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Cultural Ecosystem Services (CES) capture the non-material benefits that
people derive from their interactions with nature, encompassing values such
as recreation, aesthetic experience, identity, and wellbeing. Despite increasing
recognition in policy and research, CES remain challenging to operationalize
in urban green planning, constrained by methodological fragmentation and
conceptual ambiguity within the broader ecosystem services framework.
Addressing this gap is critical for advancing nature-based urban green planning
that connects ecological performance with lived experience. This systematic
review synthesizes 26 peer-reviewed studies published between 2012 and
2025, selected through PRISMA protocols. Studies were examined by CES
dimensions, urban green space typologies, methodological approaches, and
enabling mechanisms that link CES to wellbeing outcomes. Mechanisms
were interpreted as pathways that explain how people experience nature in
increasingly dense urban contexts. Findings reveal that CES evaluation remains
largely conceptual, with limited integration of perceptual and ecological data.
Recreational and aesthetical service evaluations dominate the evidence base
but are often treated as a generic service rather than a nature-based activity.
Most studies operate at either site-specific, regional, or municipal scales, with
few bridging experiential and spatial data to inform design or policy. However,
emerging neighborhood-scale and cross-scalar approaches demonstrate
growing efforts to link micro-level experiential processes with broader ecological
and governance frameworks. Mechanisms such as walking, relaxation, and
social interaction were most frequently associated with psychological restoration
and social cohesion, whereas learning- and stewardship-related activities,
though fewer in number, showed the strong connections to identity formation
and capability enhancement. The review demonstrates how methodological
approaches are beginning to shape more integrated CES perspectives, while
also revealing overlooked experiential and relational dimensions that could
strengthen urban green planning practice. It argues that operationalizing CES
requires planning frameworks that integrate the experiential and relational
dimensions of human-nature interactions into decision-making to strengthen
the ecological, experiential, and social dimensions that underpin sustainable
urban environments.
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1 Introduction

Ecosystems and human wellbeing are closely connected,
and the Millennium Ecosystem Assessment (2005) provides a
framework for understanding how ecosystem changes affect
health and quality of life. The MEA highlights that ecosystem
changes have both direct and indirect consequences for people
through global assessment and underscores the importance of
ecosystem conservation and sustainable management. It explains
the contributions through four categories of ecosystem services:
provisioning services, which supply material goods such as food,
water, timber, and fiber; regulating services, which maintain
processes that influence climate, water quality, disease control,
and hazard mitigation; cultural services which provide non-
material contributions to people through recreational, aesthetic,
and spiritual benefits; and supporting services such as nutrient
cycling, soil formation, and primary production, that underpin all
other services.

However, increasing demands on land and urban densification
have accelerated the degradation of ecosystems by transforming
natural landscapes such as farmland, forests, grasslands, and
wetlands into impermeable built-up areas. As these pressures
intensify in rapidly growing urban areas, the loss of connection with
nature is becoming increasingly evident through impacts on health,
social cohesion, and the broader quality of urban life. Such losses
constrain opportunities for recreation and health-related benefits
and reduce the capacity of green areas to deliver wider social and
environmental functions (Ye et al., 2018). Within the urban context,
blue-green spaces are not only ecological assets but also central
to sustaining recreation, aesthetic pleasure and psychological
restoration for city dwellers (Adhikary et al., 2025). The COVID-
19 pandemic further accentuated the importance of urban green
spaces as lockdowns and restricted mobility heightened public
reliance on nearby and accessible green spaces for recreation, social
interaction, and mental wellbeing. Das et al. (2023) examined
the use of urban green spaces across partial and post-lockdown
phases of the COVID-19 pandemic. During both periods, social
interaction remained the most reported use, followed by spending
time with relatives and friends, experiencing nature and aesthetic
beauty, walking, and seeking mental refreshment and relaxation.
While frequency and duration of visits varied, these patterns
persisted after restrictions eased, suggesting a shift in how
people engage with urban green spaces for social connection
and wellbeing.

In this regard, CES capture the experiential and symbolic
benefits people gain from interacting with nature. CES constitute
the direct links between human-nature interaction in relation to
psychological and physical health. Song et al. (2023) position urban
parks as vital socio-ecological infrastructures supporting human
wellbeing. Extending this perspective, CES are not passive benefits
produced by ecosystems alone but emerge through dynamic
interaction between people and nature (Schmidt et al., 2016;
Valenga Pinto et al., 2023; Silva et al., 2023). Humans are active
agents in the generation, mediation and propagation of CES,
shaping how meanings, emotions and practices become embedded
in the everyday landscape (Busch et al., 2024; Riechers et al,
2016, 2019). This relational view underscores the truism that
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sustaining CES depends not only on ecological performance but
also on opportunity for participation, and repeated engagement
that reinforces attachment, stewardship and collective identity in
urban green spaces (Huang et al., 2024).

With this growing interest in urban health and resilience, recent
studies stressed the importance of understanding the relationship
between CES supply and demand, as well as the spatial flow
mechanisms that lead to sustainable urban development (Zhang
et al.,, 2025; Stepniewska, 2021). Recognizing these dimensions
enables planning approaches that go beyond green space availability
to integrate ecological function with lived experience, identity
and deeper connections with urban nature (Richards and Tunger,
2018; Zapata-Caldas et al., 2022; Gao et al., 2023; Krsnik and
Ildn-Ferndndez, 2024; Pinto et al., 2024). Despite increasing
attention, CES remain challenging to operationalize due to
conceptual ambiguity, diverse methodological approaches and
limited integration of ecological and experiential evidence (Tew
et al., 2019; Nesbitt et al., 2017; Smart et al., 2021; Scholte et al.,
2018). These gaps constrain CES visibility in planning and limit the
translation of CES into design and policy applications.

To address this gap, this review aims to advance understanding
of how CES can be effectively operationalized in urban green
planning. The synthesis further seeks to clarify the full range of
wellbeing outcomes generated through CES by identifying the
mechanisms and specific wellbeing outcomes associated with them.
The review is guided by the following questions:

RQl. How are Cultural Ecosystem Services (CES) studies in
urban green planning characterized in terms of spatial scale,
typology and methodological approach?

RQ2. How are CES dimensions linked to wellbeing outcomes, and

what environmental or activity-based mechanisms underpin

these relationships?

RQ3. How have CES-wellbeing relationships been evaluated

methodologically and to what extent do these approaches

support operationalization in urban green planning
and design?

RQ4. How are CES linked to other ecosystem services and

how explicitly are these relationships evaluated in

planning frameworks?

2 Methodology

2.1 Data collection

This review followed the PRISMA 2020 guidelines to ensure
a transparent and replicable process. Literature searches were
conducted in Web of Science, Scopus, and Google Scholar for
literature published between 2000 and 2025. These three databases
were selected to capture literature across the environmental, social,
and urban planning disciplines and provide the core materials
for this review; Web of Science and Scopus are known for
their rigorous indexing of high-quality, peer-reviewed journals,
while Google Scholar is valuable for identifying additional open-
access and gray literature that is not always indexed in Web
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of Science or Scopus. Moreover, Scopus complemented these

platforms by offering broader international coverage and capturing

interdisciplinary and more recent research related to urban green
planning and ecosystem services. Collectively, the combination of

Web of Science, Scopus, and Google Scholar enabled the review to

source studies spanning diverse scales, typologies, methodologies,

and perspectives on Cultural Ecosystem Services (CES).

To ensure comprehensive coverage of the literature, the
search terms were designed to capture both conceptual and
methodological studies of CES, as well as their application in
planning contexts. The keywords combined terms relating to
cultural ecosystem services (CES), evaluation methods, and urban
contexts, using the following string: (“cultural ecosystem services”)
AND (“valuation” OR “assessment”) AND (“urban green planning”
OR “wellbeing”). During the initial trials, additional terms and
exclusion operators (e.g., “NOT rural” or the inclusion of “urban
park,” or “perception”) were tested to refine the search scope.
However, these restrictions considerably reduced the number of
relevant studies retrieved or excluded papers addressing peri-urban
contexts that were still pertinent to the review. The final search
string was therefore retained for its ability to balance precision
and comprehensiveness, ensuring the inclusion of conceptual,
methodological, and applied studies addressing CES within urban
green planning frameworks.

The initial database search identified 468 records. 168 records
remained for title and abstract screening after removing duplicates,
non-English publications, and studies not explicitly related to
CES in urban green planning. This review synthesized 26 peer-
reviewed publications published between 2016 and 2025 that
explicitly addressed cultural ecosystem services (CES) in urban
green planning (Figure 1). Studies were excluded if they focused
on rural landscapes, marine or coastal areas, or were not related to
urban green space typologies. Review articles and studies conducted
outside urban or peri-urban green space contexts were also
excluded. After applying these criteria, 26 articles were included in
the final synthesis; details on the exclusion of records at different
steps are provided in Figure 2. The final search was conducted on
29 September 2025.

Inclusion criteria

e Empirical or conceptual studies focused on urban
planning contexts.

= Explicit engagement with cultural ecosystem services (CES)
and their operationalization in urban green planning,
management, or governance.

» Studies applying methods relevant for urban green planning
(e.g., PPGIS, surveys, indicator frameworks, social media
analysis, text mining).

* Policy/planning frameworks that address CES in municipal,
city, or regional urban contexts.

Exclusion criteria

« Studies focused on purely ecological or biophysical contexts

without urban planning application (e.g., peatlands,
boreal forests).
* Marine/coastal protected areas unless directly tied to urban

coastal planning.
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= National/continental/global syntheses not specific to urban
green planning.

Municipal policy documents and planning reports were
reviewed to inform the broader conceptual framing of Cultural
Ecosystem Services in urban contexts. However, they were
excluded from the systematic synthesis to maintain methodological
consistency and comparability across the peer-reviewed evidence
base. Accordingly, only peer-reviewed journal articles were
included in the PRISMA guided study selection and synthesis.

This review was structured around four research questions
(RQ1-RQ4), designed to investigate the relational dimensions of
CES in urban green planning and to enhance understanding of the
mechanisms through which CES are realized in urban contexts. The
questions are not only descriptive but also aim to address gaps in
current research and methodological approaches that constrain the
operationalization of CES in planning.

RQ1 establishes the baseline by mapping the distribution
of CES studies across spatial scales (regional, municipal,
typologies, and
methodological groups. The aim is to clarify whether CES research

neighborhood,  site-specific), landscape
is concentrated in specific spatial or typological context and how
methodological approaches align to different scales of investigation.
The corresponding plots present studies by methodological groups,
and their variation across scales and typologies.

RQ2 extends the analysis from methods to the attributes of
CES. It examines which CES dimensions are most frequently
represented in urban contexts and how these connect to wellbeing
drivers such as biodiversity, scenic quality, environmental quality,
and socio-cultural features. CES dimensions were first extracted
inductively from the terminology and evaluative constructs
reported within each study (e.g., survey items, PPGIS layers,
qualitative themes), and then grouped into broader categories
to support comparison across the dataset. These categories
were later interpreted with reference to the broader distinction
between experiences, identities and capabilities (Bryce et al.,
2016) to situate the empirical patterns within an established CES
framework. The accompanying figures present CES dimensions,
their intersections with wellbeing drivers, and their distribution
across typologies.

RQ3 focuses on how CES-wellbeing relationships have been
evaluated methodologically. It examines whether studies assess
wellbeing outcomes directly, or remain limited to CES dimensions,
and what methodological approaches are employed in doing
so. The analysis aims to determine whether CES research
remains predominantly descriptive and ecological, or whether
it demonstrates a shift toward integrating social, psychological
and health-oriented assessments through explicit evaluative
approaches. The associated figures summarize CES dimensions,
reported wellbeing outcomes, and methodological patterns.

RQ4 examines how Cultural Ecosystem Services are positioned
in relation to other ecosystem services within the urban green
planning context. As De Luca et al. (2024) highlight, CES
emerge from relational human-ecosystem interaction rather than
fixed environmental outputs, and understanding these relational
processes requires situating CES within broader social-ecological
systems. Cybele et al. (2024) also further emphasize that knowledge
creation is an interactive collaboration across actors and knowledge
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FIGURE 1
Publications per year (2016-2025).

FIGURE 2
PRISMA 2020 flow diagram for study selection.

systems, which enhances contextual relevance and supports  within planning and policy frameworks. Studies were classified by
sustainable pathways. Accordingly, R4 investigates how CES-ES  the type of CES-ES relationship, the integration approach, and the
linkages are conceptualized, empirically modeled, or embedded  depth of linkage (functional, parallel, or systemic) as outlined in
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Table 1. This classification enables evaluation of how explicitly CES
are incorporated into wider ecosystem services assessments and
planning processes.

2.2 Data extraction and analytical approach

Descriptions of CES associated experiential attributes and
wellbeing expressions were extracted from each study using a
structured coding template. Survey items, interview narratives,
PPGIS comments and perceptual indicators were treated as
primary sources for how CES is perceived and interpreted through
human-nature integrations. An inductive thematic approach was
then applied to identify recurring mechanisms such as walking,
relaxation, aesthetic appreciation, social integration or learning that
were explicitly linked to wellbeing. These mechanisms were then
synthesized into broader CES dimensions derived from the dataset,
enabling the integration of identity, experience and capability
related themes across studies.

To support interpretive consistency, Bryce et al’s (2016)
conceptual CES framework was used only as an interpretive
reference to contextualize these inductively derived dimensions
and associated wellbeing outcomes. This analytical process enabled
comparison of CES-wellbeing linkages while maintaining fidelity to
the contextual nuances reported in each study.

3 Results

3.1 Research trend

This review synthesized 26 peer-reviewed publications
published between 2016 and 2025 that explicitly addressed
cultural ecosystem services (CES) in urban green planning. No
publications were found prior to 2016, and there has been an
increase in publications in recent years (Figure 2). Earlier studies
(2016-2020) predominantly focused on the large urban scale, such
as regional green networks and green belts, while more recent work
has shifted toward neighborhood-scale and site-specific urban
green typologies.

Most studies were conducted at the municipal scale (58%),
followed by site-specific (15%) and regional (12%) assessments.
Fewer studies examined neighbourhood (8%), metropolitan (4%),
or national (4%) contexts (Figure 3).

As only 15% of the studies focused on site-specific analysis,
the remainder encompassed a diverse yet representative range
of typological capture through regional, municipal and city-
scale studies. For analytical consistency across the 26 studies,
the typologies were standardized into six categories for synthesis
to enable coherent comparison of spatial settings and study
emphasis. Urban parks and recreational green spaces were the
most frequently studied typology (65%), reflecting their role as
the primary setting for everyday human-nature interaction in the
urban context. Cultural and heritage landscapes represented 4%,
highlighting studies centered on historic parks, royal gardens, and
culturally significant sites valued for their aesthetic, educational,
and identity-based attributes. Waterfronts, wetlands, and coastal
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landscapes comprised 8%, primarily focusing on the interplay
between blue-green infrastructure and restorative or recreational
functions. Forests, mountains, and natural landscapes (12%)
covered regional or peri-urban ecosystems, emphasizing ecological
richness, aesthetic value, and restorative potential. The inclusion
of forests, mountains and natural landscapes is largely associated
with regional-scale studies, where CES are examined in relation to
broader spatial connectivity and their functional relevance to urban
green distribution rather than through site-specific evaluation.
Finally, Built-Environment green spaces (12%) included rooftop
gardens, community habitat gardens, and streetside vegetation,
reflecting growing scholarly attention to small-scale, everyday
greenery embedded within dense urban fabrics (Figure 4).

3.2 Methodological approaches and scale
relationships

Across the 26 reviewed studies, CES evaluation methodological
choices are highly dependent on spatial scale. Although Typology
formed an important contextual layer, the scale of analysis more
strongly influenced methodological selection. Broad-scale studies
tended to adopt spatial or modeling approaches, while smaller-
scale studies relied on perceptual or participatory methods to
capture experiential qualities. Figure 5 provides an overview of
how each methodological group aligns with the analytical scale,
showing (i) a strong concentration of participatory GIS (PPGIS)
and mapping approaches at municipal and regional scales, and (ii)
a preponderance of survey and qualitative tools at the site and
neighborhood scales. In most cases, indicators such as accessibility,
spatial distribution and land use classification provided the basis for
CES evaluation.

Overall, 81% of the studies applied a single method,
most commonly surveys, mapping or modeling. A smaller
proportion (19%) employed a mixed-method framework that
combined PPGIS with surveys or integrated spatial modeling
with qualitative interviews to link perceptual and ecological
evidence. Site-based studies primarily employed PPGIS, on-
site surveys, and observational methods, which enabled detailed
capture of aesthetic, recreational and affective dimensions of
CES within localized settings such as urban parks, gardens and
heritage sites. This scale allowed deeper insights into individual
experience, sensory response and sense of place. Neighborhood
scale studies (12%) employed mixed, participatory or survey-
based approaches that were supported by narrative or statistical
analysis. These approaches emphasized engagement with everyday
greenery such as community gardens and habitat courtyards.
These capture routine interaction and social uses embedded in the
residential environment.

The largest share of the dataset is at the municipal or city
scale (46%) through PPGIS, the Social Values for Ecosystem
Services (SOLVES) model, spatial regression and topic modeling
to identify and quantify CES patterns across urban networks.
These approaches provided spatial evidence linking accessibility,
landscape diversity, and perceived benefits, thereby supporting
decision-making in planning and policy contexts. Regional-
scale studies (12%) extended spatial evidence to ecological
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TABLE 1 Data extraction categories and coding scheme.

Research question Category

10.3389/frsc.2026.1768123

Options/definition

RQI. characterizing CES studies Publication Year

Year of publication

Geographical scale

Site; Neighborhood; Municipal/City; Metropolitan; Regional; National; Multi-scale.

Analysis.

Typology Forests, Mountains & Natural Landscapes; Urban Parks & Recreation; Waterfronts, Wetlands &
(spatial-ecological Coastal Areas; Built Environment; Cultural & Heritage Landscapes.

context)

Method type Survey/Questionnaire; PPGIS/Participatory Mapping; Model/Statistical Analysis; GIS/Spatial

Analysis; Expert/Qualitative Assessment; Social Media/Crowdsourced Data; Other/Review/Policy

RQ2. CES dimensions and CES dimensions

wellbeing drivers

Aesthetic Experience; Recreation; Education/Learning; Identity & Heritage; Place Attachment;

Environmental Awareness; Other CES dimensions.

Welleing drivers Psychological Restoration; Physical Health; Environmental Awareness; Environmental Quality;
Belonging; Social Cohesion; Place Identity; Enjoyment/Satisfaction; Cultural Identity & Values;
Biodiversity-related Outcomes.

RQ3. CES-wellbeing linkages Mechanisms Walking/Recreation; Viewing Scenery; Relaxation/Resting; Social Interaction;
(activities/nature Learning/Environmental Understanding; Engagement with Nature/Stewardship; Other
elements) Mechanisms.

RQ4. CES and other ecosystem Type of relationship Conceptual; Empirical; Planning/Policy.

services in urban planning contexts Integration approach

Spatial Co-mapping; Correlation/Modeling; Multi-criteria/Scoring; Conceptual/Qualitative.

Nature linkage

Functional (linked by use or benefit); Parallel (assessed side by side, weakly connected); Systemic

(explicitly integrated within a social-ecological framework)

FIGURE 3
Distribution of studies by scale.

systems, combining online PPGIS, expert evaluation, and kernel
density estimation mapping to identify CES dimensions across
forests, mountains, and watersheds. These studies explored spatial
multifunctionality and accessibility along urban-rural transitions.
At the national and metropolitan scale (12%), studies adopted
big data and automated modeling approaches, using social-media
imagery (e.g., Flickr, Google Vision) and text-based Natural
Language Processing (NLP) to reveal broader spatial patterns
and temporal shifts. These large-scale analyses tended to merge
typologies into composite land use classes, reflecting a move toward
systemic and cross-scalar representation of CES.

Frontiers in Sustainable Cities

Overall, the results reveal a methodological strength of smaller-
scale studies providing experiential depth and perceptual nuance,
whereas larger-scale analyses emphasize spatial generalization and
replicability. This gradient underscores a central trend within the
field: a shift from descriptive and perception-based CES assessment
toward spatially explicit, data-integrated frameworks that bridge
ecological, social, and planning perspectives. Figure 5 illustrates the
relationship between methodological approach and analytical scale.
PPGIS and mapping methods dominate at municipal and regional
levels, whereas survey-based and qualitative approaches remain
concentrated at the site and neighborhood scales. At regional
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FIGURE 4
Distribution of studies by typology.

FIGURE 5
Heatmap of scale % typology distribution

and national scales, modeling and social-media data replace direct
participation, indicating a trade-oft between spatial coverage and
experiential richness. Overall, these patterns indicate that the
majority of studies remain conceptual, which emphasizes the
social and cultural significance, but are rarely analyzing alongside
ecological or biophysical indicators.

3.3 Cultural ecosystem service (CES)
dimensions and wellbeing drivers

The experiential dimension appeared predominantly

across the dataset, followed by identity and capability related

Frontiers in Sustainable Cities

aspects. This pattern reflects a common research emphasis
on perceptual and recreational benefits of urban nature.
Experiential CES were most often assessed through survey or
participatory mapping methods, while identity and capability
aspects were identified primarily through qualitative interviews,
focus groups, or narrative analysis. These methodological
orientations influence which aspects of CES become visible within
evaluation outcomes.

Across scales, the three dimensions are closely intertwined in
shaping wellbeing. Experiential CES are most frequently associated
with psychological restoration, enjoyment, and satisfaction,
while identity-related CES are connected with belonging,
cohesion, attachment. Capability-related

social and place
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FIGURE 6
Methods used across spatial scales.

CES foster learning, empowerment, and stewardship, often
through participatory or educational engagement (Figure 6).
However, do not address the
interdependent nature of Cultural Ecosystem Services, as

most studies holistic and
CES dimensions are often analyzed mainly in terms of
their availability rather than how they function or interact.
Only a few studies examine how these interrelations could
inform more diversified or inclusive approaches to urban

green planning.

3.4 CES mechanisms and wellbeing
outcomes

The mechanism outcome analysis examines how Cultural
(CES) are
and how these

Ecosystem Services realized through everyday
translate into
perceived  wellbeing. highlights  that

tangible environmental feature such as vegetation, water

human-nature interactions

Empirical evidence
elements, architecture, playgrounds, sculptures, and fitness
act as carriers of cultural value and turned intangible values
into spatial experiences (Cheng et al., 2021). Analysis of the
dataset identified more than 30 distinct mechanisms and 20
wellbeing outcomes that encompass physical, sensory, and social
engagements with urban nature (Figure 7). To maintain analytical
consistency, mechanisms reported in fewer than two studies
were excluded from the frequency summary. This ensured the
presented patterns reflect recurrent mechanisms rather than
isolated cases.

The most frequently reported mechanisms related to routine
contact with nature involve walking. Walking emerged as the
most consistent activity across typologies and scales, followed
by relaxation, recreation, and social interaction. Such patterns

Frontiers in Sustainable Cities

indicate that CES benefits are largely embedded in ordinary
urban activities rather than in specialized encounters. Mechanisms
associated with restoration and stress relief were particularly
dominant, underscoring the restorative dimension of urban
nature and its role in daily mental recovery. Activities such as
walking, viewing scenery and relaxation were repeatedly linked to
psychological restoration, whereas conceptualizing and community
events correlated with social cohesion and sense of belonging.
Mechanisms connected to learning, heritage appreciation, and
creative expression appeared less frequently but produced deeper,
identity-forming outcomes, such as cultural continuity and
place attachment.

These relationships reveal three recurring domains of
that interaction to

CES mechanisms link human-nature

wellbeing outcomes:

1. Psychological mechanisms—stress reduction and attention
restoration, enabling mental recovery and relaxation.

2. Social
experiences

shared
belonging  and

mechanisms—including interaction and
that

social cohesion.

foster  cohesion,
3. Cultural mechanisms—encompassing participation, learning
and stewardship, reinforcing identity and capability.

Collectively, these mechanisms demonstrate how experiential,
social and capability-based CES operate simultaneously rather
than as discrete processes. Overall, restorative and experiential
benefits are most frequently documented with the methodological
dominance of surveys and self-reported measures. In contrast,
capability and identity mechanisms, which often require
longitudinal or participatory approaches, remain comparatively
under-explored. Although daily nature experiences, such as
walking, have been analyzed as core mechanisms for effortless
human-nature connection, limited attention has been given to
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FIGURE 7
Heatmap of CES dimensions x wellbeing outcomes.

these ordinary encounters in relation to CES. Canedoli et al.
(2017) illustrated this gap by identifying perceptual mismatches
between management objectives and public experience, where
park authorities prioritized aesthetic enhancement, whereas
citizens valued health, learning, and existence-based benefits. Such
findings emphasize the need for CES integration that aligns spatial
management priorities with lived experience. This methodological
limitation continues to shape the visibility of CES functions in the
areas of urban green planning. The perceptual and psychological
effects are well established, whereas health-related, cultural, and
participatory outcomes remain under-represented (Canedoli
et al., 2017; Smrekar et al., 2024; Su et al., 2025; De Luca et al,,
2024; Adhikary et al., 2025; Cybele et al., 2024; Dang and Li,
2023).

Figure 8 visually summarizes these relationships, showing
the concentration of restorative and social outcomes around
the most frequently identified mechanisms within urban green
settings. The detailed frequency of each mechanism, derived
from the master dataset, is presented in Table 2. This synthesis
demonstrates that CES-related wellbeing in urban contexts
arises not from isolated events but from repeated, accessible

Frontiers in Sustainable Cities

interactions that accumulate experiential, social, and cultural
meaning over time.

3.5 Methodological gaps and integration
opportunities

The reviewed studies reveal uneven progress in connecting
Cultural Ecosystem Services (CES) with ecological assessment
within the wider Ecosystem Services (ES) framework. A smaller
but growing number of empirical studies correlates perceptual CES
indicators with ecological or environmental data (Garcia-Diez et al.,
2020; Dang and Li, 2023; Tu et al., 2023; De Luca et al., 2024;
Smrekar et al., 2024; Cybele et al., 2024; Su et al., 2025; Adhikary
et al.,, 2025). These analyses illuminate how landscape structure,
biodiversity and accessibility influence perceived cultural benefits
and offer clearer insights into the environmental conditions
underpinning CES distribution. For instance, Garcia-Diez et al.
(2020) mapped local perceptions of CES relative to land use
and ecological features, identifying strong associations between
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FIGURE 8
Heatmap of mechanism x wellbeing outcomes.

recreation and biodiversity-rich coastal habitats. Such evidence
represents an integrative environmental assessment framework.

Recreation remains frequently treated as a proxy for CES
provision. However, most of the studies determine the experiential
quality in relation to park size or accessibility rather than through
the quality of ecological or sensory experience. This simplification
obscures the nuances, nature-based activities and emotional
engagement that deliver cultural and restorative benefits. Similarly,
few studies attempt to quantify wellbeing outcomes directly or to
examine how diverse CES categories contribute to equity and health
across user groups. Addressing these gaps requires evaluation
frameworks that capture experiential and ecological traits jointly to
align perceptual mapping and its related nature characteristics or
environmental indicators.

Across the dataset, integration of CES-ES depth varies
from conceptual to applied levels (Table3). Most of the
studies frame CES-ES linkage narratively (e.g., Pouso et al,
2020; Giedych and Maksymiuk, 2017), while empirical analysis
(e.g., Smrekar et al., 2024; Dang and Li, 2023; Tu et al,
2023) employs spatial and statistical models (e.g., SoLVES,
InVEST) to connect perceptual CES indicators with ecological
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TABLE 2 Frequency of CES Mechanisms and associated wellbeing outcomes (n = 26 studies).

Mechanism Typical Most frequent
domain activities/features wellbeing outcomes
Psychological Walking, relaxation, Mental restoration, stress
mechanisms viewing scenery, solitary reduction, relaxation
recreation
Social Socializing, community Belonging, cohesion, social
mechanisms events, children’s play, connection
shared recreation
Cultural Learning, heritage Identity, capability, cultural
mechanisms appreciation, gardening, continuity, inspiration
creative expression,
stewardship

variables such as vegetation, biodiversity, or thermal comfort.
Interdisciplinary and planning-orientated studies (e.g., De Luca
et al., 2024; Cybele et al., 2024; Adhikary et al., 2025) advance
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TABLE 3 Studies Addressing CES—ES Integration in Urban Green Planning Contexts (n = 17 of 26).

Integration approach

Linked ES type
methods

Key representation

10.3389/frsc.2026.1768123

Count
(studies)

Typical evidence
strength

planning/interdisciplinary CES-Regulating (1);

Combined (1)

Conceptual/conceptual-empirical CES-Regulating (3); Qualitative narrative; conceptual model 4 Low - Theoretical framing
CES-Provisioning (1) only

Empirical CES-Provisioning (2); GIS/PPGIS co-mapping; statistical or 8 Medium-High - Data-driven
CES—Regulating (5); modeling analysis (e.g., SOLVES, cross-type analysis
Combined (1) InVEST)

Empirical- CES-Provisioning (1); Mixed methods (InVEST + expert 3 High - Explicit systemic

matrix; multi-criteria scoring)

integration

Planning/policy CES-Regulating (1);

Combined (1)

Framework/decision-tool integration 2

High - Applied to urban

decision contexts

this relationship further by embedding CES within multi-
criteria and decision support frameworks for urban design
and governance.

However, even higher-evidence studies tend to operate at
a broad spatial scale and therefore fall short in representing
how perceptual and experiential mechanisms are captured and
interpreted. Most empirical approaches correlate survey-based
indicators with ecological variables but seldom examine the
underlying experiential processes, such as sensory perception,
restorative response, or social interaction that shape CES benefits.
This limitation constrains understanding of the dynamic feedback
between lived experience and ecological quality. Advancing
CES operationalization thus requires combining quantitative
correlations with qualitative or behavioral evidence to reveal
how experiential mechanisms mediate the relationship between
ecosystem structure and perceived cultural benefits. While
spatial analysis is essential for identifying systemic patterns and
ecological connectivity, CES mapping also needs to serve as
informative evidence for design and planning, highlighting
where experiential quality is limited or undervalued. To
give purposeful direction for future practice, perceptual and
experiential qualities of urban green spaces should be mapped
to represent the functional requirements of such services
and benefits.

4 Discussion

4.1 Scale and methodological
independence

The review reveals that the methodological scope and spatial
scale of CES research are interdependent. Site-based studies capture
rich sensory, aesthetic and restorative dimensions through surveys
and interviews, but their findings are highly contextual and seldom
generalized beyond the study area (e.g., Smrekar et al., 2024).
In contrast, municipal and regional studies employ spatial or
modeling frameworks that effectively identify CES distribution,
accessibility and ecological connectivity, yet they often simplify
experiential and social complexity.
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The neighborhood scale emerges as a productive intermediary
scale as it captures the intersection between individual experiences
and broader landscape and land-use patterns shaping everyday
interactions with urban nature. Sen and Guchhait (2021) employs
land-use and land-cover mapping to characterize neighborhood
contexts and guide site selection but evaluates cultural ecosystem
services primarily through perceptual surveys rather than
site-level ecological assessment. In this context, participatory
mapping and indicator-based frameworks bridge spatial context
to perceptual evidence, linking everyday use of urban green
spaces with planning relevant representation of landscape
structure. However, neighborhood scale CES studies remains
limited within the reviewed literature. Existing examples rely
predominantly on survey or PPGIS based approaches to capture
accessibility, satisfaction and aesthetic value, with relatively fewer
incorporating ecological indicators or behavioral observation.
Despite these methodological limitations, findings consistently
highlight the importance of proximity, familiarity and repeated
engagement in generating psychological restoration and social
cohesion. Similar patterns are reported by Adhikary et al.
(2025), where neighborhood greens and community ashrams
fostered repeated visits and a strong sense of belonging through
proximity and familiarity. Regular interaction among neighbors
created a sense of comfort and home-like attachment to place,
reinforcing the social and emotional bonds that characterize
neighborhood-scale CES. Yet, as observed across multiple
studies, these benefits were unevenly distributed, with some
high-density areas offering only limited multifunctional green
spaces. These observations align with shift in urban green space
use that became particularly evident during the COVID-19
pandemic, when restricted mobility heightened the value of
proximate and familiar green elements for social connection,
psychological restoration and physical activity (Das et al., 2023).
Although neighborhood-scale CES studies remain relatively
sparse, such post-pandemic patterns underscore the importance
of investigating how distribution and diversity of urban green
spaces shape cultural ecosystem service benefits in dense
urban contexts.

In response, the review identifies a neighborhood-scale model
of Cultural Ecosystem Services that extends beyond public parks
and gardens to encompass a diverse range of everyday green
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spaces. These include street greenery, urban green corridors,
pocket parks, rooftop gardens, community gardens, and allotments.
Together, these spaces shape how people interact with nature and
experience cultural benefits in daily life. This spatially cumulative
perspective suggests that wellbeing outcomes do not arise from
a single green space type or encounter, but instead emerge
through everyday proximity, visual exposure, and multisensory
interaction with a network of green features embedded within
routine environment. Such framing opens up opportunity to
examine how factors such as landscape configuration, perceived
quality, and diversity of green spaces influence engagement
with nature beyond mere proximity. Cultural Ecosystem Services
intersect with broader ecosystem service processes, environmental
quality, and behavioral patterns that support sustained human-
nature connection. Positioning CES within this neighborhood-scale
framework provides a planning relevant lens for recognizing the
everyday settings in which cultural benefits arise. At the same
time, it offers direction for long-term strategies that align daily
environmental experiences with wider goals in urban resilience,
equity, and sustainability.

At broader municipal and regional levels, Dang and Li (2023)
demonstrated how aesthetical and recreational value in ecological
corridors and spatial connectivity influence the flow of CES, while
De Luca et al. (2024) highlighted that such regional assessment
often fails to incorporate perceptual and relational dimensions due
to the difficulty of quantifying intangible benefits. These findings
reinforce the observation that multi-scalar integration is critical
for operationalizing CES in urban green planning to link local
perception with wider ecological and governance layers. Cross-
scale synthesis should ensure that micro-scale experiences inform
macro-level decision-making. Future frameworks should adopt
nested approaches that combine local demographic, ethnographic,
and perceptual data with regional ecological indicators that can
strengthen this translation.

Methodological fragmentation continues to constrain CES
research despite the increasing diversity of tools and indicators.
As the results show, studies frequently adopt surveys, PPGIS
and qualitative mapping to capture perceived benefits, while
others rely on statistical or modeling frameworks to represent
CES spatially. This diversity has advanced measurement, but
also produced uneven conceptual interpretations. Recreation
and visual amenity remain the most common proxies for
CES, while less tangible aspects are seldom operationalized.
This imbalance reveals a need for conceptual clarity and
methodological coherence. Rather than treating CES as static
categories, future work should view them as processes emerging
interactions that

from human-environment are expressed

through perception, behavior, and meaning. Integrative
approaches that couple ecological indicators (biodiversity,
vegetation cover, accessibility) with qualitative dimensions

(attachment, memory, participation) would strengthen interpretive
depth. Establishing shared frameworks for classification and
data collection across disciplines could help CES research
move from descriptive documentation toward comparative
and policy-relevant evaluation. This would enable clearer
representation of CES in relation to ecological performance and
multidimensional outcomes.
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4.2 Integrating CES and wellbeing
measurement

Section 3.5 revealed that CES are expressed through a
wide range of mechanisms encompassing everyday activities and
environmental features, with walking, relaxation, and socializing
most frequently associated with wellbeing outcomes such as
psychological restoration and social cohesion. These patterns
underscore the fact that CES are not delivered by discrete landscape
elements but through dynamic interactions between environmental
quality, accessibility, and the experiential conditions that shape
human engagement. The diversity of mechanisms identified across
studies also points to a conceptual limitation in current CES
evaluation. While accessibility and green-space provision remain
common proxies, the results show that they do not guarantee
high-quality experiences. As discussed in Section 3.5, proximity
alone cannot account for the sensory richness, biodiversity, and
social affordances that underpin perceived benefits. This finding
highlights a methodological bias in CES assessment that places
more emphasis on presence and quantity rather than the qualitative
conditions that sustain meaningful interaction. Understanding how
these mechanisms translate into wellbeing requires moving beyond
simple correlation toward an exploration of pathways and processes
that link ecological structure, sensory perception, and social use. At
the psychological level, stress reduction and attention restoration
remain the dominant pathways connecting sensory experience with
mental wellbeing. At the social level, shared activities and everyday
encounters foster cohesion and belonging. At the capability
level, participation, learning, and stewardship build agency and
reinforce place identity. Together, these pathways reveal that CES
benefits are cumulative and relational, emerging from repeated,
accessible interactions that evolve into cultural and emotional
attachment. Conceptually, this reinforces the contention that CES
should be analyzed not as isolated outcomes but as ecosystem-
mediated processes. Integrating these insights into planning
and design requires recognizing context-dependent mechanisms.
Operationalizing CES therefore demands an integrative framework
that connects physical features, experiential pathways, and human
outcomes across scales, enabling wellbeing to be interpreted as
an emergent property of people-nature relations rather than a
fixed metric.

4.3 Opportunities for urban societal
transformation

Every individual will acknowledge the primacy of physical and
mental health when considering their personal aspirations. By
weaving CES into an individual’s daily life, there is the potential
to bring about profound beneficial impacts on physical health and,
perhaps especially, wellbeing. Moreover, CES delivery only (truly)
happens when people are out and about—mobility is an essential
component—and therefore the design and construction of the
public realm and the infrastructure systems that facilitate mobility
should take into account the potential to maximize CES. Alongside
this, in the global movement to decarbonise our ways of life to
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limit the extent of human-induced climate change, active travel to
replace journeys by vehicles is a powerful mechanism (Powrie et al.,
2025), and this aspiration also provides evident physical and mental
health benefits. If a truly systemic approach to “engineering” our
cities is taken (e.g., via the theory of change propounded by Rogers
etal., 2023), then a comprehensive awareness and evaluation of the
multiple outcomes of changing lifestyles, aided by changes to the
urban landscape, can be achieved.

With reference to such contextual changes, economists would
(rightly; it is their job) refer to the economic cost associated
with urban greening and the provision of infrastructure to
facilitate active travel, particularly when there are so many
social and environmental priorities that need to be funded.
However, healthcare costs across the globe constitute a considerable
proportion of government spending, and are rising as populations
increase and people are living longer. Therefore, if the health and
wellbeing benefits of the system interventions (changes to lifestyles
combined with changes to the urban landscape) are factored in,
then the costs will be seen positively as investments, and the benefits
as returns on the investments—the language changes. In the same
way, the discourse would be transformed from costs to value,
and the value of CES would emerge as an important feature in
urban decision-making.

4.4 Equitable provision of cultural
ecosystem services in urban green planning

The
evaluation of equitable provision within Cultural Ecosystem

reviewed literature demonstrates limited explicit
Services (CES). Many urban CES studies acknowledge issues of
accessibility, proximity, or demographic variation, these factors
being typically treated as descriptive variables rather than examined
through a focused analytical lens. As a result, the ways in which
planning decisions shape the distribution of CES and whose values
are represented are often addressed implicitly rather than examined
systemically (e.g., Canedoli et al., 2017; Garcia-Diez et al., 2020; Sen
and Guchbhait, 2021; Sultana and Selim, 2021; Dang and Li, 2023).
Most studies address equity through spatial or demographic
proxies, such as distance to green spaces, visit frequency, or
population density. These approaches reveal uneven access to
CES across urban contexts but rarely examine the institutional,
governance, or socio-cultural mechanisms that produce such
disparities. Participatory and perception-based methods, including
surveys and PPGIS, are widely used to capture lived experience
and user values. However, these approaches tend to privilege active
users and visible forms of engagement and may therefore be biased
toward the preferences of those with greater awareness, time,
mobility, or social capacity to participate. Site-specific CES studies
remain predominantly on public parks, with only isolated cases
examining rooftop gardens or other types of urban green spaces.
These patterns highlight how CES provide a lens for
rethinking urban green planning as a human-centered process that
simultaneously supports ecological functioning. They underscore
the need to reconsider everyday nature exposure in response
to environmental pressures, changing lifestyles, and growing
urban demand. Overall, the review indicates that while equity
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and justice are increasingly recognized as relevant concerns in
urban CES research, they are not yet systematically integrated
into assessment or planning frameworks. This gap is partly
driven by methodological reliance on aggregated demographic
proxies and limited alignment between social data and site-level
CES evaluation. Addressing this gap requires moving beyond
spatial distribution, accessibility and individual preference toward
approaches that foreground contextual diversity and everyday
exposure. To strengthen the operationalization of CES, greater
attention is needed to diversify mechanisms of interaction
enable both cultural ecosystem services and broader ecosystem
services enhancement.

4.5 Implications for urban green planning

The
summarized in Section 3.5, provide several implications for urban

integration patterns observed across studies, and
green planning.

First, there is the need to evaluate ecological performance
together with perceptual and experiential quality. Planning
frameworks often prioritize quantifiable metrics such as green
coverage, accessibility, microclimate regulation, and carbon
sequestration, but these alone cannot represent lived experience.
Incorporating CES indicators such as sensory comfort, aesthetic
variety, perceived biodiversity, and relational dimensions (like place
identity and sense of belonging) adds a human-centered layer to
ecological assessment. These indicators should be derived from
the mechanisms evidenced in Section 3.4 (e.g., walking, viewing,
socializing) and from the environmental attributes that enable
these interactions, including landscape diversity, species richness,
microclimatic comfort, maintenance quality, and perceived safety.

Second, mixed-method evidence at the neighborhood scale
should be used to move from “green quantity” to “green
quality.” The progression from conceptual to planning-level
integration observed across the reviewed studies shows that
linking ecological models (e.g., InVEST, SoLVES, LST mapping)
with participatory and perceptual data enables co-mapping of
ecological and social values. The neighborhood scale appears
effective for this synthesis, as it can link local experiential
processes to broader ecological connectivity while capturing the
mechanisms that enable experiential outcomes. Neighborhood
and community-based studies such as Garcia-Diez et al. (2020),
Canedoli et al. (2017), Pouso et al. (2020), and Smrekar et al.
(2024) mapped perceived CES through surveys or PPGIS, providing
spatial insights into accessibility, recreation, and aesthetic values.
Dang and Li (2023), Tu et al. (2023), and Adhikary et al.
(2025) extended this work by combining perceptual data with
ecological indicators such as vegetation cover and thermal
comfort, allowing for comparative analysis between perceived
benefits and environmental performance. Adhikary et al. (2025)
also identified undervalued sites within dense environments
where targeted design interventions could elevate social and
cultural value, suggesting the importance of CES mapping
for micro-scale design strategies as well as city-scale policy.
Together, these studies demonstrate the analytical value of
the neighborhood scale for linking perceptual and ecological
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dimensions, though methodological depth remains uneven and
largely survey dependent.

Drawing from neighborhood-relevant studies, a checklist
(Table 4) was developed based on insights from Sultana and Selim
(2021) and Sen and Guchhait (2021), which examines multiple
types of green spaces within defined urban zones. Although these
studies are not explicitly framed as neighborhood-level research,
they reveal clear patterns of CES provision and benefit that emerge
through everyday interactions within urban neighborhoods. In
particular, Sen and Guchhait (2021) highlights how proximity to
green spaces fosters a “deep sense of oneness with nature”, noting
that while all respondents acknowledged the importance of nature
for feeling “lively”, such connections were significantly diminished
in busy urban environments. This variation underscores how the
interlink between environmental conditions, experiential qualities,
and spatial proximity collectively shapes CES perceptions. It
also illustrates the potential reconsider the diversity, distribution,
and quality of urban green spaces in relation to residential
neighborhoods. The checklist presented in Table 4 outlines key
components for integrating ecological, perceptual, and equity
considerations within neighborhood contexts.

This framework highlights key considerations for evaluating
whether neighborhood-scale CES assessment and provision
lived
environmental quality, and social dynamics such as accessibility,

adequately capture vegetation diversity, experience,
equity, and inclusion. By aligning experiential patterns with
ecological indicators, the checklist supports more holistic
evaluations of CES within everyday urban settings. It also
reinforces the importance of positioning the neighborhood scale as
an intermediary between regional, municipal, and national levels,
ensuring that local cultural benefits are understood in relation to
broader green infrastructure and ecological connectivity.

Third, to capture the full dimension of CES outcomes,
broader methodologies and research approaches should be
explored. Most current studies remain limited in representing
aesthetic, spiritual, inspirational, and educational values, which
are frequently acknowledged conceptually but seldom assessed
empirically. Addressing these intangible aspects requires methods

that capture the effects of nature exposure, engagement, and

TABLE 4 Proposed neighborhood CES operationalization checklist.

Dimension Key criteria

Ecological- Distribution of diverse green space types (parks, courtyards,

Spatial rooftops); ecological connectivity; vegetation cover;
environmental quality (e.g., air and noise conditions, shade);
microclimate regulation

Perceptual - Accessibility and proximity; perceived safety and

Experiential maintenance; visibility and sensory richness; frequency of
use

Social- Representation of diverse user groups; demographic patterns

Demographic in use and perception; proximity to high-density or
underserved communities

Justice— Evidence of unequal distribution; community participation

Governance in planning; recognition of marginalized needs and uses
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how these experiences foster deeper forms of nature stewardship.
Participatory activities such as urban farming, community
gardening, forest bathing, and collective stewardship remain
underexplored, despite their potential to foster nature connection,
social cohesion, and psychological as well as physiological
wellbeing. Cybele et al. (2024) demonstrated that iterative
co-creation processes strengthen environmental education
and collective ownership, transforming perceived value into
participatory practice. De Luca et al. (2024) and Cheng et al.
(2021) further stressed that CES are not fixed outputs of nature,
but relational processes shaped by cultural expectation and design
translation. Yet these forms of engagement are often treated as
secondary or supplementary, rather than integrated into green
infrastructure planning. Exploring these educational, cognitive,
and relational dimensions through participatory, behavioral and
sensory-based methods can reveal how diverse forms of nature
interaction contribute to wellbeing, belonging and stewardship,
expanding the potential of CES within urban green planning.

Collectively, these examples underscore the emerging finding
that the operationalization of CES requires connecting ecological
connectivity with perceptual richness and community engagement.
Future research should therefore establish empirical frameworks
that evaluates not only where CES occur but also how they are co-
produced through experiential, ecological and social processes. To
support this integration, the review proposes a practical integrated
CES-ES framework centered on co-mapping, co-validation, and co-
design. Co-mapping involves overlaying ecological indicators such
as vegetation cover, biodiversity, and microclimate with perceptual
data including accessibility, sensory richness, and emotional
attachment to identify areas of shared value. Co-validation refers
to iterative refinement of these mapped relationships through
stakeholder engagement, behavioral observation, or participatory
feedback to ensure both experiential and ecological relevance.
Finally, co-design incorporates these insights into planning and
design processes to create adaptive interventions that reflect local
needs, strengthen ecosystem functions, and support long-term
wellbeing. This approach provides a replicable methodological
pathway for embedding CES into practice and reinforces the need
for planning models that recognize the relational and place-based
nature of cultural benefits.

4.6 Limitations and future research
directions

Despite offering a focused synthesis of Cultural Ecosystem
Services (CES) research within urban green planning, this review
acknowledges several limitations.

First, the review intentionally restricted its scope to studies
conducted explicitly within urban contexts. This decision was
driven by the initial screening outcome, which revealed that the
majority of CES research has been conducted in peri-urban, rural,
coastal, or protected landscapes. While this focus was necessary
to examine how CES concepts are applied within planning
and design frameworks, the limited representation of urban
contexts in existing CES research reflects deeper disciplinary and
methodological tendencies. Addressing this gap is crucial to capture
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emerging urban trends and to enable cross-contextual comparison
with the broader body of CES literature. Future studies should
explore how CES knowledge from natural or peri-urban settings
can inform adaptable frameworks for the urban environment.

Second, gray literature, policy documents, and non-English
publications were excluded from formal analysis to maintain
methodological consistency. Only peer-reviewed, English-language
journal articles from Web of Science and Scopus were included
in the synthesis. However, these excluded sources were consulted
to inform the background framing. Additionally, while the
review includes studies from Global South contexts such as
India, China, and Brazil, the language-based limitation may have
led to the omission of innovative CES practices and locally
embedded knowledge from other regions. Future reviews should
consider integrating multilingual databases and high-quality gray
literature to reflect a broader spectrum of planning practices
and epistemologies.

Third, methodological diversity across the reviewed studies
constrained direct comparison. Research on CES employs a wide
range of approaches from participatory mapping and surveys to
spatial modeling tools, which limited synthesis at a quantitative
level. The present review, therefore, emphasized qualitative
interpretation and comparative pattern identification to highlight
conceptual and methodological tendencies.

Fourth, the classification of studies by spatial scale, particularly
at the neighborhood level, may be subject to interpretation
due to varying terminology and framing across the literature.
For transparency, this review included studies such as Sultana
and Selim (2021) and Sen and Guchhait (2021) within the
neighborhood-scale category based on their focus on intra-urban
zones characterized by diverse green spaces and local demographic
analysis. While not always labeled as “neighborhood” studies,
these cases demonstrate spatially and socially bounded patterns
of CES use that align with neighborhood-scale mechanisms.
Future work should further refine the criteria for neighborhood-
scale CES research to support replicable classification and cross-
study comparison.

Within the reviewed studies focused on urban contexts, CES
justice remains underexplored. Although several studies address
equity indirectly through accessibility, proximity, or demographic
representation, few examine how governance structures, decision-
making processes, or institutional arrangements shape the
distribution of cultural ecosystem benefits or inclusion. Future
work should identify areas with limited access to cultural
ecosystem benefits and examine how participatory and co-creative
planning approaches can strengthen inclusion, recognition, and
agency among marginalized groups. This would strengthen the
alignment of CES research with the goals of equitable distribution
of environmental benefits and an inclusive planning process,
particularly in rapidly urbanizing and unequal contexts.

Future research should focus on developing integrative
that
spatial, and perceptual dimensions more coherently. Greater

and multi-scalar methodologies connect ecological,
emphasis should be placed on establishing spatial connections
between the physical characteristics of green spaces and user
perceptual or experiential responses. Approaches that combine
ecological performance indicators and environmental data with

experiential evidence can more effectively reveal how measurable
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conditions relate to lived experiences and wellbeing outcomes.
Advancing such integrative frameworks will move CES research
beyond descriptive assessment toward operational models that
inform design, governance, and policy, enabling urban green
spaces to deliver ecological performance and cultural value
in tandem.

4.7 Technological opportunities for CES
and wellbeing evaluation

A recurring limitation across the reviewed literature is the
strong reliance on self-reported and spatially aggregated measures
that operationalize CES primarily as categorical indicators of
distribution, rather than as process-based benefits. Perceptual
surveys and participatory mapping remain essential for capturing
individual experience and preferences, yet they provide limited
insight into how CES benefits accumulate through repeated
exposure, everyday routines, and long-term engagement. In this
context, emerging technologies can complement participatory and
perceptual data by extending temporal and spatial resolution.

Within the reviewed CES literature, technological tools are
most consistently applied to spatial and behavioral dimensions,
rather than as direct measures of CES-related activities or
experiential processes. Smartphone-based GPS traces, mobile
sensing, and GIS modeling can help characterize exposure, route
choice, proximity, and frequency of contact with urban nature.
These data improve alignment between everyday behavior and
environmental context. At broader scales, crowd sourced imagery,
geo tagged photographs, and text-based approaches provide open-
source big data indications of recreational use and aesthetic
appreciation, offering temporally rich complements to locally
grounded participatory data.

Physiological sensing approaches (e.g., wearable heart-rate
measures, electrodermal activity, eye-tracking, or mobile neuro-
monitoring) are increasingly explored in adjacent fields such
as environmental psychology and public health but remain
comparatively limited within urban CES planning research. These
tools are therefore best regarded as exploratory supplements that
may assist in triangulating stress, attention, or behavioral responses
during nature interaction, rather than as integrated measures of
human-nature interactions.

A key methodological

challenge lies in capturing

longitudinal processes of engagement, restorative effects,
and place attachment with the mechanisms such as walking,
urban farming, community gardening, forest bathing, and
contemplative practices. At the same time, even studies that
engage technological approaches remain constrained by limited
integration between experiential evidence, landscape qualities,
or ecological indicators. Future CES research would therefore
benefit from hybrid frameworks that integrate: (i) ecological
and spatial indicators (e.g., vegetation, biodiversity proxies,
microclimate), (ii) behavioral exposure evidence (e.g., visit
route choice, duration), and

frequency, (iii) participatory

and perceptual data (e.g., surveys, narratives, co-creation
outcomes). Such triangulation supports interpretation of CES as

processes emerging through repeated human-nature interaction,
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strengthening their relevance for planning, design, and governance
while maintaining conceptual fidelity to the relational nature of
cultural benefits.

5 Conclusions

The findings emphasize three overarching priorities. First, CES
should be positioned as the experiential and relational dimension of
ecosystem services by connecting ecological function with human
perception, behavior, and cultural meaning. Second, multi-scalar
and cross-disciplinary methods are needed to connect site-level
experience with neighborhood and city-scale planning frameworks.
Third, intangible dimensions such as learning, inspiration, identity,
and stewardship must be incorporated into CES assessment and
planning approaches to represent the full spectrum of human-
nature relationships. Together, these priorities underscore the
importance of addressing how cultural ecosystem benefits are
unevenly experienced across everyday urban contexts, shaped not
only by access to green space but by its distribution, diversity, and
integration into daily life.

Advancing these priorities will move CES research from
descriptive assessment toward operational frameworks that
inform design, governance, and policy. Embedding CES as
measurable and experiential evidence within planning practice
enables the creation of urban environments that are ecologically
resilient, socially inclusive, and perceptually meaningful, where
green spaces operate as active systems delivering psychological,
social, and cultural benefits. In this context, participatory
and co-design processes play a critical role in translating
experiential evidence into planning-relevant action, enabling
CES to be co-produced and sustained through everyday
engagement with urban green spaces. Moreover, the many
benefits that we derive from CES can be factored into the
evaluation of investments in the urban realm and associated
urban infrastructures, thereby raising the profile of CES in
urban decision-making.
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