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Abstract

Urban sustainability governance has long been dominated by growth-oriented metrics that
measure aggregate improvement without establishing whether neighborhoods provide
enough for all residents without continuous territorial expansion or resource-intensive
redevelopment. Drawing on the post-growth planning, sufficiency theory, spatial justice,
land governance, and the adaptive planning literature, this paper proposes a Spatial Suffi-
ciency Multifunctionality Framework (SSMF). SSMF is a provisional conceptual framework
requiring empirical validation and aiming to reorient neighborhood land assessment from
growth optimization to sufficiency thresholds. The framework organizes planning around
five interconnected dimensions: social sufficiency, economic resilience without growth
dependence, ecological resilience, spatial governance and land-use sufficiency, and institu-
tional and participatory capacity. Each is operationalized through illustrative indicators,
thresholds, and linked governance instruments. SSMF asks whether per-capita land use
remains within ecological capacities and whether access to services, green space, and af-
fordable space is equitably distributed. The framework is developed through a systematic
scoping review of the literature on urban sustainability, land governance, and post-growth
planning, and provides a diagnostic logic and a menu of governance instruments. By
shifting the evaluative focus from “more” to “enough, equity distributed within neighbor-
hood capacities,” SSMF offers a provisional architecture for understanding post-growth
principles at the neighborhood scale.

Keywords: post-growth planning; spatial sufficiency; land governance; neighborhood
sustainability; spatial justice; urban resilience
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infrastructure lock-in, and increased mobility distances [11-13]. At the same time, everyday
services are distributed unevenly across neighborhoods and social groups. Therefore,
spatial inequalities persist within cities, including access to public transport [14,15], green
space [16,17], health care [18,19], schools [20,21], and affordable housing [22,23].

The ecological and social consequences of land-use decisions are, therefore, not in-
cidental outcomes of planning; they are actively produced through the regulatory and
institutional arrangements that determine which land is protected, reused, intensified, or
converted [24,25]. Post-growth planning reacts to this problem by questioning the assump-
tion that growth is the central organizing principle of urban policy [4-6,26]. This does not
mean rejecting development. It simply requires clarifying what forms of change are appro-
priate, for whom they are intended, and what ecological and social boundaries they must
respect [27-29]. The issue is particularly important for land governance because land-use
systems are slow to change, spatially path-dependent, and rooted in institutional structures.
Once land is converted, infrastructure extended, or development rights granted, cities can
become locked into carbon-intensive and socially unequal patterns for decades [27,30].

This paper moves beyond the growth conversation, from normative vision to pro-
visional framework knowledge, by developing spatial sufficiency as a framework for
evaluating neighborhood sustainability, while empirical validation is identified as a neces-
sary next step. Existing neighborhood-scale planning concepts (e.g., smart growth, compact
city, 15 min city, etc.) prioritize density, efficiency, and economic performance, but often
stop short of asking “is this enough?” for all residents. As a result, they typically do not
evaluate whether people’s basic needs are met equitably within the existing urban footprint,
without relying on additional land consumption. The central gap is, therefore, the absence
of a sufficiency lens. Sufficiency—ensuring that everyone has access to their fair share
of essential services, green space, and safe housing, while preventing consumption that
exceeds ecological capacities—is increasingly recognized as a core principle of post-growth
urban planning [31-33]. In neighborhood contexts, this requires ensuring sufficient proxim-
ity to everyday services, access to adequate and affordable space, and the maintenance of
resilient local ecologies without relying on continued territorial growth.

The paper’s central question is, therefore, “how to rethink neighborhood sustainability
assessment so it measures equity, resilience, and adaptive capacity without depending on
continuous territorial expansion or growth-oriented redevelopment.” This research expands
upon the existing literature by examining four specific areas. First, it conceptualizes spatial
sufficiency as a post-growth planning principle. Second, it integrates sufficiency with
urban multifunctionality and spatial justice. Third, it proposes the Spatial Sufficiency
Multifunctionality Framework (SSMF) as a diagnostic tool. Fourth, it links sufficiency
assessment to land-governance instruments.

SSMF framework was developed through a systematic scoping review and thematic
analysis of the urban sustainability, land governance, and post-growth planning litera-
ture, following established guidelines for conceptual framework development by Gilson
et al. [34]. In addition, the literature identification, dimension and indicator selection,
threshold derivation, decision rules determination, and governance instrument mapping
are detailed in Sections 4-7.

2. Conceptual Framework
2.1. From Sustainable Development to Post-Growth Planning

Sustainable development has provided an important policy language for integrating
environmental protection, social inclusion, and economic development [35]. In urban
planning, it has supported compact city strategies, public transport investment, energy
efficiency, green infrastructure, resilience agendas, and global monitoring through SDG
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11 and related frameworks [35,36]. However, sustainable development is often imple-
mented in ways that are based on continued economic growth, assuming that growth can
proceed if it becomes cleaner, denser, or more efficient [6,26]. Traditional sustainability (e.g.,
SDGs, resilience) envisions “greening” urban growth—lowering emissions per person or
adding parks—but usually assumes growth will continue. This raises concerns about the
policy’s success in terms of growth: more development, more consumption, higher land
values, more infrastructure, and greater mobility.

The post-growth and degrowth literature challenges this assumption by arguing that
well-being, ecological stability, and social justice cannot depend indefinitely on rising
material output [5,6,37,38]. The critique is not limited to gross domestic product (GDP);
post-growth planning questions the assumption that sustainability can be achieved through
continuous economic growth [39]. From this perspective, a main question of planning,
therefore, becomes how to organize urban life so that needs can be met within ecological
capacity [40-43]. In post-growth and degrowth research, sufficiency is introduced as a key
principle: meeting well-being needs while keeping consumption and production without
ecological loss [31,33,41]. Sufficiency involves ensuring access to basic requirements—such
as housing, healthcare, food, and mobility—for all, while placing upper limits on resource
use where it is excessive [32].

In urban contexts, this suggests redistributing space and amenities so that under-
served neighborhoods gain access to essential services, while areas already facing high
development pressure do not continue to expand [44,45]. Importantly, sufficiency aims to
guarantee adequate living standards for all while reducing overconsumption, consistent
with Raworth’s “social foundation” and “ecological ceiling” framework [40]. Sufficiency
approaches also emphasize that sustainability may require setting limits rather than just
improving efficiency. Efficiency-based strategies often lead to rebound effects, where
gains are offset by increased overall consumption [46]. Post-growth planning, therefore,
focuses on what is “enough,” a shift noted in planning debates that move beyond eco-
modernization [47,48].

2.2. Land Governance and the Growth Paradigm

Urban land governance refers to the rules, institutions, ownership structures, planning
instruments, and political processes through which land is allocated, valued, developed,
protected, and transformed [49-51]. It includes zoning, development control, land-use
plans, infrastructure finance, public land management, property taxation, land-value
capture, land banking, participatory planning, and tenure arrangements [52,53]. These
instruments are not neutral. They shape who can access land-based benefits, who is exposed
to environmental burdens, and whose needs are recognized in planning decisions.

In many growth-oriented planning systems, land governance tends to emphasize de-
velopment capacity, investment attraction, monetized land value, and the accommodation
of projected demand [54,55]. Lamker and Terfriichte [4] found that sustainable land-use
plans often contain growth assumptions that make achieving net-zero land take and re-
purposing land difficult without new political instruments. Sustainability instruments,
therefore, can become aligned with these priorities when compact development, regenera-
tion, or green infrastructure are primarily used to increase land values or strengthen urban
competitiveness [44,56]. Land-value capture shows this complexity. While it can redirect
publicly generated land value toward social objectives, its design may also prioritize ex-
panding monetized development value, thereby supporting growth-dependent planning
logics [52,55,57].

A post-growth approach to land governance, therefore, requires a different hierarchy
of objectives and shifts to prioritize the equitable redistribution of existing space. Public
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policy should first assess whether existing land, buildings, and infrastructure can meet
needs through reuse, redistribution, repair, and ecological capacity. New development
should be evaluated against clear sufficiency criteria: Does it address unmet needs? Does
it reduce or increase land consumption? Does it improve access for underserved groups?
Does it protect ecological capacity? Does it prevent displacement? Within this perspective,
land governance becomes a tool for redistribution, repair, and adaptation, not a mechanism
for organizing growth. Our framework responds to these questions by explicitly linking
indicators to governance tools, so that decisions about new development are judged against
measurable outcomes of sufficiency and equity.

2.3. Neighborhood Multifunctionality, Proximity, and Everyday Access

The neighborhood is a main operational scale in urban land governance, specifically
post-growth planning, because it is the spatial scale at which land-use decisions directly
shape everyday living conditions [58,59]. It captures the spatial conditions through which
everyday needs can be satisfied with lower resource consumption, reduced mobility de-
mand, and limited pressure for territorial expansion [60,61]. Core planning models such
as proximity-based planning (e.g., the 15 min city), the Neighborhood Unit, mixed-use
development, and Transit-Oriented Development are fundamentally operationalized at this
scale, making neighborhoods particularly relevant for assessing how urban land systems
translate into social, economic, and environmental outcomes [62—-64]. From the perspective
of post-growth planning, proximity to essential services, public facilities, green spaces, and
local economic activities can reduce dependence on growth-oriented infrastructure systems
while strengthening social and ecological resilience [41,65,66].

Within this context, urban multifunctionality provides an important lens for under-
standing neighborhood sustainability. Multifunctional neighborhoods integrate residential,
economic, social, civic, and ecological functions within a relatively compact spatial struc-
ture, reducing dependence on long-distance travel while supporting diverse everyday
needs [67-70]. Multifunctionality has been associated with improved accessibility, more
efficient use of urban land, stronger local resilience, and enhanced opportunities for social
interaction and service provision [66,69,71]. As a result, it offers a beneficial framework
for examining how urban form and land-use patterns contribute to sustainable, resilient
urban development.

However, multifunctionality alone does not guarantee sustainability under post-
growth conditions. Many conventional assessments operationalize multifunctionality
through indicators such as density, diversity, connectivity, or economic performance metrics
that implicitly reproduce growth-oriented, efficiency-driven planning paradigms without
addressing post-growth sustainability concerns [72-74]. Thus, a post-growth perspective
shifts attention from optimization and expansion toward sufficiency and equitable pro-
vision [75]. The central question is, therefore, whether neighborhoods provide sufficient
access to essential services and social infrastructure, considering ecological capacity and
adaptive potential for diverse populations within existing land and resources. Assessing
multifunctionality through the lens of spatial sufficiency, therefore, enables a more equitable
and ecologically fundamental understanding of neighborhood sustainability and its role in
post-growth urban land governance.

2.4. Spatial Justice and Redistribution

Spatial sufficiency is inherently a question of spatial justice. Post-growth urbanism
questions the belief that ongoing economic expansion, urban development, or increasing
aggregate provision is the path to solving social and environmental challenges [61,75].
Instead, it shifts attention toward the distribution of existing land-based resources, services,
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opportunities, and environmental benefits. A city may have high levels of accessibility,
green infrastructure, or public investment on average, while substantial inequalities persist
between neighborhoods and social groups [76,77]. The critical question, therefore, is how
to ensure that all residents have sufficient access to the conditions required for a dignified
and sustainable life [37,40,78,79].

From a spatial sufficiency perspective, urban inequalities are not only social outcomes
but representations of uneven land-use decisions and territorial resource allocation, re-
flecting how planning institutions distribute space, infrastructure, and environmental
benefits across different groups [80,81]. Access to housing, public transport, healthcare,
schools, green space, public facilities, and safe public environments is shaped by the spatial
organization of cities and by the institutions governing land development, investment,
and infrastructure provision. Consequently, neighborhood sustainability must be assessed
through distributional justice, sufficient access, and land-based benefits and opportunities
allocated across urban space for all [78,80,82].

Redistribution, therefore, becomes a central function of post-growth urban land gov-
ernance. Planning institutions must actively redistribute access, opportunities, and land
resources using regulatory, financial, and spatial tools. This may include directing ser-
vices and infrastructure toward underserved areas, protecting affordable housing and
workspaces, capturing land value for public purposes, promoting adaptive reuse of under-
utilized land and buildings, and ensuring that ecological improvements do not result in
displacement or exclusion [5,61,75]. Spatial justice thus provides the normative foundation
for spatial sufficiency, while redistribution serves as the governance mechanism through
which sufficiency can be achieved in practice.

3. Limitations of Existing Neighborhood Sustainability Assessment
3.1. Growth-Compatible Monitoring

Neighborhood sustainability assessment tools alongside SDG-based and broader ur-
ban sustainability frameworks have successfully translated high-level policy goals into
measurable, comparable indicators. SDG 11 and the related monitoring mechanisms led
by UN-Habitat, including the City Prosperity Index and the Global Urban Monitoring
Framework, have brought global recognition to the urban dimension of sustainable devel-
opment and allow cities to align local planning with international commitments [35,36].
Established tools such as Leadership in Energy and Environmental Design for Neighbor-
hood Development (administered by the U.S. Green Building Council) and the Building
Research Establishment Environmental Assessment Method for Communities (developed
by the Building Research Establishment in the UK) have furthered this translational work
by operationalizing multidimensional sustainability criteria at the district scale, enabling
communication and policy learning across planning departments and political bound-
aries [62,83]. The strengths of these frameworks include their structured, multidimensional
architecture, their policy relevance through indicator-based target-setting, and their capac-
ity to support comparability across cities and neighborhoods.

Nevertheless, existing frameworks remain largely oriented toward a logic of improve-
ment and growth-compatible monitoring, which limits their adequacy for post-growth
planning paradigms that prioritize sufficiency, ecological capacities, and equitable distribu-
tion. Five interrelated limitations stand out. First, despite the centrality of land use to urban
metabolism, existing assessment systems give insufficient systematic emphasis to land-use
intensity, land take, and spatial configuration in relation to ecological ceilings; metrics typi-
cally reward compactness or mixed use without examining overall land consumption at
the neighborhood scale [6,84]. Second, vacancy and adaptive reuse of the existing building
stock receive limited attention; most tools focus on new construction and fail to assess
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the potential of underutilized buildings, vacant land, or circular material flows to deliver
housing and services without additional resource use [85]. Third, the frameworks show a
weak connection to land governance, incorporating indicators related to land tenure, public
land management, or community control over land-use decisions, which are important for
guiding land toward equitable and ecologically bounded outcomes [49,86]. Therefore, a
new assessment framework is necessary to move beyond incremental improvement and
sufficiency, and to embed land governance and reuse needs at the core of neighborhood
sustainability evaluation.

3.2. The Problem of Optimization-Oriented Metrics

A common limitation of conventional assessment frameworks is their reliance on an
optimization-oriented logic: the assumption that more density, higher efficiency, greater
accessibility, increased investment, or improved competitiveness are inherently desirable
and reflective of progress. In such approaches, indicators are typically structured to reward
continuous growth without establishing upper boundaries or sufficient conditions. For
example, a neighborhood may be evaluated favorably for maximizing transit-oriented
density or increasing the share of residents near public transport. At the same time, the
assessment remains silent on whether the resulting intensification worsens displacement,
reduces open space, or raises exposure to heat stress [87,88]. Similarly, accessibility metrics
often aim for aggregate reductions in travel time or improvements in connectivity, but
increased network efficiency can raise land values and development pressure, weakening
affordability and inclusion [89]. Green infrastructure scores may rise even when new
amenities promote green gentrification, displacing the communities they were designed
to benefit [88]. This optimization-without-thresholds paradigm considers sustainability
as an exercise in better growth, overlooking the possibility that not all intensification
is socially just, not all density is sufficient, and not all efficiency gains reduce resource
dependence [90].

A sufficiency-oriented alternative asks whether a neighborhood meets a defined ad-
equacy level for all residents, whether disparities remain within acceptable bounds, and
whether biophysical capacities are respected [40,41]. Such a logic is already present in suffi-
cientarian approaches to transport planning, which identify minimum levels of accessibility
to essential destinations instead of aggregate travel efficiency as the fundamental test of a
just mobility system [89,91]. Extending this principle to the broader neighborhood scale
would shift attention from optimizing land values, productivity, or investment flows to
ensuring that land use, housing, infrastructure, and service provision remain within land
and material budgets while securing equitable access for all.

3.3. Missing Land-Governance Dimensions

Existing urban frameworks tend to view land as a passive spatial container rather than
an institutionally mediated resource. While land-use mix, density, green space provision,
or access to amenities are measured, they rarely examine the governance arrangements
that determine who owns land, who controls redevelopment, who captures the increments
in land value, and who is displaced by change [52,92]. Vacant or underused land may be
registered as development potential without distinguishing between temporary community
use or opportunities for adaptive reuse. Public land is often viewed as a financial asset
rather than a strategic resource for securing sufficiency and equity [93]. These frameworks
thus produce a picture of spatial performance that is separated from the politics of land,
leaving unexamined the institutional capacities, tenure regimes, and governance tools that
shape whether land serves collective needs or private accumulation.
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This exclusion is consequential for post-growth planning. Land governance is the area
in which decisions about urban expansion, redevelopment intensity, ecological protection,
and social displacement are made, and a sustainability assessment that disregards it cannot
adequately guide sufficiency-oriented transitions [44]. A framework capable of supporting
post-growth objectives must, therefore, incorporate land-governance indicators that move
beyond conventional optimization metrics.

4. Framework Development Methodology
4.1. Literature Identification and Screening

The Spatial Sufficiency Multifunctionality Framework (SSMF) was developed through
a scoping review of the peer-reviewed and policy literature on urban sustainability, land
governance, and post-growth planning. The review followed the methodology proposed
by Arksey and O’Malley [94] and subsequently refined by Levac et al. [95], which is ap-
propriate for developing conceptual frameworks from diverse bodies of the literature. The
approach was purposive and iterative, focusing on identifying key concepts, dimensions,
indicators, and governance instruments from the literature.

Search strategy: A search was conducted on Web of Science, Scopus, and Google
Scholar using the following search strings:

Web of Science Core Collection: TS = (“sufficiency” OR “post-growth” OR “degrowth”
OR “enoughness”) AND TS = (“urban planning” OR “land governance” OR “neighborhood
sustainability” OR “urban land use” OR “spatial planning”); Scopus: TITLE-ABS-KEY
((“sufficiency” OR “post-growth” OR “degrowth” OR “enoughness”) AND (“urban plan-
ning” OR “land governance” OR “neighborhood sustainability” OR “urban land use” OR
“spatial planning”)); and Google Scholar: (“sufficiency” OR “post-growth” OR “degrowth”
OR “enoughness”) AND (“urban planning” OR “land governance” OR “neighborhood sus-
tainability” OR “urban land use” OR “spatial planning”). The search was limited to English-
language publications from 2000 to 2026. The initial search yielded 24,306 records—a large
collection reflecting the breadth of the sustainability literature, but not all directly rele-
vant to neighborhood-scale land governance. Therefore, a purposive screening strategy
was employed.

Purposive screening strategy: Instead of screening all 24,306 records, which would be
impractical for a conceptual paper, a multi-stage purposive approach was used:

(i) Deduplication: Search results were imported into Mendeley Desktop (Version 2.148.0)
for duplication reduction and reference management;

(ii) Thematic refinement: The search was refined to focus on the literature most directly
relevant to land-use governance and neighborhood-scale assessment. Then, additional
filters was applied to narrow the literature: (a) categories (Urban Studies, Planning
and Development, Geography, Environmental Studies, Public Administration), which
reduced the corpus to 4812 records, and (b) key terms in titles (e.g., “neighborhood,”
“land use,” “governance,” “sufficiency,” “thresholds”), which further reduced the
corpus to 1247 records;

(iii) Citation-based identification: A set of foundational works through prior knowledge
of the field was identified;

(iv) Conceptual relevance screening: Titles and abstracts of 1247 records from the refined
search and the 143 records from citation tracking (total: 1390) were screened for con-
ceptual relevance to neighborhood-scale land governance and sufficiency principles.
Records that focused on (a) national or global scales without neighborhood transla-
tion (412 records); (b) purely technical or engineering aspects without governance
implications (287 records); and (c) specific case studies without generalizable insights
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for framework development (398 records) were excluded. This covered 293 records
for full-text initial screening review;

(v) Full-text initial screening review: the full text of the 293 records was screened. The
most common reasons for exclusion at this stage were: (a) insufficient operational
detail for indicator development; (b) lack of governance instrument specification; and
(c) duplication of concepts already covered by more comprehensive sources. The final
synthesis included 59 peer-reviewed articles, 12 book chapters, 8 institutional reports,
and 3 monographs, a total of 82 sources that directly informed the framework’s
dimensions, indicators, thresholds, and governance instruments;

Thematic Analysis: The 82 included sources were analyzed thematically follow-
ing the six-phase procedure of Braun and Clarke [96]: (1) familiarization with the texts;
(2) initial coding of concepts related to dimensions, indicators, thresholds, and instruments;
(3) grouping codes into potential themes; (4) reviewing themes against the data; (5) defining
and naming themes; and (6) producing the final synthesis. The five sufficiency dimensions
emerged from this analysis, with three alternative dimensions considered and rejected.

4.2. Dimension and Indicator Selection

Five sufficiency dimensions, including social sufficiency, economic resilience without
growth dependence, ecological resilience, spatial governance and land-use sufficiency, and
institutional and participatory capacity, were defined from an iterative thematic analysis of
the included literature based on (a) frequency of appearance in the literature, (b) relevance
to neighborhood-scale land decisions, and (c) potential for operationalization through mea-
surable indicators. Three alternative dimensions were considered but ultimately excluded.
(i) Cultural vitality is recognized important for neighborhood well-being [97], but cultural
indicators are too context-specific and difficult to standardize across diverse neighborhoods.
However, cultural dimensions are addressed as cross-cutting considerations within the
social and institutional dimensions of SSMEF. (ii) Technological infrastructure including
digital connectivity and smart city infrastructure are increasingly relevant, but they are
best considered as enabling conditions, not just standalone sufficiency dimensions. SSMF
institutional dimension captures data transparency and participatory platforms, which are
the most governance-relevant aspects of technology. (iii) Health is a fundamental concern,
but it is best understood as an outcome of the five sufficiency dimensions. SSMF considered
access to services (social), affordable housing (economic), green space (ecological), and
walkable neighborhoods (spatial), all of which contribute to health, so that a separate health
dimension would create redundancy.

Indicators for each dimension were selected based on four criteria: (a) measurability
with available or readily collectible data, (b) policy relevance and sensitivity to governance
intervention at the neighborhood scale, (c) clarity and interpretability for non-specialist
audiences, and (d) applicability across diverse urban contexts.

4.3. Threshold Derivation and Governance Instrument Identification

Sufficiency thresholds were derived from three sources: (i) empirical evidence: thresh-
olds based on scientific research linking specific levels of provision to health, ecological,
or social outcomes; (ii) planning standards: thresholds derived from established planning
practices and policy targets; and (iii) normative suggestions: thresholds based on guiding
principles of universal access, equity, and reuse before expansion. These are presented as
normative proposals to be democratically calibrated in practice.

Governance instruments were identified through a systematic review of urban plan-
ning interventions and land-use policy evaluations. Instruments were selected based on
(a) documented effectiveness in similar contexts, (b) legal feasibility, and (c) alignment
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with post-growth principles. The final set of instruments represents a synthesis of the most
recommended and evaluated policy instruments in the reviewed literature. However, SSMF
is presented as a provisional conceptual framework requiring empirical validation. The

framework provides a structured diagnostic logic and a menu of governance instruments,
but its practical effectiveness requires testing.

5. Spatial Sufficiency Multifunctionality Framework

5.1. Framework Logic and Conceptual Architecture

SSMF examines neighborhood sustainability based on sufficiency, equity, adaptivity,
and low-expansion urban capacity. Spatial sufficiency shifts attention from maximizing
urban growth and performance to ensuring that urban land systems provide sufficiency
and support human well-being within social and environmental boundaries [42,98]. Unlike
conventional assessment tools that aggregate indicators into composite indices, SSMF
is diagnostic. SSMF identifies where sufficiency is lacking, who is affected, what urban
capacities exist, and which governance instruments are needed.

Spatial sufficiency is a multidimensional concept. Building on established sustainabil-

ity frameworks while applying post-growth perspectives, this paper conceptualizes SSMF
through the five interconnected dimensions presented in Figure 1.
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Figure 1. Conceptual architecture of SSMF.
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SSMF provides a structured assessment matrix with dual purposes: (1) to diagnose
whether a neighborhood provides adequate services, livelihoods, and environmental qual-
ity for all residents without expansion and (2) to inform what governance changes are
needed to correct inadequacies.

Multifunctionality is a central but often ambiguously defined concept in urban sus-
tainability discourse [99]. The concept of multifunctionality in SSMF draws on longer-
established urban design principles of mixed use and variety [100], extending these ideas
by incorporating ecological capacities, governance instruments, and equity safeguards.
Within SSMF, multifunctionality is examined through three specific mechanisms: (i) inte-
grated diagnosis, in which each neighborhood is assessed simultaneously across all five
dimensions, where the diagnostic output is not a single score but a multidimensional pro-
file showing which dimensions are sufficient and which require intervention; (ii) synergy
identification to diagnose and map potential synergies and trade-offs between dimensions
to guide instrument selection; and (iii) policy integration, addressing multiple dimensions
through selected governance instruments.

5.2. Five Interconnected Dimensions of SSMF
5.2.1. Social Sufficiency

Social sufficiency, as conceptualized within SSME, shifts the evaluative focus from
aggregate service provision to equitable, universal access to essential infrastructure and
socially acceptable consumption boundaries [42,101]. A socially sufficient neighborhood is
one in which every resident—regardless of income, age, mobility, or ethnicity—can reach
the services required for daily life without excessive time, cost, or safety barriers. This
orientation directly challenges conventional sustainability indicators, such as SDG indicator
11.2.1 (proportion of population with convenient access to public transport), which are
often reported as city-wide averages. Such averages can hide deep spatial inequalities: a
city may meet its SDG target while some neighborhoods remain transit deserts [91,102].

SSME, therefore, operationalizes social sufficiency through three interconnected evalu-
ative subdimensions: walking-distance access to daily services, public transport coverage,
and housing adequacy.

Walking-distance access to daily services is measured by the percentage of a neighbor-
hood’s population that resides within a comfortable walking radius (typically 800 m or a
10 min walk) of a grocery store, primary care clinic, primary school, pharmacy, and a basic
financial service (e.g., bank or ATM). The aspirational goal of universal access is 100% of
households. However, recognizing practical data and implementation constraints, SSMF
considers a provisional sufficiency threshold of >90%, with the remaining 10% flagged for
targeted intervention (e.g., mobile services, new facility siting, or transit improvements).
This set of “daily anchors” follows the proximity planning literature but goes further by
requiring universal coverage. The sufficiency threshold requires that every household lie
within this radius, rather than relying on improvements to aggregate indicators [103,104].
Where such thresholds are not met, SSMF identifies specific underserved sub-areas—often
low-income or minority neighborhoods—as priority zones for public facility redistribution
or mixed-use zoning reforms.

Public transport coverage is evaluated through two complementary indicators: the
share of residents living within 500 m of a frequent transit stop (bus, tram, or rail), and
the share of essential destinations reachable within a 30 min door-to-door trip using
only public transport. While SDG indicator 11.2.1 captures the former, SSMF integrates
the latter because physical proximity to a stop does not necessarily translate into func-
tional access to employment, healthcare, or education. Under a sufficiency-based logic,
both indicators must exceed 80 percent in all neighborhoods, accompanied by explicit
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equity audits comparing access across income quintiles and ethnic groups. A post-growth
land governance could respond by targeted improvements to transit service, mobility-
justice ordinances, and strategic use of public land to locate transit hubs in underserved
areas [36,105-107].

Housing adequacy—often overlooked in land-use efficiency frameworks—is inte-
grated into social sufficiency as a prerequisite for neighborhood stability. SSMF adopts a
modified version of the widely used rent-burden indicator: the share of households spend-
ing less than 30% of income on housing costs is considered minimally adequate, but the
framework’s sufficiency threshold is more ambitious. Drawing on the concept of “decent
housing as a social floor” [90,108-110], SSMF targets ensuring that no household spends
more than 30% on rent, ideally less than 15% for low-income households, recognizing that
excessive housing costs shift spending away from food, health, and mobility. Data sources
for monitoring include housing surveys, rental registries, and census microdata. Where
high rent burdens are identified, instruments such as inclusionary zoning, rent stabilization,
community land trusts (CLT), and the conversion of public or vacant land into permanently
affordable housing can help land governance.

What distinguishes SSMF’s social dimension from sustainability monitoring is its
rejection of average-city-based targets and its explicit logic of spatial justice. SSMF measures
whether every neighborhood and every social group meet a pre-defined minimum. This is
an important difference; a city that builds three new supermarkets in already well-served
areas may increase its average access score without reducing the service desert. Under
SSME, such a pattern would show sufficiency failure because the gap still exists.

5.2.2. Economic Resilience Without Growth Dependence

SSMF’s economic dimension departs sharply from conventional economic develop-
ment indicators, which prioritize growth, land value, and competitiveness. Economic
resilience, as framed here, refers to a neighborhood’s capacity to support everyday liveli-
hoods, essential services, and local economic functions without depending on continuous
physical expansion, long-distance commuting, or experimental redevelopment. This is
a sufficiency-oriented concept. It asks, “Are local economic functions sufficient to meet
residents’ needs, and are they organized in ways that do not force expansion?” Four sub-
dimensions operationalize this concept: local service diversity; affordable workspaces;
housing—service-work proximity; and the reuse of vacant commercial spaces.

Local service diversity is assessed through the number and type of essential retail
and service establishments per 1000 residents, with special attention to repair, reuse, care,
food, and community economies [111]. Unlike a simple business count, the sufficiency
logic asks whether a neighborhood has enough functional diversity to reduce long-distance
dependency—for example, a grocery store, a pharmacy, a café, a repair shop, a childcare
facility, and a community meeting space. The threshold is context-specific and normative.
No neighborhood should be a “monofunctional dormitory”, where all non-sleeping needs
require a car trip.

Affordable workspaces are assessed through the share of commercial floor area leased
at rates accessible to local small businesses, non-profit organizations, and care providers.
Rising commercial rents—widely documented as a driver of neighborhood restructuring—
can displace essential community-serving establishments (such as family clinics or hard-
ware stores) and replace them with higher-return uses (such as bank branches or luxury
retail), thereby weakening everyday sufficiency [112-115]. SSME, therefore, proposes a suf-
ficiency threshold whereby at least 15% of neighborhood commercial space is reserved for
socially necessary uses at below-market rents, implemented through commercial CLTs, pub-
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lic acquisition, or non-displacement covenants. Data sources for monitoring this indicator
could include property tax records, business registries, and field surveys.

Housing-service-work proximity is evaluated through the neighborhood-level jobs—
housing ratio and the share of residents who can reach their workplace within a 30 min
transit or bicycle commute. Although the regional jobs—housing balance is widely used
in planning practice, SSMF disaggregates this metric to the neighborhood scale because
city-wide averages can hide localized mismatches between where people live and where
employment is located. From a sufficiency perspective, a neighborhood in which most
residents must commute long distances—even if jobs exist elsewhere in the city—cannot
be considered economically sufficient, as such patterns create transport emissions, time
poverty, and increase infrastructure costs [116,117]. It is important to note a potential limita-
tion regarding the jobs-housing balance indicator. While a balanced ratio between 0.5 and
1.5 is a useful proxy for local economic resilience [118], it does not by itself indicate whether
the available jobs match residents’ skills, wages, schedules, or accessibility needs [119].
SSME, therefore, uses jobs-housing balance as a screening indicator—a first-pass measure
that signals potential gaps requiring further investigation. Where the ratio falls outside
the 0.5-1.5 range, planners should examine supplementary contextual evidence through:
(a) the share of local jobs paying a living wage, (b) residents’ commuting patterns and
access to employment, and (c) qualitative information from community organizations about
employment barriers. Where the ratio is balanced, it is a positive signal but not conclusive
evidence of economic sufficiency.

The most distinctive indicator in this dimension is the reuse of vacant commercial
spaces, which captures underused shops, offices, and light industrial spaces. Conventional
economic analysis examines vacancy as a market failure to be eliminated through new
development. Throughout the SSMF framework, vacancy rates are defined as follows:
functional vacancy (3-5%) represents normal market turnover and does not require inter-
vention; moderate vacancy (5-8%) requires monitoring (initial signs of disinvestment and
a potential resource for adaptive reuse [120,121]); and high vacancy (>10%) signals either
structural decline or speculative holding and requires governance intervention [122,123].
The sufficiency response is not automatically to fill vacancies with market-rate uses but to
ask: what social functions are missing? Therefore, land governance could take advantage
of instruments such as vacancy taxes, time-limited use permits for temporary community
projects, municipal land banking, and adaptive reuse grants that prioritize affordable
housing, makerspaces, cafes, and cultural venues [124,125].

What is unique to SSMF’s economic dimension, compared to SDG 8 (Decent Work and
Economic Growth) or the New Urban Agenda, is its explicit separation of local economic
health from land-use expansion. A neighborhood can be economically resilient under SSMF.
At the same time, its GDP remains stable or even declines, provided that essential functions
are maintained, work-commute distances are short, and rent increases displace no one. This
reframing aligns with post-growth and degrowth scholarship, which argues that prosperity
without growth requires reducing the throughput of land, energy, and materials while
improving distribution [37,40,90].

5.2.3. Ecological Resilience

Ecological resilience in SSMF goes beyond the conventional framing of “greenness” as
an unqualified good. It evaluates whether neighborhoods actively repair environmental
conditions (e.g., improving cooling, permeability, biodiversity, and stormwater absorption)
while simultaneously preventing the displacement of vulnerable residents through green
gentrification. This dual direction is largely absent from SDG indicator 11.7.1 (average
share of built-up area that is public open space), which reports a single urban average
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without a distributional or displacement lens. SSMF assesses ecological resilience through
four complementary subdimensions: green space access, tree canopy cover, impervious
surface ratio, and heat exposure.

Green space access is measured as square meters of publicly accessible green space per
resident and as the percentage of residents within a 300 m walking distance of any green
space (including pocket parks, community gardens, and greenways). The World Health
Organization recommends a minimum of 9 m? of green space per person as a general
guideline [126]. The SSMF adapts this by requiring that no neighborhood fall below 9 m?
per capita and that at least 90% of residents have access to green space within 300 m. Data
sources for monitoring this indicator could include park GIS layers, satellite imagery, and
land-cover datasets such as Trends.Earth. Where deficits exist, governance could respond
by converting vacant lots to pocket parks, green roof mandates for new construction, and
the establishment of green infrastructure priority zones [88,121,127].

Tree canopy cover—measured as the percentage of land area shaded by trees during
the growing season—is assessed against a sufficiency threshold of at least 30% canopy
cover in residential neighborhoods, recognizing that canopy provides cooling, stormwater
interception, and biodiversity benefits [128]. Low-income neighborhoods and communities
of color often have significantly lower canopy cover due to historic redlining and disin-
vestment [128,129]. The SSMEF, therefore, requires an equity check: canopy cover in the
lowest-quartile neighborhood (by income) must be at least 80% of the city-wide average.

The impervious surface ratio (percentage of land covered by roads, parking lots,
buildings, and other non-porous surfaces) is a proxy for stormwater runoff, urban heat
island intensity, and habitat fragmentation [130,131]. Sufficiency thresholds should be
set locally based on hydrological and climatic conditions, but a general guideline is that
impervious surfaces should not exceed 30—40% in residential neighborhoods [132].

Heat exposure is assessed using either the air temperature or the land-surface tem-
perature (LST) measured by satellite remote sensing. From a sufficiency perspective, the
2 °C threshold applies to air temperature exposure, following epidemiological research
linking specific air temperature increases to morbidity and mortality [133,134]. Where air
temperature data are unavailable, LST can be used as a proxy, but with the understanding
that LST typically exceeds air temperature by several degrees and that the relationship
varies with land cover, time of day, and season [135]. The SSMF recommends using the
highest-resolution air temperature data available, and where only LST is available, ap-
plying a locally calibrated conversion factor. Periods of extreme heat should also activate
cooling-access measures, particularly for vulnerable populations [128,136]. Responses such
as cool pavement programs, green roofs, and the strategic placement of shade trees and
cooling centers in high-heat-exposure areas can help land governance support ecological
resilience [129,137,138].

The most distinctive—and theoretically novel—element of SSMF’s ecological dimen-
sion is its inseparable aspect of green investment and anti-displacement management. A
growing body of the literature documents that new parks, waterfront restoration, and urban
greening programs often raise nearby land values and accelerate gentrification, displac-
ing the low-income and minority residents who would most benefit from environmental
improvements [44,48,88]. The SSMF, therefore, requires that any ecological resilience in-
tervention be accompanied by a displacement risk assessment and, where risk is present,
safeguards such as rent control, CLTs, inclusionary zoning, or tenant right-of-first-return
are applicable for land governance [139]. A neighborhood that gains new parks but loses
its residents to rising rents is not, under SSMF, considered ecologically sufficient. Notably,
this direct coupling of ecology and housing justice is absent from the SDGs and from most
municipal green plans.
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5.2.4. Spatial Governance and Land-Use Sufficiency

Land-use sufficiency is the analytical core of SSMF. It asks a simple question: can
a neighborhood meet its social, economic, and ecological needs using existing land and
buildings, or is it structurally dependent on converting new lands for every increment of
development? Conventional land-use efficiency indicators, notably SDG indicator 11.3.1
(the ratio of the land consumption rate to the population growth rate), measure efficiency
as a ratio but do not establish an absolute sufficiency target. A city can show improving
land-use efficiency (a declining ratio) while still consuming vast amounts of new land each
year [132]. SSMF instead adopts fine thresholds and reuse-first principles. Four illustrative
subdimensions operationalize land-use sufficiency: per capita land consumption, expansion
dependency, vacancy and underuse rates, and infill capacity.

Per-capita land consumption—calculated as the total urbanized land area divided by
population—provides a baseline indicator of land-use efficiency. While the appropriate
sufficiency threshold is context-dependent, SSMF aligns with the European Union’s com-
mitment to “no net land take by 2050” and with the emerging literature on compact-city
limits, which emphasizes minimizing land conversion while maintaining adequate living
standards [140,141]. In dense European cities, per capita land consumption below 0.03 ha
(300 m?) is feasible. In lower-density North American or Australian contexts, the threshold
will be higher but should still trend downward over time. The key point is that a threshold
exists. Beyond that point, additional land consumption is considered ecologically excessive,
regardless of population growth.

Expansion dependency refers to the share of new development, measured by floor
area or land area, that occurs on previously undeveloped greenfield lands [142]. A high
expansion—dependency ratio indicates continued outward land conversion, while a lower
ratio reflects more efficient use of existing urban land. SSMF proposes a sufficiency thresh-
old that at least 80% of all new developments should occur on already urbanized land, with
along-term target of 100% (net zero land take). Cities that rely on greenfield expansion to ac-
commodate population growth or economic activity are identified as expansion-dependent
and are directed toward infill-first policies, such as urban growth boundaries, greenbelt pro-
tection, and development permit systems that require developers to exhaust infill options
before converting greenfields [143].

Vacancy and underuse rates are measured separately for residential, commercial, and
industrial land. However, SSMF interprets vacancy as a complex social and institutional
phenomenon. Vacancy can be hypothetical (land held for future value rise), temporary
(between tenancies), partial (underused floors in otherwise occupied buildings), or hidden
(vacant units within occupied structures) [144,145]. SSMF suggests that the vacancy rates
for residential lands should not exceed 8%.

Infill capacity is a forward-looking indicator: the amount of land (in hectares or floor
area) that could accommodate new development without expanding the urban infrastruc-
ture footprint, given current zoning, ownership patterns, and physical constraints [146,147].
SSMF’s infill-first principle is a long-term aspirational goal and does not suggest the de-
molition of occupied buildings or displacement of residents. Adaptive reuse is prioritized
over demolition, and infill is sought on vacant or underused land before greenfield con-
version. Where demolition is proposed, a justification is required indicating structural
unsafety, functional disuse, or net sufficiency gains without displacement—safeguarding
embodied energy, heritage, and affordable housing against losses that would weaken
other dimensions.

While SSMF focuses primarily on land as the core spatial resource, land-use decisions
have intensive implications for energy consumption, material flow, and greenhouse gas
emissions [148]. The framework, therefore, considers supplementary indicators that capture
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these resource dimensions, including embodied carbon, construction and demolition waste,
and infrastructure capacity utilization. Embodied carbon is measured as the share of new
development that occurs through adaptive reuse or retrofit of existing buildings versus
demolition and new construction. Adaptive reuse can preserve 40-70% of a building’s
embodied carbon [124,149]. A sufficiency threshold might require that at least 60% of new
floor area be delivered through reuse or retrofit. Construction and demolition waste is
measured as tons of waste produced per capita or per unit of new development [150].
Sufficiency logic requires waste minimization through deconstruction, not demolition, and
material recycling. Infrastructure capacity utilization refers to the share of existing water,
energy, and transport infrastructure operating below 80% capacity. Where infrastructure is
underutilized, sufficiency directs development to these areas before expanding infrastruc-
ture networks [151]. These indicators are illustrative and should be adapted to local data
availability. A full integration of material flow accounting is beyond the current scope and
is identified as a direction for future research.

What distinguishes SSMF’s spatial dimension from SDG 11.3.1 and similar indicators
is its rejection of growth-efficiency as a substitute for sufficiency. A city can improve its
land-use efficiency ratio while still converting ecologically valuable farmland or forests,
simply because its population is also growing. SSMF’s thresholds (e.g., no net land take,
maximum per capita land consumption) close this policy gap. Moreover, the framework
explicitly links land-use diagnosis to redistributive instruments. Land-value capture, when
used, should fund infill and affordable housing [92,152]. This is a deliberate departure
from conventional land-value capture models that finance more growth.

5.2.5. Institutional and Participatory Capacity

The final dimension of SSMF recognizes that no set of indicators, however well-
designed, can ensure sufficiency without institutions capable of acting on evidence, coordi-
nating across policy domains, and involving residents in land-use decisions. Institutional
capacity is often the weakest link in sustainability governance. Many cities have adopted
ambitious climate or equity plans but lack the administrative structures, legal mandates, or
political will to implement them [153]. SSME, therefore, supports institutional and participa-
tory capacity as a prerequisite for all other dimensions of sufficiency. Three subdimensions
are particularly relevant, including transparency and open data, participatory planning
mechanisms, and anti-displacement and tenure protections. These are measured through a
combination of process indicators and outcome checks.

Transparency and open data are assessed by the public availability of land-use, va-
cancy, ownership, and planning permit data in machine-readable, geospatially referenced
formats [154,155]. Many cities collect such data but do not make it accessible to community
groups, researchers, or even other departments. SSMF proposes a sufficiency threshold:
all core land-use datasets (parcel boundaries, zoning, land ownership (public), vacancy
status, development permits, and environmental hazard layers) must be available through
an open portal updated at least quarterly. This goes beyond SDG indicator 11.3.2 (pro-
portion of cities with a direct participation structure) by specifying what data must be
open, not just that some participation exists. Land governance can leverage tools such as
open-data licenses, public dashboards showing neighborhood sufficiency scores, and legal
requirements that planning decisions be accompanied by publicly accessible evidence.

Participatory planning mechanisms are evaluated through the existence, scope, and le-
gal power of community-led planning bodies [156,157]. The sufficiency logic distinguishes
between token consultation (e.g., a public comment period with no obligation to respond)
and meaningful participation, in which community councils have co-decision-making
rights over zoning changes, public land disposition, and infrastructure investment. SSMF
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draws on the literature on “radical planning” and “just city” frameworks that call for par-
ticipatory, justice-oriented approaches capable of confronting top-down power structures
and advancing equitable urban change [78,158,159]. Monitoring is conducted through
the number of neighborhoods with legally empowered land councils, the percentage of
planning decisions that have participatory budgeting, and the share of planning board
seats held by residents of low-income or historically excluded communities.

Anti-displacement and tenure protections are the most specific expression of institu-
tional capacity [160,161]. Even when social, economic, and ecological indicators appear
adequate, a neighborhood lacking legal protections against tenant displacement, unafford-
able rent increases, and speculative property investment cannot be considered sufficiently
governed. SSMEF, therefore, requires that municipalities adopt protections: rent stabilization,
community right of first refusal for publicly owned land, and tenant opportunity to pur-
chase. These are not only policy preferences; they are necessary conditions for sufficiency
because they enable long-term residency and community stability [162].

What is unique to SSMF’s institutional dimension, compared to SDG 16 (Peace, Justice
and Strong Institutions) or the New Urban Agenda’s call for participatory planning, is
its specific focus on land governance as a site of democratic accountability. General in-
stitutional indicators (e.g., corruption perceptions, rule of law indices) are too coarse to
guide neighborhood-scale action [25,78,154]. SSMF instead diagnoses whether residents
have the data, voice, and legal power to shape land-use decisions that directly affect their
lives. Without this dimension, the framework would risk becoming a technocratic exercise,
measuring gaps but lacking a theory for how to close them.

Here, it is important to clarify SSMF’s intellectual contribution and to distinguish its
definition and dimension from related concepts that appear in the urban sustainability and
equity literature.

Accessibility: While SSMF uses accessibility as a main social indicator, it goes beyond
accessibility by adding minimum thresholds (not just improvement) and equity (not just
average). A city can improve average accessibility while leaving service deserts intact [91,102].
SSMF requires that no neighborhood fall below the threshold.

Spatial justice: SSMF shares spatial justice’s concern with the distribution of benefits
and burdens across space [78,79]. However, SSMF adds ecological capacity and land-use
sufficiency as explicit dimensions, whereas spatial justice frameworks often focus primarily
on social equity without specifying environmental ceilings.

Resilience: Resilience thinking emphasizes a system’s capacity to absorb disturbance
and reorganize [163]. SSMF shares this concern but adds thresholds. Resilience asks “how
much disturbance can a system absorb?” Sufficiency asks “What is enough for human
flourishing within ecological capacities?” SSMF also explicitly addresses justice, which is
often undertheorized in resilience frameworks.

Multifunctionality: This is specifically described from the point of view of the land-
scape, aiming to design green infrastructure that simultaneously provides ecological,
production, and cultural benefits [99]. As operationalized above, SSMF goes beyond simply
listing multiple functions by requiring integrated diagnosis, the identification of synergies,
and policy integration.

Compactness: A compact city supports higher density and reduced sprawl [164].
SSMF combines compactness with limits: compactness can be pursued indefinitely; SSMF
sets a cap on per capita land consumption and requires that reuse and infill be exhausted
before expansion.

Proximity planning: The 15 min city and proximity planning frameworks focus on
walkable access to services [63]. SSMF uses proximity metrics but adds governance in-
struments (how to achieve proximity) and anti-displacement safeguards (how to ensure
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proximity does not price out existing residents). Figure 2 provides a visual synthesis of

these conceptual relationships.
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Figure 2. Conceptual positioning of SSMF in relation to existing urban frameworks.

5.3. Neighborhood Definition and Scale

SSMF is designed to operate at the neighborhood scale, but “neighborhood” is not a
self-evident category. Definitions vary across cities, planning systems, and data contexts.
SSMF recommends that (where data permit), for diagnostic purposes, neighborhoods be
defined as functional catchments around service centers or transit nodes, reflecting the
“15-min city” and Transit-Oriented Development planning logics [63,104,165] and, for gov-
ernance implementation, neighborhoods be defined as administrative units. A functional
catchment is the area within a 10-15-min walk (approximately 800-1200 m) of a concentration
of daily services. However, the framework recognizes that, in practice, neighborhood defini-
tions depend on data availability and local governance structures. Where data are limited,
grid cell analysis can provide a consistent basis for cross-neighborhood comparison.

Table 1 presents five sufficiency dimensions, data sources, analytical scale, sufficiency
logic, and governance relevance (Supplementary Table S1 provides an expanded illustrative
indicator protocol with definitions, units, calculation methods, thresholds, and decision
rules for each indicator). The matrix is designed for adaptation. Indicators should be
selected based on the planning problem and local context, but the logic remains consistent:
identify minimum access standards, equity thresholds, ecological resilience, and land-use
sufficiency criteria.
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Table 1. SSMF dimensions, illustrative indicators’ thresholds, data sources, and governance use.

Illustrative Indicators’

Dimension Focus Data Sources and Scale Governance Use
Threshold
% residents within 800 m of GIS layers Of. amenl’ges;
. . census/administrative . N
daily services . Service redistribution;
. . . data on income and . .
Social Everyday access and  Transit access (highest/lowest housing: proximity planning;
sufficiency distribution income quintile) HSIg public facility location;
o . neighborhood scale e
%o households with rent mobility justice
. (census tract or
<30% income .
equivalent)
Essential service types per
1000 residents Business registries, Local service zoning;
Economic % commercial floor area property tax records, affordable commercial
resilience Local functions and affordable to local businesses and field surveys; space;
without growth affordable spaces Vacant commercial floor neighborhood or adaptive reuse
dependence area rate (%) cluster of adjacent incentives;
Neighborhood jobs-housing blocks anti-displacement tools
ratio
Green infrastructure
OGree.n space 9 m? per capita + Remote sensing priority zones;
% within 300 m . urban forestry;
. . o (Landsat, LiDAR), park .
Ecological Green-blue repair Tree canopy cover (%) . restoration
. . - . PN GIS, climate models, . )
resilience and climate resilience  Impervious surface ratio (%) housing data: requirements;
Air temperature HSng ’ anti-green-
. neighborhood scale P
(vs. city reference) gentrification
safeguards
Per capita land consumption Land cover (satellite, Infill-first poh.cy;
. (ha/person) . vacancy taxation;
Spatial N cadaster), planning )
. %o new development on - adaptive reuse
governance and Land consumption, . . L permits, parcel .
greenfield vs. infill regulation;
land-use vacancy, and reuse . . databases; !
. . Residential\vacancy rates . . land banking;
sufficiency . . neighborhood with
Infill capacity (ha of city /regional context land-value capture for
vacant/underused land) y/res public benefit
Municipal open data Participatory zoning;
portals, governance open land
Institutional and  Transparency, Opep .land-use data vavallablhty reports, and legal observatories;
.. L Participatory planning statutes; CLTs;
participatory participation, and . . . -
. mechanisms city or metropolitan equity impact
capacity enforcement . .
Legal protections scale with assessment;
neighborhood cross-sector
application coordination

6. From Indicators to Sufficiency Thresholds
6.1. The Conceptual Shift from Optimization to Thresholds

Conventional sustainability indicators typically track progress along a continuum of
improvement without specifying a meaningful endpoint. Metrics such as higher percentages
of access to services, greater green space per capita, or more efficient land use are almost
always interpreted as positive trends, even when distribution remains inequitable or when
ecological limits have already been exceeded [166]. Land-use efficiency—measured as the ratio
of land consumption to population growth (SDG indicator 11.3.1)—can appear to improve
even as absolute land take continues, so long as the population grows at an equal or faster
rate [132]. Viewed through a post-growth lens, this “more is better” logic becomes problematic
because it obscures both biophysical thresholds and questions of justice.

SSMF replaces this optimization logic with threshold logic. A threshold can be under-
stood as an explicit, evidence-informed, and democratically negotiated benchmark that
defines what means enough. From the sustainability and justice lens, thresholds serve two
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interrelated functions. First, they establish a social floor below which no individual or
community should fall, ensuring universal access to essential conditions such as mobility,
nutrition, health, housing, and green space [40]. Second, they define an ecological ceiling
beyond which resource consumption becomes unsustainable, whether measured through
land conversion, impervious surface expansion, or carbon emissions [27]. Planning then
shifts from indefinitely improving the average indicators to ensuring that all neighborhoods
operate within the framework’s lower and upper bounds.

6.2. A Typology of Sufficiency Thresholds

As discussed, the SSMF thresholds were derived from three sources: the empirical
evidence, planning standards, and normative considerations summarized in Table 2. For
the normative thresholds, SSMF does not claim empirical validation. These values are
proposals derived from the framework’s guiding principles and should be democratically
calibrated in practice through participatory processes.

Table 2. Typology of SSMF thresholds.

Threshold Justification Type Source/Basis

9 m? green space access Meta-analysis linking green space to .. .

per capita physical and mental health outcomes Empirically validated WHO [167]
Systematic review of urban forestry

30% tree canopy cover benefits: threshold for meaningful cooling ~ Empirically validated [168]: 3-30-300 rule
and biodiversity

30-40% impervious surface Urban hydrology resear ch: beyond this Empirically validated [130,169]
range, stream degradation becomes severe

2 °C heat differential Ep 1demlolog¥cal research hnku}g. o Empirically validated [128,170]
temperature increases to morbidity

800 m walking distance Based on walking speed (1.3-1.4 m/s) Planning standard [63,104]

<30% income on rent

Historically used to define
“cost-burdened” households; Policy standard [171,172]; widely accepted
increasingly challenged

90% access threshold

Derlvgd fron} principles of walkable and SSMF Normative SSMF normative—universal
accessible neighborhoods access

15% affordable commercial space

Derived from principle that market forces

should not displace essential local SSMF Normative SSMF normative—economic

functions sufficiency
o . EU “no net land take by 2050” target; Policy standard-SSMF European Environment Agency
0,
80% infill capacity 80% is a short-term milestone Normative [173]—aspirational target
0.5-1.5 jobs-housing ratio Based on commute reduction and local Planning standard [118]; planning practice

employment studies

SSMEF requires that no socially vulnerable group fall below a certain percentage (e.g.,
80%) of the city-wide average for any sufficiency indicator. This equity threshold is a
normative sufficiency standard drawn from distributional justice theory, as this disparity
forms a sufficiency gap requiring targeted intervention [44,102,174]. This is a stronger
requirement than only measuring the Gini coefficient or reporting disparities descriptively;
it sets a normative level for equity.

Extensive empirical research shows that once the impervious surface exceeds roughly
30-40%, watershed functions deteriorate rapidly, leading to increased flooding, degraded
water quality, and loss of aquatic habitat [130,175-177]. These thresholds, therefore, provide
a scientifically defensible upper limit on land-cover change beyond which ecological
impacts become unavoidable.

Heat exposure thresholds are grounded in biophysical and epidemiological research.
Studies of the urban heat island effect and heat-related morbidity consistently show that
even modest temperature increases significantly increase health risks, particularly for older
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adults, low-income households, and other vulnerable groups [178,179]. Evidence from urban-
climate and public-health research shows that localized air temperature elevations of 2 °C or
more are associated with higher rates of heat stress, increased cooling-energy demand, and
disproportionate exposure burdens in disadvantaged neighborhoods [136,170,180].

The 30% tree canopy cover target is based on contemporary urban-forestry research
and derives from the widely adopted “3-30-300” rule, which establishes a minimum
neighborhood-scale canopy threshold needed to secure human health, thermal-comfort,
and environmental benefits [168,181]. Empirical studies show that achieving at least 30%
tree-canopy cover at the neighborhood level is associated with reduced heat exposure, im-
proved mental and physical health outcomes, and enhanced ecosystem services [182,183].

6.3. Contextual Calibration and the Problem of Universality

A central methodological challenge is that thresholds cannot be universal constants. A
minimum access distance of 800 m is plausible in a compact European city, where higher
densities and mixed-use urban form support short walking distances. However, such
a threshold may be unrealistic in low-density, automobile-dependent North American
suburbs, where land-use separation and near-universal car ownership substantially in-
crease average travel distances [184-186]. A green-space threshold of 9 m? per capita is
recommended by the World Health Organization [126]. It may be appropriate for tem-
perate climates but could be lower in dense tropical cities, where vertical greening and
air-conditioned public spaces substitute for ground-level parks. SSMF, therefore, insists on
context-sensitive calibration and follows an iterative, participatory process that draws on
both scientific evidence and local knowledge. Figure 3 illustrates how SSMF thresholds are
contextually calibrated through an iterative process combining local conditions, scientific
evidence, legal standards, participatory discussions, spatial testing, and formal adoption.
This process ensures that thresholds remain scientifically defensible, legally compliant,
locally relevant, and adaptable over time.

'

1. Identify local context:
climate, density, demographics, land statistical office, GIS unit

availability, governance structures Output: contextual profile
2. Consult scientific evidence: Key actors: planning department,
health, ecological, and planning research  university partners, environmental
agencies

Output: evidence-based reference
thresholds (scientific guardrails)

3. Review legal standards and policy Key actors: legal department, housing
frameworks: authority, environmental protection
national regulations, human rights agency

obligations, existing targets Output: legal minimum standards

(non-negotiable floors)

4. Conduct participatory workshops: Key actors: residents, community
residents, community organizations, organizations, and practitioners
practitioners Output: deliberated provisional

thresholds with documented
justifications

Key actors: local planning department,

5. Propose provisional thresholds:
integrate evidence, law, and deliberation

6. Test spatially:
map indicators against provisional
thresholds using GIS

7. Revise thresholds:

adjust based on spatial results and public

feedback

8. Adopt formally and monitor:
embed in planning instruments; review
every 5-10 years

Key actors: planning department/
technical working group

Output: formal proposal for provisional
thresholds, ready for spatial testing with
documentations

'
Key actors: GIS unit, planning
department, university partners
Output: maps and tables showing the
spatial distribution of sufficiency gaps

!

Key actors: residents, community
organizations, and practitioners
Output: revised after public feedback
and spatial testing

!

Key actors: city council,
planningdepartment, monitoring unit
Output: legally adopted thresholds with
a monitoring framework

Iterate: review every 5—10 years or after significant contextual change

Analytical/ evidence-based steps Participatory/ deliberative steps Legal/ implementation steps

Figure 3. Decision flow for contextual calibration of sufficiency thresholds in SSMFE.

This approach distinguishes SSMF from conventional indicator frameworks that rely
mainly on technical expertise. Thresholds are developed through a shared process of
discussion and negotiation. At the same time, they are not simply the outcome of political
preference. Evidence on ecological limits, health impacts, and mobility patterns places real
constraints on what counts as a defensible threshold. The result is a set of standards that
are both scientifically credible and democratically grounded.
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6.4. Sufficiency as Raising the Floor, Not Lowering Standards

A persistent misunderstanding of sufficiency is that it supports doing less for every-
one [26,90]. This interpretation is dangerous, as it can be used to justify cutting services for
marginalized communities. SSMF rejects any reading of sufficiency as sacrifice. Instead,
sufficiency thresholds raise the floor for those who have too little, while lowering the ceiling
for those who consume excessively. In other words, meeting a minimum access threshold
may require more public investment in underserved neighborhoods—new transit lines,
clinics, or grocery stores. Meeting an equity threshold may require redistributive policies
that transfer resources from high-consumption neighborhoods to low-consumption ones.
However, sufficiency refers to “less” in limiting greenfield land conversion, speculative
vacancy, and per capita resource footprints that already far exceed ecological thresholds.
Figure 4 visualizes this asymmetric logic. The social floor (minimum access thresholds)
rises over time for underserved communities, while the ecological ceiling (limits thresholds)
declines for high-consumption activities. Sufficiency is achieved when all neighborhoods
operate between the two.

1004 =™ Social floor (rising)
=== _Ecological ceiling (falling) mits or
Sufficiency space l vacancy

\

80

60

40 4

Sufficiency level (%)

0 2 a 6 8 10
Time (policy horizon)

Figure 4. Asymmetric threshold logic of SSMF.

Unlike conventional indicator systems that report deviations from a target, the SSMF
requires that, when an indicator falls below its minimum threshold or exceeds its maximum
limit, a corresponding governance instrument must be activated. This design directly
addresses a persistent critique of sustainability indicator frameworks, namely that they gen-
erate extensive data but lack mechanisms to translate measurement into policy change [153].

6.5. Decision Rules for Sufficiency Determination

A neighborhood’s sufficiency status is assessed through patterns across multiple
indicators and dimensions. SSMF employs the following decision rules:

(i) No compensation between dimensions: A neighborhood that fails a minimum access
threshold in social sufficiency cannot compensate with high ecological performance.
Each dimension represents a non-negotiable foundation for human flourishing and
ecological integrity. This “no compensation” rule follows the logic of Raworth’s [40]
Doughnut Economics, where exceeding the ecological capacities does not compensate
for falling below the social foundation;

(if) Traffic-light system for individual indicators: Each indicator is assessed against its
threshold and assigned a color as green (threshold is met; continue monitoring),
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amber (threshold is not met but is within 10% of the threshold value or threshold met
but with a declining trend; requires a compensatory plan with specified timeline),
and red (threshold is failed; immediate governance action required). In terms of
combinations within dimensions, it is important to note that indicators within a
dimension are not aggregated into a single score. Instead, the traffic-light system
provides a transparent profile of performance across all indicators in that dimension,
indicating which specific aspects require intervention to avoid the masking of trade-
offs. A dimension is considered sufficient when all its constituent indicators are green.
A dimension is considered insufficient if any constituent indicator is amber or red;

(iii) Priority assignment: Red indicators take priority over amber indicators, which take
priority over green indicators. Where multiple red indicators exist, priority is assigned
based on (a) severity of gap, (b) vulnerability of affected population, and (c) feasibility
of intervention;

(iv) Absolute vs. relative thresholds: Minimum access thresholds and ecological limits are
absolute and must be met without exception. Equity and land-use targets may have
phase-in periods with short-term benchmarks, recognizing that structural change
takes time;

(v) Overall neighborhood sufficiency: A neighborhood is considered sufficiency-governed
when all five dimensions are sufficient. If any dimension is insufficient, the neighbor-
hood requires targeted intervention. In addition, a neighborhood sufficiency report
is required and should include (a) the traffic-light status of each indicator; (b) the
overall sufficiency status of each dimension; (c) a justification for any amber or red
assessments; and (d) a proposed action plan with timelines.

6.6. Cross-Context Comparability and Calibration Protocols

A main concern is that locally calibrated thresholds may weaken cross-city compara-
bility. SSMF addresses this through four mechanisms:

(i) Functional neighborhood definition: As discussed, using consistent functional catch-
ments (e.g., 800 m service catchments) enables a more meaningful comparison than
using arbitrary administrative boundaries;

(ii) Threshold reporting standards: Cities are required to report not only whether a
threshold is met but also the justification for their chosen threshold (e.g., “based

7o

on WHO guidelines,” “calibrated through participatory workshops,” “adjusted for
tropical climate”). This transparency enables meaningful comparison and learning;

(iii) Core reference thresholds: SSMF proposes a set of thresholds that cities are encouraged to
adopt as a common baseline. Local adjustments are reported separately, with justification;

(iv) Relative equity indicators. Indicators such as the ratio of access between highest-
and lowest-income quintiles, or the share of neighborhoods meeting thresholds, are

comparable across cities, regardless of absolute threshold values.

6.7. Safequards Against Threshold Reduction

A central challenge of participatory threshold calibration is that democratically negoti-
ated thresholds may fall below scientifically defensible ecological or social standards [187].
SSMF integrates three types of safeguards, including scientific guardrails, legal minimum
standards, and independent review (Figure 5).

Scientific guardrails provide non-negotiable ecological ceilings grounded in biophys-
ical evidence from Earth system science, operationalized through frameworks such as
planetary boundaries [37,41]. These guardrails reflect the absolute sustainability principle
that human activities must remain within the finite limits of the planet’s life-support sys-
tems. Legal minimum standards, by contrast, define non-negotiable social foundations
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derived from international human rights law and constitutional obligations, including
the right to adequate housing, food, and a healthy environment [35,36]. Between these
boundaries is the participatory calibration space, where communities and stakeholders
may democratically explore locally appropriate thresholds, provided that they remain
within scientifically and legally acceptable limits. Independent scientific review supports
transparency, accountability, and science—policy integration. Together, these three safe-

guards ensure that SSMF threshold calibration remains both democratically legitimate and
scientifically robust.

1.scientific Guardrais

,,,,, Scientific Guardrails “\\ 2. Legal Minimum Standards
e outer limits s B .
Ecological thresholds are derived from e Non-r(1egotiable cz.ilings . Social thresholds are grounded in legal
biophysical science and represent non- e e et By el Seleraa frameworks, housing standards and human
negotiable environmental ceilings. S ~ rights obligations.
Participatory processes may adopt stricter /’ e T e \\ Participatory processes may establish higher
standards but cannot exceed scientifically '," //' Legal Minimum Standards ™. N standards but cannot reduce protections
established limits. ,," /" (inner limits) ™ N below the legal minimum.
/ Non-negotiable floor N N
i/ y Grounded in law, rights, and planning N A\
;/ /’ _________________ \\ ‘\‘
i L e T, \ \
! Vi o 5 . o A\ \
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Figure 5. Safeguards (“Guardrail”) architecture for threshold calibration in SSMF.

7. Governance and Planning Applications
7.1. Planning Beyond Expansion

Applying the SSMF shifts planning from growth management to sufficiency governance.
Instead of using new land development as the default response to housing, service, or
infrastructure needs, planners first ask whether existing buildings, vacant parcels, public land,
brownfields, or underused infrastructure can address those needs. In addition, this orientation
is not anti-development. It distinguishes between necessary development—affordable housing
in a high-cost area, a clinic in a service desert, a green retrofit in a heat-exposed neighborhood—
and avoidable expansion that consumes farmland, forests, or wetlands for speculative or low-
density projects. A sufficiency-based plan, therefore, prioritizes reuse, repair, infill, public land
activation, and ecological resilience before any greenfield conversion is considered [149,188].

Figure 6 presents SSMF as an iterative planning cycle. It assess sufficiency gaps
(by dimension), map distribution (by identifying which neighborhoods/populations fall
below thresholds), identify reuse and infill capacity (vacant land, underused buildings,
brownfields, public land), select governance instruments (zoning, taxes, public acquisition,
CLTs, etc.), implement actions (with equity screening and participatory monitoring), and
evaluate justice and ecological outcomes. The cycle is iterative because interventions can

create new trade-offs. Greening may create displacement risk. Infill may reduce open space.

Adaptive reuse may commercialize community assets. Participatory feedback is, therefore,
built into the framework.
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STEP 6: Iterate and adapt

Use learning to refine strategies, adapt
instruments and address remaining gaps.

- Institutional learning
- Policy adjustment
- Continuous improvement
- Recalibration of thresholds

STEP 5: Evaluate outcomes

Measure outcomes against sufficiency
objectives and baseline conditions.

- Update indicators
- Assess impacts
- Compare outcomes with thresholds
- Identify remaining gaps

\

STEP 1: Diagnose gaps
Assess sufficiency across economic,
ecological and spatial dimensions.

- Identify quantitative indicators
- Establish baseline conditions
- Determine key sufficiency gaps

SSMF process framework
An iterative process for
aligning land-use
governance with spatial
sufficiency

STEP 4: Implement actions

Deliver integrated actions through
appropriate institutions and governance
arrangements.

- Coordination and partnerships
- Resource mobilization
- Participatory governance
- Community and stakeholder
engagement

STEP 2: Identify reuse capacity

Map and quantify underutilized land
and buildings.

- Vacant buildings
- Abandoned or underused lots
- Brownfield and derelict sites
- Existing infrastructure capacity

|

STEP 3: Select sufficiency instruments

Choose policy instruments and
governance mechanisms that address
diagnosed gaps.

- Regulatory instruments
- Economic and fiscal instruments
- Institutional and community instruments
- Ecological and green infrastructure
instruments

—

Figure 6. An iterative planning cycle of SSME.

7.2. Linking Sufficiency Diagnosis to Governance Instruments

SSMF is designed as a diagnostic-to-action framework. Identifying a sufficiency
gap, whether social, economic, ecological, spatial, or institutional, must lead directly to
a plausible set of governance interventions. Table 3 provides a systematic mapping from
each dimension’s typical gap to illustrative policy instruments. The table shows the type
of translation SSMF requires. Therefore, the choice of instrument depends on local legal,
financial, and political contexts.

Table 3. From spatial sufficiency diagnosis to planning instruments.

SSMF Dimension Diagnostic Gap Example policy Instruments
Public land allocation for new facilities
Social Low percentage of residents within walking Mlxec.i-use zonng refo.rm
. . : . . Transit service adaptation
sufficiency distance of grocery, clinic, and school . .
Mobile service programs
Proximity planning considerations
Vacancy taxation
Municipal land banking
E . High commercial vacancy rate Temporary use permits for community projects
conomic Adaptive reuse grants
resilience

Affordable workspace shares

without growth dependence
Local service zoning

Small-business rent subsidies
CLTs for commercial space

Lack of local service diversity
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Table 3. Cont.

SSMF Dimension

Diagnostic Gap Example policy Instruments

Ecological resilience

Targeted green infrastructure investment
Tree-planting ordinances with

Low green space access or tree canopy per-neighborhood targets
Green-gentrification screenings (rent control,
CLTs, right-to-return)

Green roof screenings
Permeable pavement requirements
Cool corridor planning

High impervious surface ratio or
heat exposure

Spatial
governance
and land-use sufficiency

Urban growth boundaries
Greenbelt protection
Infill-first zoning
Brownfield redevelopment
Greenfield development tax

High per capita land consumption or
expansion dependency

Infill capacity registry
Low share of development on already Density bonuses for reuse projects
urbanized land Public land banking

Adaptive reuse building code reforms

Institutional and participatory capacity

Open data portal establishment
Lack of open land-use data Quarterly data update requirements
Public sufficiency dashboards

Legally empowered neighborhood land
councils
Weak community participation Participatory budgeting
CLT enabling legislation
Equity impact assessment

7.3. Implications for SDG Monitoring and Urban Frameworks

SSMF deepens and localizes existing sustainability monitoring systems. The Sus-
tainable Development Goals, particularly SDG 11 (Sustainable Cities and Communities),
provide an essential policy anchor [36]. A city may achieve SDG 11.2.1 (convenient access to
public transport) for 80% of its population, while some neighborhoods—often low-income
or minority—remain transit deserts. Similarly, indicator 11.3.1 (land-use efficiency) is
reported as a ratio without an absolute ceiling; a city can show improving efficiency while
continuing to consume new land each year [132]. Likewise, SDG 11.7.1 (public space as
a proportion of city area) provides no information on whether green space is equitably
distributed or whether new parks displace vulnerable residents. In addition, there is no
globally agreed-upon definition of “convenient”.

SSMF advances assessment by adding three elements to conventional monitoring:
thresholds, distribution, and governance pathways. It replaces open-ended improvement
targets with calibrated thresholds that define what is “enough.” SSMF requires distribu-
tional reporting in city-wide averages and at the neighborhood level, with equity-stratified
data, so that disparities are made visible. Also, it provides governance instruments and
pathways to move to the post-growth planning ideals. In this way, SSMF upgrades SDG
monitoring into a prospective, action-oriented governance tool.

Other post-growth and degrowth frameworks have proposed sufficiency thresholds,
most notably Raworth’s Doughnut Economics [40], which combines a social foundation
with an ecological ceiling at the global scale, and Hickel’s “less is more” agenda [90] for
high-income nations. However, these frameworks largely operate at the national or plan-
etary level. They provide powerful normative guidance but lack the spatial resolution
and institutional specificity required for neighborhood-scale land-use planning. Therefore,
SSMF is distinctive in operationalizing sufficiency at the neighborhood scale and in provid-
ing detailed understandings important for translating abstract thresholds into planning
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actions. So, it is useful to locate SSMF systematically relative to existing frameworks that
address aspects of urban sustainability and land governance (Table 4).

Table 4. Comparison of SSMF with established neighborhood sustainability assessment and land-
governance frameworks.

Framework Scale Thresholds Distribution Governance Justice E.wl.o gical
Pathways Focus Limits
. Yes Yes Yes
SSMF Neighborhood (absolute) (equity checks) (proposed) Yes Yes
SDG 11/GUMF City/national No Limited No Limited  Limited
(targets only) (averages) (voluntary)
. Yes
Doughnut Economics Global /national (social floor, Yes No Yes Yes
(Raworth [40]) . -
ecological ceiling)
15-Minute City (Moreno et al. [63])  Neighborhood No - Limited No Limited No
(aspirational)
Sp'atlal‘]ustlce (Soja [81]; Variable No Yes Limited Yes No
Fainstein [78])
Compact city (Neuman, [141]) City/regional No Limited Limited Limited Limited

(density as goal)

Resilience (Meerow et al. [163])

Variable No Limited No Limited Yes

LEED (USGBC [189])

No (scoring

Limited No Limited Yes
system)

Neighborhood

BREEAM Communities [190]

No (scoring

Limited No Limited Yes
system)

Neighborhood

7.4. Cross-Scale Governance: Neighborhood, City, and Region

A neighborhood-level framework cannot operate in isolation. A municipality that
applies strict infill targets may displace development pressure to adjacent suburbs unless
regional coordination exists [143]. Similarly, a neighborhood that aims to increase local
food production through urban agriculture depends on regional food systems and land
availability. SSMF, therefore, emphasizes multi-level governance alignment, with distinct
actors and responsibilities.

At the neighborhood scale, residents, community organizations, and local planners
play a central role in shaping place-based interventions, such as participatory threshold-
setting, CLTs, and small-scale reuse or green-infrastructure projects, reflecting the impor-
tance of local knowledge and collective management [191,192]. At the municipal level, city
councils and planning departments can adopt regulatory and financial tools, including
urban growth boundaries, inclusionary zoning, public land banking, vacancy taxation, and
open land-data systems to guide land use toward more equitable and resource-efficient
outcomes [144,193]. At the metropolitan or regional scale, regional governments, transit
authorities, and land commissions shape broader spatial patterns through growth compacts,
metropolitan open-space systems, transit-oriented development corridors, and region-wide
affordable-housing mandates, all of which help align land use with mobility and envi-
ronmental objectives [194,195]. Finally, at the national and global levels, governments
and international bodies such as the EU and UN establish enabling frameworks—ranging
from legal provisions for CLTs to funding for brownfield redevelopment, SDG reporting
systems, and national climate targets such as net-zero land take—that define the overall
boundaries and forces for local and regional action [167,196]. Together, these multi-level
actions create a coherent governance architecture capable of supporting sufficiency-oriented
urban development.

SSMF proposes that each city adopting the framework establish a cross-scale suffi-
ciency protocol that specifies how neighborhood diagnoses inform municipal budgets and
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(a) Layer 1: Service buffers

800 m walking catchments

regional plans, and how regional constraints (e.g., a metropolitan growth boundary) enable
neighborhood-level action. This protocol should be legally valid and subject to periodic
review. Such an approach is consistent with emerging “multilevel governance” scholarship
on urban sustainability [197,198]. (Supplementary Table S2 maps each SSMF indicator to
its primary scale of measurement and its scale of governance effect. The table distinguishes
between indicators that are measured at the neighborhood level and institutional indicators
that are measured at higher scales.)

7.5. From Diagnosis to Action: A Synthetic Example

To illustrate the full SSMF cycle, consider a hypothetical post-industrial neighborhood
with the following characteristics: a residential vacancy rate of 12%, commercial vacancy of
15%, green space access of 4 m? per capita, and a low-income population at risk of displace-
ment. Figure 7 presents a schematic diagnostic map of this neighborhood, visualizing the
spatial distribution of sufficiency gaps. The map illustrates five diagnostic layers: (a) service
“white spots” beyond 800 m walking catchments around grocery stores, clinics, and schools;
(b) green space deficits, with areas falling below the 9 m? per capita threshold shaded in
amber; (c) vacancy hotspots, with parcels color-coded by vacancy duration (short-term,
long-term, derelict); (d) heat-vulnerable areas exceeding the 2 °C differential threshold;
and (e) potential intervention sites identified by the framework—suitable locations for
new parks, infill development, and adaptive reuse projects. The map shows how SSMF’s
indicators translate into spatially explicit diagnosis and action (it is an illustrative map, not
based on empirical data).

(b) Layer 2: Green space access
300 m buffers around parks

Service facilities (Layer 1)

W Grocery store

(c) Layer 3: Vacancy hotspots
Parcels colour-coded by vacancy duration

,! & ;. © ciinic
/ \ Service ispz <
A Y white spots A b 7 L '\‘ O School
R { w Green space (Layer 2)
\ ), B Green space |
) =l 7 below 9 m? Parks
Pas :;_ fan) i,: L per capita | ‘ ot 3 300 m buffer
_ | \ Y i i Green space below
¥ A o 3 ! e ﬁ s / | " 9 m? per capita
7 b ) VEL 52 \ . H e
{ w RS o s e 2q \ X Vi Vacancy duration (Layer 3)
i i Sas Y 5
\ , \ ‘ N Yo Short-term (0-1 year)
\ i \
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(d) Layer 4: Heat vnjllnera!:nllty (e) Layer 5: Potential intervention sites (>5 years, structure unsafe)
Surface temperature differential (°C) SMF-identified opportunities
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[ZZ] Potential new park Heat vulnerability (Layer 4)

] infill development site Surface temperature
differential (°C)

[] Adaptive reuse site

2 Buildings (non-residential) (TR N T T TR
Q 2 i - Neighbourhood boundary Threshold: >2 °C

Figure 7. Schematic SSMF diagnostic map for a hypothetical neighborhood.

SSMF diagnosis (steps 1-2 of the planning cycle, Figure 6) identifies gaps across
the economic, ecological, and spatial dimensions and assesses reuse capacity. The map
visualizes gaps, including service deserts (Layer 1); green space deficits (Layer 2); vacancy
hotspots (Layer 3); and heat vulnerability (Layer 4), and it shows the proposed intervention
sites in relation to the identified gaps (Layer 5). Step 3 of the planning cycle (Figure 6)
selects instruments: a vacancy tax on commercial properties, a public land bank to acquire
the warehouses, an adaptive reuse grant program for affordable housing, a community
clinic, and a green retrofit of the brownfield into a park with a CLT to prevent gentrification.
Step 4 implements these actions through a neighborhood-scale development corporation
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with participatory oversight. Step 5 evaluates outcomes after a set period (e.g., 2 years).
The cycle then iterates (step 6) to address any remaining gaps.

This example is deliberately stylized to represent SSMF’s diagnostic and action logic.
The outcomes described (e.g., vacancy reduction, green space improvement) are assump-
tions for illustration. Actual outcomes would depend on local implementation, monitoring,
and iterative adjustment. The schematic map shows what an SSMF diagnosis would look
like visually, a main feature for urban planning practice, which is spatial and visual. The
SSMF does not guarantee success, since political and financial constraints always apply,
but it provides a transparent, repeatable process for aligning land-use governance with
post-growth values.

8. Contributions, Limitations, and Future Research
8.1. Theoretical Contribution

This paper contributes to urban theory by proposing sustainability at the neighbor-
hood scale. I challenge the long-standing assumption that environmental improvement and
social equity can be achieved through growth-compatible planning. Instead, I emphasized
sufficiency—the question of “how much is enough, and who has it?”—as a normative
view for land-use governance. In doing so, the paper aligns with socio-ecological thinking,
which posits that sustainability requires not only efficiency (doing things right) but also
sufficiency (doing the right amount) [90,111]. Efficiency without sufficiency risks rebound
effects, where gains in resource productivity are offset by increased consumption. Focusing
only on sufficiency, by contrast, can demand reductions that are more restrictive than nec-
essary. Sustainable resource use, therefore, requires combining both principles: efficiency
to lower the material intensity of services and sufficiency to keep total demand within
ecological limits [46,148,199]. Thus, SSMF integrates both by establishing thresholds that
define ‘enough’ and using governance instruments to meet those thresholds with minimal
resource use.

By integrating the concept of sufficiency with the well-established idea of multi-
functional neighborhoods, the framework bridges ethical discourse, centered on justice
and ecological capacities, which could be accompanied by utilizing spatial analysis. The
previous post-growth literature has often remained at the level of macroeconomic or
global indicators [37,40]. SSMF translates these high-level principles into spatially explicit,
neighborhood-scale diagnostics and policy pathways. This theoretical integration is novel.
It shows that sufficiency is not an abstract ethical position but a practical organizing princi-
ple for zoning, public investment, and participatory planning. In addition, the contribution
is the development of a conceptual-provisional framework requiring empirical validation
and testing.

8.2. Methodological Contribution

Methodologically, SSMF offers a structured framework that integrates quantitative
indicators with qualitative governance mechanisms. This integration is a design feature,
not a completed empirical mixed-methods study. The framework moves beyond composite
indices. Although composite indicators are useful for comparing cities or visualizing broad
trade-offs, they often conceal internal disparities and distributional injustices [200]. A city
may achieve a high score on a general “sustainability index,” but still contain neighborhoods
with inadequate basic services or areas facing green gentrification [44,201]. By establishing
assessments based on explicit thresholds and local qualitative insights, SSMF provides
a more transparent and place-sensitive basis for evaluating urban sustainability. SSMF
avoids this by requiring context-specific thresholds and by linking each indicator directly to
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a governance lever. The framework does not produce a single score; it produces a diagnosis
of where and for whom sufficiency is lacking.

This design makes SSMF operationalizable with diverse data sources: GIS layers
of amenities and land cover, administrative records on rents and vacancies, household
surveys, and participatory mapping. Cities with limited data can start with a subset of
indicators and expand over time. The framework can guide open-data planning dash-
boards that show residents and officials, for each neighborhood, precisely where sufficiency
gaps exist—for instance, a map of “areas lacking a grocery store within 800 m” or “va-
cancy hotspots exceeding 10%.” The indicator matrix was designed for local adaptation;
different cities can select, add, or recalibrate indicators according to their own contexts.
Moreover, the approach invites participatory threshold-setting, engaging communities
in deliberating what “enough” means locally—how large a park is needed, what forms
acceptable crowding in housing, or how close a transit stop should be. This participatory
dimension distinguishes SSMF from top—-down indicator frameworks that are set without
local legitimacy.

8.3. Planning and Governance Contribution

On a practical level, SSMF can help planning practice by directly linking metrics
to policy instruments. A planner who identifies high infill capacity—many vacant lots
or underused buildings—can justify an infill-by-right zoning ordinance, a public land
bank, or a CLT. Another planner who diagnoses green gentrification risk is not left to
wonder what to do; the framework directs them to couple greening investments with
proposed anti-displacement measures such as rent control, right-to-return covenants, or
inclusionary zoning. In this way, sufficiency diagnostics become the first step in an iterative
planning cycle: measure against thresholds, identify shortages and excesses, reform policy
instruments, and remeasure (SSMF’s logic cycle).

SSMEF is adaptable to multiple governance scales and planning products. It can inform
municipal master plans, inform sustainability criteria for development permits, guide the
allocation of public budgets (e.g., prioritizing funds for neighborhoods that fail sufficiency
thresholds), and even shape legal reforms. For local governments seeking to operationalize
post-growth principles, the framework offers a flexible, adaptable starting point.

8.4. Limitations and SSMF Suggestions
Several limitations should be acknowledged:

(i) The framework remains conceptual; empirical testing across diverse urban contexts is
needed. Proposed thresholds (e.g., for green space, vacancy, or jobs-housing balance)
are inherently political. Identifying what constitutes “enough” park area involves
trade-offs among density, public health, and land costs, and may face pressure from
development interests. There is a risk of technocracy if experts set thresholds with-
out inclusive deliberation. SSMF mitigates this risk by insisting on participatory
calibration, but it cannot be eliminated entirely;

(i) Data constraints may limit the use of some indicators. Vacancy rates, for example,
are not systematically tracked in many municipalities; ownership data may be in-
definite; informal uses and hidden vacancies are difficult to measure. SSMF should
be implemented incrementally, beginning with indicators for which reliable data
exist and expanding as monitoring systems improve. In many countries particularly
in the Global South and parts of Central and parts of Central and Eastern Europe
cadastral data digitization remains incomplete, and systematic monitoring of vacancy,
rents, and land ownership is limited. SSMF can be adapted to such contexts through
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alternative data sources, proxy indicators, phased implementation, capacity-building
partnerships, and participatory data collection;

(iii) A common misunderstanding needs to be corrected. Sufficiency is not the same as austerity.
As argued, SSMF raises the floor for underserved groups while lowering the ceiling for
excessive resource consumption. It demands more public investment in service-poor
neighborhoods, not less. The social sufficiency dimension is explicitly redistributive;

(iv) Planning contexts vary widely across legal and cultural systems. Instruments that
are effective and lawful in one country—such as vacancy taxes or urban growth
boundaries—may be politically infeasible in another. SSMF is not a one-size-fits-all
prescription; it provides a diagnostic logic of possible instruments from which local
actors can select those that are appropriate and lawful in their context. So, adaptation
is not a weakness but a necessity;

(v) A significant challenge to implementing SSMF is the political economy of land. Real
estate developers and landowners typically resist policies that limit land conversions.
Relatedly, “Not In My Back Yard” (NIMBY) opposition from existing residents can
arise against infill development, density increases, and affordable housing. Both
forms of resistance may challenge the SSMF'’s technical soundness. The framework’s
participatory and transparent design, including community involvement in threshold
setting, may reduce such opposition by building local ownership of sufficiency goals.
However, the provisional and diagnostic nature of the framework means it is a tool
for structuring debate and justification, not a guarantee of political feasibility.

8.5. Future Research

Future work should pilot SSMF through empirical case studies. One priority is to
develop GIS-based indicator maps for a real neighborhood or group of neighborhoods,
ideally in partnership with a municipal planning department. Such pilots would refine
the proposed thresholds, test data availability, and show practical challenges in linking
diagnosis to policy. Comparative studies across cities with different growth dynamics—
growing, stable, and shrinking—could identify how sufficiency challenges differ across
these contexts. A shrinking city may struggle with high vacancy rates and maintenance
costs, while a growing city may face pressure to expand into greenfield areas and engage
in green gentrification. SSMF would need to be calibrated accordingly.

Research should also explore how to integrate sufficiency into formal planning tools.
For example, thresholds could be embedded in zoning codes (e.g., no new greenfield devel-
opment until infill capacity is exhausted), in land-value capture formulas (e.g., capturing
value from upzoning to fund CLTs), or in environmental impact assessment regulations
(e.g., requiring displacement risk analysis for new parks). Another key area is political
economy: understanding the institutional, financial, and political barriers to implementing
sufficiency-led planning and building coalitions that bring together environmental groups,
housing justice movements, labor unions, and community organizations. Finally, combin-
ing SSMF with scenario modeling (e.g., low-growth land-use simulations or agent-based
models) could display the long-term impacts of sufficiency-oriented pathways compared to
conventional growth-oriented ones. Such modeling would help planners and policymakers
visualize trade-offs and build evidence for effective change.

SSMF is presented as a provisional conceptual framework requiring empirical val-
idation. I propose a three-phase validation protocol. The first phase, a diagnostic pilot,
would apply SSMF indicators to two or three neighborhoods in a single city using GIS
mapping, existing data, and participatory workshops to examine feasibility and identify
data gaps over a six- to twelve-month period. The second phase, participatory calibration,
would involve residents, planners, and experts in deliberative workshops and spatial
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analysis to establish locally legitimate thresholds, documenting the trade-offs involved
over approximately twelve to eighteen months. The third phase, intervention and evalua-
tion, would implement selected governance instruments and monitor outcomes through
before-and-after evaluation and mixed methods, measuring changes in indicators and
tracking displacement over twenty-four to thirty-six months. This protocol is designed
to be flexible and adaptable to local contexts, with the diagnostic pilot identified as the
immediate priority.

9. Conclusions

Urban sustainability must be understood in relation to both ecological capacities and
social justice. For decades, the dominant planning paradigm has assumed that environmen-
tal and social improvements can be achieved through continued growth—simply making
cities more efficient, denser, or “greener” within the same expansionist logic. This paper
has argued otherwise. By reframing neighborhood assessment around spatial sufficiency,
the focus will shift from “better growth” to “enough for all” while accounting for ecological
and social considerations.

The Spatial Sufficiency Multifunctionality Framework provides a provisional architec-
ture as a starting point, requiring empirical testing for this shift. It captures the multifaceted
nature of sufficiency—social, economic, ecological, spatial, and institutional—and ties
each aspect to practical indicators, transparent thresholds, and actionable governance
instruments. The framework does not offer a single composite score; it offers a diagnosis.
It tells planners, citizens, and policymakers not only where a neighborhood stands but
also what must be done to bring it into sufficiency: which vacant lots to activate, which
service deserts to fill, which green investments to couple with anti-displacement measures,
which zoning reforms to enact. Future empirical testing through GIS-based case stud-
ies, participatory threshold calibration, and before-and-after evaluations will examine its
practical effectiveness.
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