) are the
domain of Geomatics in partnership with the respective divisions (i.e., water, sewer, roads, etc.)

that are responsible for the core assets.

Ontario Regulation 588/17 (O. Reg. 588/17) relates to asset management planning for
municipal infrastructure in Ontario, Canada, and identifies the core assets as being roads, water,
sewer, and stormwater. In London, these assets account for approximately 80% of our
replacement costs and therefore receive a higher degree of attention from our asset management

plan and, therefore, the AR.

7.2. Data Management

Geomatics manages the CMMS, which our operations divisions use to inspect and
manage work orders on city infrastructure (pipes, roads, etc.) in a GIS-centric application. The

outputs (condition scores, installation dates, etc.) are used as inputs to the greater Corporate
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Asset Management Team (CAM) as well as reports and decision-making efforts. Geomatics
plays a critical role in municipal asset management as the steward of the asset registry. However,

not all inputs to the asset management system (AMS) are available in GIS or CMMS.

The asset information system (AIS) also needs data from other sources such as reports,
SCADA, engineering models, and various documents. Currently, the AR has no way to store or
facilitate the extraction of data from various systems (manual efforts excluded), causing data
fragmentation. Maintaining and sharing data across these ‘data silos’ is a challenge. O&KG will

enhance the AR and provide access to this information, lessening the impact of data silos.

Information recorded in documents is recognized as being labor-intensive when
assimilating into the AMS. Documents, for example, can be useful after scanned using OCR or
entering key information from hardcopy paper forms manually. Fortunately, most of the "paper' is
gone, and most of the unstructured data we need for asset management is digital, like Word
documents, spreadsheets, presentations, and reports. It’s still a challenge to incorporate their
information (data) and turn it into knowledge, but being digital at least means they are ready for

enhanced data integration.

A knowledge graph-powered asset registry, having the ability to draw relationships
between a real-world asset, our water system as an example, and the documentation for the
entirety of processes that go into its planning, procurement, maintenance, and replacement,

would be the goal of an enhanced AR.

7.3. Current Data Integration Practices

Geospatial infrastructure asset data is captured from drawings, plans, and surveys that are

converted from CAD to GIS, and the additional attributes to fill out the model are then collected.
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This data is stored and managed in one of six geodatabases used to host the city's geospatial data.
Not all of the data is directly related to asset management; however, the majority of it represents
our built environment, the core assets of roads, water, sewer, and stormwater systems. The other
data contributes to the larger scope of asset management, planning, and development, for
example. Included are non-core assets such as parks and forestry, which still deserve attention in

the asset management system.

Managing AR to the extent we are currently capable involves geospatial data models in
relational databases that mirror real-world assets as closely as possible in a digital world. With
the exception of model adjustments to aid in the interoperability of custom design tools, CRM,
CMMS, and CAM, these data models have changed very little since our infrastructure was

computer-aided drafting-based (CAD) and needed a review and redesign.

7.4. Evolution of Geomatics Role

There is an evolution required in geomatics roles and responsibilities to not just be the
stewards of geospatial data but also knowledge engineers of the city’s AR by leveraging
innovative data management. Knowledge graphs and ontologies are two powerful tools that can
provide a knowledge layer within the AR that draws its data from disparate systems, allowing for

the searching and accessing of data.

If Geomatics 1.0 represents the evolution from paper to digital, hard copy designs being
digitized to CAD and eventually received directly in a CAD format, and Geomatics 2.0 (current)
represents the evolution from CAD to GIS, a period where data became more available, and
attributes define the real-world assets as well as defining relationships to other data. Then, a

Geomatics division that manages the enhanced AR and GIS data models for the majority of core
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and non-core assets as defined in O. Reg. 588/17, and the CMMS systems critical to asset

management at the City of London must represent Geomatics 3.0.

7.5 Technical Challenges

Data Fragmentation

Integrating diverse data sources, including structured (database) and unstructured data
(reports), presents significant challenges. Geomatics directly manages 2 of the four core assets'
geospatial data as defined in o.reg 588/17, sewer and water. Integrating spatial and non-spatial
information from as-built drawings. The other two core assets, stormwater, and transportation,
are managed by other divisions that don't have the same technical abilities as Geomatics or focus

on the data that the asset management registry needs.

Interoperability

Ensuring seamless interoperability between different GIS and asset management systems
is a challenge. When fully implemented across all asset levels, CMMS will help alleviate
interoperability challenges. Using enhanced data management techniques will also help with the
effects of data silos, especially in the absence of CMMS. London has yet to implement CMMS in
transportation, parks, and forestry, each representing a silo of expertise and associated data that
require joint optimization and goal adaption to transition into a more robust asset management

system.

7.6. Socio barriers

User Resistance
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Resistance from users accustomed to traditional methods is always a concern. Lessons
learned during the early phases of CMMS implementation have helped with the transition from
older custom applications to a better-integrated system. Some domains have yet to evolve past
hard copy and manual data entry; this poses a threat as the learning curve will be greater.

However, the benefits will also be such that these new users will likely welcome the change.

Skill Gaps

Need for training programs to develop new skills among staff is critical to all innovative
technology implementation. This need resides in many areas of our organization from ITS staff
required to support more advanced systems to field workers trained in data collection. Given the
integrated nature of enhanced data management specific to asset management, education at all

levels of the organization will be critical to success.

8.0. Analysis and Discussion

&.1. Technical Barriers

Data Fragmentation

Municipal asset data are characterized by their complexity and are often scattered across
various systems and formats, leading to significant integration challenges. For example,
historical inspection records, which are crucial for asset management predictors, are often siloed
and not easily accessible. This fragmentation impedes the ability to gain a holistic view of
municipal assets and make informed decisions. As McComb (2019) emphasizes, "data is
represented and managed specifically in service to the applications that use it, making the
enterprise data architecture application-centric." This results in data being "trapped" within
applications, requiring processes to "release" it for broader use.
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Advanced techniques like knowledge graphs that can help alleviate data fragmentation
necessitate sophisticated data modeling and integration capabilities. Much work has been done to
address ontologies for urban environments that can serve well as starting points for
implementing an enhanced AR. The City of Toronto has developed useful asset management
ontologies that could serve as a starting point, but London would still face significant challenges

in adapting these frameworks to its unique context.

Interoperability

Ensuring seamless interoperability between different GIS and asset management systems
is another major technical barrier. The City of London’s current enterprise approach exhibits data
fragmentation and interoperability challenges, as different divisions use disparate systems
managed independently. Standardizing data models is essential to enhance interoperability and
enable better integration of management processes. An enhanced AR, underpinned by a
comprehensive ontology for infrastructure assets, would support semantic and technical

interoperability across systems.

Vancouver’s digital strategy included a comprehensive digital mapping of its
infrastructure, allowing for agile planning and optimized asset management. This approach
significantly enhanced interoperability and provided valuable insights for maintenance and

inspection programs.

&.2. Social Barriers

User Resistance

Resistance from users accustomed to traditional methods poses a significant barrier.
Implementing an enhanced AR requires a robust change management strategy that includes user

24



involvement in the design process and education on the broader asset management goals.
Stakeholder misalignment and lack of trust are significant obstacles that can hinder the
successful adoption of new technologies. Applying STT can help address these issues by
considering the human aspects of asset management systems, thereby facilitating smoother

transitions.

Understanding the organizational context in which we are implementing asset
management strategies is important to users of the system. Not understanding or appreciating the
‘bigger picture’ can cause resistance. Often the onus is put on users to change how they perform
their work with little or no direct benefit to them, in some cases it can even slow down

productivity in the field for productivity in the office (planning, designing, reporting).

Effective communication about the benefits and impacts of new technologies, coupled
with adequate training, can mitigate resistance. Users are more likely to embrace changes when

they understand the rationale behind them and feel competent in using new systems.

Training and Skills

Developing new skills among staff is crucial for leveraging advanced data integration
techniques effectively. Municipalities often focus on technology implementation while
overlooking the need for training programs to equip staff with the necessary skills. For instance,
implementing knowledge graphs and ontologies requires new competencies in data management
and analysis. Training programs should be designed to bridge these skill gaps and ensure that

staff can fully utilize the new systems.

Training should not be a one-time event but rather an ongoing process. As technologies

evolve, continuous learning opportunities should be provided to keep users updated and
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proficient in their roles. Training should also include non-technical elements to help build the
collective knowledge of the organization. Exposure to other domains, for example, can teach
teams how their work impacts others and promote a unified approach that goes beyond

technology.

Lastly, developing training and skills shouldn't happen in a vacuum; soliciting input from
users on training design and content is key to successfully addressing their needs. Accepting and
actioning feedback can also be part of an educational program. This is being done with great

success in the water and sewer operations divisions currently suing CMMS.

Organizational Culture

Organizational culture plays a critical role in the adoption of technology. A culture that
supports innovation and collaboration is vital for the successful implementation of enhanced data
management systems. The case studies of Vancouver and Edmonton demonstrate how fostering a
digital culture within the organization can lead to significant improvements in asset management
practices. London can learn from these examples by promoting a culture that embraces

technology and encourages cross-functional collaboration.

Implementing new technologies requires a shift in organizational culture. STT suggests
that cultural change should be managed carefully and gradually, with efforts to build buy-in and
support from all levels of the organization. Strong leadership is crucial for fostering a culture that
supports technological change. Leaders should articulate a clear vision, demonstrate commitment

to the change, and model behaviors that align with the desired cultural attributes.

Application of STT
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The findings align with the STT framework, highlighting the importance of addressing
both social and technical factors in adopting enhanced data integration techniques. Meijer and
Thaens (2018) propose a framework that emphasizes the need to link initial enthusiasm to long-
term collaboration. Similarly, Jiang et al. (2020) highlight the necessity of aligning technological
innovation with existing urban challenges. These insights underscore the importance of a
balanced approach that considers the interplay between social systems (people, culture, structure)

and technical systems (tools, processes, technology).

There can be a lot of 'hype' around a new initiative as stakeholders see the potential. As
projects get implemented and the focus turns to administering, it's easy to forget about the
continuous improvement that comes from collaboration. We turn our focus to 'keeping the lights

1

on.

9.0 Conclusion

This study investigated the technical and social barriers to adopting enhanced data
integration techniques, such as knowledge graphs and ontologies. It did so by first summarizing
the literature surrounding this topic, looking for information pertinent to the challenges to
implementation. Secondly, I highlighted two examples that have implemented innovative
systems with success, thus proving that they are within reach. Lastly, I will make
recommendations based on knowledge gained from this study to focus on the City of London’s
asset management system and its asset registry from the perspective of the Geomatics Division's

current and future responsibilities.

This analysis was uniquely informed by the author's pursuit of an MPA and 25 years of

experience as a GIS professional and manager within Geomatics. The analysis revealed technical
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and social barriers typical of most technology implementations, including data fragmentation,
interoperability challenges, user resistance, and skill gaps. These barriers impede the effective
integration of diverse data sources and the implementation of advanced asset management

strategies.

The author's belief, supported by this report, is that the benefits of enhanced data
integration techniques far exceed the challenges. Once implemented, silos of expertise remain,
but the data they create becomes available, free from organizational structure, internal processes,
and competing values. This makes the organization agile to change, allowing knowledge to be
created and shared effectively. Looking to the future, digital twins enable us to run scenarios for

our real-world systems, providing valuable insights and improving decision-making.

9.0. Recommendations

The case studies presented exciting innovations such as 'Digital Twins,' which one day
will be commonplace. This study recognizes that at that scale, much work needs to be done, and
covering the topic of digital twins is beyond the scope of this paper. However, ontologies are
scalable, so London can implement, at a smaller scale, a single program, such as hydrant
maintenance, or a larger initiative, such as water operations, to learn and develop familiarity

amongst asset management teams.

Based on the findings, the following recommendations are proposed for the City of
London to enhance its asset management practices by incorporating socio-technical principles

into its design.

Conduct a Current State Assessment
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There needs to be tighter integration in the knowledge created and managed for an asset's
entire lifecycle. Using inputs like o.reg 588/17 to create an ontology that defines that digitally
(semantically) could serve as a framework to assess the current state asset management systems
level of compliance. Recall a visual of circles connected by lines, with each circle representing a

rule; if we can't satisfy the rule, we have connections to be made and data to be found.

Develop a Strategic Plan

London is well-positioned to implement an ontology and knowledge graph-designed asset
registry. The limiting factor is the scale of implementation, but that is beyond the scope of this
paper. (City of London, 2023, p. 68) of the City’s Strategic Plan lists the following in support of

such projects:

Provide high-quality enterprise-wide staff training informed by industry best practices.

e Implement continuous improvement approaches enterprise-wide.

o Implement technology, business processes, data, and analytics through the Technology

Investment Strategy.

e Conduct targeted service reviews to ensure the efficient and effective allocation of

resources.

The Corporate Asset Management Policy is a Council policy that sets out the city's
approach to planning, designing, constructing, acquiring, operating, maintaining, renewing,
replacing, and disposing of its municipal infrastructure assets in a way that ensures sound
stewardship of public resources, while delivering effective and efficient customer service. The

CAM Policy provides a foundation for the City's CAM Program, which assists in identifying and
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prioritizing investments in existing and future municipal infrastructure assets. The policy also
identifies the roles and responsibilities of staff who make infrastructure-related decisions to
provide a clear governance structure to ensure that other elements of the CAM Program (CAM

Strategy, CAM Plan, CAM Processes) align with the CAM Policy (City of London, 2024).

The connection between London’s Asset Management division (AM) and the Geospatial
Infrastructure Systems Group (GISG) needs to be further developed to strengthen the asset
management system. This would require Geomatics (which includes GISG) roles and

responsibilities to be better defined and aligned with AM.

Implement Governance Structures

It’s been recognized that London needs to establish a GIS governance structure to oversee
data management and interoperability efforts, ensuring consistent application of standards and
practices across divisions. Governance plans going forward should be considering more
advanced data management, to prepare for upcoming needs. A distinction between governance

on the hardware and software, vs the data model and data it contains, will be important to make.
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