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Abstract

In the spirit of the recent debate on the 15-minute city, two concepts are central: urban
proximity and resilience. They became cornerstones of new urban planning perspectives
on sustainability, livability, and inclusiveness in cities and metropolitan areas. Very recently,
the notion of ‘proxilience’ has been introduced as an integration of urban planning views
on the drivers of citizens’ wellbeing. The present study seeks to conceptualize and opera-
tionalize the proxilience concept for the case of metropolitan agglomerations, in which the
core is termed here ‘Superbowl Economy’. Consequently, the paper presents a data-driven
analytical approach that uses detailed empirical data on spatial density patterns, demo-
graphic factors, socioeconomic indicators, environmental quality attributes, infrastructure
accessibility, and access to services and amenities. The empirical part of the study is based
on a blend of geostatistical and econometric models (correlation and regression analysis,
AHP modelling, and Random Forest model). The analysis framework and the underlying
propositions on the proxilience impacts on spatial patterns of disparities in wellbeing are
applied and tested for the greater Ias, i Metropolitan Area, which is one of the largest urban
poles in Romania. The findings confirm proxilience as a novel, multidimensional tool that
advances spatial (urban–regional) livability in a polarized yet fragmented urban system.

Keywords: 15-minute city; urban resilience; proxilience; spatial inequality; accessibility

1. Introduction
The ‘New Urban World’ [1] depicts a rapidly evolving spatial and socioeconomic

landscape in which cities and urban agglomerations are more than ever shaped by an
interlinked dynamic force field of disruptions, pressures, and transformations. Urban
systems today are challenged to respond not only to global environmental change and
socioeconomic polarisation, but also to shifting local demands for livability, inclusiveness,
and sustainability. Persistent spatial inequalities, particularly in less privileged and periph-
eral areas, show structural vulnerabilities stemming from fragmented planning systems,
uneven service distribution, and demographic imbalances [2].

Space is a social product and an “objective reality”, and the “right to the city” in both
the political sense [3,4] and as related to the physical distribution of resources, services, and
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access to these is a fundamental right [5,6]. There is a vast body of literature on spatial jus-
tice in urban areas, some of which is directly related to proximities, the spatial distribution
of infrastructure and opportunities, and (lack of) access to services from a chronospatial and
demographic perspective [7,8]. Spatial disparities in access to amenities and services are
vulnerabilities that disproportionately affect post-socialist cities and regions, such as Ias, i
(Romania), where outdated infrastructures and governance failures continue to reinforce
territorial disparities. To address these challenges, this study introduces and operational-
izes the concept of ‘proxilience’—a hybrid framework that strategically integrates urban
proximity and urban resilience into a unified planning approach. It is not only a conceptual
framework, but also an operational tool for spatial analysis and policy design. The prox-
ilience concept focuses on the ability of urban areas not only to ensure access to essential
services but also to adapt, regenerate, and even flourish under socio-spatial vulnerability.
This concept builds on recent work that underscores the need to integrate accessibility with
adaptive capacity [9–11]. This idea can be framed within the 15-minute city (15-minC)
model, developed by Carlos Moreno [10,12], which proposes a simple yet transformative
idea: that every resident should be able to live, work, access care and education, and thrive
within a 15-minute walk or bike ride. From an urban geography perspective, this notion
regards spatial structure, functional distribution, and centre-periphery relations as key
factors of urban inequality [13]. The present study will specifically address the significance
of proxilience in relation to urban socioeconomic disparities and vulnerabilities.

Many cities, particularly in post-socialist contexts such as Romania, are shaped by prob-
lematic developments, including pronounced spatial unevenness [14]. Historical layering,
unregulated sprawl, and legacy infrastructure contribute to significant territorial disparities
between dense urban cores and sprawling peri-urban and rural peripheries [15–18]. These
dynamics are most pronounced at the metropolitan and urban–regional scale, where func-
tional integration contrasts sharply with uneven spatial development. Such spatial patterns
exacerbate vulnerabilities by overburdening central areas with traffic and pollution, while
leaving peripheral zones with limited access to essential services, including healthcare, edu-
cation, green spaces, playgrounds, and employment opportunities [19–21]. Such depressing
developments are particularly evident in large, polycentric urban agglomerations.

This study introduces the metaphor of the ‘Superbowl Economy’ to visualize systemic
spatial disparities, positioning the urban core as a visible, resource-intensive hub (the
Superbowl), while peripheral zones remain structurally marginalized. The metaphor
captures cumulative spatial advantage, visibility, and concentration effects that reinforce
the dominance of metropolitan cores over time. This idea also demonstrates how spatial
vulnerabilities in peripheral areas can be transformed into opportunities for improvement
and resilience through strategic interventions [22]. From an analytical perspective on
spatial vulnerability, our study draws on the Vulnerability–Opportunity Model (VOM).
This framework identifies spatial and infrastructural weaknesses as important starting
points for urban renewal through resilience-based strategies. The VOM emphasises targeted
and adaptive actions that prioritise resilience and accessibility, guiding cities toward more
equitable and sustainable futures [23–26]. Instead of focusing solely on spatial gaps, it
identifies key transformation zones to guide targeted policy responses in urban areas.

Despite growing interest in proximity-based planning, the empirical integration of
proximity, resilience, and vulnerability within a single spatial-analytical framework at
the polycentric metropolitan level remains rather limited. Larger urban areas are often
characterized by significant socioeconomic disparities. Therefore, it is important to trace
the nexus between proxilience and spatial wellbeing. This study is therefore framed along
the lines of spatial wellbeing analysis grounded in two core components: (i) Maslow’s
hierarchy of human needs, adapted for spatial differentiation [27,28]; (ii) a gravitational

https://doi.org/10.3390/land15030468

https://doi.org/10.3390/land15030468


Land 2026, 15, 468 3 of 33

model of spatial accessibility [29–31]. Maslow’s theory, originally developed in psychology,
is adapted here to classify urban services according to human necessity, from physiological
and safety needs to belonging, esteem, and self-actualisation. The gravitational model
assesses how the spatial clustering of services generates either positive pull (cohesion,
accessibility) or negative gravitational forces (congestion, social exclusion) [29,31–36]. Re-
silience and vulnerability are not treated as separate theoretical pillars; rather, they are
operationalized by integrating needs-based proximity and spatial accessibility within the
VOM-informed proxilience framework.

This integrated structure, employing the VOM model outlined above as an analytical
tool, ensures a comprehensive methodological design that combines spatial accessibility
measures with socio-functional priorities and resilience assessment. These elements will
be integrated into the Proximity Index and a multidimensional Proxilience framework,
enabling the empirical testing of accessibility, opportunity, and resilience within diversified,
polycentric metropolitan areas. This approach advances existing accessibility studies by
explicitly linking service proximity with resilience capacity and transformation potential.
The framework provides a structured approach to transform areas of spatial neglect into
targets for regenerative policy and inclusive urban development.

The research question of this study is: How can spatial inequalities in heterogeneous
metropolitan systems, illustrated by the ‘Superbowl Economy’ effect, be reconceptualised
and addressed through a proxilience-based implementation of the 15-minute city concept?
The architecture of the present study is based on the following design: (i) it starts from
the 15-minute concept and combines proximity and resilience into one integrated concept,
viz. proxilience; (ii) it next addresses the association between socioeconomic inequality (or
wellbeing disparity) at the level of polycentric and heterogeneous urban agglomerations;
(iii) the cornerstones of the analysis are based on both Maslow’s hierarchy of needs and
gravitational modelling; (iv) empirical validation and testing will be conducted for the Ias, i
Metropolitan Area (IMA), Romania, based on the above-mentioned VOM model.

The study is organised as follows: Section 2 presents the theoretical and empirical
foundations of the 15-minute city and proxilience concepts. Section 3 introduces the
conceptual framework, including the ‘Superbowl Economy’ effect, Maslow’s hierarchy of
urban needs, and the gravitational model. Section 4 describes the data and methodology
used to develop and apply the Proximity and Proxilience Indices. Section 5 details the
results of our spatial analysis in the IMA, including a discussion on implications of these
findings for urban resilience and planning. Finally, Section 6 provides conclusions and
policy recommendations.

2. Resiliency, Proximity and the 15-Minute City: State of the Art
Urban resilience refers not only to the capacity of a city to prepare, withstand and

recover from shocks and pressures but also to the need to learn from these extreme situa-
tions to adapt to new circumstances while aiming to maintain its functions at all levels [37].
From an evolutionary perspective, adaptive and transformative urban resilience must, as
a process, promote knowledge and, from a systemic perspective, integrate physical and
non-physical characteristics that are organized to simultaneously ensure response and
adaptation at different spatial scales [38].

Cities’ structural and functional resilience and transformation often depend on how
connectivity and accessibility are managed. In this sense, connectivity is an intrinsic
component of resilience, often associated with urban morphological changes, adaptive
design, and urban regeneration [39].

Many cities have adopted chronourbanism as a guiding principle of planning and
the concept of the x-minute city as an optimal framework for inclusive and resilient
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communities [40]. However, transitioning from theoretical studies and models to practical
application is not easy, so some cities have remained only as theoretical frameworks [41].
For a concrete application, it is necessary to explore complex spatial, socioeconomic, and
environmental urban features, among which the current location of services and facilities,
socio-demographic and economic characteristics, and the configuration of the street grid
play an important role [42].

Some authors go even further, proposing a perspective of resilient cities that is deeply
focused on localism [43,44], stillness [45–47], slowness [48–50] or immotility [51]. The
revalorization of the local, a slower urban rhythm and the reduction of travel (especially
motorized travel) is a strategy considered by numerous authors to reduce the continuous
acceleration specific to the Anthropocene, directly linked to car and mobility dependency
that has become constraining for the current city and puts great pressure on the environ-
ment, its quality and natural resources (especially where these are limited), increasing
stress and decreasing the quality of life in cities [52,53].

While traditional trends in urban accessibility have been marked by improved mobility
through increasingly faster modes of transport, a shift towards re-valuing physical proxim-
ity has become evident. We can discuss a pivot from accessibility-based to proximity-based
strategies to ensure local access to a broader range of services [54]. Especially during the
COVID-19 pandemic, access to services in close physical proximity through slow mobility
has proven to have significant benefits for both physical health and quality of life [55].
From this perspective, proximity-centred accessibility is a framework for research and
practice that focuses on a much wider variety of mobility-centred approaches, both fast
and slow [56,57]. It is an attempt to counteract the effects of hypermobility, linked to
motorization and uncontrolled urbanization, on the quality of life through its social, spatial,
and environmental impact [58,59].

Accessibility by proximity thus proposes a profound rethinking of both the urban
form, functions, and rhythms of cities through planning measures that reduce the spatial
and temporal intensity of travel in some urban areas and ensure accessible services and
opportunities through travel that involves active mobility, slower but healthier for people
and the environment, while also integrating indirect forms of digital access to goods and
facilities [60].

Thus, proximity, by definition, implies access to local services and facilities, which
some authors consider more important than transit access or regional accessibility [61]. It is
primarily because local accessibility is a condition for social and spatial justice and for the
inclusion of urban communities, thereby facilitating participation in social life and other
activities that contribute to residents’ quality of life [60]. Therefore, access to amenities and
services can be considered a spatial proxy indicator of wellbeing [54,62,63].

For this, the first condition is the equitable distribution of services and opportunities
in the near proximity of their residences or via the internet to address the diverse needs
of different social groups, thereby reducing existing disparities. The second is related to
redesigning paths and public spaces in highly walkable and cyclable spaces, prioritizing
their quality over speed of movement [59,60,64]. In this post-car vision, however, sub-
stantial efforts must be made to identify and measure inequalities in spatial accessibility
and optimal urban regeneration modalities, considering that cities are diverse and often
have adjacent areas built in different eras that may be less permissive for redevelopment
and restructuring.

It is also necessary to assess the addressability of services by accounting for the
attraction of services and facilities in the vicinity using gravity measures. These use the
distance decay function, i.e., distance friction, to manage the distance decay effect along
the shortest path and integrate the number of people in the service area [65].
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In close connection with urban resilience, these proximity services should also be
considered from the perspective of extreme events that can affect the city. During a critical
period of a natural disaster, including pandemics, people need access to goods and services
such as food, education, health care, and cultural amenities, in addition to water, power,
sanitation, and communications, to return to some semblance of everyday life [66]. Closely
related to this is the concept of acceptable access, which assumes the minimum level of
facilities suitable for human wellbeing, considering proximity, costs and capacities, and the
vulnerabilities of communities [67].

In this context, the 15-minute city (15-minC) model has emerged as a significant
framework in urban studies, particularly in response to rising concerns around mobil-
ity, accessibility, and social inequalities. The 15-minC is further developed through a
contemporary perspective, emphasising proximity, localised access to services, and the
spatial redistribution of daily functions to better respond to human needs and enhance
quality of life [10,68–72]. This renewed focus on neighbourhood-scale urbanism has been
widely recognised for its capacity to support social equity, reduce carbon emissions, and
enhance urban livability [54,73–75]. Although the 15-minC offers a solid foundation for
proximity-based planning, its integration with resilience theory and spatial diagnostics
of socio-territorial inequality, particularly in fragmented, post-socialist contexts, remains
underexplored in the literature. This gap relates to how proximity-based models intersect
with spatial structure, territorial differentiation, and centre–periphery dynamics.

Central to the 15-minC notion is physical proximity, but the model also reflects a
broader vision of urban resilience, defined not only as the capacity to absorb shocks and
to adapt and renew itself during disruption [9,37,76–78]. Moreno expanded the concept
through proxilience, which fosters polycentric proximities, including neighbourhood-scale
economies, social cohesion, local accessibility, and reduced dependence on distant re-
sources [9–11]. The Proxilience Framework integrates the relocalisation of services, soft
mobility, and decentralised infrastructure to support wellbeing and adaptive capacity.
It promotes short supply chains, community-level production–consumption cycles, and
substantial local autonomy, reducing both emissions and vulnerability to global disrup-
tions [79–81]. This integration of urban proximity with systemic resilience underpins the
concept of proxilience, defined as a spatial condition in which proximity-based access to
urban services aligns with systemic resilience capacities, thereby fostering adaptive and
inclusive urban territories.

The renewed valuation of proximity functions as a catalyst for social interaction, auton-
omy, and place-based solidarity [82–84] for both local communities [85] and tourists [86,87],
shaping cities morphologically by integrating individual accessibility into urban form
dynamics and spatial behaviour [88,89]. Local shops, markets, and craft activities enhance
employment and civic engagement, while improved public space and street-level amenities
strengthen cohesion. These dynamics require an understanding of urban–rural diversity,
behavioural shifts toward active mobility, and multi-scalar service delivery, particularly
in hybrid territories [90–93]. These hybrid configurations are particularly significant in
metropolitan regions where urban, peri-urban, and rural spaces are functionally inter-
connected but unevenly serviced. Proxilience could represent a new concept that links
resilience, delocalization, and solidarity into a cohesive human-centred urban framework.

Additionally, resilience and vulnerability are no longer viewed as separate conditions;
instead, they are seen as interconnected. Under certain conditions, vulnerability becomes
a platform for transformation. Provitolo [94] introduced the concept of ‘resiliencery vul-
nerability’, highlighting that vulnerabilities, if strategically addressed, can become drivers
of resilience. This understanding aligns with approaches that view vulnerability as un-
evenly shaped by space. This is particularly relevant in post-socialist urban contexts, where

https://doi.org/10.3390/land15030468

https://doi.org/10.3390/land15030468


Land 2026, 15, 468 6 of 33

systemic disparities provide opportunities for regeneration, as demonstrated by previous
studies using integrated vulnerability–resilience models [95]. The gravitational model of
spatial accessibility complements this view by showing how the spatial distribution of
services can either reinforce exclusion or catalyse cohesion. Spatial access is conceptu-
alised not as static but as a dynamic force that shapes opportunities or marginalisation,
integral to the proxilience framework. Resilience essentially involves proximity, connec-
tivity, and accessibility [96–98]. From a systems-thinking perspective, it also encompasses
polycentricity, redundancy, and social learning, principles tied to spatial and territorial
planning [99]. Resilience frameworks that integrate spatial proximity are increasingly
recognised as essential to adaptive and inclusive city systems [100–102]. This study builds
directly on these theoretical contributions by offering a spatialized implementation of the
proxilience framework in a fragmented post-socialist urban setting, where inequalities are
exceptionally distinct.

Maslow’s hierarchy of needs provides a human-centred framework to prioritise acces-
sibility. When spatialized, it allows the assessment of whether urban systems provide access
to physiological services (food, shelter), safety (healthcare, air quality), social connection
(education, green space), esteem (employment, culture), and self-actualisation (creativity,
civic participation) [28,103]. This enables the identification of spatial gaps in essential
needs and supports targeted interventions [104]. In a different approach, Omodan and
Abejide applied this model to the needs related to access to urban infrastructure to propose
more inclusive forms of distribution [105]. Maslow’s framework thus complements the
proxilience framework by linking spatial planning to human wellbeing.

Together, these elements enhance livability and build systemic resilience across com-
plex, mixed territories. The present study addresses a key gap in current urban research:
the lack of a multidimensional framework that integrates spatial proximity, resilience princi-
ples, and stratified human needs into a measurable planning tool. Although proximity and
resilience have been explored independently, few empirical approaches have connected
them to systemic urban inequalities or operationalised them through a proxilience index
at the metropolitan scale. This shortcoming drives the development of the proxilience
framework and shapes the hypotheses examined in this study.

While the 15-minC concept, Maslow’s hierarchy of needs, and the gravitational model
have been extensively explored in the literature, there is a distinct gap in studies that inte-
grate these frameworks into a cohesive VOM. Moreover, the role of second-tier cities, such
as Ias, i, remains insufficiently examined, despite their significant contributions to national
development. Also, while proxilience components—proximity, resilience, spatial accessi-
bility, and human needs—are well covered in the literature, an integrated vulnerability–
opportunity framework remains underdeveloped. By connecting these elements with
spatial indicators, this study frames proxilience as both a theoretical construct and an
operational planning tool. The foregoing literature review identifies several important
research challenges. To explore these, the following hypotheses are tested:

H1: High spatial centralisation of services and amenities (the ‘Superbowl Economy’ effect) correlates
with increased urban vulnerability and reduced wellbeing in peripheral neighbourhoods.

H2: Areas with higher proximity-based access to services aligned with all levels of Maslow’s urban
needs exhibit significantly greater resilience and wellbeing outcomes.

H3: Proxilience—the integration of proximity and resilience within the Proxilience Framework—provides
an explanation of urban–regional sustainability and quality of life.

The remaining part of the paper will be devoted to an empirical testing of these propositions.
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3. From a Conceptual Framework to an Empirical Model of Proxilience
This study develops a multidimensional framework that integrates proximity, re-

silience, and spatial justice into a cohesive analytical perspective, termed the proxilience
framework. Spatial justice here refers to the equitable distribution of access, opportunities,
and adaptive capacity across metropolitan space. Figure 1 presents the three conceptual
layers (Maslow’s hierarchy, the gravitational model, and the VOM) that structure the ana-
lytical framework of proxilience with the ‘Superbowl Economy’ introduced as a metaphor
to illustrate the consequences of systemic centralisation and peripheral neglect. The figure
serves as both a conceptual synthesis and a guide for operationalizing the framework.

Figure 1. Conceptual Model of Proxilience and Superbowl Effect (Source: own design).

The conceptual model integrates these three interconnected layers: (1) Maslow’s
hierarchy of needs, which classifies urban services based on their role in human wellbeing;
(2) the gravitational model, which measures spatial attraction/repulsion to assess service
accessibility and urban flow dynamics; and (3) the VOM, which identifies areas of risk
and potential for resilience-based transformation. This figure shows how unfulfilled needs
(Maslow) in low-access areas (gravity) create vulnerability hotspots (VOM), from which
proxilient strategies can develop. This logic connects neighbourhood accessibility to broader
metropolitan inequality.

The first layer builds on Maslow’s hierarchy, adapted for urban analysis to categorise
human necessities spatially, from physiological (e.g., food, shelter) to safety (health, se-
curity), social (education, green space), and esteem/self-actualisation (culture, creativity).
This structure is used not only thematically but also as the foundation for the Proximity
Index, assigning weights using the Analytical Hierarchy Process (AHP). This weighting
aligns accessibility measures with wellbeing priorities and supports quantitative compari-
son across urban functions.

The second layer introduces the gravitational model, widely used in spatial interaction
theory to explain urban flow. Here, it measures the density and diversity of accessible
services and translates them into attraction (positive) or repulsion (negative) forces. When
combined with Maslow’s framework, this creates a dynamic Proximity Index that reflects
both service urgency and spatial flow. Zones of strong positive gravity cluster around
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dense services; weak or scattered zones create ‘blind spots’, territories of exclusion and
disconnection. Together, these two layers illustrate the ‘Superbowl Economy’. These
concepts directly inform H1.

The third layer introduces the VOM, originally developed in urban risk research [23],
which reframes vulnerability as a potential for regeneration rather than a deficit. Rather
than functioning separately, VOM is embedded within the spatial structure by pinpointing
where unsatisfied needs (Maslow) coincide with weak attraction (gravity). These areas,
neglected, fragmented, and underserved, become strategic targets for transformation
through proxilient planning. This approach supports H2 and H3, which posit that urban
wellbeing increases where accessibility and resilience converge.

To capture the impact of these layered inequalities, the ‘Superbowl Wellbeing Economy’
metaphor is used to illustrate how visibility, attention, and investment concentrate in
central zones (‘the bowl’), while peripheral areas remain disconnected. This metaphor
complements the gravitational and vulnerability models by visualising spatial exclusion as
a systemic, not incidental, pattern of development.

Together, the above-mentioned three layers converge in the analytical core of the
proxilience framework. It functions as both a conceptual structure and the basis for the
operational composite indicator—the Proxilience Index—which measures the intersection
of spatial access (Maslow and gravity) and transformation potential (VOM).

The Proxilience Index builds on the Proximity Index by also incorporating environmen-
tal quality (NDVI, air pollution), demographic stability (ageing, attractivity), infrastructure
access (healthcare, roads), and socioeconomic robustness (income, education). This com-
posite indicator measures not only access, but also the capacity to advance and transform.
This makes proxilience distinct from traditional accessibility indices. It operationalises H2
and H3 by testing whether proxilience, rather than accessibility, predicts resilience and
wellbeing outcomes.

The framework is implemented at the local administrative units (LAU2) level, using
fine-grained demographic, infrastructure, and environmental data. This enables detailed,
place-based comparisons across Ias, i’s fragmented urban–rural system. The multi-scalar
design allows for broader replication in similar post-socialist or hybrid urban systems.

In conclusion, the proxilience framework addresses an underexplored area: the ab-
sence of an integrated model that connects spatial accessibility, human needs, and resilience
transformation. It provides a testable structure to support inclusive urban regeneration
and guide spatial policy through empirical indicators, such as the Proxilience Index. The
framework is also designed to be adaptable to other metropolitan contexts with similar
structural conditions.

4. Materials and Methods
4.1. Spatial Empirics of the Study Area

The area selected for this empirical analysis applies the above-described theoretical
framework in the Ias, i Metropolitan Area (IMA). Ias, i is one of the oldest Romanian cities,
boasting a strong cultural identity. It is the centre of a metropolitan area covering 787.87 km2

and home to 507,100 inhabitants (the second-largest metropolitan area in Romania). It is
also one of the largest cities on the European Union’s eastern border. The discontinuous but
significant economic development over the past 35 years, combined with some inhabitants’
preference for living in less agglomerated areas, has led to population and built-up surface
overflow in the peri-urban areas, with surrounding municipalities recording increases of
up to fivefold. Therefore, the authorities were unable to keep up with service provision to
meet the continuously increasing demand, resulting in significant gaps in access to facilities
across many peri-urban communes. This has increased the need for daily travel among

https://doi.org/10.3390/land15030468

https://doi.org/10.3390/land15030468


Land 2026, 15, 468 9 of 33

the peri-urban population, not only for commuting to work but also for accessing essential
services, including food, education, healthcare, recreation, and cultural amenities [106]. In
addition, the IMA is highly heterogeneous, and the differentiation between the centre and
the periphery is substantial; the communes located in the outer ring (especially those with-
out access to a national road) are often rural, with lower densities and a high percentage of
ageing population, and a lack of access to critical physical facilities. This context highlights
the need to rethink infrastructure development and proximity services. Ias, i is a typical
post-socialist city, characterized by rapid peri-urban growth, fragmented functions, and
clear centre–periphery inequalities.

This study employs spatial and geostatistical methods, including gravitational mod-
elling and multivariate analysis. The methodological design combines microscale acces-
sibility analysis with LAU2-level aggregation to capture cross-scale spatial inequalities.
At the microscale, defined as service-level and pedestrian-accessibility analysis, the study
uses various indicators from multiple data sources—such as the Open Street Maps (OSM)
and web-scraped data on urban services, the Global Human Settlement Database (GHSL)
GHS-POP R2023A Package for population density and GHS-BUILT-S R2023A Package built
area data by the Joint Research Centre (JRC) of the European Commission, Copernicus
Sentinel imagery for 2022–2024 (used for computing the NDVI), and the European Envi-
ronmental Agency (EEA) air quality 1 km grid for environmental quality for 2018–2022
(retrieved from the Air Quality Download service, first edition). These datasets were used
to create spatial accessibility models to evaluate and optimise urban accessibility within
the proxilience framework. Thus, spatial accessibility was calculated (at the microscale) in
terms of time–distance, as well as user pressure on proximity services (normalised by the
density of potential users) to account for demand–supply imbalances across space. Key
analytical steps included a buffer-based service-area analysis to identify spatial clusters
and cold spots and the differentiation of the urban core, peri-urban areas, and peripheral
metropolitan areas.

Second, at the local level (LAU2), the approach develops and applies two integrative
measures: the Proximity Index and the Proxilience Index. LAU2 is the most relevant ad-
ministrative scale for spatial planning and service provision in Romania. These indices are
built on a layered data strategy that combines microscale results (aggregated to the LAU2
level) with statistical social, economic, and environmental indicators (available at the LAU2
level). We used the available official data from the Romanian National Institute of Statistics,
including 2022 Census Data on population density (DENSIT), urbanization (URBANIZ),
migratory growth (ATRACTIV), ageing population (AGED), income (INCOME), health
staff (HEALTH), and average floor area per capita (sqm/inhabit.) (HOUSE). Additionally,
data from the Romanian Urban Policy Report (2019) for persons with disabilities (DISAB),
access to national roads (NAT_ROAD), and access to regional roads (REG_ROAD) were
utilized (Table 1).

Besides all indicators shown above that were used to construct a proximity index and
to analyse proxilience, additional indicators had to be added as proxies for wellbeing: Local
Attractivity/Migration Rate (ATRACTIV), Local Human Development Index (LHDI), Life
Expectancy at 65 years (LIFE_EXPEC65), and Local Material Capital (L_MAT_CAP). These
wellbeing proxies serve as dependent variables in the spatial regression models described
later, allowing for evaluation of how proxilience index shapes urban quality of life. These
variables are not part of the Proxilience Index itself.

All indicators, time frames, and sources are described in Table 1, which also includes
an assessment of the indicators’ relevance from the VOM’s perspective.
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Table 1. Overview of selected indicators, time periods, descriptions, and sources.

Indicator Year/Period Description/Unit Sources Vulnerabilities
(V)/Opportunities (O)

Vulnerability–Opportunity indicators

Population density
(DENS) 2022 Population density on 1 July 2020 National Institute of

Statistics of Romania
O for interaction, V at very

high or very low values

Urbanisation degree
(URBANIZ) 2022 The share of employees in non-agricultural

activities from the total number in 2020 (%)
National Institute of
Statistics of Romania

Usually higher O, but also V
to specific crises

Attractivity
(ATRACTIV) 2002–2022 The migratory rate in the last two decades National Institute of

Statistics of Romania

Shows O, but creating V
above certain values or

when not properly planned

Income (INCOME) 2022

Estimated income by reference to the
employed population and the average

income by category of employees in 2020, the
average incomes of pensioners and
beneficiaries of social allowances

National Institute of
Statistics of Romania O and resilience capacity

Share of the ageing
population (AGED) 2022 Ageing index on 1 July 2020 (+65 years/

0–14 years)
National Institute of
Statistics of Romania

V at high values—inverted
in the index

Share of the disabled
population (DISAB) 2018 The share of the population with

learning disabilities Romanian Urban Policy V at high values—inverted
in the index

Share of the educated
population (EDUC) 2022 The share of the population with secondary

and higher education
National Institute of
Statistics of Romania O and resilience capacity

Health staff
(HEALTHSTAFF) 2022 The average number of health personnel per

100,000 inhabitants in 2020
National Institute of
Statistics of Romania O and resilience capacity

The density of
housing (HOUSE) 2022 Number of sqm per inhabitant in

residential buildings
National Institute of
Statistics of Romania

Shows O, but creating V if
not properly planned

Normalised
Difference Vegetation

Index (NDVI)
2022–2024 Quantifies the health and density of

vegetation using sensor data.

Copernicus Sentinel
images with a spatial

resolution of 10 m
O and resilience capacity

Air pollution
(POLUT) 2018–2022

Air pollution with PM10 and
PM2.5—extrapolated data from the

monitoring station

European
Environmental Agency

V at high values—inverted
in the index

Access to a national
road (NAT_ROAD) 2018 The accessibility of metropolitan localities to

a national road Romanian Urban Policy O and resilience capacity

Access to all facilities
in 15 min

(FACILITIES)

2022
(2025)

The standardised average number of facilities
to access within 15 min at the commune level

Google Maps processed
in ArcGIS Pro 3.4.0 O and resilience capacity

Quality of Life (QoL) proxies

Local Human
Development Index

(LHDI)
2022

It is a measure of the level of human
development for Romanian communes in

2018. The closer these values are to 100, the
more developed the locality is, richer in

stocks of human, material, and health capital.
Values close to zero indicate poverty.

Directorate for Personal
Records and Database

Administration.
O and resilience capacity

Life expectancy at 65
years

(LIFE_EXPEC65)
2022

Calculated as the average number of years a
person would have to live at age 65, if they

lived under the age-specific mortality
conditions of the reference period of the

mortality table.

National Institute of
Statistics O and resilience capacity

Local Material Capital
(L_MAT_CAP) 2022

Factor score for material capital, standardized
mortality rate, and internet penetration rate

through fixed lines, in households.

Romanian Urban Policy
2011, 2021 Population

Census
O and resilience capacity

4.2. Composite Index Construction and Modelling
4.2.1. The Proximity Index

A Proximity Index (PI) was developed to assess urban spatial accessibility based
on Maslow’s hierarchy of needs, translated into categories of proximity-based services.
The hierarchy is thus grounded in both psychological and spatial planning literature.
This conceptual framing supports operationalisation of proxilience by offering a practical
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basis for weighting and aggregating accessibility across different service types and spatial
contexts. This ensures that accessibility is interpreted as a spatially differentiated process,
rather than a uniform condition. Services were grouped into four hierarchical levels,
with weights assigned to reflect their relative importance. The closer a service lies to the
base of Maslow’s pyramid (see Figure 2), the higher its weight. This approach enables
the prioritisation of essential services in spatial planning, thereby aligning psychological
wellbeing, urban spatial structure, and territorial organisation.

 
Figure 2. Hierarchy of urban services/facilities aligned with this needs-based framework (Source:
own design).

To assign weights, an Analytical Hierarchy Process (AHP) analysis was applied us-
ing the AHP Priority Calculator (https://bpmsg.com/ahp/ahp-calc.php, accessed on
15 August 2025), developed by Goepel [107]. The AHP method, developed by Saaty [108],
was used to determine the indicator weights. The method is a multi-criteria decision-
making tool that uses a matrix model to integrate indicators, based on a systemic inter-
pretation of a list of factors, options, or alternatives through pairwise comparisons. AHP
is particularly effective for incorporating qualitative judgments into the construction of
spatial indicators. Each factor is rated against every other factor using predefined scores
(ranging from 1 to 9) that indicate their relative importance. To ensure that the pairwise
criterion weights are not random, AHP uses the consistency ratio (CR). A panel of aca-
demics from Alexandru Ioan Cuza University, Ias, i, Romania, experts in human geography
and urban planning, provided the scores. Their general assumption was that one must
prioritize fulfilling the basic needs of the population by first ensuring access to critical
services necessary for subsistence, and then their more complex needs from the highest
levels of the hierarchy. The consistency ratio verifies the internal coherence of the expert
judgments. In Table 2, the resulting weights for each of the four criteria are presented,
derived from pairwise comparisons. These weights represent the contribution of each
needs-based service category to the composite Proximity Index, reflecting expert judgment
on their importance for spatial accessibility. Higher weights for physiological and safety
needs indicate their prioritization in proximity-based urban planning.
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Table 2. AHP—resulting weights.

Category ID Category Priority Rank (+) (−)

1 Physiological 46.7% 1 7.0% 7.0%

2 Safety 27.7% 2 3.5% 3.5%

3 Social 16.0% 3 2.2% 2.2%

4 Self-actualization and Esteem 9.5% 4 1.5% 1.5%

Number of comparisons = 6; Consistency Ratio (CR) = 1.1%; Principal eigen value = 4.031; Eigenvector solution:
4 iterations, delta = 4.3 × 10−10.

The very low consistency ratio confirms a high level of agreement among experts
and validates the robustness of the weighting scheme. After z-score normalization of
indicators and aggregation into weighted means, all indicators were transformed to ensure
comparability across units and scales. The AHP weights were applied as follows:

PIi = ∑n
j=1 wjzij, (1)

where wj are the AHP weights.
Consequently, the Proximity Index (PI) was calculated as

PI = PN × 0.467 + SaN × 0.277 + SoN × 0.160 + SA × 0.095, (2)

This formulation ensures that access to essential services has a greater impact on the
index than access to higher-order needs, consistent with the Maslow hierarchy.

4.2.2. The Proxilience Index

In addition to the Proximity Index, a Proxilience Index was created by integrating
the Proximity Index and the selected V–O indicators (see Table 2). This composite index
provides a multidimensional view of resilience by combining socioeconomic indicators,
service accessibility, and environmental conditions. It expands the proximity model by
incorporating elements from the VOM, reframing spatial gaps as potential transformation
zones—an essential step in operationalizing H2 and H3 by integrating exposure, capacity,
and transformation potential. This process illustrates how theoretical components are
translated into measurable dimensions. The integration of green infrastructure and health
access ensures a holistic approach to spatial vulnerability analysis.

To aggregate the indicators, they were standardized and normalized. Principal Com-
ponent Analysis (PCA) was then applied to reduce dimensionality and prevent multi-
collinearity, ensuring that each factor contributes uniquely to the Proxilience Index. The
PCA was used to compute the weights for each indicator. The stages of index calculation

1

were as follows [109]:

- extraction of latent factors (eigenvalues > 1);
- calculation of a composite factor index (CFI) for each latent factor (J):

WKJ =

(
Factor loadingKJ

)2

Explained varianceJ
, (3)

- for each indicator, we have selected the maximum WKJ and have computed:

αKJ =
Maximum WKJ
Explained varianceJ

Total variance

, (4)

- computation of final weights:
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wKJ =
αKJ

∑ αJ
, (5)

Consequently, the Proxilience Index was calculated as:

PR = POPDENS × 0.067 + URBANIZ × 0.069 + ATRACTIV × 0.124 + INCOME × 0.065+
AGED(INV)× 0.028 + DISAB(INV)× 0.019 + EDUC × 0.080 + HEALTHSTAFF × 0.129+

HOUSE × 0.093 + NDVI × 0.012 + POLUT(INV)× 0.062 + REG_ROAD × 0.030 + NAT_ROAD × 0.097+
FACILITIES × 0.053 + PROXIMITYINDEX × 0.072,

(6)

where INV indicates inversion for indicators that are negatively associated with proxilience,
ensuring directional consistency across all indicators.

4.2.3. Quality of Life (QoL)

To explore how proximity and proxilience relate to Quality of Life (QoL), linear correla-
tions (see Section 5.4, Table 3) and regression models (see Supplementary S2) were applied.
These models tested the hypotheses outlined in Section 2, using QoL proxies as depen-
dent variables. The QoL proxies were excluded from index construction unless explicitly
tested separately. The spatial distribution reflects socio-demographic differences across
localities and illustrates specific geographic patterns and clusters of administrative units.
These typologies provide actionable spatial categories to guide targeted interventions and
inform policy responses. They are directly tied to the framework’s conceptual components
and show how proxilience can be spatially operationalised. To strengthen the robustness
of results, particularly across peri-urban communes, a Random Forest classification was
employed, which:

- Assessed variable importance
- Overcame sample-size limitations
- Explained relationships across urban typologies

The model evaluated the influence of selected vulnerability–resilience indicators,
including the Proximity Index, on QoL outcomes using the following proxies:

- Local Human Development Index (LHDI)—classified into four levels: high, medium-
high, medium-low, low;

- Life expectancy at 65 years (LIFE_EXPEC65);
- Local Material Capital (L_MAT_CAP).

We also tested the influence of two proxies that are included in the proxilience index:

- Migratory growth rate (ATRACTIV);
- Average income (INCOME).

This approach helped identify which indicators most strongly shape QoL patterns
across diverse urban contexts.

Overall, this methodology that combines various theories, concepts, and technical
analysis methods (see Figure 3) enables detailed spatial analysis across central, peri-urban,
and peripheral areas, offering data-driven insights for targeted planning.

This complex, exploratory analysis connects the proposed concepts to an empirical
evaluation based on available indicators. It represents a first attempt to provide a coherent
operational framework for integrating proximity and resilience analysis (proxilience) with
QoL proxies in both dense, compact urban areas and more heterogeneous, dispersed
metropolitan areas.
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Figure 3. Integrated conceptual and methodological framework of the paper (Source: own design).

5. Results
5.1. Proximity and Accessibility of Services in Ias, i MA

The application of the Proximity and Proxilience Indices across the IMA revealed
several insights into spatial accessibility and vulnerability. The results highlight differ-
entiated performances across space, in line with the conceptual typologies introduced
earlier. This section operationalises both indices to assess how spatial inequalities reflect
layered human needs and systemic imbalances. Drawing on the VOM framework, the
Superbowl metaphor, and gravity-based accessibility, the analysis generates a typology of
territorial performance and gaps across LAU2 units. These findings directly address the
research question by quantifying territorial disparities and identifying opportunity zones
for proxilient urban transformation.

The first step involved identifying available services via web scraping (Botsol 4.0.1.)
and field verification to map underserved zones and those with excessive amenity con-
centration. The results illustrate the spatial distribution of services across IMA, showing a
clear concentration in the city core and a gradual dispersion towards peripheral regions.
Additionally, peri-urban commune centres and localities along major national roads exhibit
notable service clusters. In contrast, the outer ring of the metropolitan area experiences a
pronounced service deficit, which influences daily mobility patterns.

Figure 4 illustrates this spatial patterning, showing service clustering and absence
levels across Maslow-aligned categories. The structure validates the ‘Superbowl Economy’
effect, where central zones benefit from disproportionate visibility and investment, while
peripheral LAUs remain structurally excluded.

This figure presents the high concentration of services in the urban core and along
major transit corridors. In contrast, outer areas remain largely underserved, reinforcing
spatial segregation. Dense central clusters align with commercial and administrative hubs,
whereas scattered peripheral clusters indicate localised reliance on services. However,
service accessibility must be considered in relation to where people live and the areas
those services are intended to serve. As shown in Figure 5, population density is a key
determinant of urban facility locations. In areas with few residents, providing certain
services may be economically infeasible.
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Figure 4. Spatial distribution of proximity services and facilities in IMA.

This population density map highlights why services are disproportionately located
in central zones: higher population density makes service provision economically viable.
The limited population density in peripheral areas correlates with service inaccessibility,
which intensifies mobility dependence and vulnerability. High-density zones correspond
to urban cores, while peripheral areas show lower densities, each with distinct strengths
and vulnerabilities:

• Peripheral areas: lower density, higher environmental quality, but poor service access.
• Urban cores: greater access to services and employment, but often experience stress,

congestion, and pollution.

Figure 6a–c illustrate intra-urban accessibility by walking distance (5, 10, and 15 min),
showing sharp contrasts among urban, peri-urban, and rural zones.

The comparative maps show how proximity accessibility declines outward from the
centre. Core areas benefit from widespread 5–10-minute access, while peripheral LAUs fall
beyond 15-minute thresholds. This confirms that the 15-minC ideal is more applicable to
the urban core. The results show significant inequalities in walking access. Urban zones
offer the best conditions, with most residents within a 5- to 10-minute range of essential
services. Peri-urban areas exhibit uneven access, while rural communities are consistently
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underserved, often located more than 15 min away from basic services. This confirms an
urban-to-rural pattern in service access, highlighting the need for context-specific plan-
ning interventions that extend beyond urban densification. The Proxilience framework is
applied directly here to measure both physical access (proximity) and exclusion (vulnera-
bility), extending beyond basic accessibility indicators to examine multiple dimensions of
service access.

 

Figure 5. Population density distribution in IMA.

Assuming proximity is key to the 15-minute neighbourhood model, service access
serves as a proxy for pressure on local amenities. A gravity model was employed to investi-
gate the interaction between population density and service accessibility, specifically exam-
ining the presence of supermarkets and pharmacies within a 15-minute walking radius.

As shown in Figure 7, the IMA shows a heterogeneous pattern in pressure on super-
market and pharmacy access.

https://doi.org/10.3390/land15030468

https://doi.org/10.3390/land15030468


Land 2026, 15, 468 17 of 33

(a) 

(b) 

 
(c) 

Figure 6. Walking distance accessibility to proximity services in core (a), peri-urban (b), and peripheral
(c) areas of the IMA.

The pressure maps highlight areas where services are either over-utilised or insuffi-
cient. Supermarkets experience high demand in peri-urban residential areas, indicating
that population growth has outpaced the development of retail infrastructure. Pharmacy
access, on the other hand, shows critical gaps in rural LAUs, indicating significant barriers
to basic healthcare. These spatial trends reflect both long-term patterns shaped by historical
urban development and the effects of recent expansion. Central areas and the high-density
neighbourhoods (such as Alexandru cel Bun, Cantemir, and Tătăras, i, located, respectively,
to the west, south, and northeast of the historical centre) developed during the communist
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era maintain relatively balanced service-to-population ratios. In contrast, newer residential
districts, such as Bucium and Valea Lupului, shaped by contemporary urban sprawl, often
lack adequate amenities. Gaps also persist in large, underutilized industrial zones and in the
expanding urban peripheries. Outside the urban core, supermarkets become increasingly
scarce. In villages with a history of local centrality, such as Let,cani and Tomes, ti, population
growth has intensified pressure on already limited services. Other peripheral communes,
like Movileni and Prisăcani, remain severely underserved. Figure 7b illustrates the dis-
tribution of pharmacies, showing a clustered pattern concentrated around the city and
secondary socioeconomic centres. While pharmacy locations generally follow population
density, significant disparities persist, ranging from dense concentrations in urban cores
to entire communes without a single facility. In some rural areas, even essential medical
services, such as those provided by general practitioners, are inconsistently available.

(a) (b) 

Figure 7. Population pressure on (a) supermarkets and (b) pharmacies in the IMA.

Figure 8 maps gravitational hot and cold spots of access. Cold spots, concentrated
mainly in southern and eastern LAUs, are ‘urban blind zones’: isolated, underserved,
and excluded areas. These zones lack safety and social services, despite recent residential
growth. In contrast, hotspot analysis identifies areas of high accessibility gravitation,
particularly in central Ias, i and communes along major road corridors. Persistent cold
spots in the peripheral east and south visually confirm service marginalisation and spatial
exclusion. These areas emerge as clear priorities for infrastructure investment, as they
remain deprived of essential services despite ongoing population growth.

The results reinforce the gravitational accessibility model, identifying critical tipping
points where proximity gaps intersect with structural vulnerabilities. The interaction be-
tween limited-service clustering and unaddressed needs intensifies fragmentation and
territorial inequality. Hot- and cold-spot mapping (Figure 8), in correlation with popu-
lation pressure on different services (Figure 7), directly contributes to operationalising
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the Gravitational Model and provides empirical confirmation of proximity–vulnerability
convergence zones.

 
Figure 8. Gravitational hot and cold spots of access to services in the IMA (“Superbowl
Economy” Effect).

The pressure on proximity services can be characterized by three distinct situations.
Two relate to the negative pull exerted by certain areas within the core city or metropoli-
tan region, relative to more balanced or resilient zones. The analysis identifies three
spatial conditions:

- Overburdened urban zones: High demand and concentrated services generate stress
and excessive flows. Although services are available, they are often overcrowded or
insufficient given population density, resulting in congestion, urban stress, pollution,
and noise.

- Underserved low-density areas: Weak demand continues to result in unmet basic
needs and induced trips. These zones may have smaller populations but lack essential
services nearby, prompting additional travel to the main urban centre for daily needs.
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- Balanced zones (‘Goldilocks effect’): Peri-central areas with adequate services and
manageable pressure. This category typically includes residential neighbourhoods
developed before 1989 and nearby newer areas, where investments have supported
proximity-based access.

These three spatial archetypes underscore the need for proxilient (proximity + re-
silience) urban strategies tailored to the conditions of each typology.

5.2. The Hierarchy of Urban Needs Facilities and the Proximity Index

Most chrono-urbanism models primarily measure the physical presence of services,
paying less attention to their quality or importance. This study ranks services based
on Maslow’s hierarchy of needs, turning human needs (Maslow) into spatial analysis.
Physiological needs, such as access to food and housing, score high in peri-urban areas,
not just in the urban core. Peripheral areas show lower access, as some residents rely on
self-provision. Health services (linked to safety needs) are less available in peri-urban
areas and are very limited in peripheral areas due to long travel distances. Social, self-
esteem, and self-actualisation needs are best met in urban cores and peri-urban areas, with
peripheral areas, especially those located away from major roads, having limited access.
These disparities confirm a pattern of stratified spatial dichotomy within the framework
of a ‘Superbowl Economy’: urban cores increasingly meet multiple levels of need, while
peripheral communes face ongoing challenges in addressing even their basic needs.

The Proximity Index, which combines access to all types of services, reflects a clear
pattern: access is highest in the urban core, moderate in peri-urban areas, and lowest in
peripheral zones. Physiological needs, such as food and housing, remain particularly high
in peri-urban areas due to recent suburban growth.

Peripheral areas show lower access, as some residents rely on self-provision. Health
services (linked to safety needs) are less available in peri-urban areas and even lower in
peripheral areas due to long travel distances. Social, self-esteem, and self-actualisation
needs are best met in urban cores and peri-urban areas, with peripheral areas, especially
those located away from major roads, having limited access.

These findings reinforce the stratified spatial exclusion observed earlier: core zones
can meet a wide range of needs, while peripheral LAUs continue to face challenges
in securing even basic services. This imbalance reflects the layered inequalities of the
‘Superbowl Economy’.

Figure 9 illustrates the components of the Proximity Index and their average scores
across urban core, peri-urban, and peripheral areas. The composite index mirrors the same
urban-peri-urban-peripheral gradient seen in individual dimensions. A component-wise
breakdown reveals significant disparities: peripheral areas consistently underperform
across all categories, especially in social and esteem-related needs, indicating systemic
exclusion. Peri-urban zones perform moderately, reflecting a transitional spatial condition.
Integrating these dimensions into a single index of urban service accessibility demonstrates
the same gradient observed in the separate dimensions.

Figure 10 illustrates the Proximity Index results for the IMA, highlighting sharp
disparities between rural peripheral communes and the urban core, as well as peri-urban
growth along main transport routes. Some peri-urban communes have a quality of life that
is equal to or exceeds that of the central city, supporting H1. This composite spatial output
integrates the typology findings: dense urban cores achieve high scores, while peripheral
zones exhibit fragmented and insufficient accessibility. Intermediate scores in western
communes indicate ongoing development.
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Figure 9. Components of the Proximity Index and average scores by spatial typology (urban core,
peri-urban, peripheral) (Source: own calculations).
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Figure 10. Proximity Index results in the IMA.

5.3. The Proxilience Index (PR)

Compared with the proximity index, this first attempt to measure proxilience shows,
in the case of the IMA, spatial patterns with higher levels of contiguity. As expected, the
maximum value is identified in the urban core, followed by a western proxilient area that
includes three communes with recent exponential development of the real estate sector and
productive economic activities, including the industrial and service sectors (Rediu, Valea
Lupului, Miroslava) (Figure 11). Beyond this area, the following high values for proxilience
are observed in a ring of communes that are either directly adjacent to the city of Ias, i or
located along the main communication routes of the county to the south and west.

In contrast, the peripheral status of other communes—particularly those in the north-
ern part of the second metropolitan crown—is highlighted by their low proxilience index
values. For the external validation of this index, the equal-weighted comparative method
was employed. The results show relatively stable performance of the indicators used, with
rank variations reduced for most units in the sample (18 out of 27 units varying by only
1–3 positions, and 7 maintaining their positions in the hierarchy).
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Figure 11. Proxilience Index results in the IMA.

5.4. Proxilience and Quality of Life Proxies

Strong correlations with LHDI and social needs indicate that higher proximity access
enhances both perceived and measured quality of life. Weaker correlations with life
expectancy suggest that service proximity alone is insufficient without effective healthcare
outcomes for ageing populations. Significant relationships exist between the Proximity and
Proxilience Indices and quality of life proxies:

Standard-of-living indicators (material capital and the LHDI) show strong correlations
with the aggregate index and its components.

Life expectancy at age 65 (LIFE_EXPEC65) shows a weaker correlation, indicating less
adaptation of proximity services to older adults’ needs.

These findings support H2 and H3, which suggest that proxilience, an integration
of proximity, vulnerability, and resilience, better predicts urban wellbeing (correlation
coefficient 0.784) than proximity data alone (correlation coefficient 0.697).

Table 3 presents correlation coefficients between QoL proxies and the Proximity Index
and its components, highlighting significant values.
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Table 3. Correlations between Quality-of-Life proxies and the Proximity Index, its components, and
the Proxilience Index.

Variables LHDI LIFE_EXPEC65 L_MAT_CAP

LHDI 1 0.489 0.954

LIFE_EXPEC65 0.489 1 0.337

L_MAT_CAP 0.954 0.337 1

Physiological needs 0.540 0.158 0.563

Safety needs 0.703 0.400 0.697

Social needs 0.759 0.412 0.716

Self-actualisation and esteem 0.518 0.307 0.496

PROXIMITY INDEX 0.697 0.357 0.685

PROXILIENCE INDEX 0.784 0.328 0.794
Values in bold are different from 0 with a significance level alpha = 0.05.

The correlation between LHDI and the Proxilience Index (Figure 12) shows an R2

of 0.615 and a Pearson correlation coefficient of 0.784, indicating that further empirical
analyses can substantiate this new concept across multiple aspects of QoL and wellbe-
ing. Supplementarily, a linear regression was applied (see Supplementary S2), which
further demonstrated the close statistical relationship between LHDI and the proposed
Proxilience Index.

Figure 12. The correlation between the LHDI and proxilience index by LHDI classes.

To further explore the contribution of proxilience components to wellbeing, we applied
a random forest (RF) model. Using RF with LHDI classes as the dependent variable and
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resilience–opportunity indicators as predictors yielded a model with reasonable accuracy
(misclassification rate = 0.296).

Figure 13 displays the Out-of-bag (OOB) error rate evolution during Random Forest
training. The low and stable error rate (below 30%) confirms the reliability of the selected
indicators for predicting territorial development patterns using machine learning.
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Figure 13. Out-of-bag (OOB) error rate evolution from the Random Forest model.

Figure 14 shows the overall importance of variables based on the model’s Mean
Decrease Accuracy. The Proximity Index emerges as a highly influential predictor, alongside
pollution and material capital, validating its role as a key indicator for spatial planning
and equity.
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Figure 14. Overall variable importance (Mean Decrease Accuracy) from Random Forest analysis.

Table 4 presents variable importance by LHDI class, identifying the key factors most
influencing development in each group.

Table 4 shows that Low-LHDI areas are strongly affected by education and pollution
levels, indicating foundational challenges in human capital and lower environmental
quality. In contrast, high-LHDI areas prioritise health services and infrastructure, reflecting
a shift toward sustaining wellbeing and advanced amenities. The Proximity Index remains
a consistent predictor across all classes, underscoring the critical role of accessibility in
human development/wellbeing. This variation suggests that development drivers evolve
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with socioeconomic status: the first stages depend on basic education and environmental
conditions, while the advanced layers emphasise healthcare and service availability.

Table 4. Variable importance by LHDI class (Mean Decrease Accuracy from Random Forest model).

Variables LOW_LHDI MED_LOW_LHDI MED_HIGH_LHDI HIGH_LHDI

POPDENS 2.122 2.777 −3.662 3.869

URBANIZ 2.096 1.428 0.000 2.212

ATRACTIV 1.010 1.414 −0.764 1.286

INCOME 0.635 0.000 0.000 1.713

AGED −0.318 −1.443 −0.200 1.443

DISAB −1.428 0.000 −1.366 0.549

EDUC 2.441 0.643 −0.393 2.520

HEALTHSTAFF 1.443 −1.786 1.713 2.019

HOUSE 2.044 −1.443 0.718 1.366

NDVI 1.027 0.436 −1.428 0.000

POLUT 3.053 −0.828 0.000 0.905

NAT_ROAD −1.010 0.000 −1.428 0.000

FACILITIES 1.575 1.849 −1.593 1.713

PROXIMITY INDEX 1.123 1.564 1.443 1.010

The proxilience framework, supported by cold-spot mapping and gravitational acces-
sibility analysis, robustly identifies spatial disparities and pressure zones. These findings
are promising initial results from this exploratory approach, which aims to operationalize
proxilience as a novel, multidimensional tool integrating accessibility, needs hierarchy, and
resilience for urban–regional planning.

These results could be adapted and replicated in other urban contexts to support
strategic recommendations aligned with the dynamics of the wellbeing economy and the
emerging ‘Superbowl effect’, where urban concentration, equity, and liveability intersect.
This strengthens the spatial understanding of the ‘Superbowl effect’.

6. Discussions and Conclusions
Shocks can enhance or create new capabilities in this context by reorganising urban

planning systems around access to amenities in proximity through active mobility. During
the COVID-19 pandemic, the 15-minC concept was adopted as a form of resilience, not
merely as a solution to a specific problem, but as an adaptive measure capable of producing
a long-term transformation of cities into more sustainable and liveable systems.

This study demonstrates that proximity alone is insufficient to ensure wellbeing;
urban planning must integrate resilience capacity and opportunity-based strategies to
create inclusive environments. Proximity matters, but it should be integrated with the
territory’s resilience capacity, which sometimes emerges as vulnerabilities (weaknesses) are
transformed into opportunities (future strengths).

The 15-minC is often treated as a buzzword, a renewed yet familiar approach, a
practical yet contested concept, sometimes appearing overly normative but flexible in
its content. This study seeks to offer a different perspective by integrating vulnerability–
opportunity indicators, Maslow’s hierarchy of needs, and gravitational analysis into the
15-minC framework. By linking the hierarchy of needs to spatial attraction dynamics in a
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vulnerability–opportunity context, proxilience offers both a conceptual perspective and a
spatial policy tool for enhancing urban wellbeing.

Additionally, this study introduces and operationalises the concept of proxilience as
an analytical tool that combines resilience and proximity frameworks to assess the 15-minC
model within Romanian urban contexts, thereby bridging the urban–rural gap.

The results of our exploratory analysis, using basic GIS and statistical tools, suggest sev-
eral opportunities for future development, showing that the effects of the ‘Superbowl Econ-
omy’ are not linear. First, not only the quantity (access to numerous amenities/services),
but also the quality (hierarchy of needs) and diversity of services matter. Furthermore,
it should account not only for access to individual services but also for service pressures
and the availability of multiple opportunities. Crowded urban neighbourhoods may offer
various services, but the population pressure is high and increasing (agglomeration, traffic,
pollution). Rural peripheries, by contrast, exhibit lower densities but lack essential ser-
vices. Here, one could also consider applying the 30-min territory model, which includes
green public transport and longer access times to some services, instead of the 15-minC ap-
proach [10]. However, the “sweet spot” comprises less-dense neighbourhoods with diverse
services and a cleaner environment. This typology reflects the Goldilocks zone discussed
earlier and empirically demonstrates the spatial logic of the ‘Superbowl Economy’.

Services address different human needs and can be prioritised based on their im-
pacts. In rural areas, some higher needs might be lacking. Urban–rural collaboration and
partnerships should be promoted to facilitate the integration of resources and shared in-
frastructure, thereby reducing vulnerabilities and promoting just growth and spatial equity
in a polycentric system [110,111]. Creating new centralities based on proximity services
and possibilities for active mobility in these areas could improve the overall quality of life.
This underscores the policy relevance of proxilience as a driver of regeneration, not only in
deprived areas but also in enabling new forms of inclusive urban–rural connectivity. There-
fore, proximity and proxilience in urban sustainability approaches should also enhance
multiple choices and people’s higher capabilities to enhance wellbeing. By integrating
proximity, vulnerability, and capacity, proxilience offers a robust conceptual and empirical
framework to support more just, resilient, and efficient urban–regional development.

Proxilience also provides an analytical tool to identify priority intervention areas,
such as cold spots in the east, north, and south of IMA, as well as peripheral areas often
overlooked in top-down policy frameworks. Its multidimensional structure enables the
adjustment of responses based on typology-specific gaps: social services in peripheral
communes, pressure reduction in urban hubs, and opportunity scaling in peri-urban zones.

In Ias, i, chrono-urbanism could be a viable solution to infrastructural problems, traffic
agglomeration, and air pollution. Currently, the lack of access to specific amenities and
services results in extensive flows (primarily by car) toward the city. The old central areas
and the communist-era neighbourhoods align more closely with the 15-minC model in
terms of facilities, while the most significant issues arise in the peripheral areas of recent
urban sprawl. Currently, there are sharp urban–rural contrasts and abrupt discontinuities
between the peri-urban area and the peripheries of the metropolitan area. The Proxilience
Index effectively captures this fragmentation, indicating which communes approximate a
functional 15-minC model and which are critically excluded, thereby enabling strategic,
localised planning.

These findings confirm our main hypotheses and demonstrate how the Proxilience
Index can be used to target spatial interventions and reduce inequality in fragmented
and heterogeneously polarised systems. In particular, the index identifies priority areas
where low service proximity co-occurs with limited resilience capacity, enabling spatially
targeted interventions rather than uniform application. In the context of post-socialist
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Central and Eastern European countries, an integrated urban–rural policy and planning
approach to metropolitan vulnerabilities and accessibility could include proxilience as the
primary driver for reducing spatial disparities. Here, proxilience serves as a coordination
tool that links accessibility gaps with socioeconomic and environmental vulnerabilities at
the local scale. This study thus offers a transferable framework—linking proximity with
resilience—that can inform policy, planning, and research in hybrid urban systems beyond
Romania. The framework is data-driven, scalable, and adaptable to different metropolitan
configurations and governance contexts. It also reinforces the importance of tailoring
urban planning strategies to the unique characteristics of each typology, ensuring policies
extend beyond the central urban core and adapt to diverse spatial ecologies. This enables
differentiated strategies for urban cores, peri-urban transition zones, and peripheral areas
based on their specific proximity–resilience profiles.

There are some limitations of the present study. While formulating new concepts and
integrating them into a complex framework, the study also tests an initial operationalisation
of this model, proposing two new indices (the Proximity and Proxilience Indices) applied to
the IMA case. Because it is an exploration of a single case study, it is not easy to generalise
to other urban areas without careful analysis. The selected indicators are often proxies for
specific model dimensions, and the temporal scale differs across cases. Although some
internal and external robustness tests have been conducted, future validation is necessary
using indicators of temporal evolution and comparisons across metropolitan-area instances.
The Random Forest method is suitable for assessing variable importance; however, more
comprehensive statistical approaches are needed for detailed analysis of causal relation-
ships that empirically substantiate the links between accessibility, vulnerability, and human
development at the local level, thereby reducing the likelihood of empirically demonstrat-
ing the proximality hypotheses. We consider this study to be an exploratory investigation
that proposes new concepts and an innovative theoretical and methodological framework,
but that requires further development.
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Abbreviations

The following abbreviations are used in this manuscript:

15-minC 15-minute city
AHP Analytical Hierarchy Process
CR Consistency Ratio
IMA Ias, i Metropolitan Area
LAU Local Administrative Unit
LHDI Local Human Development Index
NDVI Normalized Difference Vegetation Index
PI Proximity Index
PR Proxilience Index
RF Random Forest
VOM Vulnerability–Opportunity Model

Note
1 Following the Handbook on Constructing Composite Indicators—OECD 2008, in XLStat Premium [109].
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