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ABSTRACT

As global populations age, identifying sustainable interventions for healthy aging is a critical public health and
urban policy priority. This study examines the potential role of urban community gardens (UCGs) as Nature-based
Solutions (NbS) for aging populations through a diagnostic systematic review. Following the PRISMA guidelines, a
systematic search was conducted across three primary databases (ScienceDirect, Web of Science, and Scopus),
supplemented by targeted searches in PubMed and manual snowballing. The final sample comprised nine core
community-based empirical studies published between 2010 and 2024, alongside one supplementary case embedded
within a health-care setting. Each study was assessed using a diagnostic framework adapted from Sowinska-Swierkosz
and Garcia (2022) to evaluate alignment with NbS mandatory pillars and exclusion criteria. The synthesis identifies
five recurring functional dimensions including therapeutic landscapes, social anchors, biodiversity stewardship, economic
supplementation, and spatial accessibility while revealing persistent gaps between localized benefits and broader
institutional integration. The findings suggest that UCGs exhibit the strongest NbS alignment where older adults act
as active stewards and where gardens are formally embedded in urban planning and governance frameworks. These
results position UCGs as under-recognized socio-ecological initiatives whose multifunctional NbS potential remains

structurally under-evaluated rather than empirically unsupported.
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| . Introduction

As societies worldwide undergo rapid population aging,
cities increasingly face interconnected challenges related to
declining health, social isolation, and reduced everyday
accessibility to supportive environments (Kabisch ef al, 2017:
WHO, 2024; Lyu ef al, 2026; Pitkdla ef al, 2026). By 2050,
individuals aged 65 and over are projected to comprise
approximately 16% of the global population, with the majority
of living in urban areas (WHO, 2024). In dense urban
contexts, these demographic shifts amplify vulnerahilities
associated with loneliness, reduced mobility, and limited
access to everyday green spaces, complicating efforts to
support healthy aging and aging in place (Plouffe & Kalache,
2010: Chung ef al, 2021: Naghibi & Faizi, 2022). These
challenges have prompted growing interest in sustainable
urban interventions that can simultaneously address social,
health, and environmental dimensions of aging population
(Fang ef al, 2023: WHO, 2025).

In response, Nature-based Solutions (NbS) have gained
prominence as an integrative urban policy framework that
leverages natural processes and green infrastructure to address
complex societal and environmental challenges (European
Commission, 2016: Dorst ef al, 2019: Sowiniska-Swierkosz &
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Garcla, 2022: Viti et al, 2022). NbS emphasize multifunc-
tionality by simultaneously delivering social, health, and
ecological benefits, and have been increasingly mobilized to
address issues such as climate adaptation, public health, and
social inclusion in cities (Frantzeskaki, 2019: Gagliardi &
Piccinini, 2019; Adams ef al, 2024: Dunlop ef al, 2024). A
substantial body of research has already demonstrated that
exposure to urban green spaces and participation in
nature-based interventions can support physical health,
mental well-being, and social cohesion among aging
populations (Kabisch ef al, 2017: van der Jagt ef al, 2017:
Dunlop ef al, 2024: Tong et al, 2025: Butt ef al, 2026). In
this respect, the relevance of nature-based approaches for
aging societies is well established.

Nevertheless, existing scholarship does not suggest that
research on nature-based interventions for aging populations
is lacking. Rather, the limitation lies in how this evidence has
been conceptually and analytically fragmented across
disciplinary domains. Studies focusing on geriatric health tend
to emphasize therapeutic or psychological outcomes for older
adults, while urban planning and environmental research
often focuses on spatial configuration, ecosystem services, or
biodiversity outcomes, rarely evaluating whether and how
such interventions fulfill the integrative requirements of
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structured NbS frameworks (Vasconcelos ef al, 2024: Butt et
al, 2026: Lyu et al, 2026; Pitkdld et al, 2026). As a result,
there is limited integrative understanding of how specific
urban green interventions simultaneously contribute to social,
health, and ecological objectives, and how such interventions
align with structured NbS frameworks.

Urban community gardens (UCGs) represent a particularly
ustrative case within this fragmented landscape. A growing
body of empirical research has documented the benefits of
UCGs for aging populations, including improved well-being,
reduced loneliness, opportunities for physical activity, and
strengthened social ties (Armstrong, 2000: Camps-Calvet ef
al, 2016: Aghaloo ef al, 2024). Previous studies have
reported health-related, social, and, in some cases, ecological
benefits associated with UCG participation (Milligan ef al,
2004: Van den Berg ef al, 2010: Gasperi ef al, 2012 Nicklett
et al, 2016). Other strands of literature highlight their broader
social and ecological roles, such as fostering community
cohesion, supporting informal food provision, and, in some
cases, enabling biodiversity stewardship (Frantzeskaki, 2019:
Cousins, 2024: Tong et al, 2025). Taken together, these
studies suggest that UCGs hold considerable potential as
low-threshold, multifunctional urban interventions in aging
cities.

However, these contributions are typically examined in
isolation. UCGs are frequently framed either as recreational or
therapeutic spaces within public health research, or as
localized green amenities within urban and environmental
studies, without systematic comparison across functional
domains (Robbins & Seibel, 2020; Tsukada ef al, 2020:
Dorst ef al, 2022: Martin et al, 2025). Moreover, despite
increasing policy interest in age-friendly cities and NbS, UCGs
are rarely evaluated as integrated socio-ecological interventions
capable of contributing to broader urban strategies in a
consistent and comparable manner (Frantzeskaki, 2019: Adams
et al, 2024). This lack of integrative evaluation does not reflect
an absence of empirical evidence, but rather the absence of a
diagnostic perspective capable of systematically comparing
how UCG interventions perform across multiple NbS
dimensions. In particular, it remains unclear where UCGs
already function in accordance with NbS principles, where
structural or institutional limitations persist, and how these

conditions shape their potential for wider institutionalization
and upscaling in aging urban societies.

Accordingly, this study aims to systematically review
empirical research on UCGs in relation to aging populations
and to re-evaluate these interventions through a NbS
diagnostic framework (Sowiniska-Swierkosz & Garcia, 2022).
Rather than assessing whether UCGs are beneficial for older
adults, which is a question already well addressed in existing
literature, this review seeks to clarify how and to what extent
current UCG interventions align with NbS standards, what
this reveals about their limitations and future potential as
socio—ecological infrastructure for aging urban societies.
Methodologically, this study combines a systematic review
approach with a NbS diagnostic lens to reassess existing
empirical evidence drawn from studies that were not
originally designed within an NbS context, thereby identifying
patterns of alignment, divergence, and institutional conditions

shaping UCG performance,

Il. Literature Review

1. Urban Community Gardens and Aging Populations

As urban societies undergo profound demographic aging,
urban community gardens (UCGs) have increasingly
attracted scholarly attention as localized socio-ecological
Iinfrastructure capable of responding to intertwined social,
health, and environmental challenges (Camps-Calvet ef al,
2016: Armstrong, 2000: Aghaloo ef al, 2024). In this review,
UCGs are defined as publicly accessible, collectively managed
urban green spaces characterized by active cultivation and
civic participation (Guitart ef al, 2012: Wang & MacMillan,
2013: Cepic ef al, 2020). Unlike private gardens or
institutionally restricted green spaces, UCGs function as open
urban commons embedded in everyday urban life (Kingsley &
Townsend, 2006; Gasperi ef al, 2012; Nicklett ef al, 2016;
Kingsley ef al, 2019; Doyle, 2022; Tracey et al, 2023). Within
existing research, UCGs are positioned in varied ways
depending on disciplinary focus. Studies grounded in health
and gerontology often approach UCGs as therapeutic or
recreational environments (Austin ef a/, 2006 Rowinski ef
al, 2015: Zhang et al, 2025), while social science research
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emphasized their role as sites of participation and community
cohesion (Becker & von der Wall, 2018: Chen ef al, 2022:
Bieri ef al, 2024: Suéarez ef al, 2024). Environmental and
planning-oriented studies, in contrast, tend to examine UCGs
as localized green amenities or components of broader green
infrastructure systems (Smith ef al, 2021: Ali ef al, 2022:
Cepi¢ et al, 2025). Although these perspectives illuminate
different functional dimensions of UCGs, they remain weakly
Integrated, resulting in partial rather than holistic assessments
of their socio-ecological performance. This fragmentation
limits comparative evaluation across health, social, ecological,
and institutional domains and constrains the interpretation of
UCGs as comprehensive NbS,

2. Nature-based Solutions as an Integrative Analytical
Framework

Nature-based Solutions (NbS) have emerged as a
purpose-oriented framework aimed at addressing societal and
environmental challenges through the intentional use of
natural processes and ecosystem functions (Cohen-Shacham
et al, 2019: Almenar ef al, 2021). Positioned as an umbrella
concept (Cohen-Shacham ef al, 2016: Dorst ef al, 2019),
NbS seek to integrate ecological, social, and economic
objectives within a single strategic approach and have been
promoted across international policy agendas related to climate
adaptation, biodiversity conservation, and public health
(European Commission, 2016; IUCN, 2020: Fang ef al, 2023:
Adams ef al, 2024). A key strength of the NbS framework
lies in its emphasis on multifunctionality, positioning nature as
an active contribution to multiple societal goals rather than as
a passive environmental amenity (Albert ef al, 2019: Dorst
et al, 2022: Semeraro et al, 2023).

NbS functions as an umbrella concept (Cohen-Shacham et
al, 2016: Dorst ef al, 2019) that harmonizes various
ecosystem-based approaches under a strategic wvision to
deliver environmental, social, and economic co-benefits
(European Commission, 2016: Fang ef al, 2023: Adams ef
al, 2024). This integrative capacity allows NbS to transcend
sectoral boundaries and address interconnected urban
challenges (Mansur ef al, 2022). To clarify its conceptual
boundaries, NbS is distinguished from ecosystem services and

98 SHREAUCITISEIA| H123 H25(20264 48)

green infrastructure, While ecosystem services identify the
flow of benefits from nature to humans, NbS emphasizes the
operationalization of nature to solve pre-identified problems
(Nesshover ef al, 2017: Almenar ef al, 2021). Similarly,
while green infrastructure prioritizes spatial connectivity, NbS
encompasses the transformative actions utilized to address
specific dilemmas such as climate change and societal health
challenges (Eggermont ef al, 2015: Fang ef al, 2023). These
distinctions establish NbS as an action-oriented framework
that mobilizes natural processes toward defined outcomes.

Parallel to the expansion of NbS discourse, a growing body
of research has examined the relationship between
nature-based interventions and aging populations (Kabisch ef
al, 2017 Vasconcelos et al, 2024; Tong et al, 2025; Butt ef
al, 2026 Pitkdla et al, 2026). This literature demonstrates
that engagement with green environments can support
physical health, psychological well-being, and social inclusion
in later life, thereby aligning with broader goals of healthy
aging and aging in place (Tong ef al, 2025: Lyu et al, 2026:
Pitkala ef al, 2026). Despite these contributions, NbS research
related to aging populations remains unevenly developed.
Much of the existing work focuses on specific outcomes—
such as mental health improvement or reduced loneliness—
without systematically situating these findings within broader
NbS evaluation frameworks (Probstl-Haider ef al, 2024:
Vasconcelos ef al, 2024: Cristiano ef al, 2025: Woltf ef al,
2025). As a result, research on aging populations often
prioritize  outcome  effectiveness  without  systematically
examining whether and how these interventions align with
NbS principles, particularly with respect to ecological
performance, governance arrangements, and long-term
institutional embedding. This focus constrains the ahility to
assess whether interventions addressing aging-related
challenges function as comprehensive NbS or remain
outcome-specific responses.

To operationalize NbS beyond conceptual clarity, several
frameworks have been proposed to guide the design,
assessment, and verification of NbS initiatives (Dorst ef al,
2019: Almenar ef al, 2021: Fang et al, 2023; TUCN, 2020).
Among the most prominent is the IUCN Global Standard for
Nature-based Solutions, which provides guidance across

dimensions such as societal challenge orientation, stakeholder



oE - A Ea

FAFEI 9] A 714ke) H (Nature-based Solutions) 224 EAIT-EA F49 7154 FE4ol 23 AAY &8 32

engagement, and adaptive governance (IUCN, 2020). The
[UCN framework offers valuable normative direction,
particularly for implementation and scaling. However, such
standards are primarily designed as guidance tools rather than
diagnostic instruments. Their emphasis on forward-looking
implementation criteria can limit therr applicability in
systematic review contexts, where the objective is to assess
diverse empirical cases retrospectively and comparatively. In
this sense, existing frameworks may be less suited to
evaluating whether interventions not originally framed as NbS
nonetheless meet core NbS requirements.

To address these evaluative limitations, this study adopts
the diagnostic framework developed by Sowifiska-Swierkosz
and Garcla (2022), which conceptualizes NbS legitimacy
through a combination of mandatory functional pillars and
exclusion criteria, Unlike implementation-oriented standards,
this framework is explicitly designed to support retrospective
assessment by distinguishing between interventions that
substantively satisfy NbS principles and those that merely
resemble NbS in form. The diagnostic approach is particularly
well suited to systematic review contexts, as it enables
structured cross-case comparison and ontological boundary
setting, By emphasizing what interventions do and what risks
they exhibit, rather than how they should be implemented,
the framework allows for nuanced evaluation of heterogeneous
empirical studies. This makes it especially appropriate for
reassessing  UCGs, which have rarely been designed or
reported as NbS but may nonetheless exhibit varying degrees
of alignment with NbS standards.

Taken together, existing research does not suggest that
urban community gardens lack relevance for aging
populations. Rather, the central limitation lies in the absence
of integrative, NbS-oriented diagnostic evaluation capable of
systematically comparing social, health, ecological, and spatial
dimensions. Without such a perspective, empirical evidence
remains difficult to translate into coherent urban strategies or
to assess the conditions under which UCGs can function as
legitimate NbS, This diagnostic gap provides the conceptual
foundation for the present study, which seeks to reassess
existing empirical evidence on urban community gardens
through an NbS diagnostic lens. By doing so, the study aims
to clarify where UCGs already align with NbS principles,

where persistent limitations exist, and how these findings
inform the potential role of UCGs as socio-ecological
infrastructure within aging urban societies.

lll. Methodology and Analytical Framework

This study employs a two-stage methodological approach
to evaluate the potential of UCGs as a nature-based
intervention for aging populations, The first stage applies the
PRISMA framework to identify and synthesize empirical
evidence in a transparent manner, minimizing bias in the
selection process (Tzoulas ef al, 2007: Guitart ef al, 2012:
Schram-Bijkerk ef al, 2018: Page ef al, 2021: Haddaway et
al, 2022. Sachs ef al, 2022: Tharrey & Darmon, 2022:
Tracey et al, 2023: Zinaic et al, 2025). The second stage
evaluates the selected studies through an NbS diagnostic
framework (Sowifiska-Swierkosz & Garcia, 2022) to verify
their legitimacy as NbS. This evaluation applies four
mandatory pillars and eleven exclusion criteria to distinguish
genuine Interventions from conventional greening measures.
Together, these stages provide a replicable analytical structure
for assessing whether UCGs meet the evidence-based
standards required for institutionalization as age-friendly
urban health infrastructure,

1. PRISMA Systematic Review Process

The PRISMA framework served as the primary
methodological structure for the systematic review to ensure a
reproducible evidence synthesis (Page ef a/, 2021 Haddaway
el al, 2022). Study selection was guided by three core
eligibility domains that were applied simultaneously: (1) a
focus on older adults or aging populations, (2) research
conducted in publicly accessible, community-oriented urban
garden spaces, and (3) peer-reviewed empirical research
design.

With respect to the population criterion, the selection
strategy was refined to maintain an analytical focus on aging
populations while avoiding rigid chronological thresholds.
Studies were therefore included when older adults constituted
a clearly identifiable population of interest or analytical
subgroup within the study, or when aging-related needs and
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vulnerahilities formed a substantive focus of analysis, even if
precise chronological age cut-offs were not explicitly reported.
This approach ensured continued relevance to aging-related
outcomes while minimizing the exclusion of empirically
pertinent studies. Regarding research settings, garden
typology was limited to public-facing, community-based
urban green infrastructures, including urban community
gardens, allotment gardens, and comparable collective formats
(e.g., garden villages). Gardens embedded exclusively within
closed nursing homes or residential care facilities were
excluded, as the analytical focus of this review was on open
civic spaces rather than care-based environments (Dorst ef
al, 2022: Guo et al, 2022). Only peer-reviewed empirical
studies were eligible for inclusion to ensure data consistency
and analytical rigor (Gusenbauer & Haddaway, 2020).
Literature reviews, systematic reviews, meta-analyses, and
books were excluded. Importantly, eligibility decisions were
based on methodological and contextual criteria rather than
journal outlet. Publications were restricted to those written in

English (Page ef al, 2021) and no restrictions were placed on
publication year to capture historical developments and recent
trends in urban community gardening practices.

The selection process followed four sequential stages, namely
identification, screening, eligibility assessment, and inclusion, as
illustrated in the PRISMA flow diagram (Figure 1) (Page ef
al, 2021). A systematic search was conducted across three
primary electronic databases, namely ScienceDirect, Web of
Science, and Scopus, supplemented by Google scholar and
backward snowballing of reference lists (Wohlin, 2014). This
process yielded 359 records in total, comprising 342 records
from database searches and 17 records identified through
supplementary methods. An overview of the literature search
strategy, databases consulted, search equations, and record
retrieval results is presented in Table 1. Duplicate records
were removed across databases prior to screening, resulting in
273 unique records retained for title and abstract screening
(Haddaway et al, 2022). Titles and abstracts were initially
screened using a semi-automated protocol incorporating three

Identification of new studies via databases and registers

Records identified from:
Databases (n = 355};

Science Direct (n = 214)
Web of Science (n = 103} Duplicate records (n = 88)

Records removed before screening:

Scopus (n = 25)
PubMed (n = 13)

Identification

Records screened Records excluded
{n=267) {n = 235)
Reports sought for retrigval Reports not retrieved
(n =32y {n=0)

Screening

Reports excluded:
based on criteria (n = 21)
reviewed articles (n = 3)

duplicate found late (n = 2)

Reports assessed for eligibility
(n=32)

New studies included in review

Identification of new studies via other methods

Records identified from:
Citation searching (n = 17)

r
Reports sought for retrieval
(n=14)

Reports nat retrieved
n=0)

r

Reports assessed for eligibility
(n=14)

Reports excluded:
— based on critarla (n = 8)
reviewed articles (n = 2}

(n=10)

Inciuded

Note. The records screened phase incorporated an Al-assisted cross-verification protocol (ChatGPT, Gemini, and Copilot), followed by
manual researcher validation to ensure consistent application of eligibility criteria.
An additional PubMed search was conducted to address concerns regarding representativeness. Thirteen records were
identified, of which one empirical study met all eligibility criteria. Due to its institutional embedding within a health-care
setting, this study was treated as a boundary case rather than integrated into the core comparative analysis framework.

Figure 1. PRISMA flow diagram of the study Selection process.

Source: Adapted from Haddaway et a/ (2022) using PRISMA flow diagram generator (https://estech.shinyapps.io/prisma_flowdiagram

/, accessed March 21 and April 22, 2026).
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Table 1. Systematic literature search strategy and database retrieval results

. Raw records Records after
Prizibse Stz EUETeNt (& 1677 s identified de-duplication & cleaning
. . (“urban community gardens” OR “allotment gardens”)
ScienceDirect AND “older adults” AND “participation” 214 148
Web of Science (community* gardens AND older adults AND urbanx 103 90
AND allotment* gardensx)
(community gardens OR allotment gardens) AND urban
Scopus AND older adults » 18
(“older adults’[MeSH Terms] OR aging OR elderly) AND
PubMed (“community gardens” OR allotment gardens OR “urban 13 11
gardening”) AND empirical
Other methods Google Scholar & Manual Snowballing 17 17
Total 372 284

Note. PubMed was searched as a supplementary database using a combination of Medical Subject Headings (MeSH) and free-text
terms to ensure compatibility with biomedical indexing, while maintaining conceptual equivalence with searches conducted in other
databases. Duplicate records were removed across databases prior to screening.

large language models (ChatGPT, Gemini, and Copilot) with
standardized prompts, followed by manual validation by the
researcher. This process resulted in 45 articles retrieved for
full-text eligibility assessment. Of these, 36 articles were
excluded due to insufficient analytical focus on aging
populations or because the research setting involved closed or
Institutionally restricted gardens, leaving nine empirical studies
for inclusion.

To further assess the representativeness and disciplinary
coverage of the evidence base, an additional search was
conducted in PubMed to examine whether empirical studies
addressing aging populations and community-based gardening
interventions could be identified from a biomedical and public
health perspective. While the primary databases selected for
this review (ScienceDirect, Web of Science, and Scopus) are
widely used in urban studies, planning, and environmental
rescarch, PubMed was included to verify whether
health-focused empirical evidence on urban community
gardens was indexed primarily within medical and
gerontological literature (Wang & MacMillan, 2013: Genter
et al, 2015). As shown in Table 1, PubMed was searched as
a supplementary database using a combination of Medical
Subject Headings (MeSH) and free-text terms, while
maintaining conceptual equivalence with the original search
strategy. This supplementary search vyielded thirteen
additional records. After removing duplicates (n=2) and

applying the same eligibility criteria across all databases, one
further empirical study met all inclusion requirements. This
brought the final number of included studies to ten. Owing to
its institutional embedding within a health-care setting, this
study was treated as a boundary case and examined
separately from the core community-based cases, while
maintaining the same diagnostic logic. Despite this additional
step, the limited number of eligible studies underscores a
structural gap in empirical research on publicly accessible

urban community gardens in relation to aging populations.

2. Analytical Framework

The core set of nine community-based studies were
assessed using a two stage diagnostic framework designed to
verify NbS legitimacy (Sowiniska-Swierkosz & Garcia, 2022).
The diagnostic assessment was applied at two analytical
levels. For the nine core community-based cases, the
framework was applied in full, allowing systematic
comparison across diverse urban contexts. In addition, one
supplementary study identified through an expanded PubMed
search, representing a community garden embedded within an
urban outpatient clinic property, was assessed as a boundary
case. Due to its institutional anchoring within a health-care
setting, this case was examined using the same diagnostic
logic but interpreted separately, with particular attention to
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its hybrid governance configuration.

The first analytical component of the framework involves a
functional legitimacy assessment against four mandatory pillars
(Table 2).
nature-powered (P1), utilizing living ecosystems processes:

These pillars require an intervention to be

challenge-oriented (P2), addressing a priori diagnosed societal
problems:  multi-beneficial (P3), providing simultaneous social,
economic, and environmental gains including biodiversity gains:
and economically efficient (P4), demonstrating cost-effectiveness
relative to conventional solutions, This assessment verifies
whether the core characteristics of the UCGs align with the
foundational NbS definition,

The second analytical component focuses on a boundary
assessment that screens each intervention against eleven
exclusion criteria (C1 to Cl1) as summarized in Table 2.
These criteria serve to identify structural vulnerabilities and
prevent the misclassification of conventional greening measures

than functioning as implementation guidelines, this exclusion-
based diagnostic emphasized weaknesses such as the absence
of biodiversity monitoring (C4), limited long-term sustainability
planning (C6), and reliance on isolated point-scale approach
(C11). Together, these two analytical components provide a
replicable analytical structure for synthesizing heterogeneous
empirical cases under a unified NbS logic, while allowing for
interpretive differentiation where institutional contexts diverge.

IV. Results

To address the diagnostic gap identified in the preceding
literature review, this study empirically re-examines urban
community gardens through a structured synthesis of existing
evidence. Rather than introducing new primary data, the
analysis consolidates and compares empirical studies that
examine UCGs in relation to aging populations, with the aim

as NbS without substantiated socio-ecological efficacy. Rather

of assessing how these

Table 2. NoS evaluation framework (Sowinska-Swierkosz & Garcia, 2022)

Category Code Pillars / exclusion criteria Operational definition & standard
P1 Nature-powered Direct use of natural features and living ecosystem processes
. Addressin riori detected societal, environmental, or economic
Py Challenge-oriented essing a priori detected societal, environmental, or economi
problems
4 Mandatory Pillars
(Functional Legitimacy) | p3 Multi-beneficial Providing social, economic, and environmental benefits, including
biodiversity net gain
P4 Efficient High eﬁ"ectweness' and economic efficiency compared to
conventional solutions
C1 |Lack of functioning ecosystem| Actions that do not apply living organisms
o Random actions Mea§gres without structured management, quality control, or
specific goals
a3 Post-implementation goals | Defining challenges or setting targets only after implementation
N ive/no impact on . N~ . e .
c4 egatlvg/ .O ! .pa ° Failure to maintain, enhance, or monitor biodiversity gain
biodiversity
. Providing no additional benefits beyond what engineered solutions
. L c5 Same as grey infrastructure o y 9
11 Exclusion Criteria offer
(Boundary Conditions) L . . . . .
@) Unfair distribution Exclusively benefiting one pillar/group while marginalizing others
c7 Copy-paste approach Replicating successful models without adapting to local contexts
c8 Top-down governance Decisions made by authorities without consulting local stakeholders
c9 Static management Rigid frameworks without iterative learning or adaptive flexibility
c10 Disproportionate expenses | Costs of implementation/maintenance exceeding potential benefits
. Isolated management without monitoring impac landsc
a1 Point-scale approach Sscfijlaete anagement without monitoring impacts at a landscape

102 S=REACIKCISEA H12H H2E (20264 48)

interventions align with core
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Nature-based Solutions principles. Using a PRISMA-guided
systematic review process, the following section synthesizes
evidence across diverse contexts to clarify patterns of
convergence and divergence in reported UCG functions and to
establish a comparative basis for subsequent NbS suitahbility
diagnosis.

1. Systematic Evidence Synthesis via PRISMA
Framework

The PRISMA-based screening process resulted in the
identification of ten empirical studies examining urban
community gardens (UCGs) in relation to aging populations.
Of these, nine studies constituted the core comparative
evidence base, as they examined publicly accessible,
community-based garden settings independent of formal
health-care institutions. One additional study, identified
through a supplementary database searching, differs
structurally due to its institutional embedding within a
health-care setting and is therefore treated separately as a
boundary case.

The final selection of nine empirical studies reflects a
stringent screening process that prioritized the intersection of
older adults, open-access urban community gardens, and
empirical data, This thematic focus identifies a diverse
methodological landscape. Regarding the research methodologies,
quantitative studies establish correlations between gardening
participation, public health outcomes, and urban biodiversity
through the use of control groups (Van den Berg ef al, 2010:
Haase & Gaeva, 2023). Mixed-methods approaches supplement
these findings by combining survey data with expert

interviews and spatial decision-making models to bridge
objective metrics, such as crop yields and spatial accessibility
scores with the lived experiences of older adults (Algert ef al,
2014: Naghibi & Faizi, 2022; Hartt ef al, 2023). Qualitative
studies provide insights into why older adults prioritize
gardens for reminiscence and social continuity, although
smaller sample sizes suggest that these findings be interpreted
within their specific localized contexts (Bor¢i¢ ef al, 2016:
Martens ef al, 2018). Furthermore, participatory action
research demonstrates procedural value for community-led
initiatives in disadvantaged urban areas (Middling ef al,
2011). Spatial component analysis evaluates also UCGs as
integrated socio-ecological nodes within the 15-minute city
framework (Zou ef al, 2026). While these findings suggest a
multifaceted role of UCGs in supporting the well-being of
older adults, the localized nature of the available data
indicates that these results serve as potential indicators rather
than universal generalizations.

Table 3a summarizes the nine core community-based
studies that form the basis for cross-case thematic
comparison, while Table 3b presents the boundary case
separately for illustrative purposes rather than comparative
aggregation. The most documented dimension is the
contribution of UCGs to the physical, psychological, and social
well-being of older adults. Data from the Netherlands indicate
that gardeners aged 62 and over report higher well-being
scores than non-gardening neighbors of the same age (Van
den Berg et al, 2010). Similarly, evidence from China
suggests that access to green infrastructure within a
15-minute walking distance as a primary factor in reducing
geriatric depression (Zou et al, 2026). Beyond individual

Table 3a. Core empirical studies on urban community gardens for aging populations (N=9)

Reference | Location | Methodology Participants Garden type Key benefits Challenges
Economic: generate
seasonal food cost savings
[Mixed N=93 of approximately $435 per | Methodological: difficulty
methods] - n=83 gardeners plot and support in quantifying specific
(avg. 57yrs) . high-yield production of health outcomes; potential
Algert et | San Jose, | Survey and - Community . . .
) - n=10 crops like tomatoes and self-selection bias
al (2014)| CA, US. yield . gardens (CGs) .
o experienced peppers. (participants had 4~25
monitoring .
4 months) gardeners years of gardening
(avg. 60yrs) Social: enhance experience)
cross-cultural food sharing
and community cohesion
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Table 3a. Continued

Reference | Location Methodology Participants Garden type Key benefits Challenges
Social: create close social
ties that counter urban Legal/administrative:
[Qualitative] N=26 privatization through 9 o
. ; ! X absence from official
Interviews & - n=12 old interaction, recreation, and ; .
observation gardens group contact with nature spatial planning
Borti¢ et | Zagreb, o Urban gardens ' documentation lead to
) (historical (avg. 60+yrs) . .
al (2016) | Croatia . (old vs. new) . ) tenure insecurity and
comparison - n=14 new Economic: provide . . .
. negative public perceptions
across policy gardens group home-grown food and . . .
. . ) . of gardening practices in
regimes) (avg. 45yrs) serve as a vital financial ) o
industrial cities.
supplement for
low-income pensioners.
N= 546 Ecological: function as
-n=466 sites of active biodiversity
gardeners stewardship, including
[Case study] (> 60yrs, 29% pollinator habitats, wild
Haase and . comparative 46~60yrs, vegetation zones, and Accessibility: fenced
Berlin, . o Allotment . . ) )
Gaeva German analysis majority) ardens insect nesting sites. garden paths occasionally
(2023) y (gardeners vs. 9 restrict wider public access
non-gardeners) -n=80 Psychological: serve as a
non-gardeners primary tool for
(30~45yrs, overcoming loneliness in
majority) dense urban settings
Social capital: combat Maintenance gap: disparity
N=40 older sooql 'lsolat|on by petween high perceived
) providing robust importance of green
[Mixed adults o
community infrastructure. | spaces (98%) and actual
Lo methods] (> 55yrs) . . . ;
Hartt et | Rhiwbina, Case study =22 Age-friendly maintenance satisfaction
al (2023) | Wales, UK ' " arden villages| Psychological: support 68%
( ) surveys, focus (65~74yrs) 9 9 ycholog P (68%)
aging-in-place and
groups -n=14 (> 75yrs) . . . .
=4 (55~6Ayrs) residential attachment Integration: ensuring
through mixed-generation | authentic intergenerational
communities. and cultural integration
Psychological: provide
multisensory experiences
hat trigger childhood . .
that t |gge ! .OO Supply constraint: high
memories and revive a ) -
. demand in larger cities
sense of community ! o
results in long waiting lists
[Qualitative] doseness. for plot ownership
Martens ef|  Oslo, Sermisstructured N=8 older adults| ~Allotment | Social: function as a
al (2018)| Norway . ) (66~85 yrs.) gardens low-threshold meeting e
interviews Methodological limitation:
place that prevents -
. small qualitative sample
loneliness R
. size limits broader
Healthy aging: support eneralization
longevity and delays the 9 '
onset of functional
decline
Psychosocial: foster a
sense of ownership,
learning, and Sustainability: high reliance
- . m rment in n rnal nd
Middling . Four Community e' powerment | 0 e.xte. d gxperts d
Manchester,| Participatory . . disadvantaged areas. funding; maintenance
et al . disadvantaged gardening
(2011) UK action research communities nitiatives challenges related to
Holistic health: enhance vandalism and theft. on
physical and mental levels.
well-being through
collaborative work
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Table 3a. Continued

Reference | Location Methodology Participants Garden type Key benefits Challenges
Ecological & social:
(Mixed N=102 older funFt|on as ecological and '
methods] adults social anchors that Economic pressure and
. Tempor: ncour: communi ntrification: rising land
Naghibi Case study, (> 64yrs) emporary | € ou age ommunity ge. trificatio . ISI. g'a
. reuse of participation. prices and privatization
and Faizi |Tehran, Iran expert - n=57 - .
. . leftover urban limit opportunities for
(2022) interviews, (70~81yrs) . . o
spaces Psychological: support social interaction in small
best-worst " =45 aging with dignity and scale urban spaces
decision-making (64 ~69yrs) .g 9 g. y 4 Paces.
independence in familiar
local environments.
N=184 Quantified health benefits:
Van den suprve AGs Allotment ﬁ sical activity (84% met evidence of a healthy
Berg et al | Netherlands (gar denerys s (> 62yrs, 58%) gardens EeZIth u delinyes) antj gardener effect; reliance
(2010) 9 | - n=63 without (AGs) g on self-reported data limits
non-gardeners) well-being scores o
AGs compared with generalizability.
(> 62yrs, 33%) P
non-gardeners.
Mental health:
demonstrate that access
N=198 to walkable green
- n=163 infrastructure (community | Contextual limitations:
Survey-based o L .
(> 60yrs, 82%) L gardens, parks and streets | findings are specific to
study 15-min city o . . . ) .
. . - n=35 etc.) within a 15-minute high density Chinese cities
:7-day daily nodes . .
Zou et al | . . o (50~59 . walking distance reduces and lack cross-cultural
Xian, China| activity diary & o (community o . o )
(2026) o yrs,18%) geriatric loneliness. comparison; environmental
principal gardens, parks, .
Four urban variables such as weather
component L . streets). . - . .
analvsis districts with a Psychological: position or air pollution are not
4 high density of proximity-based green accounted for.
older adults infrastructure as a primary
well-being driver in later
life.

Note. These studies constitute the core comparative N base, examining publicly accessible, community-based urban garden settings

independent of formal health-care institutions.

health outcomes, UCGs function as community anchors that
reduce social isolation and foster intergenerational cohesion
(Middling et al, 2011: Algert ef al, 2014: Martens ef al,
2018). In Manchester and Wales, gardening initiatives provide
an established infrastructure for informal interaction, and 70%
of older participants expressed a preference for age-integrated
over age-segregated environments (Middling ef a/, 2011 Hartt
et al, 2023). This participatory dynamic enables older adults to
move from passive recipients of care toward becoming active
agents who maintain a sense of agency and belonging within
their neighborhoods (Haase & Gaeva, 2023). These findings
suggest the potential of UCGs as accessible, low-cost

interventions with measurable preventive health outcomes and

social co-benefits for older adults in urban settings.

The ecological and economic values of UCGs further
reinforce their role as recognized socio-ecological urban
infrastructure. In Berlin, senior gardeners demonstrate a
strong willingness to prioritize biodiversity —stewardship,
including the creation of pollinator habitats and insect nesting
sites, over food production alone (Haase & Gaeva, 2023). In
Tehran and Zagreb these gardens function as nature-based
climate shelters that mitigate the urban heat island effect and
protect public spaces from privatization (Borc¢i¢ ef al, 2016:
Naghibi & Faizi, 2022). Economically, UCGs in San Jose
generate estimated average food cost savings of $435 per
household per season, positioning them as a cost-effective
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Table 3b. Boundary case identified through supplementary search (N=1)

Reference | Location| Methodology | Participants Garden type Key benefits Challenges
Milliron et |Winston |[Mixed N= 461 Outpatient Health/nutritional: provide Awareness: limited visibility,
al (2017) |-Salem, |methods] - n=411 clinic-based fresh produce, mitigate food |with only a minority of patients
NC, US.|process outpatients community insecurity, and support aware Qf. the ga.rd.en,.
evaluation (=152 garden, open to|nutrition education. constraining participation.
Cross-sectional |i"depth survey:|Patients and
) neighborhood . ) L
survey design [> 60yrs, ; Social: strengthen Capacity and sustainability:
residents . ; . . .
28.3% patient-provider relationships, |reliance on external grants and
51-60 yrs neighborhood involvement. volunteers, alongside unmet
31.6%) training needs for gardening
. skill.
-n= 30 Psychological: reduce stress
volunteers and foster a sense of
-n= 20 staff fulfillment and social Methodological: cross-sectional

design limits causal inferences;
findings are specific to a single
clinical setting.

belonging.

Environmental awareness:
increase environmental
concern and environmental
literacy among volunteers.

support for low income older adults (Algert ef al, 2014). In
post-socialist contexts Zagreb, UCGs have evolved from
subsistence food sources into recreational activities that
continue to provide nutritional supplements for older adults
(Bor¢ic et al, 2016).
contributions suggest that UCGs can serve as functional social

These ecological and economic

infrastructure  rather than merely leisure amenities,
particularly for older adults facing financial vulnerability and
urban environmental stressors.

The synthesis also identifies a need for the strategic
integration of UCGs within formal spatial frameworks
(Naghibi & Faizi, 2022: Zou et al, 2026). In this regard, Zou
et al (2026) demonstrate that proximity to everyday green
infrastructure, including community gardens, parks, and streets
within a 15-minute walking distance, is a decisive factor in
adults. This finding

emphasizes spatial accessibility rather than engagement with a

reducing loneliness among older
single designated garden., While 98% of participants in one
study recognized these spaces as important, a gap persists
between social recognition and legal protection (Hartt ef al,
2023). This disconnect underscores the requirement for UCGs
to be incorporated into official municipal spatial plans to
ensure tenure security and prevent commercial development

pressures (Bordié ef al, 2016: Zou et al, 2026). Evidence from
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Tehran and Zagreb further supports the value of repurposing
neglected small-scale urban spaces for community garden use
as a targeted planning strategy (Naghibi & Faizi, 2022: Zou
et al, 2026). These results indicate that without formal
Institutional recognition, the long-term wviability of UCGs as
health-supportive infrastructure for older adults may remain
structurally precarious.

Finally, a chronological analysis identifies a shift in the
conceptualization of UCGs, Studies published between 2010
and 2014 focused primarily on tangible outcomes such as
agricultural vield and physical health (Van den Berg ef al,
2010: Algert ef al, 2014). More recent scholarship from 2022
to 2026 frames UCGs as integral socio-ecological infrastructure
integrated within concepts such as garden village and the
15-minute city model (Haase & Gaeva, 2023: Zou ef al,
2026). This trajectory indicates an increasing recognition of
UCGs as components of resilient, age-friendly urbanism
designed to address the compounding health, social, and
environmental challenges of a super-aged society.

2. NbS Suitability Diagnosis

Building on the systematic synthesis presented in Section
41, this section applies a Nature-based Solutions (NbS)
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diagnostic framework to assess how the reviewed urban
community garden interventions align with core NbS criteria.
For each study, judgments regarding the fulfillment or
limitations of NbS pillars and exclusion criteria were based
solely on explicit information reported in the original articles,
including documented practices, stated objectives, monitoring
indicators, and governance arrangements rather than inferred
intent or assumed performance, Because none of the selected
studies explicitly framed their interventions as NbS, the
diagnostic framework proposed by Sowifiska-Swierkosz and
Garcia (2022) is applied retrospectively to evaluate functional
legitimacy and identify boundary conditions. This assessment
examines each intervention against the four mandatory pillars
(P1 to P4) and the eleven exclusion criteria (C1 to Cl1),
enabling structured comparison across heterogeneous cases.
The resulting diagnostic outcomes are summarized in Table 4
and serve as the empirical basis for subsequent interpretation.

Among the nine core community-based studies, the
strongest alignment with the NbS diagnostic criteria in the
cases by Haase and Gaeva (2023) and Naghibi and Faizi
(2022). In Berlin, Haase and Gaeva (2023)
biodiversity-oriented practices such as the management of

document

insect hotels, wild vegetation zone, and pollinator habitats,
(multi-beneficial
outcomes) while maintaining low-cost garden management

providing explicit empirical relevant P3

consistent with P4  (economic efficiency). A minor
vulnerahility is associated with exclusion criterion C6 (unfair
distribution), as certain allotment areas were accessible
primarily to registered users rather than the wider public.
Similarly, Naghibi and Faizi (2022)

participants prioritized ecological and landscape qualities in the

report that older

temporary reuse of leftover urban spaces in Tehran, thereby
satisfying P1 (nature-powered), P2 (challenge-oriented), and
P3. However, the absence of direct biodiversity monitoring

Table 4. NbS suitability assessment of ten selected studies using the diagnostic framework of Sowiriska-Swierkosz and Garcia (2022)

Mandatory pillars Key exclusion criteria
Study (Year) P3 P4 4 6 8 c11 |Overall NbS| Primary
Multi-benefit &| Economic | Biodiversity | ~ Unfair | Top-down | Point-scale | Suitability | barriers
biodiversity efficiency impact | distribution | governance | approach
[ Core studies n=9]
Algert et al. (2014) © [ ] ©) [ ] ©) O Moderate | C4, C8, C11
Borci¢ et al (2016) © [ ) O [ ) O O Low €2, C8, C1
Haase and Gaeva (2023) o ° o O o o High C6 (minor)
Hartt et a/ (2023) © © ©) (@) ©) [ ] Moderate | C4, C6, C8
Martens et a/ (2018) © © O [ ) [ ) O Moderate | C4, C11
Middling et a/ (2011) () () O ® O O Moderate C8’C1C11 0.
Naghibi and Faizi (2022) () [ @) [ @) @) High C4, C11
Van den Berg et a/ (2010) © © O ® o O Moderate | C4, C11
Zou et al. (2026) © [ ) @) O o @) Moderate | C4, C6, C11
[ Boundary case n=1]
Milliron et al. (2017) © [ ] ©) (@) [ ] ©) Moderate | C4, C6, C11

Note. Mandatory pillars (P3, P4): @ fully satisfied; © partially satisfied; O not satisfied.
Exclusion criteria (C4, C6, C8, C11); @ safe O at risk.

All studies satisfy P1 (nature-powered) and P2 (challenge-oriented); these columns are omitted.

Only the four most frequently triggered exclusion criteria are displayed (C4=negative/no biodiversity impact; Cé=unfair distribution;
C8=top-down governance; C11=point-scale approach).
Milliron et a/. (2017) represents a boundary case in which a publicly accessible community garden is institutionally embedded within
a health-care setting. Although assessed using the same NbS diagnostic framework, the results are interpreted separately from the

core community-based cases.
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introduces exposure to C4 (no impact on biodiversity), and
the micro-scale configuration of the interventions reflects a
point-scale approach corresponding to C11.

The majority of the remaining core studies demonstrates
moderate NbS suitability, characterized by consistent
fulfillment of P1 and P2 but recurrent limitations under
ecological (C4) and scale-related criteria (C11). Studies by
Van den Berg ef al (2010) and Hartt ef al (2023) establish
clear associations between gardening participation and health
or social outcomes, but do not include explicit biodiversity
indicators, resulting in vulnerability under C4. Likewise,
Martens ef al (2018) emphasize multisensory and restorative
experiences for older adults in allotment gardens, yet their
human-centered focus lacks evidence of ecological monitoring,
again triggering C4. In Algert ef al (2014), bhio-intensive
organic gardening and documented food cost savings
correspond to P1, P2, and P4: however, the absence of
biodiversity assessment and the reliance on isolated plot-level
management expose limitations under C4 and Cl1. Middling
et al (2011) similarly fulfill P1 and P2 through participatory
community gardening initiatives, though dependence on
external funding and small-scale implementation constrain
economic efficiency (P4) and spatial scalability (C11). The
remaining two studies exhibit lower overall NbS suitability
due to structural constraints related to governance and access.
Across these cases, the diagnostic results indicate partial
satisfaction of the mandatory pillars alongside recurring
vulnerahilities linked to ecological evidence and scale.

The remaining two studies exhibit lower overall NbS
suitahility due to structural constraints related to governance
and access. Bor¢i¢ ef al (2016) document strong social
benefits for older participants in Zagreb, but the informal and
legally insecure statue of garden sites introduces multiple
exclusion risks, including C2 (lack of structured management),
C8 (top-down governance), and Cll. In Zou ef al (2026),
proximity-based access to everyday green infrastructures
fulfills P1 and P2 by addressing loneliness among older adults.
However, the absence of biodiversity monitoring and the
focus on localized residential settings result in exposure to C4,
C6, and C11.

In addition to the core cases, one boundary case identified
through supplementary PubMed searching (Milliron ef al,
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2017) was assessed using the same NbS diagnostic
framework but interpreted separately due to its institutional
embedding within a health-care setting. While this
intervention satisfies P1, P2, and P4 by delivering low-cost
nutritional and psychosocial benefits, the absence of ecological
monitoring and its program-specific configuration correspond
to vulnerabilities under C4 and CI1.

V. Discussion

Taken together, the diagnostic results reveal a set of
recurring patterns that shape the alignment of urban
Nature based

frameworks. Across the reviewed literature, community

community — gardens  with Solutions
gardens consistently demonstrate social and health related
benefits for aging populations, yet their NbS alignment
remains uneven. Rather than reflecting isolated project level
shortcomings, these outcomes point to broader structural
tendencies in how such interventions are evaluated,
ecologically assessed, and institutionally positioned. The
discussion therefore focuses on three interrelated issues: the
dominance  of outcome centered evaluation, the
underdevelopment of ecological assessment despite latent
potential, and the limited integration of community gardens
into formal planning and governance systems.

First, regarding the evaluative orientation of existing
research, most reviewed studies prioritize social interaction,
mental well-being, therapeutic value, and place attachment,
particularly in community-led or neighborhood-based garden
initiatives involving older adults (Kabisch ef al, 2017:
Gagliardi & Piccinini, 2019: Tracey ef al, 2023). These
outcomes are often well articulated and form the primary
rationale for promoting community gardens as age friendly
interventions. However, from a diagnostic NbS perspective,
such studies rarely extend their evaluation to ecological
performance, long-term maintenance practices, or governance
arrangements, As a result, interventions that generate
substantial localized benefits are frequently assessed through
partial lenses, leaving key NbS dimensions undocumented
rather than demonstrably absent.

Second, with respect to ecological assessment, the review

highlights a consistent underdevelopment of explicit evaluation,
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despite considerable latent potential within community garden
practices (Bendt ef al, 2013: van der Jagt ef al, 2017: Dorst
et al, 2022). Several studies describe gardens maintained over
long periods by older participants who contribute routine care,
accumulated ecological knowledge, and a strong sense of
stewardship (Naghibi & Faizi, 2022: Haase & Gaeva, 2023).
These practices align closely with NbS principles related to
sustainahility and co-production, yet they are rarely translated
into systematic ecological evidence (Almenar ef a/, 2021:
Semeraro et al, 2023). In this regard, citizen science approaches
promoted by the Royal Horticultural Society demonstrate how
biodiversity assessment can be integrated into everyday
gardening practices without imposing excessive technical or
financial burdens (RHS, 2025a, 2025b). Such approaches
lustrate how ecological conditions can be documented through
routine management activities already familiar to community
gardeners, Similarly, adaptive evaluation principles such as
SMART criteria, namely specific, measurable, attainable,
realistic, and timely, developed by the IUCN provide flexible
reference points for documenting ecological outcomes in
contexts where standardized monitoring has not traditionally
been applied (IUCN, 2020). These examples suggest that
strengthening the ecological dimension of NbS alignment does
not necessarily require large scale investment, but rather more
appropriate diagnostic instruments capable of recognizing
existing stewardship capacities.

Finally, in relation to institutional and planning integration,
the findings indicate that NbS alignment is strongly conditioned
by governance context (Adams ef al, 2024: Martin ef al,
2025). Community gardens operating on temporarily allocated
land or outside formal planning frameworks often exhibit strong
social anchoring but limited continuity, rendering both ecological
practices and long-term benefits vulnerable (Bor¢i¢ ef al, 2016:
Naghibi & Faizi, 2022). By contrast, cases embedded within
municipal programs, supported through formal partnerships, or
aligned with urban green infrastructure strategies are more
likely to
governance responsibilities, and cross sectoral relevance (Bendt
et al, 2013: Frantzeskaki ef al, 2017: Fox-Kéamper ef al, 2018).
These patterns underscore the importance of institutional

demonstrate  maintenance  continuity, clearer

recognition in enabling community gardens to function as
legitimate NbS rather than peripheral or transitional initiatives.

Overall, these patterns suggest that uneven NbS alignment
across the reviewed studies should not be interpreted as
evidence that urban community gardens lack ecological or
institutional viability. Instead, they reflect a diagnostic gap in
which multifaceted benefits and stewardship practices, including
those contributed by aging populations, are not systematically
evaluated or supported through integrative frameworks.
Addressing this gap requires both methodological shifts toward
inclusive ecological assessment and policy level efforts to embed
community gardens within planning and legal structures that
recognize their multifunctional roles in aging urban societies.

V1. Conclusion

This study conducted a systematic review to diagnostically
evaluate urban community gardens (UCGs) as potential
Nature-based Solutions for aging populations. By applying a
structured NbS diagnostic framework to ten empirical studies
that were not originally designed within an NbS context, the
review identified recurring patterns in how UCG interventions
align with core NbS criteria. Across the reviewed cases,
UCGs  consistently  demonstrate  strong  social and
health-related relevance for aging populations. At the same
time, the diagnostic assessment reveals two recurrent
constraints,  First, ecological — dimensions, particularly
systematic biodiversity monitoring, are weakly articulated
across most studies. Second, institutional and planning-related
conditions, including land tenure insecurity and limited
integration into formal spatial frameworks, constrain the
long-term wviability and scalability of UCGs. Importantly,
these limitations do not indicate a lack of potential inherent to
UCGs themselves, but rather reflect structural features of
how such community-based interventions have been
evaluated and governed.

The primary contribution of this review lies in its
diagnostic perspective. Rather than assessing intervention
effectiveness, the study clarifies where and how UCGs
partially meet NbS standards, where recurrent vulnerabilities
emerge, and which contextual conditions shape these patterns.
While the limited number of eligible studies and the
retrospective application of the NbS framework restrict broad
generalization, the findings provide a structured basis for
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understanding the challenges associated with recognizing and
evaluating UCGs as NbS in aging urban contexts. Several
should
acknowledged. The relatively small number of eligible

limitations of this review nevertheless  be
empirical studies reflects the stringent application of eligibility
criteria related to population focus, garden typology, and
empirical design. While this restricts broad generalization, it
also underscores a structural gap in existing research.
Moreover, most reviewed interventions were not originally
designed or reported within an NbS framework, which
constrains the depth of ecological and institutional assessment.
Accordingly, the findings should be interpreted as diagnostic
rather than prescriptive, aimed at clarifying patterns and
limitations rather than evaluating intervention effectiveness.

In this context, the review underscores that the central
challenge in advancing urban community gardens within
nature-based research lies not in demonstrating their social or
health value, but in systematically addressing persistent ecological
and institutional gaps through appropriate evaluative approaches.
By situating UCGs within a diagnostic NbS framework, the study
contributes to a more nuanced understanding of their role within
age-friendly urban environments. In the sense, UCGs should be
understood not as empirically underperforming interventions, but
as under-recognized and under-evaluated Nature-based Solutions,
whose multifaceted contributions remain insufficiently captured by
existing assessment and planning frameworks,

To realize the full potential of UCGs as age-friendly NbS, a shift
is required from treating these spaces as temporary or peripheral
Initiatives toward formally integrating them into urban planning and
legal frameworks, Strengthening institutional recognition and
adopting evidence-based monitoring approaches can help ensure
that UCGs are protected from development pressures and positioned
as legitimate components of resilient, inclusive, and sustainable
urban environments. By aligning Nature-based Solutions with the
evolving needs and capacities of aging populations, cities can
more effectively leverage community gardening as a strategic
Iinfrastructure within super-aging societies.

References

1. Adams, C, M. Moglia, and N. Frantzeskaki(2024) Realising
transformative agendas in cities through mainstreaming urban
nature-based solutions. Urban Forestry & Urban Greening 91: 128160,

10 S=2EACIKCISER H12H H2E (20264 48)

2. Aghaloo, K., A. Sharifi, N. Habibzadeh, T. Ali, and Y.-R. Chiu(2024)
How nature-based solutions can enhance urban resilience to flooding
and climate change and provide other co-benefits: A systematic
review and taxonomy. Urban Forestry & Urban Greening 95: 128320.

3. Albert, C,, B. Schréter, D, Haase, M. Brillinger, J. Henze, S. Herrmann,
S. Gottwald, P. Guerrero, C. Nicolas, and B. Matzdorf(2019)
Addressing societal challenges through nature-based solutions: How
can landscape planning and governance research contribute?
Landscape and Urban Planning 182: 12-21. https://doi.org/10.1016/
jlandurbplan.2018.10.003

4. Algert, S. J., A. Baameur, and M. J. Renvall(2014) Vegetable output
and cost savings of community gardens in San Jose. California. Journal
of the Academy of Nutrition and Dietetics 114(7): 1072-1076.
https://doi.org/10.1016/5.jand.2014.02.030

5. Ali, M. J, M. Rahaman, and S. L Hossain(2022) Urban green spaces
for elderly human health: A planning model for healthy city living.
Land Use Policy 114: 105970.

6. Almenar, J. B, T. Elliot, B. Rugani, B. Philippe, T. N. Gutierrez, G.
Sonnemann, and D. Geneletti(2021) Nexus between nature-based
solutions, ecosystem services and urban challenges. Land Use Policy
100: 104898.

7. Armstrong, D.(2000) A survey of community gardens in upstate New
York: Implications for health promotion and community development.
Health & Place 6(4): 319-327.

8. Austin, E. N, Y. A. Johnston, and L. L. Morgan(2006) Community
gardening in a senior center: A therapeutic intervention to improve
the health of older adults. Therapeutic Recreation Journal 40(1): 48.

9. Becker, S. L. and G. von der Wall(2018) Tracing regime influence on
urban community gardening: How resource dependence causes
barriers to garden longer term sustainability. Urban Forestry & Urban
Greening 35: 82-90. https://dai.org/10.1016/].ufug.2018.08.003

10. Bendt, P., S. Barthel, and J. Colding(2013) Civic greening and
environmental learning in public-access community gardens in Berlin,
Landscape and Urban Planning 109(1): 18-30.

11. Bieri, D., N. Joshi, W. Wende, and F. Kleinschroth(2024) Increasing
demand for urban community gardening before, during and after the
COVID-19 pandemic. Urban Forestry & Urban Greening 92: 128206.
https://doi.org/10.1016/j.ufug.2024.128206

12. Bor¢i¢, L. S, M. Cvitanovi¢, and A. Luki¢(2016) Cultivating
alternative spaces: Zagreb's community gardens in transition: From
socialist to post-socialist perspective. Geoforum 77: 51-60.

13. Butt, F., J. Donoghue, C. Ley, N. Dracup, S. Staniszewska, L.
Al-Khudairy, T. M. Smith, J. Parsons, H. Frost, and A. Grove(2026)
Effectiveness of green health prescribing and nature-based
interventions in primary care and community setting for older adults
- A systematic review.

14. Camps-Calvet, M. J. Langemeyer, L. Calvet-Mir, and E.
Gomez-Baggethun(2016) Ecosystem services provided by urban
gardens in Barcelona, Spain: Insights for policy and planning.
Environmental Science & Policy 62: 14-23. https://doi.org/10.1016/
J.envsci.2016.01.007

15. Cepic, S., J. Tomicevic-Dubljevic, and 1. Zivojinovic(2020) Is there a
demand for collective urban gardens? Needs and motivations of
potential gardeners in Belgrade. Urban Forestry & Urban Greening
53: 126716.

16. Cepi¢, S, J. Tomicevic-Dubljevi¢, M. Panti¢, and B. Radi¢(2025)
Governance of urban green spaces: Insights from three top-down
urban gardening programs. Urban Forestry & Urban Greening 107:
128802, https://doi.org/10.1016/].ufug.2025.128802

17. Chen, S. Y. Sun, and B. K. Seo(2022) The effects of public open
space on older people’s well-being: From neighborhood social
cohesion to place dependence. International Journal of Environmental



ojmz} - 7]« 2 HAR| S AA7|wkalH (Nature-based Solutions) 2 EAlFEA ] 7157 Fi/dd A% AAA w3 13

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

Research and Public Health 19(23): 16170.

Chung, S. M. Kim, E. Y. Auh, and N. S. Park(2021) WHO's global
age-friendly cities guide: its implications of a discussion on social
exclusion among older adults. International Journal of Environmental
Research and Public Health 18(15): 8027.

Cohen-Shacham, E., A. Andrade, J. Dalton, N. Dudley, M. Jones, C.
Kumar, S. Maginnis, S. Maynard, C. R. Nelson, and F. G.
Renaud(2019) Core principles for successfully implementing and
upscaling nature-based solutions. Environmental Science & Policy
98: 20-29.

Cohen-Shacham, E., G. Walters, C. Janzen, and S. Maginnis(2016)
Nature-based solutions to address global societal challenges. IUCN:
Gland, Switzerland, 97(2016), 2036.

Cousins, J. J.(2024) Just nature-based solutions and the pursuit of
climate resilient urban development. Landscape and Urban Planning
247 105054,

Cristiano, E., D. Pumo, F. Boano, M. Ippalito, and F. Viola(2025) Citizens'
perception and willingness to pay for green roofs and nature-based
solutions in three Italian metropolitan cities. Urban Forestry & Urban
Greening 112: 128928. https://doi.org/10.1016/.ufug.2025.128928
Dorst, H., A. v. d. Jagt, H. Toxopeus, L. Tozer, R. Raven, and H. Runhaar
(2022) What's behind the barriers? Uncovering structural conditions
working against urban nature-based solutions. Landscape and Urban
Planning 220: 104335, https://doi.org/10.1016/jlandurbplan.2021.1043
35

Dorst, H., A. Van der Jagt, R. Raven, and H. Runhaar(2019) Urban
greening through nature-based solutions - Key characteristics of an
emerging concept. Sustainable Cities and Society 49: 101620.

Doyle, G.(2022) In the garden: Capacities that contribute to
community groups establishing community gardens. International
Journal of Urban Sustainable Development 14(1): 15-32.

Dunlop, T. D. Khojasteh, E. Cohen-Shacham, W. Glamore, M.
Haghani, M. Van Den Bosch, D. Rizzi, P. Greve, and S. Felder(2024)
The evolution and future of research on nature-based solutions to
address societal challenges. Communications Earth & Environment
5(1): 132,

Eggermont, H.,, E. Balian, J. M. N. Azevedo, V. Beumer, T. Brodin,
J. Claudet, B. Fady, M. Grube, H. Keune, and P. Lamarque(2015)
Nature-based  solutions: new influence for environmental
management and research in Europe. GAIA-Ecological Perspectives
for Science and Society 24(4): 243-248.

European Commission(2016) Policy topics: nature-based solutions. In.
Fang, X, J. Li, and Q Ma(2023) Integrating green infrastructure,
ecosystem services and nature-based solutions for urban sustainability:
A comprehensive literature review, Sustainable Cities and Society 98:
104843.

Fox-Kamper, R., A. Wesener, D. Miinderlein, M. Sondermann, W.
McWilliam, and N. Kirk(2018) Urban community gardens: An
evaluation of governance approaches and related enablers and barriers
at different development stages. Landscape and Urban Planning 170:
59-68. https://doi.org/10.1016/jlandurbplan.2017.06.023

Frantzeskaki, N.(2019) Seven lessons for planning nature-based
solutions in cities, Environmental Science & Policy 93: 101-111.
https://doi.org/10.1016/j.envsci.2018.12.033

Frantzeskaki, N., S. Borgstrom, L. Gorissen, M. Egermann, and F.
Ehnert(2017) Nature-based solutions accelerating urban sustainability
transitions in cities: Lessons from Dresden, Genk and Stockholm
cities. In Nature-Based Solutions to Climate Change Adaptation in
Urban Areas: Linkages between Science, Policy and Practice.
Springer. pp. 65-88.

Gagliardi, C. and F. Piccinini(2019) The use of nature - based
activities for the well-being of older people: An integrative literature

35.

36.

39.

40.

41.

43.

44,

45,

46.

47.

48.

review. Archives of Gerontology and Geriatrics 83: 315-327.

34, Gasperi, D., G. Giorgio Bazzocchi, 1. Bertocchi, S, Ramazzotti, and G.

Gianquinto(2012) The multifunctional role of urban gardens in the
twentieth century. The Bologna case study. XI International People
Plant Symposium on Diversity: Towards a New Vision of Nature
1093.

Genter, C., A. Roberts, J. Richardson, and M. Sheaff(2015) The
contribution of allotment gardening to health and wellbeing: A
systematic review of the literature. British Journal of Occupational
Therapy 78(10): 593-605.

Guitart, D., C. Pickering, and J. Byrne(2012) Past results and future
directions in urban community gardens research. Urban Forestry &
Urban Greening 11(4): 364-373.

37. Guo, J., S. Yanai, and T. Kodama(2022) Factors influencing the use

of and attitude toward community gardens in aged care facilities:
The managers perspective. Urban Forestry & Urban Greening 70:
127524, https://dai.org/10.1016/].ufug.2022.127524

. Gusenbauer, M. and N. R. Haddaway(2020) Which academic search

systems are suitable for systematic reviews or meta-analyses?
Evaluating retrieval qualities of Google Scholar, PubMed, and 26
other resources. Research Synthesis Methods 11(2): 181-217.
Haase, D. and D. Gaeva(2023) Allotments for all? Social -
environmental values of urban gardens for gardeners and the public
in cities: The example of Berlin, Germany. People and Nature 5(4):
1207-1219.

Haddaway, N. R, M. J. Page, C. C. Pritchard, and L. A
McGuinness(2022) PRISMA2020: An R package and Shiny app for
producing PRISMA 2020-compliant flow diagrams, with interactivity
for optimised digital transparency and Open Synthesis. Campbell
Systematic Reviews 18(2): €1230. https://doi.org/10.1002/cl12.1230
Hartt, M., L. Benbow, and D. L. Gordon(2023) Is the garden village
an age-friendly planning model? Experiences of growing older in
Rhiwbina Garden Village, Wales. Town Planning Review 94(4):
385-410.

. TUCN(2020) IUCN Global Standard for Nature-based Solutions: A

user-friendly framework for the verification, design and scaling up of
NbS. TUCN. https://portals.iucn.org/library/node/49070

Kabisch, N., M. van den Bosch, and R. Lafortezza(2017) The health
benefits of nature-based solutions to urbanization challenges for
children and the elderly - A systematic review. Environmental
Research 159: 362-373.

Kingsley, J. and M. Townsend(2006) Dig into social capital:
Community gardens as mechanisms for growing urban social
connectedness. Urban Policy and Research 24(4): 525-537.
Kingsley, J., A. Bailey, N. Torabi, P. Zardo, S. Mavoa, T. Gray, D.
Tracey, P. Pettitt, N. Zajac, and E. Foenander(2019) A systematic
review protocol investigating community gardening impact measures.
International Journal of Environmental Research and Public Health
16(18) = 3430.

Lyu, W., T. Tanaka, M. Koshizuka, T. Katagiri, T. Hamada, K. Kani,
K. Nishihara, Y. Yamamoto, K. Fukushi, and K. I[ijma(2026)
Association of Nature-Based (Satoyama) Activities and multiple
health outcomes among older adults: A pilot study. Geriatrics &
Gerontology International 26(1): €70358.

Mansur, A. V., R. I. McDonald, B. Giineralp, H. Kim, J. A. P. de
Oliveira, C. T. Callaghan, P. Hamel, J. J. Kuiper, M. Wolff, V.
Liebelt, I. S. Martins, T. Elmqvist, and H. M. Pereira(2022) Nature
futures for the urban century: Integrating multiple values into urban
management. Environmental Science & Policy 131: 46-56.
https://doi.org/10.1016/j.envsci.2022.01.013

Martens, N. E., H. Nordh, and M. T. Gonzalez(2018) Visiting the
allotment garden: A complete experience. Journal of Housing for the

SR MRACIAIRISER] 123 2220264 4&) 111



JOURNAL OF THE KOREAN INSTITUTE OF GARDEN DESIGN : vol. 12 no. 2

49.

50.

5L

52.

53.

54.

5.

6.

o7.

58,

59,

60.

61.

62.

63.

64.

65.

112

Elderly 32(2): 121-134.

Martin, J. G., A. Scolobig, J. Linnerooth-Bayer, J. Irshaid, J. J. A.
Rodriguez, A. Fresolone-Caparrés, and A. Oen(2025) The
nature-based solution implementation gap: A review of nature-based
solution governance barriers and enablers. Journal of Environmental
Management 388: 126007,

Middling, S.. J. Bailey, S. Maslin-Prothero, and T. Scharf(2011)
Gardening and the social engagement of older people. Working with
Older People 15(3): 112-122.

Milligan, C., A. Gatrell, and A. Bingley(2004) ‘Cultivating health’:
therapeutic landscapes and older people in northern England. Social
Science & Medicine 58(9): 1781-1793.

Milliron, B. J., M. Z. Vitolins, E. Gamble, R. Jones, M. C. Chenauilt,
and J. A. Tooze(2017) Process evaluation of a community garden at
an urban outpatient clinic. J Community Health 42(4): 639-648.
https://doi.org/10.1007/s10900-016-0299-y

Naghibi, M. and M. Faizi(2022) Temporary reuse in leftover spaces
through the preferences of the elderly. Cities 127: 103769.
Nesshover, C., T. Assmuth, K. N. Irvine, G. M. Rusch, K. A. Waylen,
B. Delbaere, D. Haase, L. Jones-Walters, H. Keune, and E.
Kovacs(2017) The science, policy and practice of nature-based
solutions:  An interdisciplinary perspective, Science of the Total
Environment 579: 1215-1227.

Nicklett, E. J. L. A. Anderson, and I. H. Yen(2016) Gardening
activities and physical health among older adults: a review of the
evidence. Journal of Applied Gerontology 35(6): 678-690.

Page, M. J, J. E. McKenzie, P. M. Bossuyt, I. Boutron, T. C.
Hoffmann, C. D. Mulrow, L. Shamseer, J. M. Tetzlaff, E. A. Akl, and
S. E. Brennan(2021) The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews, BMJ 372.

Pitkdla, K. H., L. Rautiainen, H. Kautiainen, U. L. Aalto, A. Kolster,
M.-L. Laakkonen, T. Partonen, H.-M. Roaitto, S. Puntscher, and U.
Rochau(2026) Effectiveness of nature-based group intervention in
loneliness and health-related quality-of-life in lonely older adults
living in assisted living facilities - a randomised controlled trial. Age
and Ageing 55(2) : afag009.

Plouffe, L. and A. Kalache(2010) Towards global age-friendly cities:
Determining urban features that promote active aging. Journal of
Urban Health 87(5): 733-739.

Probstl-Haider, U., A. Wanner, M. Feilhammer, N. Mostegl, and K.
Dabrowska(2024) The right fit: Acceptance of nature-based
solutions across European cities. Landscape and Urban Planning 252:
105189, https://doi.org/10.1016/]landurbplan.2024.105189

RHS(2025a) RHS State of Gardening Report 2025. https://www.rhs.
org.uk/about-us/what-we-do/rhs-state-of-gardening

RHS(2025b) The RHS State of Gardening Report: Methodology (20
25). https://www.rhs.org.uk/about-us/what-we-do/rhs-state-of -gar
dening

Robbins, J. C. and K. A. Seibel(2020) Temporal aspects of wellbeing
in later life: gardening among older African Americans in Detroit.
Ageing & Society 40(12): 2614-2634.

Rowinski, R., A. Dabrowski, and T. Kostka(2015) Gardening as the
dominant leisure time physical activity (LTPA) of older adults from
a post-communist country. The results of the population-based
PolSenior Project from Poland. Archives of Gerontology and
Geriatrics 60(3) : 486-491.

Sachs, A., M. Tharrey, N. Darmon, K. Alaimo, A. Boshara, A.
Beavers, and J. Litt(2022) “To me, it's just natural to be in the
garden”: A multi-site investigation of new community gardener
motivation using self-determination theory. Wellbeing, Space and
Society 3: 100088,

Schram-Bijkerk, D., P. Otte, L. Dirven, and A. M. Breure(2018)

SR AELCIARRISIE|X] M123 HM22(2026H 43)

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

8l.

Indicators to support healthy urban gardening in urban management.
Science of the Total Environment 621: 863-871.

Semeraro, T., E. Gatto, L. De Bellis, A. Luvisi, R, Emmanuel, and R.
Buccolieri(2023) A decision-making framework for promoting the
optimum design and planning of nature-based solutions at local scale.
Urban Forestry & Urban Greening 84: 127945, https://doi.org/
10.1016/j.ufug.2023.127945

Smith, J. P, S. Meerow, and B. L. Turner(2021) Planning urban
community gardens strategically through multicriteria decision
analysis. Urban Forestry & Urban Greening 58: 126897.
https://doi.org/10.1016/j.ufug.2020.126897

Sowifiska-Swierkosz, B. and J. Garcia(2022) What are nature-based
solutions (NBS)? Setting core ideas for concept Cclarification.
Nature-Based Solutions 2: 100009.

Suarez, M., A. M. Rieiro-Diaz, D. Alba, J. Langemeyer, E.
Gomez-Baggethun, and I. Ametzaga-Arregi(2024) Urban resilience
through green infrastructure: A framework for policy analysis applied
to Madrid, Spain. Landscape and Urban Planning 241: 104923.
https://doi.org/10.1016/}landurbplan.2023.104923

Tharrey, M. and N. Darmon(2022) Urban collective garden
participation and health: a systematic literature review of potential
benefits for free-living adults. Nutrition Reviews 80(1): 6-21.

Tong, K., C. W. Thompson, G. Carin-Levy, J. Liddle, S. Morton, and
G. E. Mead(2025) Nature-based interventions for older adults: a
systematic review of intervention types and methods, health effects
and pathways. Age and Ageing 54(4): afaf084.

Tracey, D, T. Gray, N. Manohar, J. Kingsley, A. Bailey, and P.
Pettitt(2023) Identifying key benefits and characteristics of
community gardening for vulnerable populations: A systematic
review. Health & Social Care in the Community 2023(1): 5570089.
Tsukada, S., K. Tsukada, and T. Morita(2020) Residents™ evaluation
and continuity in the case of Shikishima Open Garden in Maebashi
city. Geomate Journal 18(68): 108-113.

Tzoulas, K., K. Korpela, S. Venn, V. Yli-Pelkonen, A. KaZmierczak,
J. Niemela, and P. James(2007) Promoting ecosystem and human
health in urban areas using green infrastructure: A literature review.,
Landscape and Urban Planning 81(3): 167-178.

Van den Berg, A. E., M. van Winsum-Westra, S. De Vries, and S.
M. Van Dillen(2010) Allotment gardening and health: a comparative
survey among allotment gardeners and their neighbors without an
allotment. Environmental Health 9(1): 74.

van der Jagt, A. P, L. R. Szaraz, T. Delshammar, R. Cveji¢, A.
Santos, J. Goodness, and A. Buijs(2017) Cultivating nature-based
solutions: The governance of communal urban gardens in the
European Union. Environmental Research 159: 264-275.
Vasconcelos, L., J. Langemeyer, H. V. S, Cole, and F. Bar6(2024) Na
ture-based climate shelters? Exploring urban green spaces as cooling
solutions for older adults in a warming city. Urban Forestry & Urban
Greening 98° 128408. https://doi.org/10.1016/j.ufug.2024.128408

Viti, M., R. Lowe, H. J. Sgrup, M. Rasmussen, K. Arnbjerg-Nielsen,
and U. S. McKnight(2022) Knowledge gaps and future research
needs for assessing the non-market benefits of nature-based solutions
and nature-based solution-like strategies. Science of the Total
Environment 841: 156636.

Wang, D. and T. MacMillan(2013) The benefits of gardening for
older adults: A systematic review of the literature. Activities,
Adaptation & Aging 37(2): 153-181.

WHO(2024) Ageing and Health. World Health Organization, Retrieved
January 10, 2026 from https://www.who.int/news-room/fact-sheets/de
tail/ageing-and-health

WHO(2025) WHO Age-friendly Cities Framework. W, H. Organization.
https://extranet. who.int/agefriendlyworld/age-friendly-cities-framework/



ojmz} - 7]« 2 HAR| S AA7|wkalH (Nature-based Solutions) 2 EAlFEA ] 7157 Fi/dd A% AAA w3 13

82.

83.

84

8.

Wohlin, C.(2014) Guidelines for snowballing in systematic literature
studies and a replication in software engineering. Proceedings of the
18th International Conference on Evaluation and Assessment in
Software Engineering.

Wolff, E., B. Natakun, W. Marome, G. Chew, K. S. Tang, and P.
Hamel(2025) Nature for the people, by the people: Negotiating
values, attitudes and behaviours for implementing urban
nature-based solutions in social housing. Urban Forestry & Urban
Greening 112: 128973. https://doi.org/10.1016/j.ufug.2025.128973
Zhang, Y., L. Wu, W. Zhao, L. Zheng, and L. Zuo(2025) Nature's
shield - Harnessing green spaces to combat dementia: A global
meta-analysis. Neurosci Biobehav Rev 178: 106360, https://doi.org/
10.1016/).neubiorev.2025.106360

Zinaic, R., T. Correa, E. Etowa, R. Owolabi, Y. Bhatt, and J. P-H.

86.

Wong(2025) Exploring the impact of community gardens on mental
health: a scoping review. Wellbeing, Space and Society 8: 100263,
https: //doi.org/10.1016/).wss.2025.100263

Zou, Y., M. Wong, P. E. van den Berg, and A. D. Kemperman(2026)
Older adults’ out-of-home activity location choice and associations
with loneliness: A latent class multinomial logit approach. Cities 168:
106485,

Received : 4 April, 2026

Revised : 20 April, 2026

28 April, 2026

Accepted : 29 April, 2026
RIY Al

(1st)
(2nd)

SR MRAUCIAIRISIE|R| HM12# HM22(2026E 4&) 113



