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Abstract—The promise of smart cities lies in their ability to 

generate, process, and apply vast amounts of data to improve daily 

life. Yet, without robust governance, this data often remains 

fragmented and inconsistent. Master Data Management (MDM), 

long applied in the private sector, offers a means to ensure 

interoperability, reliability, and value creation in urban systems. 

This paper examines the role of MDM in supporting data 

analytics, sensing, and communication within smart cities. 

Drawing on a structured literature review and case studies such as 

Ng et al. (2017), the study emphasizes how MDM prevents the 

common dilemma of being “data rich but information poor.” It 

also explores methodological considerations, case applications, 

and future opportunities, arguing that MDM is not only a 

technical tool but also a governance strategy for sustainable and 

resilient urban development. 
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I.  INTRODUCTION 

Smart city initiatives often highlight the transformative 
power of IoT devices, big data analytics, and artificial 
intelligence. These technologies have the potential to enhance 
transportation systems, public health monitoring, and 
infrastructure management. However, one persistent issue 
undermines their potential: the absence of a reliable and shared 
data foundation. When multiple agencies and private partners 
operate with inconsistent or duplicated registries, even the most 
sophisticated analytics lose their effectiveness. 

Recent contributions, such as those of Ng et al. (2017), 
underscore the value of MDM as a backbone for integrated 
infrastructure management. Their work demonstrates that 
master data does more than organize records; it aligns disparate 
information systems, enabling accurate insights and coordinated 
action. Building on these insights, this paper positions MDM as 
a core enabler of data analytics and communication in urban 
environments, particularly where sustainability and resilience 
are critical concerns. 

II. RELATED WORK 

The literature on infrastructure and urban data management 
has expanded significantly in recent years. Traditional asset 
management frameworks (Uddin et al., 2013) focused on sector-
specific solutions, such as pavement or bridge management. 
While effective within their domains, these approaches often 
reinforced data silos. 

More recent studies have turned to IoT, big data, and AI as 
pathways for integration across systems. Yet challenges of scale, 
heterogeneity, and governance remain. Ng et al. (2017) propose 
the SIAM-MDM solution, an adaptation of enterprise-level 
MDM practices to city infrastructure. Their case study in Hong 
Kong illustrates how building and transportation data can be 
harmonized to reveal carbon emission hotspots and inform 
resilience strategies. 

Other initiatives, such as Singapore’s Smart Nation program 
and Rio de Janeiro’s Integrated Operations Center, further 
highlight the recognition that reliable data governance underpins 
successful smart city projects. 

III. METHODOLOGY 

This study adopts a structured literature review combined 
with the analysis of documented smart city initiatives. The 
approach consisted of three phases: 

A. Literature Search and Selection 

• Databases: Scopus, Web of Science, IEEE Xplore, and 
ScienceDirect. 

• Keywords: “Master Data Management,” “Smart Cities,” 
“Data Governance,” “Urban Analytics.” 

• Period: 2010–2024 to capture both foundational works 
and recent advancements. 

• Inclusion criteria: peer-reviewed journal articles, 
conference papers, and policy documents directly 
addressing MDM in urban or infrastructure contexts. 

B. Content Analysis 

• Thematic coding of challenges, benefits, and limitations 
of MDM in both enterprise and urban contexts. 

• Consideration of legal frameworks such as the LGPD 
(Brazil, 2018), GDPR (EU, 2016), and emerging 
standards (ISO 37120, OGC CityGML). 

C. Comparative Framework Analysis 

• Special attention to SIAM-MDM (Ng et al., 2017) as a 
reference for adaptability in complex urban 
environments. 

• Cross-case comparison of international smart city 
programs (Hong Kong, Singapore, Rio de Janeiro). 
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This methodology allows us to distill key insights from 
diverse domains and identify where MDM frameworks 
contribute most directly to the smart city agenda. 

IV. PROPOSED SOLUTION: MDM FRAMEWORK FOR SMART 

CITIES 

A. Strategic Alignment 

Cities need a clear vision of how MDM supports broader 
policy objectives such as sustainability, mobility, and social 
inclusion. This requires political commitment and active 
participation from diverse stakeholders rather than reliance on 
technical teams alone. 

B. Metrics and Performance Indicators 

For MDM to be accepted, benefits must be measurable. 
Linking governance indicators to outcomes—such as service 
efficiency, response times, or citizen trust—helps justify 
investments and maintain momentum. 

C. Information Governance 

Clear roles and responsibilities are essential. A governance 
framework must define dataset ownership, stewardship models, 
and mechanisms for ensuring semantic consistency across 
platforms. 

D. Multi-domain Data Modeling 

Smart cities generate data across multiple domains: citizens, 
assets, services, and places. A multi-domain approach allows 
master data to serve as the “glue” binding IoT sensors, 
administrative systems, and external data sources. 

E. Use Case Scenarios 

• Smart Mobility: Coordinating traffic sensors with master 
registries of roads and intersections enables adaptive 
traffic control and route optimization. 

• Digital Public Health: Linking citizen records with 
pollution and climate data supports proactive responses 
to respiratory disease clusters. 

• Transparency and Auditing: Cross-checking contract 
databases with sensor evidence—such as smart lighting 
systems—strengthens accountability. 

• Infrastructure Asset Management: As shown by Ng et al. 
(2017), integrating BIM, GIS, and MDM reveals 
emission hotspots and enhances resilience planning. 

 

Fig. 1. Proposed MDM Framework for Smart Cities 

V. DISCUSSION 

The analysis suggests that MDM is more than a technical fix; 
it is a governance discipline fostering trust in urban data. Unlike 
enterprise settings, where MDM focuses on customer or product 
data, in urban contexts it must integrate heterogeneous domains 
such as infrastructure assets, environmental data, and citizen 
registries. Compared with isolated asset management tools, 
MDM ensures interoperability and provides a holistic view of 
city systems. 

Nonetheless, barriers persist. Institutional silos, lack of 
standardization, and the cost of long-term maintenance 
undermine adoption. Moreover, cultural resistance—where 
agencies fear losing control of their data—remains a major 
obstacle. 

Successful MDM adoption requires iterative development. 
Cities cannot achieve maturity in one step; instead, they must 
gradually expand scope, improve quality, and engage 
stakeholders. The Hong Kong case illustrates that even registry-
style MDM, implemented with open-source tools, delivers 
tangible benefits in transparency, resilience, and emissions 
management. 

VI. LIMITATIONS 

This study has several limitations: 

• It is based primarily on secondary data (literature and 
documented cases), without empirical validation in a 
specific city. 

• Most case studies come from Asia and Europe; Latin 
America and Africa remain underexplored. 

• The rapid evolution of AI, blockchain, and data 
governance standards may outpace the frameworks 
reviewed here. 

Acknowledging these limitations clarifies the scope of 
contributions and highlights areas for future research. 

VII. FUTURE WORK 

Several promising directions for future research and practice 
emerge: 

• Artificial intelligence: Applying machine learning to 
detect and correct data inconsistencies in real time. 

• Blockchain applications: Using distributed ledgers to 
ensure the traceability and integrity of sensitive datasets. 

• Cross-city interoperability: Promoting standards such as 
CityGML (OGC, 2021) and ISO 37120 to enable 
benchmarking across cities. 

• Regional validation: Testing adapted MDM 
frameworks in Latin American cities, where digital 
transformation is advancing but governance practices 
remain uneven. 

• Citizen-centric models: Exploring approaches that 
balance transparency and privacy, ensuring citizens 
benefit from integration without compromising rights. 
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VIII. CONCLUSION 

This study demonstrates that MDM, traditionally applied in 
enterprise environments, can serve as a governance backbone 
for smart cities. By aligning data domains, governance 
mechanisms, and urban applications, MDM enables 
interoperability and fosters trust in city data. While adoption 
faces barriers such as institutional silos and cultural resistance, 
gradual and iterative implementation can deliver tangible 
benefits in transparency, resilience, and citizen-oriented 
services. 

Ultimately, the integration of MDM into smart city strategies 
provides not only a technical foundation but also a governance 
pathway that supports transparency, efficiency, and citizen trust 
— essential pillars for sustainable urban development. 
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