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Abstract

The accelerating digital transformation of urban economies is reshaping labor markets at
unprecedented speed, generating skills mismatches, employment volatility, and widening
inclusion gaps that current smart city governance frameworks are insufficiently equipped
to address. While the smart city literature has advanced substantially in the areas of dig-
ital infrastructure, mobility, and e-government services, the governance of labor market
transitions in data-driven urban environments remains conceptually underdeveloped. In
particular, no integrated analytical framework currently links smart city governance, labor
market intelligence, and workforce resilience into a coherent tool for assessing urban pre-
paredness for technology-driven employment change. This study addresses that gap by
developing the Urban Workforce Readiness Framework (UWRF)—an integrated concep-
tual model designed to evaluate how prepared urban labor markets are for accelerating
digital and technological transformation. Methodologically, the framework is constructed
through a structured synthesis of peer-reviewed scholarship published between 2015 and
2025 across five domains—smart city governance, labor market regulation, human capital
development, workforce resilience, and data-driven public administration—complemented
by a thematic review of policy documents issued by the OECD, ILO, European Commission,
and World Bank. On this basis, the UWRF identifies five interdependent dimensions of
urban workforce readiness: (i) digital infrastructure capacity, (ii) labor market intelligence
and analytics, (iii) workforce skills adaptability, (iv) institutional governance capacity, and
(v) social inclusion mechanisms. A multi-criteria operationalization is proposed, enabling
comparative diagnostic assessment across cities and supporting evidence-based prioriti-
zation of policy interventions. The analysis demonstrates that institutional governance
capacity and real-time labor market intelligence function as critical mediators within the sys-
tem: in their absence, even substantial investments in digital infrastructure fail to produce
resilient, inclusive, or sustainable labor market outcomes. Theoretically, the study extends
data-driven governance scholarship beyond service delivery into the domain of workforce
management, thereby integrating three traditionally separate research streams—smart city
studies, labor market governance, and digital public administration—under a single ana-
lytical architecture. Practically, the UWRF provides policymakers, municipal authorities,
labor market institutions, and urban planners with a structured diagnostic instrument
for aligning digital transformation strategies with sustainable and equitable employment
outcomes, and offers a replicable foundation for future empirical validation across diverse
urban contexts.
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1. Introduction

The accelerating digitalization of contemporary urban economies is producing struc-
tural transformations that extend far beyond technological modernization. Advances in
artificial intelligence, big data analytics, cloud computing, the Internet of Things, and
algorithmic platforms are reconfiguring how cities are governed, how public services are
delivered, and how economic activity is organized [1-3]. Within this transformation, the
smart city has emerged as a dominant paradigm of sustainable urban development, framing
data and digital infrastructure as strategic instruments for enhancing governance effective-
ness, service quality, and citizen well-being [4,5]. Yet, as smart city research has evolved,
scholars have increasingly recognized that sustainable urbanization cannot be reduced to
physical or digital infrastructure alone; it depends equally on the human dimensions of the
city, including education systems, labor market institutions, workforce adaptability, and
social inclusion [6-8].

Nowhere is this tension between technological progress and human adaptation more
acute than in urban labor markets. Automation, algorithmic management, platform-based
employment models, and machine-learning-enabled work organization are simultaneously
creating new occupations, transforming traditional ones, and intensifying demand for
advanced digital competencies [9,10]. As a result, cities worldwide are experiencing widen-
ing skills gaps, structural mismatches between labor supply and demand, and growing
inequality in access to emerging economic opportunities [11,12]. These dynamics are con-
centrated disproportionately in urban environments, which function as the principal nodes
of innovation, human capital accumulation, and economic exchange, while simultane-
ously exposing workers to the most acute effects of technological disruption, demographic
change, and geopolitical volatility [13,14]. Municipal authorities and labor market institu-
tions are therefore under mounting pressure to develop governance mechanisms capable of
anticipating labor market transitions, supporting workforce adaptation, and safeguarding
inclusive participation.

Recent international experience demonstrates that existing labor market governance
mechanisms often struggle to respond effectively to the pace and complexity of digital
transformation. For example, many European cities continue to experience persistent
shortages of digital talent despite significant investments in digitalization and skills de-
velopment programs. Similarly, OECD reports have highlighted growing mismatches
between the competencies demanded by rapidly evolving labor markets and those sup-
plied by education and training systems. The expansion of platform-based employment,
artificial intelligence applications, and data-driven business models has further exposed
limitations in traditional labor market monitoring and workforce planning mechanisms,
which frequently lack the predictive capacity necessary to anticipate emerging skill needs
and workforce transitions. These challenges underscore the practical need for integrated
governance frameworks capable of assessing workforce preparedness and supporting more
proactive labor market management in smart cities.

Recent quantitative evidence further reinforces these observations and illustrates the
scale and urgency of workforce transformation. The World Economic Forum estimates that
structural labor market transformation between 2025 and 2030 will create 170 million jobs
while displacing 92 million, resulting in a net increase of 78 million jobs. The same report

https:/ /doi.org/10.3390/urbansci10070421


https://doi.org/10.3390/urbansci10070421

Urban Sci. 2026, 10, 421

30f33

indicates that 39% of workers’ existing skill sets are expected to be transformed or become
outdated by 2030. At the regional level, OECD evidence shows that ICT occupations
experience substantially greater labor market tightness than the average occupation across
almost all regions for which data are available. Selected indicators illustrating these
developments are summarized in Table 1.

Table 1. Selected International Indicators of Workforce Transformation and Digital Skills Pressure.

Indicator

Statistical Evidence Analytical Relevance to the UWRF Source

Jobs projected to be created
globally, 2025-2030

Indicates the scale of emerging
170 million employment opportunities and the need
for anticipatory workforce planning

World Economic
Forum (2025)

Jobs projected to be
displaced globally,
2025-2030

Demonstrates the need for reskilling,
92 million transition support, and adaptive labor
market policies

World Economic
Forum (2025)

Existing workers’ skill sets
expected to change or
become outdated by 2030

Highlights the importance of workforce ~ World Economic

39% skills adaptability and lifelong learning Forum (2025)

Relative labor market

o :
1567 more vacancies Shows the intensity of digital talent

ozlci};:t?(s)ilsfai(r:(};s petrhznrzlti(;};iii%?;f n shortages and the need for real-time OECD (2024)
OECD regions occupational average labor market intelligence
OECD regions. in which . . Demonstrates the widespread
ICT occupations are 97% of regions with . .
fighter than the available data geographical character of digital OECD (2024)

average occupation

skills shortages

Taken together, these indicators provide empirical context for understanding the gov-
ernance challenges associated with workforce transformation in smart cities. The projected
coexistence of large-scale job creation and displacement increases the need for labor market
intelligence capable of detecting emerging occupations, declining roles, and changing skill
requirements. The expected transformation of workers’ skill sets highlights the importance
of lifelong learning, reskilling, and institutional mechanisms that can align education and
training provision with labor market demand. At the same time, the widespread shortage
of ICT professionals demonstrates that investments in digital infrastructure alone do not
ensure workforce preparedness. Rather, these developments substantiate the relevance of
a multidimensional approach encompassing digital infrastructure capacity, labor market
intelligence and analytics, workforce skills adaptability, institutional governance capacity,
and social inclusion mechanisms.

Against this backdrop, recent scholarship increasingly identifies labor market re-
silience as a defining component of sustainable urban development [15,16]. Resilience in
this context extends beyond conventional employment protection; it refers to the capacity of
workers, institutions, and labor market systems to absorb disruption while preserving em-
ployment stability, productivity, and social cohesion. In smart cities, this capacity requires
integrated governance approaches that combine technological innovation, institutional
flexibility, continuous learning, and evidence-based policy design [17]. As cities become
more dependent on digital infrastructures and real-time information systems, labor market
governance must evolve from reactive interventions toward proactive, predictive, and
data-driven management approaches.

Data-driven governance—the systematic use of digital information, analytics, and
algorithmic tools to support public decision-making, policy design, and performance
evaluation—offers substantial promise for addressing these challenges [18]. In urban
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contexts, it has already produced measurable gains in transportation management, environ-
mental monitoring, public safety, and municipal service optimization [19,20]. However, its
extension to labor market governance remains conspicuously underdeveloped, despite the
growing volume of employment-related data generated by digital platforms, educational
databases, administrative records, workforce surveys, and real-time labor market intelli-
gence systems [21,22]. This underutilization is not merely a technical gap but a governance
gap: existing frameworks often lack the analytical architecture required to translate labor
market data into coherent city-level strategic decisions.

This gap becomes even more visible when the relevant research streams are exam-
ined side by side. On the one hand, the smart city literature has produced extensive
knowledge on digital infrastructure, urban innovation ecosystems, e-governance, and
technology-enabled services [23-25]. On the other hand, labor economics and employ-
ment policy research have generated deep insights into workforce development, active
labor market policies, employment protection, and skills formation systems [26-28]. These
two literatures, however, have evolved largely in parallel. With few exceptions [29], limited
attention has been given to integrated analytical frameworks that link smart city gover-
nance, labor market intelligence, and workforce resilience into a coherent tool for assessing
urban preparedness for technology-driven employment change. This absence constitutes
the central research gap that the present study seeks to address.

The consequences of this gap are not merely theoretical. A growing body of evidence
demonstrates that technological investment alone does not guarantee successful urban
transformation [30,31]. Cities can possess advanced digital infrastructures while simultane-
ously experiencing persistent unemployment, workforce shortages, digital exclusion, and
weak institutional capacity to manage labor market transitions. Sustainable outcomes there-
fore depend not on technological readiness in isolation, but on the ability of governance
systems to identify emerging skill requirements, coordinate cross-sectoral stakeholders,
facilitate lifelong learning, and support inclusive labor market participation [32]. This
suggests the need for a comprehensive, multidimensional framework capable of evaluating
both technological and institutional dimensions of urban workforce preparedness.

To address this need, the present study develops the Urban Workforce Readiness
Framework (UWREF), a conceptual and analytical model designed to assess the prepared-
ness of urban labor markets for digital transformation and technology-driven economic
change. The framework integrates insights from five theoretical traditions: smart city gov-
ernance, labor market regulation, human capital development, workforce resilience, and
data-driven public administration. On this foundation, workforce readiness is conceptual-
ized as a multidimensional construct encompassing five interdependent dimensions: (i) dig-
ital infrastructure capacity, (ii) labor market intelligence and analytics, (iii) workforce
skills adaptability, (iv) institutional governance capacity, and (v) social inclusion mecha-
nisms. The selection of these dimensions rests on a deliberate theoretical triangulation: the
smart city literature identifies infrastructure and institutional capacity as foundational
enablers [4,23,24]; human capital and labor market theories emphasize skills adaptability
and inclusion as determinants of long-term economic performance [26-28]; and data-driven
public administration positions labor market intelligence as the essential analytical layer
connecting technological capacity with policy action [18,21,22]. Together, these five dimen-
sions capture the technological, institutional, and human-centered pillars of workforce
readiness—an integration that remains largely absent from the existing literature. The
selection of these dimensions was guided by their recurrent appearance across the five theo-
retical traditions synthesized in this study. Digital Infrastructure Capacity and Institutional
Governance Capacity emerged as foundational enabling conditions within the smart city
governance literature; Labor Market Intelligence and Analytics were derived primarily
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from data-driven public administration research; Workforce Skills Adaptability was rooted
in human capital and labor market theories; and Social Inclusion Mechanisms were in-
corporated to reflect insights from workforce resilience and inclusive urban development
scholarship. Collectively, these dimensions were selected because they represent comple-
mentary rather than independent capacities and together provide a holistic representation
of urban workforce preparedness in the digital era.

The framework is developed through a structured synthesis of peer-reviewed schol-
arship published between 2015 and 2025 across the five domains identified above, com-
plemented by a thematic review of policy documents issued by the OECD, ILO, European
Commission, and World Bank. This dual literature-and-policy synthesis approach is
intended to ensure both scholarly rigor and practical relevance and is consistent with
established methodological standards for conceptual framework development in smart city
and public administration research [17,25,29].

The study offers two principal contributions. Theoretically, it extends smart city
scholarship by integrating labor market governance into the analytical core of urban sus-
tainability research, thereby bridging three traditionally separate research streams—smart
city studies, labor market governance, and digital public administration—under a single
conceptual architecture. Practically, it provides policymakers, municipal authorities, la-
bor market institutions, and urban planners with a structured diagnostic instrument for
evaluating workforce readiness, identifying strategic intervention priorities, and aligning
digital transformation strategies with inclusive and sustainable employment outcomes.
However, the proposed framework should be interpreted as a conceptual and analytical
tool rather than an empirically validated model. While the UWRF identifies theoretically
grounded relationships between workforce readiness and outcomes such as workforce
resilience, employment stability, skills alignment, and inclusive labor market participation,
these relationships remain provisional and require empirical verification. Consequently,
caution should be exercised when generalizing the framework’s implications across dif-
ferent urban contexts until future empirical studies test and validate its assumptions and
operational dimensions.

Accordingly, the study pursues four specific objectives: (1) to identify the key dimen-
sions influencing workforce preparedness in data-driven urban environments; (2) to estab-
lish a conceptual relationship between smart city governance and labor market resilience;
(3) to propose a multi-criteria assessment framework capable of supporting evidence-
based urban labor market policies; and (4) to contribute to the emerging discourse on
human-centered approaches to sustainable urban development.

The remainder of the paper is organized as follows. Section 2 reviews the relevant
literature on smart city governance, labor market resilience, human capital development,
and data-driven public administration, identifying the theoretical foundations of the pro-
posed framework. Section 3 outlines the methodological approach adopted for framework
development, including the criteria for literature selection and thematic synthesis. Section 4
presents the Urban Workforce Readiness Framework and elaborates its five constitutive
dimensions. Section 5 discusses the multi-criteria assessment approach and its potential
applications in urban policymaking. Section 6 concludes by summarizing the theoretical
contributions, policy implications, limitations, and directions for future empirical validation
of the UWREF across diverse urban contexts.

2. Literature Review
2.1. Smart City Governance and Data-Driven Urban Management

The smart city concept has evolved from a technology-centered model of urban mod-
ernization into a broader governance paradigm concerned with sustainability, institutional
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coordination, citizen participation, and evidence-based decision-making. Early approaches
to smart cities emphasized the deployment of digital infrastructure, sensor networks, intelli-
gent transportation systems, and ICT-enabled public services [33,34]. However, more recent
scholarship argues that the effectiveness of smart city initiatives depends not merely on
technological sophistication but on the capacity of urban institutions to transform data into
actionable policy, coordinate multiple stakeholders, and address complex socio-economic
challenges [35,36].

Within this broader perspective, data-driven urban management has become a key
mechanism for improving the responsiveness and efficiency of city governance. The use of
big data analytics, artificial intelligence, digital platforms, and real-time monitoring systems
enables municipal authorities to identify urban problems more rapidly, allocate resources
more effectively, and evaluate policy outcomes with greater precision [37,38]. These tools
have been widely applied in areas such as mobility, energy management, public safety,
environmental monitoring, health services, and administrative modernization [39,40].
Nevertheless, the social and labor market implications of data-driven urban governance
remain less systematically explored.

A growing body of literature emphasizes the need for human-centered smart city
models that place people, skills, inclusion, and institutional learning at the center of
urban digital transformation [41,42]. This shift is particularly important because smart
city development can produce unequal outcomes when technological innovation is not
accompanied by inclusive governance mechanisms. Digital exclusion, uneven access to
skills, platform-based labor insecurity, and unequal participation in emerging employment
opportunities may reproduce or deepen existing urban inequalities [43,44]. Therefore, smart
city governance must be understood not only as the management of digital infrastructures
but also as the governance of human capabilities, labor transitions, and social resilience.

2.2. Labor Market Governance and Workforce Resilience

Labor market governance refers to the institutional arrangements, regulatory frame-
works, policy instruments, and coordination mechanisms through which employment
systems are organized and adjusted to economic change [45]. Traditionally, this field has
focused on employment protection legislation, wage-setting institutions, active labor mar-
ket policies, vocational education and training systems, unemployment insurance, and
social dialogue [46,47]. These mechanisms remain central to labor market stability, but
digital transformation has created new governance challenges that exceed the boundaries
of conventional employment policy.

The rise in automation, artificial intelligence, digital platforms, and algorithmic man-
agement has altered the organization of work and the structure of labor demand [48,49].
While technological innovation can generate new forms of employment and productivity
growth, it can also displace routine occupations, intensify skills mismatches, and increase
labor market polarization [50,51]. These effects are particularly visible in cities, where high
concentrations of firms, workers, educational institutions, and digital infrastructure acceler-
ate both innovation and disruption. As a result, urban labor markets require governance
systems capable of anticipating change rather than merely responding to its consequences.

Workforce resilience has emerged as a useful concept for understanding labor market
adaptation under conditions of uncertainty. In this context, resilience refers to the capacity
of workers, institutions, and employment systems to absorb shocks, adapt to structural
change, and maintain social and economic functionality [52,53]. A resilient urban workforce
is not defined solely by employment stability; it also depends on skills adaptability, access
to lifelong learning, institutional responsiveness, and inclusive pathways into emerging
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sectors [54]. Therefore, labor market resilience should be treated as a multidimensional
governance outcome rather than a narrow labor economics indicator.

2.3. Human Capital Development in the Digital Economy

Human capital theory emphasizes the role of education, skills, competencies, and
learning capacity in shaping productivity and long-term economic performance [55]. In the
digital economy, however, the meaning of human capital has expanded beyond formal edu-
cation to include digital literacy, adaptability, creativity, problem-solving, interdisciplinary
skills, and the capacity for continuous reskilling [56,57]. As technological change accel-
erates, workers increasingly need to update their competencies throughout their careers
rather than rely on a fixed stock of knowledge acquired through initial education.

This transformation has important implications for urban governance. Cities are not
only places where labor demand is concentrated; they are also ecosystems of learning,
innovation, and skills formation. Universities, vocational education institutions, firms,
public employment services, training providers, and municipal authorities all contribute
to the development of urban human capital [58,59]. The effectiveness of this ecosystem
depends on the ability of institutions to identify emerging skills needs, align education and
training programs with labor market demand, and ensure that vulnerable groups are not
excluded from digital employment opportunities [60].

The literature on skills mismatch highlights the growing disconnect between the com-
petencies supplied by education and training systems and the competencies demanded by
rapidly changing labor markets [61,62]. In smart cities, this mismatch may become more
visible because digital transformation increases the demand for specialized technological
skills while also transforming non-technical occupations. Consequently, workforce readi-
ness requires not only investment in digital skills but also the development of broader
adaptive capabilities that allow workers and institutions to respond to uncertain future
labor market conditions.

2.4. Conceptual Foundations of Data-Driven Labor Market Intelligence

Labor market intelligence refers to the collection, analysis, and use of labor market
data to support employment policy, workforce planning, education reform, and skills
development [63]. Traditional labor market information systems have relied on surveys,
administrative records, and periodic statistical reporting. While these instruments remain
important, they often lack the speed, granularity, and predictive capacity required in
rapidly changing urban economies [64]. The expansion of digital platforms, online job
vacancies, educational databases, social insurance records, and real-time employment
indicators creates new opportunities for more dynamic labor market monitoring [65].

Data-driven labor market intelligence can support urban policymakers in several ways.
First, it can help identify emerging occupations and declining sectors. Second, it can reveal
skills shortages and mismatches across industries and demographic groups. Third, it can
improve the targeting of active labor market policies, training programs, and employment
services. Fourth, it can support scenario-based planning by helping cities anticipate the
effects of automation, demographic change, migration, and economic shocks [66,67]. These
functions are especially relevant for smart cities, where governance increasingly depends
on the ability to integrate data across sectors and institutions.

However, the use of labor market data also raises governance challenges. Data frag-
mentation, limited interoperability between institutions, weak analytical capacity, privacy
concerns, algorithmic bias, and insufficient policy coordination can reduce the effectiveness
of data-driven labor market systems [68,69]. Therefore, labor market intelligence should
not be treated merely as a technical infrastructure. It requires institutional capacity, ethical
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safeguards, cross-sectoral coordination, and a clear policy architecture that connects data
analysis with strategic decision-making.

2.5. Research Gap and Conceptual Foundations of the UWRF

The reviewed literature demonstrates that smart city governance, labor market gover-
nance, human capital development, workforce resilience, and data-driven public adminis-
tration each offer important insights into urban transformation. However, these research
streams remain insufficiently integrated. Smart city studies often prioritize digital infras-
tructure, service optimization, and urban innovation, while labor market research tends to
focus on national employment institutions, regulatory frameworks, and macroeconomic
labor market outcomes [70,71]. As a result, the city-level governance of workforce readiness
remains undertheorized.

This gap is particularly important because the future of work is increasingly urban.
Cities concentrate technological innovation, employment opportunities, educational insti-
tutions, entrepreneurial ecosystems, and social inequalities. They are therefore not passive
spaces where labor market change occurs, but active governance arenas in which workforce
transformation can be anticipated, shaped, and managed [72]. Yet existing frameworks
provide limited guidance on how municipalities and urban institutions can assess their
readiness to govern labor market transitions in a data-driven environment.

The Urban Workforce Readiness Framework (UWREF) is developed to address this gap.
It builds on five interconnected theoretical foundations. First, smart city governance high-
lights the importance of digital infrastructure and institutional coordination. Second, labor
market governance emphasizes regulatory capacity, policy instruments, and stakeholder
cooperation. Third, human capital theory explains the centrality of skills, learning, and
adaptability. Fourth, workforce resilience provides a lens for understanding adaptation
under uncertainty. Fifth, data-driven public administration offers tools for evidence-based
decision-making and performance assessment [73-75].

On this basis, workforce readiness is conceptualized as a multidimensional urban gov-
ernance capacity. It refers to the ability of a city to use digital infrastructure, labor market
intelligence, institutional coordination, skills development systems, and inclusion mecha-
nisms to prepare workers and institutions for technology-driven economic transformation.
This conceptualization moves beyond narrow measures of employment performance and
instead frames workforce readiness as a strategic condition for sustainable, inclusive, and
resilient smart city development.

As summarized in Table 2, the proposed UWRF integrates five complementary theo-
retical traditions that collectively explain the technological, institutional, analytical, and
human-centered dimensions of workforce readiness. This conceptual triangulation pro-
vides the theoretical basis for the framework’s operational structure and guides the selection
of assessment dimensions presented in the following section.
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Table 2. Theoretical Foundations of the Urban Workforce Readiness Framework (UWRF), Their Conceptual Contributions, and Operational Indicators.

. - Key Scholars & o Corresponding .
# Theoretical Tradition Anchor References Core Concepts Contribution to UWRF UWRF Dimension Expected Indicators
Establishes the
Digital infrastructure; digital-institutional foundation of Broadband penetration;
Kitchin [19]; sensor-based urban urban transformation; frames the DI. Digital digital public service availability;

1 Smart City Governance

Meijer & Bolivar [5];
Nam & Pardo [25]

management; e-governance;
institutional coordination;
citizen-centric governance

city as an integrated governance
ecosystem in which technology
enables—but does not
determine—policy outcomes

Infrastructure Capacity

smart city platform integration;
open—data infrastructure;
ICT investment per capita

Data-Driven Public

Kitchin [19]; Jassen,
van der Voort et al. [17]
Meijer & Bolivar [5];

Big data analytics;
algorithmic governance;
evidence-based
policymaking; predictive
public management;
data assemblages

Provides the analytical layer
through which labor market data
are transformed into strategic
municipal decisions; introduces
predictive and real-time
governance logic

D2. Labor Market
Intelligence
and Analytics

Labor market information
systems; real-time vacancy
databases; predictive analytics
tools; frequency of labor market
monitoring; data interoperability
across institutions

Becker [26]; Schultz [27];
Mincer [28]; Autor [9];
McGuinness et al. [62]

Human capital as
investment; lifelong
learning; skills adaptability;
skills mismatch;
digital competencies

Explains why skills adaptability
and continuous reskilling are
strategic assets in digitalizing

economies; supplies the
theoretical basis for measuring
workforce transformation capacity

D3. Workforce
Skills Adaptability

Participation in lifelong learning;

digital skills levels; reskilling and

upskilling rates; tertiary education
attainment; workforce
training participation

Freeman [33];
Cardullo et al. [6];
Ross et al. [76]

Employment protection;
active labor market policies;
social dialogue;
institutional coordination;
stakeholder engagement

Emphasizes the regulatory,
institutional, and coordination
mechanisms needed to translate
labor market data into inclusive
employment policy

D4. Institutional
Governance Capacity

Active labor market policy
expenditure; employment service
effectiveness; interagency
coordination mechanisms;
stakeholder participation; policy
responsiveness indicators

2 Administration
3 Human Capital Theory
& Skills Development
Labor Market
4 Governance &
Employment Regulation
Workforce Resilience &
5 Inclusive Urban

Development

Martin [15];
Boschma [16];
Florida [13]; Moretti [14];
Cardullo et al. [62]

Evolutionary resilience;
adaptive capacity; digital
inclusion; equitable
participation;
human-centered
smart urbanism

Positions workforce readiness as a
multidimensional resilience
outcome and safeguards against
reproducing digital-era
inequalities; ensures that social
equity remains a structural
dimension of the framework

D5. Social
Inclusion Mechanisms

Labor force participation of
vulnerable groups; digital
inclusion index; youth
employment rate; gender
employment gap; accessibility of
training opportunities

Note: The five theoretical traditions are treated as complementary rather than competing. Together, they provide the conceptual triangulation upon which the Urban Workforce
Readiness Framework (UWRF) operationalizes urban workforce readiness across technological, institutional, and human-centered dimensions. The proposed indicators are illustrative
and serve as a basis for future empirical operationalization and validation of the framework. # denotes the sequential number of each entry.
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3. Methodology
3.1. Research Design

This study adopts a conceptual framework development approach aimed at construct-
ing an integrated model for assessing workforce readiness in smart cities under conditions
of accelerating digital transformation. Unlike empirical studies that primarily seek to
test causal relationships, conceptual research focuses on synthesizing existing knowledge,
identifying theoretical gaps, and developing new analytical structures capable of advancing
scholarly understanding and supporting policy practice [77].

The development of the Urban Workforce Readiness Framework (UWRF) follows
a structured conceptualization process that combines theoretical integration with policy-
oriented analysis. The methodological approach is grounded in the assumption that
workforce readiness in smart cities represents a multidimensional phenomenon that cannot
be adequately explained through a single theoretical perspective. Consequently, the frame-
work is developed through the systematic integration of insights from five complementary
research domains: smart city governance, data-driven public administration, labor market
governance, human capital development, and workforce resilience.

The study therefore employs a qualitative research design based on structured litera-
ture synthesis and thematic policy analysis. This approach is consistent with established
methodological practices for conceptual framework development in public administra-
tion, urban studies, and governance research and is particularly suitable for emerging
interdisciplinary fields where theoretical integration remains limited [78,79].

3.2. Literature Selection and Review Procedure

The literature review process was conducted in a systematic and transparent manner
to ensure conceptual rigor and analytical consistency. Peer-reviewed academic publications
indexed in major scientific databases, including Scopus and Web of Science, were examined.
The review focused primarily on studies published between 2015 and 2025 in order to
capture recent developments associated with digital transformation, artificial intelligence,
smart city governance, and the future of work.

The literature search employed combinations of keywords such as “smart city gov-

VZa7i

ernance”, “data-driven governance”, “urban labor markets”, “labor market resilience”,
“human capital development”, “workforce adaptability”, “digital transformation”, “future
of work”, “algorithmic governance”, and “urban sustainability”. Additional studies were
identified through backward and forward citation tracking of highly cited publications.
The inclusion criteria required publications to satisfy at least one of the following con-
ditions: (i) provide theoretical contributions relevant to smart city governance; (ii) examine
labor market adaptation to technological change; (iii) address workforce resilience or hu-
man capital development; (iv) investigate data-driven public administration; or (v) propose
governance mechanisms applicable to urban transformation. Studies lacking a clear connec-
tion to workforce preparedness, urban governance, or digital transformation were excluded
from the final analytical sample. Following the application of these inclusion criteria, a total
of 115 academic and policy sources were retained for detailed review and analysis. The final
sample included peer-reviewed journal articles, scholarly books and book chapters, as well
as policy reports and strategic documents published by leading international organizations,
including the OECD, ILO, European Commission, and World Bank. The objective was
not only to ensure broad coverage of the relevant literature but also to identify recurring
concepts, governance mechanisms, and workforce-related themes that could inform the
development of an integrated framework for assessing urban workforce readiness.
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3.3. Policy Document Analysis

To complement the academic literature, the study incorporates a thematic review of
policy documents published by leading international organizations. These include reports,
strategic frameworks, and analytical publications issued by the Organisation for Economic
Co-operation and Development (OECD), the International Labour Organization (ILO), the
European Commission, the World Bank, and other relevant institutions.

The inclusion of policy documents serves two purposes. First, it allows the framework
to reflect contemporary policy priorities associated with digital labor markets, workforce
development, and urban sustainability. Second, it strengthens the practical relevance of the
proposed model by linking theoretical constructs with governance challenges encountered
by policymakers and municipal authorities.

The policy analysis focused on recurring themes related to labor market intelligence
systems, digital skills development, workforce resilience, inclusive employment, institu-
tional capacity, and evidence-based governance. These themes were subsequently com-
pared and integrated with findings derived from the academic literature.

3.4. Framework Development Process

The Urban Workforce Readiness Framework was developed through an iterative
process of conceptual synthesis and thematic categorization. Initially, key concepts, vari-
ables, governance mechanisms, and workforce-related factors identified in the reviewed
literature were extracted and systematically categorized according to their theoretical
relevance. Subsequently, an iterative thematic coding process was employed to identify
recurring patterns, relationships, and areas of conceptual convergence across the literature.
Through multiple rounds of comparison and refinement, common themes associated with
workforce preparedness in digitally transforming urban environments were identified and
consolidated into broader analytical categories. To determine whether a theme should be
retained as a standalone dimension in the final framework, three selection criteria were
applied: (i) consistent theoretical support across more than one of the reviewed research
streams; (ii) direct relevance to workforce preparedness under conditions of urban digital
transformation; and (iii) applicability to city-level governance, policy intervention, and
future empirical measurement. Potentially relevant factors that appeared only within
a narrowly defined disciplinary perspective, lacked a direct relationship with workforce
readiness, or could not be meaningfully assessed at the urban level were not retained as
separate dimensions. Where appropriate, such factors were incorporated as indicators,
subcomponents, or contextual influences within one of the five broader UWRF dimensions.
This process resulted in the identification of five interrelated dimensions:

Digital Infrastructure Capacity;

Labor Market Intelligence and Analytics;

Workforce Skills Adaptability;

Institutional Governance Capacity;

Social Inclusion Mechanisms.

The selection of these dimensions reflects the convergence of technological, institu-
tional, analytical, and human-centered perspectives identified throughout the literature
review. The dimensions are also conceptually interconnected. Digital Infrastructure Capac-
ity provides the technological foundation for data collection, information exchange, and
digital service delivery. Labor Market Intelligence and Analytics transform these data into
actionable insights that support workforce planning and policy formulation. Workforce
Skills Adaptability reflects the capacity of individuals and institutions to respond to the
information generated by these systems. Institutional Governance Capacity functions as
the coordinating mechanism that aligns stakeholders, policies, and resources across the
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workforce ecosystem. Finally, Social Inclusion Mechanisms ensure that the benefits of
workforce transformation are distributed equitably across different population groups.
Thus, the framework should be understood as an integrated and mutually reinforcing
system rather than a collection of independent dimensions.

Where competing or partially divergent perspectives were identified, an integrative
synthesis approach was adopted. Rather than privileging a single theoretical tradition,
the framework was designed to incorporate complementary insights from smart city gov-
ernance, labor market studies, human capital theory, workforce resilience research, and
data-driven public administration. Concepts that appeared consistently across multiple
research streams were given greater analytical weight, while discipline-specific perspec-
tives were incorporated where they contributed to a more comprehensive understanding
of workforce readiness. This approach helped ensure that the framework reflected the
multidimensional nature of workforce transformation while minimizing theoretical bias
toward any single disciplinary perspective.

3.5. Analytical Logic of the UWRF

The analytical logic underlying the UWRF assumes that workforce readiness emerges
from the interaction of technological capabilities, institutional arrangements, human capital
resources, and social inclusion mechanisms. Rather than treating these elements as inde-
pendent variables, the framework conceptualizes them as mutually reinforcing components
of an adaptive urban governance system.

Accordingly, the UWRF is designed as a multidimensional assessment framework that
may serve as a foundation for future empirical applications, comparative city-level analyses,
indicator development, and multi-criteria evaluation models. To facilitate future empirical
evaluation, each UWRF dimension can be linked to potential indicators and corresponding
data sources. Digital Infrastructure Capacity may be assessed through broadband penetra-
tion, internet affordability, ICT investment, digital public service availability, and municipal
information-system interoperability, using telecommunications statistics, municipal ad-
ministrative records, open-data portals, and national statistical databases. Labor Market
Intelligence and Analytics may be evaluated through the availability and maturity of labor
market information systems, the coverage of real-time vacancy data, the frequency of
workforce monitoring, predictive analytics capacity, and institutional data interoperability,
drawing on public employment service records, online vacancy platforms, administrative
databases, and municipal labor market observatories. Workforce Skills Adaptability may
be assessed through digital skills proficiency, participation in lifelong learning, reskilling
and upskilling rates, employer-sponsored training, and the alignment between education
provision and labor demand, using labor force surveys, educational statistics, employer
surveys, and training-provider records. Institutional Governance Capacity may be eval-
uated through interagency coordination mechanisms, stakeholder participation, policy
responsiveness, implementation effectiveness, and regulatory adaptability, based on mu-
nicipal policy documents, institutional surveys, administrative performance reports, and
stakeholder assessments. Social Inclusion Mechanisms may be measured through the labor
force participation of vulnerable groups, youth employment, gender employment gaps,
digital inclusion, and equitable access to training and employment services, using disag-
gregated labor statistics, household surveys, social protection records, and program-level
administrative data. These indicators and sources are illustrative rather than definitive
and require context-sensitive refinement and empirical validation before comparative ap-
plication. While the present study focuses on conceptual development, the framework is
intentionally structured to facilitate subsequent operationalization and empirical validation
across diverse urban contexts.
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Figure 1 illustrates the overall architecture of the Urban Workforce Readiness Frame-
work and the relationships among its five constitutive dimensions.
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Figure 1. Urban Workforce Readiness Framework (UWRE).

4. Results: The Urban Workforce Readiness Framework (UWRF)
4.1. Conceptual Structure of the UWRF

The Urban Workforce Readiness Framework (UWRF) represents the principal outcome
of this study. Developed through the synthesis of smart city governance, labor market reg-
ulation, human capital theory, workforce resilience, and data-driven public administration,
the framework provides an integrated approach for assessing the preparedness of urban
labor markets for digital transformation.

As illustrated in Figure 1, the framework conceptualizes workforce readiness as a mul-
tidimensional governance capacity emerging from the interaction of five interdependent
dimensions: Digital Infrastructure Capacity, Labor Market Intelligence and Analytics,
Workforce Skills Adaptability, Institutional Governance Capacity, and Social Inclusion
Mechanisms. Together, these dimensions capture the technological, analytical, institutional,
and human-centered foundations required for sustainable labor market adaptation in
smart cities.

Unlike traditional labor market assessment approaches that focus primarily on em-
ployment outcomes, the UWRF emphasizes the enabling conditions that allow cities to
anticipate labor market transitions, support workforce adaptation, and ensure inclusive
participation in emerging economic opportunities. Consequently, workforce readiness is
treated not as a static condition but as a dynamic governance capability shaped by continu-
ous interactions among technological systems, public institutions, labor market actors, and
human capital resources.

The five dimensions of the framework are discussed below.

4.2. Dimension 1: Digital Infrastructure Capacity

Digital Infrastructure Capacity constitutes the foundational dimension of the Urban
Workforce Readiness Framework (UWREF). It refers to the technological and digital envi-
ronment that enables cities to collect, process, exchange, and utilize information necessary
for effective labor market governance. In the context of smart cities, digital infrastructure
extends beyond physical connectivity and encompasses the institutional and technological
systems that facilitate data-driven decision-making, public service delivery, and workforce
development [77,78].
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The importance of digital infrastructure has increased substantially as labor mar-
kets become increasingly dependent on digital technologies, online platforms, and data-
intensive economic activities. Modern employment systems rely on broadband connec-
tivity, cloud-based services, digital public administration platforms, labor market infor-
mation systems, online recruitment channels, and digital learning environments [79].
Consequently, deficiencies in digital infrastructure may constrain the ability of cities to
anticipate labor market changes, monitor workforce dynamics, and provide accessible
employment-related services.

Within the UWREF, digital infrastructure is conceptualized as an enabling condition
rather than an outcome. It does not directly determine labor market performance; instead, it
provides the technological foundation upon which other dimensions of workforce readiness
operate. Labor market intelligence systems cannot function effectively without reliable digi-
tal data infrastructures, while workforce reskilling initiatives increasingly depend on digital
learning ecosystems and online training platforms. Similarly, institutional coordination
and social inclusion policies require interoperable digital systems capable of connecting
diverse stakeholders across urban governance networks.

The literature identifies several components that collectively determine digital infras-
tructure capacity. First, broadband connectivity remains a fundamental prerequisite for
participation in the digital economy. Access to reliable and affordable internet services
influences both individual employment opportunities and organizational productivity [80].
Second, digital public service platforms facilitate interaction between citizens, employers,
educational institutions, and government agencies, reducing administrative barriers and
improving service accessibility [81]. Third, open-data ecosystems enhance transparency
and support evidence-based governance by enabling public institutions to share and utilize
labor market information more effectively [82].

A further component involves the integration of smart city technologies and digital
governance architectures. Sensor networks, cloud-based data management systems, ar-
tificial intelligence applications, and digital identity solutions increasingly contribute to
urban management capabilities [83]. Although many of these technologies are traditionally
associated with transportation, energy, and public service delivery, they also influence labor
market governance by improving information availability, facilitating policy coordination,
and enabling more responsive public administration.

From the perspective of workforce readiness, digital infrastructure performs three
critical functions. First, it creates the technological conditions necessary for labor market
intelligence and analytics. Second, it expands access to digital employment opportuni-
ties, training resources, and lifelong learning systems. Third, it reduces informational
asymmetries between labor market actors by improving the availability and accessibility
of employment-related information. Through these mechanisms, digital infrastructure
contributes to the adaptability and resilience of urban labor markets under conditions of
technological change.

The UWREF therefore treats Digital Infrastructure Capacity as the first and foundational
dimension of workforce readiness. Cities characterized by robust digital infrastructures
are better positioned to support evidence-based labor market governance, facilitate work-
force adaptation, and promote inclusive participation in the digital economy. Conversely,
weaknesses in digital infrastructure may generate systemic constraints that undermine the
effectiveness of workforce development policies and limit the capacity of urban institutions
to respond to emerging labor market challenges.

For analytical purposes, Digital Infrastructure Capacity may be assessed through
indicators such as broadband penetration rates, digital public service availability, open-
data platform maturity, interoperability of municipal information systems, and levels of ICT
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investment. Collectively, these indicators provide insight into the technological readiness
of cities to support data-driven labor market governance and workforce transformation.

4.3. Dimension 2: Labor Market Intelligence and Analytics

Labor Market Intelligence and Analytics represents the analytical core of the Ur-
ban Workforce Readiness Framework (UWRF). While digital infrastructure provides the
technological foundation for data collection and information exchange, labor market in-
telligence transforms raw data into actionable knowledge capable of supporting strategic
decision-making. In the context of smart cities, this dimension reflects the capacity of urban
institutions to monitor labor market developments, identify emerging trends, forecast
future workforce needs, and design evidence-based employment policies [84,85].

The growing complexity of urban labor markets has significantly increased the impor-
tance of labor market intelligence systems. Traditional labor market monitoring approaches,
largely based on periodic surveys and administrative reporting, often struggle to capture
the speed and scale of technological change. Digital transformation continuously reshapes
occupational structures, skills requirements, employment relationships, and workforce
mobility patterns. As a result, policymakers require more dynamic and predictive an-
alytical tools capable of identifying labor market shifts before they become structural
challenges [86].

Recent advances in big data analytics, machine learning, and artificial intelligence
have expanded the possibilities of labor market intelligence. Online vacancy databases,
digital employment platforms, educational records, social insurance systems, and real-
time labor market information sources generate unprecedented volumes of workforce-
related data [87]. When integrated effectively, these data sources enable governments and
municipal authorities to identify emerging occupations, detect skills shortages, monitor
workforce participation patterns, and forecast future labor market developments with
greater precision.

Within the UWREF, labor market intelligence serves as the connecting mechanism
between information and policy action. Its primary function is not merely descriptive
but strategic. Effective labor market intelligence systems support the transition from
reactive governance toward anticipatory governance by enabling policymakers to identify
risks, opportunities, and workforce development priorities before labor market disruptions
occur [88].

The literature identifies several core functions of labor market intelligence systems.
First, they facilitate continuous monitoring of employment trends across sectors and demo-
graphic groups. Second, they support forecasting and scenario analysis concerning tech-
nological change, demographic transitions, migration flows, and economic restructuring.
Third, they improve the targeting and effectiveness of active labor market policies, training
programs, and workforce development initiatives. Fourth, they contribute to policy evalua-
tion by generating evidence regarding the outcomes of labor market interventions [89,90].

A critical challenge concerns the transformation of data availability into institutional
intelligence. Many cities possess significant volumes of labor market data but lack analytical
capacity, interagency coordination, or governance mechanisms capable of converting
information into strategic policy decisions. Consequently, labor market intelligence should
be understood as an institutional capability rather than merely a technological resource [91].

From the perspective of workforce readiness, labor market intelligence contributes
to resilience by reducing uncertainty and improving adaptive capacity. Cities capable of
identifying future skills requirements, forecasting labor market disruptions, and responding
proactively to emerging workforce challenges are more likely to achieve sustainable and
inclusive labor market outcomes. Conversely, the absence of reliable intelligence systems
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may increase policy fragmentation, delay institutional responses, and exacerbate labor
market mismatches.

Within the UWRE, Labor Market Intelligence and Analytics is therefore conceptualized
as the analytical engine of workforce readiness. It provides the information infrastructure
necessary for evidence-based governance and enables the continuous alignment of work-
force development policies with evolving labor market conditions. Potential indicators
associated with this dimension include labor market information system maturity, fre-
quency of labor market monitoring, predictive analytics capabilities, data interoperability
across institutions, and utilization of labor market intelligence in policy formulation.

Table 3 summarizes the core functions of labor market intelligence systems and their
contribution to evidence-based urban workforce governance.

Table 3. Core Functions of Labor Market Intelligence Systems in Smart Cities.

Function Description Governance Value
o Continuous observation of labor market Early identification of labor market
Monitoring :
developments imbalances
Forecasting Prediction of future workforce demand and supply Strategic workforce planning
Skills Intelligence Identification of skills shortgges and emerging Alignment of education and labor
competencies market systems
Policy Evaluation Assessment of employment program effectiveness Evidence-based policymaking
Scenario Analysis Evaluation of alternative labor market futures Increased institutional preparedness

Source: Developed by the authors based on the reviewed literature.

Figure 2 illustrates the proposed data-driven labor market intelligence cycle and its
role in supporting evidence-based workforce governance.
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Figure 2. Data-Driven Labor Market Intelligence Cycle.

The framework conceptualizes urban labor market governance as a continuous six-
stage cycle in which employment-related data are systematically transformed into strategic
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policy interventions and, through evaluation and feedback, feed back into the data ecosys-
tem. This closed-loop architecture enables municipal authorities to shift from reactive labor
market management toward proactive, evidence-based, and adaptive governance in the
smart city context.

4.4. Dimension 3: Workforce Skills Adaptability

Workforce Skills Adaptability represents the human capital dimension of the Urban
Workforce Readiness Framework (UWREF). It reflects the capacity of individuals, orga-
nizations, and urban labor market systems to acquire, update, and apply competencies
required in rapidly changing technological and economic environments. In the context
of smart cities, workforce adaptability has become a critical determinant of sustainable
development because technological progress generates value only when workers possess
the skills necessary to participate effectively in emerging economic activities [92,93].

The acceleration of digital transformation has fundamentally altered the nature of
workforce preparedness. Traditional models of human capital development were largely
based on the assumption that formal education provided a stable foundation for long-
term employment. However, the emergence of artificial intelligence, automation, digital
platforms, and data-intensive business models has challenged this assumption. Skills
acquired at the beginning of a career may become obsolete within relatively short periods,
increasing the importance of lifelong learning and continuous reskilling [94].

Contemporary labor markets increasingly reward adaptability rather than static qual-
ifications. Employers seek workers capable of learning new technologies, integrating
interdisciplinary knowledge, solving complex problems, and responding to changing orga-
nizational requirements [95]. Consequently, workforce readiness must be understood not
simply as the possession of skills but as the capacity to continuously acquire and renew
them throughout an individual’s professional life.

Human capital theory provides the principal theoretical foundation for this dimen-
sion. Classical contributions emphasize that investments in education and skills contribute
directly to productivity and economic growth [96]. More recent research extends this
perspective by highlighting the importance of digital competencies, technological liter-
acy, creativity, critical thinking, and adaptive learning capabilities in knowledge-based
economies [97]. These competencies are increasingly recognized as prerequisites for work-
force resilience in technologically dynamic environments.

In smart cities, workforce adaptability is shaped by the interaction of multiple actors,
including educational institutions, employers, public authorities, training providers, and
workers themselves. Universities and vocational education systems play a crucial role
in preparing future workers, while employers contribute through workplace learning
and professional development initiatives. Municipal authorities, meanwhile, influence
workforce adaptability through labor market policies, skills development programs, and
strategic investments in educational infrastructure [98].

A recurring theme in the literature concerns the challenge of skills mismatch. Tech-
nological change often creates a gap between the competencies demanded by employers
and those supplied by education and training systems [76]. Such mismatches can reduce
productivity, increase structural unemployment, and slow the adoption of innovation.
Effective workforce adaptability therefore requires mechanisms capable of continuously
aligning educational outputs with labor market needs.

The digital economy further amplifies the importance of reskilling and upskilling
initiatives. Reskilling involves the acquisition of new competencies that enable workers
to transition into different occupations, while upskilling focuses on enhancing existing
competencies to meet evolving job requirements [99]. Both processes contribute to labor
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market resilience by reducing vulnerability to technological displacement and increasing
opportunities for participation in emerging sectors.

Within the UWRE, Workforce Skills Adaptability is conceptualized as a strategic capa-
bility that enables workers and institutions to respond proactively to technological trans-
formation. Rather than measuring educational attainment alone, this dimension captures
the dynamic capacity of urban labor markets to generate, update, and mobilize relevant
skills over time. Cities characterized by strong adaptability are better positioned to absorb
technological shocks, support workforce mobility, and maintain economic competitiveness.

Potential indicators associated with this dimension include participation in lifelong
learning programs, digital skills proficiency levels, workforce training rates, reskilling
and upskilling participation, tertiary education attainment, and employer investment in
workforce development. Collectively, these indicators provide insight into the adaptive
capacity of urban labor markets and their readiness for future technological change.

The key components of workforce skills adaptability and their strategic importance
are presented in Table 4.

Figure 3 illustrates the proposed workforce adaptation pathway in the digital economy
and the progression of workforce capabilities in response to technological change.
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Figure 3. Workforce Adaptation Pathway in the Digital Economy.
Table 4. Components of Workforce Skills Adaptability.
Component Description Strategic Importance
.. . - .. . . Foundation for participation in the
Digital Skills Ability to use digital technologies effectively P P

digital economy
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Table 4. Cont.

Component

Description Strategic Importance

Lifelong Learning

Continuous acquisition of knowledge

and competencies Supports long-term employability

Reskilling Capacity Ability to transition into new occupations Reduces vulnerability to automation
s . - . Increases productivity and
Upskilling Capacity Enhancement of existing competencies career mobility
Adaptive Learning Ability to learn and apply new knowledge rapidly Strengthens workforce resilience
Skills Alignment Correspondence between labor demand and Reduces structural mismatches

labor supply

Source: Developed by the authors based on the reviewed literature.

4.5. Dimension 4: Institutional Governance Capacity

Institutional Governance Capacity represents the ability of urban institutions to design,
coordinate, implement, and continuously adapt labor market policies in response to tech-
nological, economic, and social change. Within the Urban Workforce Readiness Framework
(UWREF), this dimension serves as the principal governance mechanism through which in-
formation, resources, and policy instruments are transformed into workforce development
outcomes [100,101].

The increasing complexity of contemporary labor markets has elevated the importance
of institutional capacity as a determinant of workforce resilience. Rapid technological
innovation, demographic transitions, platform-based employment, and evolving skills
requirements create governance challenges that cannot be addressed solely through market
mechanisms. Effective adaptation requires public institutions capable of coordinating
stakeholders, aligning policy objectives, and responding proactively to emerging labor
market developments [102].

The literature on governance emphasizes that institutional effectiveness depends not
only on formal regulatory structures but also on organizational flexibility, administra-
tive competence, interagency coordination, and stakeholder engagement [103]. In smart
cities, governance systems increasingly operate within interconnected digital ecosystems
involving municipal authorities, educational institutions, employers, workforce devel-
opment agencies, labor organizations, and technology providers. Consequently, work-
force readiness becomes a collective governance outcome rather than the responsibility of
a single institution.

A key function of institutional governance capacity is strategic coordination. Labor
market challenges frequently span multiple policy domains, including education, employ-
ment, economic development, innovation policy, social protection, and digital transforma-
tion. Fragmented governance structures often result in duplicated efforts, inconsistent poli-
cies, and inefficient resource allocation [104]. Strong institutional capacity therefore requires
mechanisms that facilitate cooperation across organizational and sectoral boundaries.

Stakeholder engagement represents another critical component of workforce gov-
ernance. Effective labor market adaptation depends on the participation of employers,
educational institutions, workers, civil society organizations, and government agencies.
Such collaboration improves information sharing, enhances policy legitimacy, and supports
the alignment of workforce development initiatives with actual labor market needs [105].

Institutional adaptability is equally important. Digital transformation generates un-
certainty regarding future skills requirements, employment structures, and occupational
demand. Governance systems must therefore possess the capacity to revise policies, adjust
programs, and respond rapidly to new information [106]. Cities characterized by adaptive
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institutions are better positioned to anticipate labor market disruptions and implement
timely interventions that support workforce resilience.

Within the UWREF, Institutional Governance Capacity is conceptualized as the coor-
dinating dimension that connects technological infrastructure, labor market intelligence,
workforce skills development, and social inclusion policies. Without effective governance
mechanisms, investments in digital infrastructure or workforce training may fail to pro-
duce meaningful labor market outcomes. Institutional capacity therefore acts as the inte-
grative force that aligns the framework’s various dimensions into a coherent workforce
readiness strategy.

Potential indicators associated with this dimension include policy coordination mech-
anisms, interagency collaboration capacity, stakeholder participation structures, respon-
siveness of labor market policies, regulatory adaptability, implementation effectiveness,
and institutional innovation capability. Together, these indicators provide insight into the
governance readiness of cities to manage workforce transformation in the digital era. The
key components of institutional governance capacity are summarized in Table 5.

Figure 4 illustrates the institutional governance ecosystem that supports workforce readi-
ness through coordinated interactions among key stakeholders and governance mechanisms.

LAYER 1
MUNICIPAL AUTHORITIES

Strategic coordination and leadership

INSTITUTIONAL GOVERNANCE CAPACITY

Regulatory frameworks - Policy instruments - Cross-sectoral coordination

EMPLOYERS LABOR MARKET AGENCIES DIGITAL PLATFORMS

Private sector - SMEs Public employment services - Job platforms - Data providers
Innovation ecosystems Workforce agencies - Regulators Skills marketplaces

POLICY COORDINATION

Integrated decision-making - Shared strategic priorities - Coordinated interventions

LAYER 5
WORKFORCE READINESS
A shared institutional outcome of coordinated urban governance
Figure 4. Institutional Governance Ecosystem for Workforce Readiness.
Table 5. Key Components of Institutional Governance Capacity.
Component Description Strategic Function

Policy Coordination

Alignment of workforce-related policies =~ Reduces fragmentation and improves

across sectors policy coherence
Stakeholder Engagement . Pa%‘tla.patlon of employers, ed.ucatlon'c.ll Enhances pohcy' legitimacy
institutions, workers, and public agencies and responsiveness

Regulatory Adaptability

Ability to revise regulations in response to

technological change Supports labor market flexibility
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Table 5. Cont.

Component Description Strategic Function
Institutional Learning Capac.lty to 1pcorpor§t? feedba.ck and Improves long-term
evidence into decision-making governance performance
. . Ability to translate policy objectives into Enhances workforce
Implementation Effectiveness
measurable outcomes development results
. . Institutional ability to experiment with new Supports adaptation to
Innovation Capacity . .
governance solutions emerging challenges

Source: Developed by the authors based on the reviewed literature.

Municipal authorities orchestrate the institutional governance capacity that mobilizes
four categories of urban stakeholders—education systems, employers, labor market agen-
cies, and digital platforms—around a shared framework of policy coordination. Workforce
readiness thereby emerges not as a sectoral output but as a systemic institutional outcome
produced through coordinated multi-actor governance within the smart city context.

4.6. Dimension 5: Social Inclusion Mechanisms

Social Inclusion Mechanisms constitute the human-centered and equity-oriented di-
mension of the Urban Workforce Readiness Framework (UWRF). While digital infras-
tructure, labor market intelligence, workforce adaptability, and institutional governance
collectively strengthen a city’s capacity to manage labor market transformation, sustain-
able workforce readiness cannot be achieved unless the benefits of technological progress
are distributed broadly across society. Consequently, social inclusion serves as a critical
safeguard against the emergence of new forms of labor market inequality associated with
digital transformation [107,108].

The literature on sustainable urban development increasingly emphasizes that techno-
logical innovation does not automatically generate inclusive outcomes. Although digitaliza-
tion creates new employment opportunities and productivity gains, it may simultaneously
produce unequal access to jobs, skills, information, and economic resources [109]. Certain
population groups—including low-skilled workers, older individuals, migrants, persons
with disabilities, women in underrepresented sectors, and economically disadvantaged
communities—often face greater barriers to participation in the digital economy [110].

Within smart cities, these inequalities may become particularly visible. The concen-
tration of technological innovation in urban centers often generates substantial economic
opportunities while simultaneously increasing disparities in workforce participation and ac-
cess to skills development. As a result, workforce readiness should not be evaluated solely
in terms of aggregate economic performance but also through the extent to which all popu-
lation groups are able to participate in and benefit from labor market transformation [111].

Social inclusion mechanisms therefore play a dual role within the UWREF. First, they
enhance workforce participation by reducing structural barriers that limit access to educa-
tion, training, employment services, and digital resources. Second, they contribute to labor
market resilience by ensuring that workforce adaptation processes are socially sustainable
and politically legitimate [112]. Inclusive labor markets are generally characterized by
higher participation rates, stronger social cohesion, lower levels of exclusion, and greater
capacity to absorb economic shocks.

Digital inclusion represents one of the most important components of this dimension.
As employment opportunities, training programs, and labor market services become in-
creasingly digitalized, unequal access to technology can generate new forms of exclusion.
Digital inclusion policies seek to ensure that individuals possess both the technological
resources and the competencies necessary to participate effectively in the digital econ-
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omy [113]. These policies may include broadband accessibility initiatives, digital literacy
programs, assistive technologies, and targeted support for vulnerable populations.

Another critical component concerns equitable access to workforce development
opportunities. Lifelong learning, reskilling programs, vocational education, and digital
skills initiatives are often concentrated among individuals who already possess relatively
strong educational backgrounds. Without targeted intervention, workforce development
policies may inadvertently reinforce existing inequalities [114]. Consequently, inclusive
workforce governance requires mechanisms that ensure broad participation in learning
opportunities across different demographic and socioeconomic groups.

The literature further highlights the importance of social cohesion as a strategic out-
come of inclusive labor market governance. Rapid technological change can generate
uncertainty, employment displacement, and perceptions of inequality. Inclusive gover-
nance mechanisms help mitigate these risks by strengthening trust, supporting social
mobility, and promoting equitable participation in economic transformation [115]. In this
sense, social inclusion is not merely a social policy objective but a fundamental component
of long-term workforce resilience and urban sustainability.

Within the UWRE, Social Inclusion Mechanisms are conceptualized as the dimension
that ensures workforce readiness remains aligned with broader objectives of sustainable
and equitable urban development. By embedding inclusion directly within the framework
rather than treating it as a secondary consideration, the UWRF recognizes that successful
workforce transformation depends not only on technological and institutional capacity
but also on the ability of cities to ensure that no groups are systematically excluded from
emerging opportunities.

Potential indicators associated with this dimension include labor force participation
among vulnerable groups, digital inclusion indices, gender employment equality measures,
youth employment rates, accessibility of workforce development programs, and partic-
ipation rates in reskilling initiatives across different demographic categories. Together,
these indicators provide insight into the inclusiveness and social sustainability of urban
workforce governance systems. The core components of social inclusion mechanisms are
presented in Table 6.

Table 6. Core Components of Social Inclusion Mechanisms.

Component Description Strategic Contribution
Digital Inclusion Access to digital techpologles Expand.s participation in the
and competencies digital economy

Equal Opportunity Access

Fair access to employment and

L 1 Reduces labor market inequality
training opportunities

Support for Vulnerable Groups

Targeted measures for

disadvantaged populations Strengthens social cohesion

Inclusive Skills Development

Broad participation in reskilling and

upskilling programs Enhances workforce adaptability

Gender and Youth Inclusion

Promotion of equitable

VI I 1 iversi
workforce participation mproves labor market diversity

Social Mobility Support

Mechanisms facilitating upward Increases long-term
economic mobility workforce resilience

Source: Developed by the authors based on the reviewed literature.

Figure 5 illustrates the social inclusion pathways that contribute to workforce readiness
by promoting equitable participation in the labor market.
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DIGITAL TRANSFORMATION

Automation - Platformization - Algorithmic economies

POTENTIAL EXCLUSION RISKS

Digital divide - Skills obsolescence - Platform precarity - Labor market polarization

SOCIAL INCLUSION POLICIES

Systemic municipal response to inclusion risks

DIGITAL ACCESS EQUAL ACCESS INCLUSIVE SKILLS SUPPORT FOR

Broadband coverage
Affordable devices
Public connectivity

Non-discriminatory PROGRAMS VULNERABLE GROUPS
participation - Fair recruitment Reskilling - Lifelong learning Youth - Older workers - Women
Anti-bias measures Digital literacy for all Migrants - Persons with disabilities

INCREASED PARTICIPATION

Broader labor market inclusion - Equitable digital opportunity

WORKFORCE RESILIENCE
Adaptive capacity - Sustained employability - Skills mobility

INCLUSIVE URBAN DEVELOPMENT

A sustainable outcome of inclusive smart city governance

Figure 5. Social Inclusion Pathways in Workforce Readiness.

Social inclusion pathway toward inclusive urban development. Municipal social
inclusion policies mediate exclusion risks through four interdependent pillars, producing
increased participation, workforce resilience, and, ultimately, inclusive urban development.

In practical terms, social inclusion may be supported through a range of policy in-
struments, including subsidized digital skills training, targeted employment programs for
vulnerable groups, community-based digital literacy initiatives, accessible e-government
services, and public—private partnerships aimed at expanding access to digital technologies.
International experience demonstrates the effectiveness of such measures. For example,
Singapore’s Digital for Life initiative promotes digital literacy among older adults and
disadvantaged groups, while Barcelona has implemented a variety of digital inclusion
programs designed to improve access to digital services, training opportunities, and labor
market participation among socially vulnerable populations. These examples illustrate
how inclusion-oriented policies can strengthen workforce readiness while reducing the risk
of exclusion associated with digital transformation.

At the same time, digital transformation may generate new forms of inequality that
undermine workforce readiness. Algorithmic decision-making systems can unintentionally
reproduce existing labor market biases, while unequal access to digital infrastructure,
digital skills, and emerging technologies may widen socio-economic disparities. The
persistence of digital divides across income groups, age cohorts, educational backgrounds,
and geographic areas may limit participation in workforce development opportunities and
reduce the effectiveness of digital labor market policies. Consequently, workforce readiness
strategies should incorporate safeguards that promote transparency, fairness, accessibility,
and equal opportunity within digitally enabled labor market systems.

4.7. Framework Integration and System Logic

The Urban Workforce Readiness Framework (UWREF) is based on the premise that
workforce preparedness in smart cities emerges from the dynamic interaction of techno-
logical, analytical, institutional, and social capacities rather than from any single factor
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operating independently. Accordingly, the framework conceptualizes workforce readi-
ness as a systemic governance capability that reflects the ability of urban institutions,
labor market actors, and citizens to anticipate, adapt to, and shape technological and
economic transformation.

The integrated logic of the UWRF is illustrated through the interdependence of its five
dimensions. Digital Infrastructure Capacity (D1) provides the technological foundation that
enables the collection, transmission, and utilization of labor market information. Building
upon this foundation, Labor Market Intelligence and Analytics (D2) transforms data into
actionable knowledge, allowing policymakers and stakeholders to identify trends, forecast
future workforce requirements, and support evidence-based decision-making.

Workforce Skills Adaptability (D3) represents the human capital response to these
insights. Through lifelong learning, reskilling, and upskilling mechanisms, workers acquire
the competencies necessary to participate effectively in evolving labor markets. How-
ever, neither digital infrastructure nor workforce adaptability alone is sufficient to ensure
successful labor market transformation. Institutional Governance Capacity (D4) plays a co-
ordinating role by aligning policies, stakeholders, and resources across different sectors and
governance levels. It ensures that information generated through labor market intelligence
is translated into coherent policy interventions and workforce development strategies.

Social Inclusion Mechanisms (D5) provide the normative and sustainability-oriented
dimension of the framework. By promoting equitable access to employment opportunities,
skills development programs, and digital resources, inclusion mechanisms ensure that
workforce transformation benefits broad segments of society rather than a limited group of
highly skilled individuals. In this way, social inclusion strengthens both the legitimacy and
long-term resilience of labor market governance.

The interaction among these dimensions generates a cumulative effect that enhances
overall workforce readiness. Weaknesses in any individual dimension may reduce the
effectiveness of the entire system. For example, advanced labor market analytics may
produce limited benefits in the absence of institutional capacity to act upon the resulting
information. Similarly, investments in digital infrastructure may fail to generate meaning-
ful outcomes if significant portions of the population remain excluded from workforce
development opportunities. Consequently, workforce readiness should be understood
as a multidimensional governance outcome requiring balanced development across all
five dimensions.

From a policy perspective, the framework highlights the importance of integrated
governance approaches that simultaneously address technological modernization, human
capital development, institutional effectiveness, and social equity. Rather than viewing
these objectives as separate policy domains, the UWRF demonstrates that they constitute
mutually reinforcing components of sustainable urban labor market governance.

The framework therefore advances a holistic understanding of workforce prepared-
ness in smart cities. It positions workforce readiness not merely as an employment policy
objective but as a strategic capability that supports urban resilience, economic compet-
itiveness, social cohesion, and sustainable development. By integrating technological,
institutional, and human-centered perspectives within a single analytical structure, the
UWREF provides a comprehensive basis for future empirical assessment and comparative
evaluation of workforce governance across diverse urban contexts.

Compared with existing smart city maturity, digital government, and workforce readi-
ness frameworks, the UWRF adopts a more explicitly workforce-centered perspective.
Many established smart city assessment models primarily evaluate technological infrastruc-
ture, digital service delivery, sustainability, urban mobility, environmental performance, or
institutional digitalization. Workforce-oriented approaches, in contrast, typically focus on
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skills development, employability, and labor market adaptation without fully incorporating
governance, data intelligence, and social inclusion dimensions. The UWREF integrates these
traditionally separate perspectives into a single analytical architecture that links technologi-
cal capacity, labor market intelligence, workforce adaptability, governance effectiveness,
and inclusion mechanisms. Its distinctive contribution therefore lies not in introducing en-
tirely new dimensions, but in systematically combining them around the specific challenge
of urban workforce preparedness in the context of digital transformation. Table 7 compares
the Urban Workforce Readiness Framework (UWRF) with existing workforce governance
frameworks and highlights its distinctive conceptual contributions.

Table 7. Comparative Positioning of the UWRE.

Framework Type Primary Focus Limitation UWREF Contribution

Integrates labor market

Smart City Maturity  Digital infrastructure, smart Limited focus on . .
. A preparedness into smart city
Models services, sustainability workforce governance
assessment
Digital Government  Administrative digitalization Limited attention to Links data-driven governance
Frameworks and data use workforce adaptation with workforce transformation
Workforce Skills development and Limited integration with Connects skills, governance,
Readiness Models employability urban governance systems  infrastructure, and inclusion

Workforce preparedness for Requires future empirical ~ Provides integrated workforce

WRF . X 1 .
U digital transformation validation governance architecture

Figure 6 presents the integrated logic of the Urban Workforce Readiness Framework
(UWRE), illustrating the relationships among its core dimensions and governance processes.

DIGITAL INFRASTRUCTURE

Broadband - Platforms - e-Services

LABOR MARKET INTELLIGENCE & ANALYTICS

Real-time data - Predictive analytics

WORKFORCE SKILLS ADAPTABILITY
Lifelong learning - Reskilling - Digital skills

INSTITUTIONAL GOVERNANCE CAPACITY

Coordination - Regulation - Stakeholder engagement

SOCIAL INCLUSION MECHANISMS

Equal access - Digftal inclusion - Support for vulnerable groups

016§030]©

URBAN WORKFORCE READINESS
Integrated outcome of the UWRF

Socio-economic outcomes

RESILIENT LABOR MARKETS
INCLUSIVE EMPLOYMENT
ECONOMIC COMPETITIVENESS
SOCIAL COHESION
SUSTAINABLE DEVELOPMENT

e

Figure 6. Integrated Logic of the Urban Workforce Readiness Framework (UWRF).

https://doi.org/10.3390 /urbanscil0070421


https://doi.org/10.3390/urbansci10070421

Urban Sci. 2026, 10, 421

26 of 33

5. Discussion and Policy Implications
5.1. Theoretical Implications

The findings of this study contribute to the growing body of research at the inter-
section of smart city governance, labor market transformation, and data-driven public
administration. While existing studies have generated substantial knowledge regarding
digital infrastructure, urban innovation, workforce development, and employment pol-
icy, these domains have frequently been examined in isolation. The Urban Workforce
Readiness Framework (UWRF) addresses this fragmentation by integrating technological,
institutional, analytical, and social dimensions within a single conceptual architecture.

A primary theoretical contribution of the framework lies in its reconceptualization of
workforce readiness as a governance capability rather than solely a labor market outcome.
Traditional approaches often evaluate workforce preparedness through indicators such
as employment rates, educational attainment, or labor force participation. Although
these indicators remain important, they primarily measure the consequences of workforce
development rather than the underlying capacities that enable cities to anticipate and
manage labor market transformation. The UWREF shifts attention toward the enabling
conditions that support adaptive and resilient workforce systems.

The framework also extends smart city scholarship by positioning labor market gov-
ernance as a central component of urban sustainability. Existing smart city research has
historically concentrated on technological infrastructure, digital services, mobility systems,
and environmental management. Comparatively less attention has been devoted to work-
force transformation and labor market adaptation, despite their growing importance in the
context of digitalization and artificial intelligence. By explicitly incorporating workforce
governance into the smart city agenda, the UWRF broadens the analytical scope of urban
transformation research.

A further contribution concerns the integration of data-driven governance into la-
bor market analysis. Previous studies have emphasized the role of big data, predictive
analytics, and digital platforms in improving public administration. However, relatively
few conceptual models have examined how these tools can support workforce planning,
skills forecasting, and labor market resilience. The UWRF demonstrates that labor market
intelligence should be understood not merely as a technical function but as a strategic
governance capability that connects information systems with policy action.

The framework additionally contributes to human capital and workforce resilience lit-
erature by emphasizing the interaction between skills adaptability and institutional capacity.
Workforce preparedness is often examined at the individual level through education, train-
ing, or competency development. The UWRF highlights that individual adaptability alone
cannot ensure successful labor market transformation. Institutional coordination, policy
responsiveness, and inclusive governance mechanisms are equally important determinants
of workforce resilience in digitally transforming urban economies.

Finally, the framework advances a multidimensional understanding of workforce
readiness by integrating social inclusion directly into its conceptual structure. Rather
than treating inclusion as a secondary outcome of economic growth, the UWRF identifies
equitable participation as a foundational component of sustainable workforce governance.
This perspective aligns with contemporary discussions regarding human-centered smart
cities and inclusive digital transformation.

5.2. Policy Implications

The practical significance of the UWREF lies in its potential to support evidence-based
labor market governance in smart cities. As urban economies experience accelerating
technological change, policymakers increasingly require tools capable of identifying work-
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force vulnerabilities, anticipating future skills needs, and coordinating adaptive policy
responses. The framework provides a structured approach for assessing these capacities
and identifying areas requiring strategic intervention.

First, the framework highlights the importance of investing in digital infrastructure
as a prerequisite for effective workforce governance. Reliable broadband networks, inter-
operable digital platforms, and open-data ecosystems create the technological foundation
necessary for labor market intelligence and evidence-based decision-making. Cities that
lack adequate digital infrastructure may face significant limitations in their ability to moni-
tor workforce dynamics and deliver accessible employment-related services.

Second, the findings underscore the strategic value of labor market intelligence sys-
tems. Municipal authorities should strengthen their capacity to collect, integrate, and
analyze workforce-related data from diverse sources, including employment platforms,
educational institutions, business registries, and administrative databases. Such systems
can support more accurate forecasting of labor demand, identification of skills shortages,
and evaluation of workforce development programs.

Third, policymakers should prioritize lifelong learning, reskilling, and upskilling
initiatives as central components of urban workforce strategies. Rapid technological change
requires continuous adaptation rather than one-time educational investments. Conse-
quently, workforce development policies should promote flexible learning pathways that
enable workers to acquire new competencies throughout their careers. International ex-
perience demonstrates the practical relevance of this approach. Singapore’s SkillsFuture
initiative has become one of the most frequently cited examples of a national workforce
adaptation strategy that combines lifelong learning, skills intelligence, employer engage-
ment, and targeted reskilling programs. By continuously aligning training provision with
evolving labor market demand, the initiative has strengthened workforce adaptability and
supported the transition toward a knowledge-intensive digital economy.

Fourth, the framework emphasizes the necessity of institutional coordination. Work-
force transformation spans multiple policy domains, including education, employment,
economic development, innovation, and social protection. Effective governance therefore
requires collaboration among municipal authorities, educational institutions, employers,
labor market agencies, and civil society organizations. Cities characterized by fragmented
governance structures may encounter difficulties in translating labor market intelligence
into coherent policy interventions. A complementary example can be observed in Barcelona,
where Barcelona Activa serves as an institutional platform connecting municipal authorities,
employers, educational institutions, and workforce development initiatives. Through inte-
grated employment services, digital skills programs, entrepreneurship support, and labor
market intelligence activities, the city has strengthened its capacity to coordinate workforce
transformation policies and respond more effectively to changing economic conditions.

Finally, the UWREF highlights the importance of inclusive workforce policies. Techno-
logical progress can generate substantial economic opportunities, but these benefits may
be distributed unevenly across population groups. Policymakers should therefore ensure
that workforce development initiatives are accessible to vulnerable and underrepresented
groups, including low-skilled workers, women, youth, migrants, older workers, and per-
sons with disabilities. Inclusive participation is essential not only for social equity but also
for long-term labor market resilience and urban sustainability.

From an operational perspective, the UWRF may also serve as a comparative as-
sessment instrument for evaluating workforce readiness across cities. Each of the five
dimensions can be measured through a set of standardized indicators, such as broadband
penetration and ICT investment for Digital Infrastructure Capacity, participation in lifelong
learning and digital skills attainment for Workforce Skills Adaptability, or labor force par-
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ticipation rates of vulnerable groups for Social Inclusion Mechanisms. By normalizing and
aggregating such indicators into dimension-specific scores, cities could benchmark their
performance, identify relative strengths and weaknesses, and prioritize policy interventions
more effectively. While the present study does not prescribe a definitive measurement
methodology, the proposed dimensions provide a foundation for future indicator develop-
ment, weighting procedures, and comparative urban workforce readiness assessments.

Taken together, these implications suggest that successful workforce transformation
requires an integrated governance approach that simultaneously addresses technological
readiness, analytical capacity, skills development, institutional effectiveness, and social
inclusion. The UWRF provides a strategic framework through which cities can evalu-
ate these capacities and align workforce policies with broader objectives of sustainable
urban development.

An important practical feature of the UWREF is its potential to support continuous feed-
back between workforce assessment and policy formation. Assessment results may help
policymakers identify capacity gaps, prioritize strategic interventions, allocate resources
more effectively, and monitor the outcomes of workforce development initiatives over
time. Periodic reassessment of the framework’s dimensions can generate updated evidence
regarding changing workforce conditions, enabling institutions to revise policies, adjust
training programs, and respond proactively to emerging labor market challenges. In this
way, the UWREF can function not only as a diagnostic instrument but also as a mechanism
supporting adaptive and evidence-based workforce governance.

6. Conclusions

The accelerating digital transformation of urban economies is fundamentally reshaping
labor market structures, workforce requirements, and governance practices. Advances
in artificial intelligence, automation, digital platforms, and data-driven decision-making
are generating new opportunities for economic growth while simultaneously creating
significant challenges related to workforce adaptability, skills development, institutional
responsiveness, and social inclusion. These developments have intensified the need for
governance frameworks capable of supporting labor market resilience and sustainable
workforce transformation within smart city environments.

This study addressed this challenge by developing the Urban Workforce Readiness
Framework (UWRF), a multidimensional conceptual model designed to assess the pre-
paredness of urban labor markets for technology-driven economic change. Building upon
insights from smart city governance, data-driven public administration, labor market gov-
ernance, human capital development, and workforce resilience research, the framework
integrates technological, analytical, institutional, and social perspectives within a single
analytical structure.

The proposed framework conceptualizes workforce readiness as a governance capa-
bility rather than merely an employment outcome. In contrast to traditional approaches
that focus primarily on labor market performance indicators, the UWRF emphasizes the
underlying capacities that enable cities to anticipate, manage, and adapt to labor market
transformation. This perspective recognizes that successful workforce development de-
pends not only on the skills and competencies of individual workers but also on the broader
institutional and technological environments within which labor market adaptation occurs.

The framework identifies five interrelated dimensions that collectively shape urban
workforce readiness. Digital Infrastructure Capacity provides the technological foundation
required for data collection, connectivity, and service delivery. Labor Market Intelligence
and Analytics transform information into actionable knowledge that supports evidence-
based policymaking. Workforce Skills Adaptability reflects the ability of workers and
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institutions to acquire and renew competencies in response to changing labor market
demands. Institutional Governance Capacity coordinates policies, stakeholders, and re-
sources across multiple sectors. Social Inclusion Mechanisms ensure that the benefits of
workforce transformation are distributed equitably and contribute to broader goals of
social sustainability.

Taken together, these dimensions demonstrate that workforce readiness is not de-
termined by any single factor but emerges from the interaction of technological systems,
governance institutions, human capital resources, and inclusion policies. The framework
therefore advances a systemic understanding of labor market preparedness and highlights
the importance of integrated governance approaches in smart cities.

From a theoretical perspective, the study contributes to the literature in three important
ways. First, it expands smart city research by positioning workforce governance as a central
component of sustainable urban development. Second, it bridges previously disconnected
research streams related to labor market governance, digital transformation, and data-
driven public administration. Third, it introduces a multidimensional conceptualization
of workforce readiness that incorporates technological, institutional, analytical, and social
dimensions within a unified framework.

From a practical perspective, the UWREF offers policymakers, municipal authorities,
labor market institutions, educational organizations, and urban planners a structured tool
for evaluating workforce preparedness and identifying strategic priorities. The framework
may support the design of labor market intelligence systems, workforce development
programs, digital inclusion initiatives, and governance reforms aimed at enhancing urban
resilience in the face of technological disruption.

Despite its contributions, the study is subject to several limitations. First, the frame-
work remains conceptual and has not yet been empirically validated across specific urban
contexts. Consequently, the relationships among the proposed dimensions and their influ-
ence on workforce readiness should be interpreted as theoretically grounded propositions
rather than empirically verified causal relationships. Second, the proposed dimensions and
indicators are derived primarily from the theoretical and policy-oriented literature and may
require adaptation to local institutional conditions. Third, the framework does not currently
specify standardized weighting coefficients or a composite workforce readiness index, as
such elements require empirical testing and validation. Finally, the framework does not
account for all contextual factors that may influence workforce readiness, including cultural,
political, and macroeconomic variations across cities and regions.

These limitations create important opportunities for future research. Subsequent
studies may empirically test the framework using comparative city-level data, develop
composite indices for measuring workforce readiness, and apply multi-criteria decision-
making techniques to evaluate the relative importance of individual dimensions. Future
empirical applications could utilize internationally comparable datasets provided by orga-
nizations such as the OECD, ILO, World Bank, Eurostat, and national statistical agencies
to operationalize the framework and conduct comparative assessments across different
urban contexts. Such efforts would contribute to validating, refining, and strengthening the
practical applicability of the UWRE. Future research may also explore regional differences
in workforce preparedness, examine the relationship between workforce readiness and
urban competitiveness, and investigate how emerging technologies such as generative
artificial intelligence influence labor market governance.

In conclusion, the Urban Workforce Readiness Framework provides a comprehensive
foundation for understanding and assessing workforce preparedness in smart cities. By
integrating technological readiness, labor market intelligence, workforce adaptability, insti-
tutional capacity, and social inclusion within a single analytical architecture, the framework
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contributes to a more holistic understanding of urban labor market transformation. As
cities continue to navigate the opportunities and challenges of digitalization, the UWRF
offers a promising foundation for both scholarly inquiry and evidence-based policymaking
aimed at building resilient, inclusive, and sustainable urban labor markets.
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