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ABSTRACT

The concept of Green Infrastructure (Gl) bridges spatial planning, ecology, and social sciences, yet its application in geography is
often hindered by conceptual ambiguity and disciplinary fragmentation. This study aims to synthesize these fragmented perspec-
tives into a robust geographical framework. We employed a hybrid review methodology, combining a systematic search with a
qualitative thematic synthesis of 106 core studies published between 2000 and 2025. Our analysis categorizes the existing literature
into five distinct thematic pillars — ranging from conceptual definitions and ecosystem benefits to critical governance challeng-
es-demonstrating that these domains often operate in isolation. The analysis reveals that contemporary Gl research is characterized
by a “paradox of sophistication”: while methods for measuring ecosystem services are advanced, they are applied within a narrow
geographical scope, overlooking the Global South and failing to integrate critical social dimensions. In response, we introduce the
Form-Process-Power framework. This model integrates the physical configuration of green spaces (Form), their dynamic ecological
and social functions (Process), and the political economies determining their distribution (Power). By systematically linking these
dimensions, the proposed framework provides geographers and planners with a comprehensive tool to address the complexities
of urban resilience and environmental justice.
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1. Introduction

Geography, as a discipline that interfaces with the nat-
ural, technical, and social sciences, is more than just
a bridge between fields; it fundamentally investigates
the spatial organization of the world. The discipline
has a unique ability to combine physical geography’s
analysis of biogeographical patterns and climatic pro-
cesses with human geography’s critical study of the
governance, social power, and cultural landscapes
that shape human-environment interactions. This
dual focus makes geography ideally suited to address
complex, multifaceted socio-ecological phenomena.
While the concept of Green Infrastructure is broad
and scaling - encompassing both natural landscapes
and urban environments (as defined by the Europe-
an Commission) - this study intentionally narrows
its primary focus to the urban and peri-urban land-
scape. This delineation is conceptually justified: cities
represent the most intensive nodes where ecological
processes, dense spatial forms, and complex socio-po-
litical power structures collide. It is precisely within
the urban landscape that the integration of the spa-
tial, ecological, and social dimensions is most urgent-
ly needed and, paradoxically, most challenging to
achieve. Therefore, while acknowledging the broad-
er landscape context, isolating the urban dimension
allows for a more focused critique of geographical
thinking regarding human-nature interactions.

The study of urban “greenery” or “green space”
illustrates both this potential and its persistent chal-
lenges. As often noted in scholarly debates, selecting
precise terminology is difficult; these terms, while
widely used, are often conceptually unclear, compli-
cating comparative analysis and policy implemen-
tation. The concept of Green Infrastructure (GI) has
emerged as a powerful framework to overcome this
ambiguity, positioning greenery as a strategically
planned network of natural and semi-natural areas
designed to deliver a wide range of benefits. Howev-
er, we argue that this strategic concept, GI, must be
recognized as more than just a planning tool or a stat-
ic environmental variable. It should be studied as a
distinct, dynamic research subject that can contribute
to the development of new theoretical frameworks
in geography (Long 2022). This requires a theoret-
ical reflection that includes not only ecological and
social aspects but also a deeper analysis of its impor-
tance in shaping urban and landscape spaces (Cama-
cho-Cervantes et al. 2014). Consequently, the result
of this approach is a highly fragmented view of green-
ery (Chatzimentor et al. 2020), with physical geogra-
phers focusing on biogeographical patterns and cli-
matic feedbacks, while human geographers examine
questions of spatial justice, cultural landscape, and
urban governance. The extent to which such studies
explicitly conceptualise GI as geography in its own
right varies considerably. This variability points to a
persistent issue: despite the increasing attention GI

has received across disciplines such as ecology, urban
planning, and environmental sciences (Chatzimen-
tor et al. 2020; Ghofrani et al. 2017), its conceptual
positioning within geography remains ambiguous.
While green spaces (including urban parks, forests,
and agricultural landscapes) are frequently analyzed
in geographical studies (Jim and Chen 2003; Nicholls
2001; Supuka et al. 2013), they are often treated as
peripheral variables within broader research themes
(e.g. land use (Wu and Plantinga 2003), urban sus-
tainability, climate adaptation (Matthews et al. 2015;
Shukla et al. 2019) rather than as independent geo-
graphical topics in their own right. Indeed, a compre-
hensive understanding of GI emerges at the nexus of
Geography, Ecology, and the Social Sciences (Borges
et al. 2017) giving rise to critical hybrid fields like
landscape ecology and environmental justice. Shift-
ing research paradigms compound this uncertainty.
The rise of landscape ecology, the diffusion of nature-
based solutions (NBS) (Nesshover etal. 2017; Escobe-
do et al. 2019; Eisenberg and Polcher 2019; Fang et
al. 2023; Green et al. 2021) and renewed attention to
urban heat (Morakinyo and Lam 2016; Lehnert et al.
2021; Sun et al. 2019; lungman et al. 2023; Lehnert
et al. 2024) have accelerated GI research. However,
critiques from political ecology (Hurley et al. 2015)
and relational geography suggest that GI scholarship
within geography still lacks a coherent conceptual
core. Indeed, the ambiguous definition of GI and its
divergent interpretations are frequently noted as a
challenge (Ying et al. 2022; Chatzimentor et al. 2020;
Escobedo et al. 2019).

This conceptual ambiguity hinders the develop-
ment of cumulative knowledge, as disparate studies
often speak past one another using different theo-
retical languages (Chatzimentor et al. 2020; Malecki
2010). Furthermore, it limits geography’s ability
to offer robust, critical insights that extend beyond
technical support for urban policy and planning
(Chatzimentor et al. 2020; Dobsinska et al. 2025).
In response, this article aims to critically assess the
status of GI as a core concept within geographical
thought. Specifically, it investigates whether urban
nature can and should be treated as a standalone
subject of geographical inquiry, rather than merely a
secondary component within existing spatial studies.
The logical structure of this inquiry is visualized in
the conceptual roadmap in Fig. 1, which guides the
subsequent sections of this paper.

Ultimately, scholars call for frameworks that inte-
grate spatial form, ecological process, and social pow-
er, but a systematic synthesis has not materialised
(Chatzimentor et al. 2020; DobsSinska et al. 2025).
Against this backdrop, achieving a new synthesis
requires a methodology that balances rigor with
interpretive depth. Consequently, rather than rely-
ing on a purely quantitative meta-analysis or a tradi-
tional narrative review, this article employs a hybrid
review approach. This choice allows us to combine a
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systematic search protocol with a thematic synthesis
(Siddaway et al. 2019), ensuring both the replicability
of evidence collection and the interpretive flexibility
necessary for robust theory-building (Long 2022). An
ill-suited method would risk reinforcing the very dis-
ciplinary silos this paper seeks to dismantle; there-
fore, the specific design of this inquiry is carefully
detailed in the following section.

2. Materials and methods

To navigate the complexity of Green Infrastructure
(GI) research and construct a coherent geographical
framework, this study follows a structured conceptu-
al roadmap, visualized in Fig. 1. This roadmap guides
our inquiry from the initial recognition of geogra-
phy’s interdisciplinary nature, through the selection
of methodological approaches, to the synthesis of a
new integrative model.

Synthesizing a diverse and fragmented field such
as green infrastructure (GI) is not a matter of applying
a one-size-fits-all methodological template (Chatzi-
mentor et al. 2020; Honeck et al. 2020; Knobel et al.
2019; Taha 2023). The choice of a review methodolo-
gy is, in itself, a critical research decision that funda-
mentally shapes the scope and nature of the findings
(Siddaway et al. 2019). [t requires a careful alignment
between the research questions and the tools used
to answer them (Siddaway et al. 2019). This chapter
therefore begins by justifying the selection of our spe-
cific methodology before detailing the individual stag-
es of our research process.

A purely quantitative meta-analysis, for instance,
would fail to capture the rich conceptual debates and
qualitative nuances surrounding issues of governance

and spatial justice (DobSinska et al. 2025; Sharifi et al.
2021). Such techniques depend on homogenous data
and comparable effect sizes, which are rarely available
for complex, context-dependent topics like communi-
ty engagement or policy implementation. Conversely,
a traditional narrative review, while flexible, could
inadvertently perpetuate the field’s fragmentation
through selection bias (Nordbg et al. 2018; Siddaway
et al. 2019; Shuvo et al. 2020). This bias often occurs
unintentionally, as a researcher’s disciplinary back-
ground can lead them to overemphasize familiar liter-
ature while overlooking contradictory findings from
other fields (Weerasuriya et al. 2019). To truly inte-
grate the diverse streams of Gl research, an approach
explicitly designed to bridge these methodological
divides is therefore essential (Honeck et al. 2020).

Therefore, this paper employs a comprehensive
systematic review framework. We adopted a sys-
tematic search protocol to ensure a comprehensive
and replicable identification of relevant literature
(Shahtahmassebi et al. 2021; Wu et al. 2025), analys-
ing more than one hundred peer-reviewed studies
published between 2000 and 2025 (Wu et al. 2025)
(detailed in section 2.1). For the subsequent analysis,
we applied a qualitative thematic synthesis based on
best-practice principles for structuring a coherent
narrative. This approach allows us to combine the rig-
or of a systematic search with the interpretive depth
needed to build a new conceptual core (Siddaway
etal. 2019).

2.1 Literature search strategy
A comprehensive literature search was conducted to

identify peer-reviewed articles. The search timeframe
was set for publications between January 2000 and

Geography's
Interdisciplinary
Nature
Green
Infrastructure
as a Research
Subject
Theoretical Methodological Green
Reflection Approaches Infrastructure's
| | Role
Ecological Social Urban and GIS-based Accessibility Socio-
Aspects Aspects Landscape Spatial Studies ecological
Spaces Analysis Modeling
Spatial Ecological Social
Processes Processes Processes

Fig. 1 Conceptual roadmap of the article’s inquiry.
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the first half of 2025. The search was performed in
two major academic databases known for their broad
coverage of environmental, geographical, and social
sciences: Scopus and Google Scholar. The search pri-
oritized Scopus as the primary source of high-impact,
peer-reviewed literature due to its robust indexing of
geographical and urban planning journals. To mini-
mize potential geographical and publication bias-a
common challenge in urban geography-this baseline
was supplemented by targeted searches in Google
Scholar, ensuring the inclusion of relevant regional
studies and emerging interdisciplinary research on
Nature-based Solutions (NBS) that might otherwise
be under-represented.
® Query 1 (Disciplinary Intersection): Focused on
identifying the broad overlap between green con-
cepts and geographical inquiry. Terms like “spatial”
and “urban” were included alongside “geography”
to act as proxies for geographical research, ensur-
ing the inclusion of relevant spatial analyses that
might not explicitly use the term “geography” in
their metadata.

e String: ("green infrastructure" OR "urban green
space*" OR "nature-based solution*") AND
(geography* OR spatial* OR urban)

® Query 2 (Thematic Pillars): Focused on capturing
specific conceptual applications. This query includ-
ed “nature-based solutions” to reflect evolving ter-
minology and targeted specific thematic clusters

(e.g., justice, heat) to ensure coverage of interdis-

ciplinary studies that contribute to geographical

thought.

e String: ("green infrastructure") AND ("urban
heat" OR "biodiversity" OR "well-being" OR
"spatial justice" OR "governance" OR "landscape

The results from both queries were combined to
form the initial corpus. In addition to the database
search, the reference lists of key review articles
identified during the screening process were manu-
ally scanned to identify any further relevant studies
(a process known as “snowballing”).

2.2 Study selection and eligibility criteria

The literature search and selection process followed
the PRISMA guidelines. The initial broad search que-
ries yielded a significant volume of records: 33,679
from Scopus and 8,810 from Google Scholar. To refine
this massive corpus, automated database filters (lim-
iting results to peer-reviewed journal articles in En-
glish within the subject areas of Social Sciences, Envi-
ronmental Science, and Geography) were applied to
the Scopus results, reducing its pool to 2,000 records.
Concurrently, the top 500 ranked records from Google
Scholar were extracted for further processing. This
deliberate threshold is methodologically justified by
the unique sorting algorithm of Google Scholar, which
prioritizes records based on keyword weight and
citation counts, leading to a significant drop in preci-
sion and relevance after the first few hundred results.
Limiting the manual screening to the top 500 ranked
records balances comprehensive coverage with
resource efficiency, adhering to established guide-
lines for systematic reviews and evidence syntheses
(Haddaway et al. 2015).

After merging these sources into an aggregated
pool of 2,500 records, a total of 420 duplicate entries
across the databases were identified and removed,
leaving 2,080 unique records. To ensure a highly
focused and rigorous analysis, these unique records
were ranked by relevance, and the titles and abstracts

ecology")
PHASE 1 Records identified from Records identified from
IDENTIFICATION Scopus (n = 33,679) Google Scholar (n = 8,810)
I |
v
PHASE 2 Records pooled after automated database filters and Duplicates removed across
SCREENING Google Scholar top-500 extraction (n = 2,500) databases (n = 420)
Unique records retained and ranked by relevance | || Rf:,?ﬁ?nsge;‘ﬁc',“gﬁgfafﬁrs:;erfg’,iﬂge'
(n = 2,080) (n=1 580)
PHASE 3 Records manually screened at title and abstract level | | Records excluded based on
ELIGIBILITY (n=500) title/abstract review (n = 315)
Full-text articles a_ssessed for eligibility N aggggiﬁrzsli?:eiiﬁigrgﬁgir\?gg]ri ng
@ '585) or non-geographical focus (n = 79)
PHASE 4 Core studies included in the qualitative thematic synthesis
INCLUDED (n=106

Fig. 2 PRISMA flow diagram showing the identification, screening, and inclusion of studies from WoS, Scopus,

and Google Scholar.
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of the top 500 records were manually screened based
on our inclusion criteria. Studies with a purely tech-
nical, engineering, or non-geographical focus were
excluded during this phase. Following a detailed eligi-
bility assessment of 185 full-text articles, a final selec-
tion of 106 core studies was included in the thematic
synthesis, as they directly addressed the intersection
of spatial form, ecological process, and social power
dimensions.

2.3 Data extraction and thematic synthesis

The final stage of our methodology data extraction
and thematic synthesis-was guided by the overarch-
ing principles of a systematic review (Siddaway et
al. 2019). These principles ensured the analysis was
methodical, replicable, and purposefully directed
towards theory development and informing policy.
For each of the 106 studies, a standardized form was
used to extract data including bibliographic details,
geographical context, aims, methods, concepts, and
key findings. Following this, a qualitative thematic

""B‘g'ﬁ"éﬁ :

dscqpe

=global’ (77
v,

exper\ences

\’mro\
provude @ m

vesl

&
2 highly [('(’ ;X\o

0 s
ness nelghbourhood e\g g‘énhl

||m!ted

walk,

3 §
N wanteds "

o
= @ shackleton

el
mental s

t
process

childhoodh
havitat

U
Ne e )
. -
P70, snall,
w’?),,e/eds aroundse = frequently

------ months

| JUS' I\(ess()
srecreation
C ei

largely

@imposition § @ =

natur
St
ub

located

participants

me”

“d‘sﬁ“f.i.g gen ;rl

|'ncc'>me

synthesis was performed to identify the dominant

research areas through an inductive, multi-stage cod-

ing process. While structured into three phases, this
process was inherently iterative, involving constant
comparison and refinement:

1. First, initial concepts and conceptual framings
were identified via open coding of the extracted
key findings.

2. Second, these codes were clustered into descrip-
tive themes.

3. Finally, the themes were grouped into the over-
arching research areas presented in the Results
section.

This rigorous approach allowed for a robust iden-
tification of the conceptual architecture of Gl research
in geography.

3. Results

The systematic analysis of 106 articles reveals a
dynamic and rapidly maturing field of research. As an
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Fig. 3 Word cloud representing the frequency of terms within the keywords and abstracts of the analyzed corpus (n=106).
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initial step to map the conceptual landscape, we con-
ducted a frequency analysis of author keywords and
abstracts across the selected corpus. A visual sum-
mary of this terminological prevalence is provided in
Fig. 3.

This visualization highlights the prominence of
foundational concepts such as ‘parks’ and ‘green spac-
es’, while also revealing the growing importance of
social dimensions through terms like ‘social’ ‘access’,
and ‘gentrification’.

Based on the deeper thematic synthesis of the full
texts, this chapter presents the results in two main
parts. First, we outline the overarching characteristics
and meta-trends that define the scholarly landscape
of green infrastructure research as a whole. Second,
we present a detailed breakdown of the five principal
thematic areas that constitute the core substance of
this research, which will be further detailed in subse-
quent sections.

3.1 Overarching characteristics of the research field

Before examining specific thematic areas, our synthe-
sis identifies several overarching characteristics that
define the character of contemporary GI scholarship.
First and foremost, geographical scholarship on GI is
profoundly interdisciplinary, drawing on a wide array
of methods and perspectives from ecology, urban
planning, public health, sociology, and geography to
address the multifaceted nature of GI. This interdis-
ciplinarity is often channelled into a strong applied
orientation, with a significant portion of research
focused on providing evidence for addressing tangi-
ble urban challenges such as heat island mitigation,
air pollution, and public health risks.

The growing maturity of the field is evident in two
parallel trends that signal a shift from early explora-
tion to rigorous consolidation: a pronounced empha-
sis on developing robust methods for measurement
and evaluation, and a growing awareness of the chal-
lenges, barriers, and negative aspects associated with
GJ, including issues of environmental justice and gov-
ernance. Despite this maturity, a persistent theme
emerging from the literature is the call for greater
integration and standardization of definitions and
methods to overcome the field’s fragmentation (Esco-
bedo et al. 2019; Chatzimentor et al. 2020).

Finally, the large number of case studies from
diverse regions underscores the critical importance
of local context-be it geographical, socioeconomic,
or political-in shaping GI outcomes. Taken together,
these characteristics depict a vibrant and applied
research field actively engaging with the complexities
of real-world application.

3.2 The conceptual web: core concepts
and their interconnections

To understand how the research field operates, our
analysis identified 14 distinct core concepts that dif-
ferentiate the analyzed literature. A detailed overview
of these concepts, including their thematic affiliation
and frequency within the corpus, is presented in
Table 1. Importantly, Green Infrastructure (GI) itself
is excluded from this comparative frequency table,
as it serves as the universal overarching framework
and primary search criterion defining the entire cor-
pus; its inclusion would thus be empirically tautolog-
ical. Instead, the analysis focuses on the secondary
concepts that illustrate disciplinary fragmentation

Tab. 1 Overview of the 14 core concepts identified in the reviewed literature (n=106), including their thematic categorization,

estimated frequency of occurrence, and dominant geographical focus.

Thematic pillar Frequency in corpus (%) Dominant geographical focus

Ecosystem services (ES) Benefits and functions 85% Europe, North America, China
Health and well-being Benefits and functions 78% Europe, North America, Oceania
Climate regulation (UHI) Benefits and functions 65% East Asia (China), Europe
Biodiversity Benefits and functions 55% Europe, Global South (emerging)

Spatial planning

Conceptual frameworks

60%

Europe, North America

Spatial justice

Challenges and negative aspects

45%

North America, Europe

Environmental justice

Challenges and negative aspects

40%

North America

Accessibility

Methodology/frameworks

50%

Europe, China

Governance

Conceptual frameworks

40%

Europe, North America

Public participation

Challenges and negative aspects

35%

Europe

Brownfield remediation

Centrality of Case Studies

20%

Europe (esp. Eastern/Central)

Mental well-being

Benefits and functions

30%

Europe, North America

Poisonous/allergenic plants

Challenges and negative aspects

15%

Europe

Specific contexts (schools, etc.)

Centrality of case studies

25%

Europe, North America
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and thematic shifts, including emerging variations
like Green and Blue Infrastructure (GBI). These con-
cepts emerged inductively from the coding process
(Section 2.3) and do not exist in isolation but form a
dense, interconnected web. By mapping their co-oc-
currence in the literature, we move beyond a simple
list to reveal the underlying structure of the field,
including its dominant themes and interdisciplinary
connections.

At the heart of this web are several ‘hub’ concepts,
representing the most established and frequently
studied themes. Unsurprisingly, these include foun-
dational topics such as Ecosystem Services, which
frames Gl in terms of its functional benefits for society
(Escobedo etal. 2019), and Climate Regulation, with a
strong focus on urban heat island mitigation (Oliveira
et al. 2011; Wang et al. 2022). Similarly, Biodiversity
stands out as a central pillar, linking GI to core eco-
logical principles of conservation and habitat provi-
sion within urban environments (Lepczyk et al. 2017;
Norton et al. 2016). These hubs act as gravitational
centers, attracting significant research attention.

Connecting these major hubs are key ‘bridging’
concepts that facilitate interdisciplinary dialogue.
For instance, themes like Spatial Justice and Govern-
ance serve as crucial links connecting the biophysical
aspects of green infrastructure to critical social and
political science questions (Hurley et al. 2015; Sharifi
et al. 2021). These concepts are vital for preventing
the field from fracturing into disconnected natural
and social science silos.

At the very center of this web lies Green Infrastruc-
ture (GI), acting as the primary object of inquiry from
which most research questions originate. It is inex-
tricably linked to the concept of Ecosystem Services
(ES), which serves as the principal framework for
articulating the tangible and intangible benefits of GI.
These benefits, in turn, are most frequently connected
to the ultimate outcome of human Health and Well-be-
ing, encompassing both physical and mental dimen-
sions. These three concepts (GI, ES, and Well-being)
form the foundational core of the entire conceptual
structure.

Surrounding this core, Spatial Planning acts as the
primary applied framework that integrates scientific
insights with on-the-ground implementation. Acces-
sibility is a critical bridging concept here, linking
the physical presence of GI to outcomes of Environ-
mental and Spatial Justice by raising questions about
the equitable distribution of benefits. Similarly, Gov-
ernance and Public Participation connect high-level
planning processes to the principles of equity and
the practical realities of management, ensuring that
diverse community needs are considered.

Orbiting these central and bridging concepts are
specialized ‘satellite’ topics that relate to specific
sub-fields and contexts. Topics such as Brownfield
Remediation represent a particular opportunity for GI
implementation within the urban renewal discourse.

Conversely, the study of Poisonous and Allergenic
Plants represents a focus on specific ‘dis-services’ or
health risks, forming a necessary, critical counterpoint
to the uniformly positive narrative of GI benefits. Oth-
er satellites include focused inquiries into specific
health outcomes, such as mental well-being (Helbich
et al. 2019), or the unique dynamics of GI in specific
contexts like school grounds (Jansson et al. 2018). All
of these inquiries are underpinned by a sophisticat-
ed toolkit combining quantitative data and geospatial
technologies (RS/GIS) with qualitative and participa-
tory methods, providing a robust empirical foundation
for analysis and evaluation across the conceptual web.

This entire conceptual web is visualized in Fig. 4,
where Gl itself sits at the center as the primary object
of inquiry, underpinned by functional hubs and inter-
connected through bridging concepts that link bio-
physical functions to social realities.

3.3 The five thematic pillars of green
infrastructure research

While the conceptual web illustrates the static con-
nections between theoretical ideas, the thematic anal-
ysis of the corpus reveals how research activities are
actively organized into five distinct pillars. These pil-
lars represent the primary fronts on which GI schol-
arship is currently advancing. This section details the
key findings within each of these pillars, supported by
evidence from the 106 analyzed studies.

3.3.1 Conceptual and political frameworks

This foundational pillar addresses the definitions,
theoretical underpinnings, and governance models
of GI. The literature reveals a persistent ambiguity
and inconsistency in the term ‘green infrastructure’
(Ghofrani et al. 2017; Escobedo et al. 2019), often

Satellite Topics

Specialized areas within
Gl research

Bridging Concepts

Connect different
research domains

Fig. 4 A conceptual map illustrating the relationships between core
concepts in Gl research.
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influenced by policy documents such as the EU’s GI
Strategy. This conceptual uncertainty complicates the
integration of GI into coherent policy and planning.

Studies in this pillar often engage in deep theoreti-
cal analysis of the socio-natural relationship in urban
spaces, examining how regulations, design, and dis-
course shape the function of green areas, as exem-
plified by historical analyses of parks in Olomouc
(Daniel and Jirmus 2023). Furthermore, this research
explores the crucial process of translating scientif-
ic knowledge into policy and practice, analyzing the
roles of different actors, their interests, and the power
dynamics that govern how GI frameworks are formed
and implemented.

3.3.2 Benefits and functions
This is the most extensive pillar, robustly document-
ing the multitude of positive impacts of GI. The find-
ings consistently confirm a strong link between green
spaces and improved human health and well-being
(Addas 2023; Grilli et al. 2020), covering both mental
(e.g. stress reduction) and physical (e.g., encouraging
physical activity) dimensions. A recurring theme is
the role of GI in providing ecosystem services.
Regulatory services are a primary focus, with
numerous studies quantifying GI’s capacity for micro-
climate regulation and urban heat island mitigation
(Lehnert et al. 2021; Jo et al. 2009), air pollutant
reduction, carbon sequestration, and stormwater
management (Green et al. 2021). Supporting servic-
es are also prominent, particularly the provision of
habitats to enhance urban biodiversity (Kowarik et
al. 2025; Lepczyk et al. 2017). Finally, cultural servic-
es, such as providing spaces for recreation and social
interaction (Maryani et al. 2023), are highlighted as
essential for community cohesion and subjective
well-being.

3.3.3 Challenges and negative aspects
Providing a critical counterbalance to the previous
pillar, this area of research investigates the significant
obstacles and negative outcomes associated with GI.
While challenges inevitably permeate all aspects of GI
implementation, they have crystallized into a distinct
body of critical literature that warrants independent
examination. The analysis identifies a range of govern-
ance and institutional barriers, including fragmented
responsibilities, a lack of political will, and insufficient
long-term funding, which hinder effective implemen-
tation (Matthews et al. 2015). These are compounded
by technical and biophysical barriers, such as limited
space in dense cities and unsuitable site conditions.
Critically, this pillar addresses issues of environ-
mental injustice, revealing how the benefits of GI
are often inequitably distributed, with marginal-
ized communities having less access to high-quality
green spaces. The literature also explores GI's poten-
tial “dis-services” and negative externalities, from
“green gentrification” to direct health risks posed by

poisonous and allergenic plant species in public areas,
and the problem of overheated, poorly designed spac-
es like playgrounds.

3.3.4 The centrality of regional case studies

The empirical grounding for the entire field is over-
whelmingly provided by regional case studies. The
analyzed corpus shows a broad geographical scope,
with studies located across Europe [e.g., Lisbon
(Oliveira et al. 2011), Olomouc, Bratislava (DobSin-
ska et al. 2025)], North America, and East Asia [e.g.,
Nanjing (Jim and Chen 2003), Shanghai]. While less
numerous, there is also a growing body of research
from the Global South, including case studies from
cities like Kolkata and Bogota. These case studies
are essential for demonstrating how universal con-
cepts-such as ecosystem services or governance bar-
riers-manifest and are navigated within specific local
contexts. They cover a wide range of GI types, from
individual memorial trees and urban parks to large-
scale brownfield regeneration projects, providing the
rich, context-specific evidence that informs both the-
ory and practice.

3.3.5 Methodology and evaluation
The final pillar is focused on the diverse and evolv-
ing methodological toolkit used to study GI. Geo-
spatial technologies like GIS and Remote Sensing
(RS) form the backbone of much of the quantitative
research, used for mapping, inventorying (Smrecek
2013), accessibility analysis, and measuring indices
like NDVI. The analysis also reveals a strong trend
toward developing and applying holistic assessment
metrics and tools that capture the multidimensional
quality of green spaces beyond mere size or pres-
ence. This includes a wide array of statistical meth-
ods and survey-based approaches. There is a consist-
ent call across the literature for more integrated and
mixed-methods approaches that combine objective,
quantitative data with subjective, qualitative insights
from interviews and participatory methods to pro-
vide a more complete picture of GI's role and function.
While discussed here sequentially for clarity, the
analysis reveals that these five pillars do not operate
in isolation but form a deeply interconnected system
of inquiry. Conceptual frameworks inform case stud-
ies, and methodological advances are driven by the
need to better understand benefits and challenges.
Rather than a linear chain, these pillars represent a
symbiotic network where advancements in one area
(e.g., new evaluation metrics) directly enable deeper
insights in others (e.g., quantifying environmental
justice).

3.4 The temporal evolution of Gl research
The analysis reveals a distinct temporal evolution

in GI research, characterized by shifting priorities
that mirror broader scientific and societal changes.
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Fig. 5 A summary of the temporal evolution of Gl research across three phases.

Understanding this trajectory is crucial, as it explains
the coexistence of different, sometimes conflicting,
paradigms in contemporary scholarship. We identify
three principal phases in this development (visual-
ized in Fig. 5), tracing the field’s maturation from an
early focus on foundational concepts to the current
era defined by integration and critical perspectives.

[t should be noted that this chronological trajec-
tory primarily reflects the mainstream academic dis-
course within the Global North, mirroring the geo-
graphic distribution of the analyzed literature. The
breakthrough years defining each phase correspond
to major global policy-epistemic milestones. The shift
in 2008 represents the integration of green spaces
into broader urban climate change adaptation strat-
egies following the initial IPCC assessment cycles,
while the 2016 transition marks a conceptual boom
driven by the formal adoption of Nature-based Solu-
tions (NBS) frameworks within the EU Research and
Innovation agenda and international climate accords.

3.4.1 Phase 1 (2000-2008): foundational concepts
and ecological functions

In this early period, which corresponds with the ini-
tial surge of GI terminology in academic literature,
research was primarily concerned with establishing
foundational definitions and recognizing the basic
multifunctionality of Urban Green Infrastructure
(UGI). The core focus was on ecological integrity,
with studies concentrating on mapping habitats and
assessing their environmental functions. Concepts
such as the mitigation of the Urban Heat Island (UHI)
effect were introduced, and the link between green
spaces and general well-being began to be explored.
Methodologically, this era was characterized by the
foundational use of GIS and remote sensing for land
use analysis, alongside field surveys.

3.4.2 Phase 2 (2009-2016): systematization

and the rise of social concerns

This period saw a significant systematization of the
field, largely through the widespread adoption of

the Ecosystem Services (ES) framework as a central
organizing concept. Research began to differentiate
more granularly between cultural, regulating, and
provisioning services, with a strong focus on health
outcomes and Subjective Well-being (SWB). Methodo-
logically, this phase saw the rise of systematic reviews
and the use of more advanced geospatial technologies
like LiDAR. Crucially, questions of accessibility and
spatial justice began to be explicitly discussed, with
concepts like the “Just City” appearing in relation to
the unequal distribution of green space benefits.

3.4.3 Phase 3 (2017-2025): integration,

advanced technologies, and critical perspectives

The most recent phase is characterized by a high
degree of conceptual integration, methodological
sophistication, and a strong emphasis on critical per-
spectives. Spatial and environmental justice evolved
from an emerging topic into a dominant theme, with
research explicitly focusing on the needs of vulnera-
ble communities (Ma et al. 2021) and documenting
inequities in green space access and quality. The
understanding of health benefits became more holis-
tic, incorporating risks such as allergenic plants or
heat stress in playgrounds, particularly in the context
of the COVID-19 pandemic (Lehnert et al. 2024).

This period is also marked by the adoption of high-
ly advanced technologies, including the use of Street
View Imagery (SVI) for human-scale perception
analysis (Helbich et al. 2019) and the integration of
Artificial Intelligence (AI) with Computational Fluid
Dynamics (CFD) for microclimate modeling. Deeper
theoretical frameworks, such as assemblage theory,
are increasingly employed to analyze the complex,
co-produced nature of urban green spaces.

In summary, these three phases reveal a signifi-
cant and defining trajectory: a clear shift from a pri-
marily ecological and environmental focus towards a
more integrated and critical engagement with social
justice. While the early 2000s were concerned with
documenting environmental functions, the post-
2017 era is defined by a critical examination of the
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heterogeneous impacts of GI on residents and the
pursuit of equity in the distribution and quality of
urban green spaces.

3.5 Methodological sophistication
and geographical biases

The final layer of our analysis examines the interplay
between methodological tools and geographical con-
texts. This reveals a field characterized by increasing
methodological sophistication but simultaneously
marked by significant geographical imbalances in its
focus.

The methodological landscape is dominated by
quantitative approaches, underpinned by Geographic
Information Systems (GIS) and Remote Sensing (RS).
While these geospatial techniques provide powerful
tools for mapping and analysis, they are increasing-
ly complemented by qualitative and mixed-methods
research designed to capture subjective perceptions
and experiences. However, rather than simply listing
these tools, it is crucial to examine where they are
applied.

The geographical focus of the reviewed literature is
markedly imbalanced, with a heavy concentration of
studies in the Global North. Research is predominant-
ly driven by institutions and case studies in Europe
(led by the UK, Germany, Italy, Spain, and Sweden),
North America (primarily the USA and Canada), East
Asia (overwhelmingly China), and Australia. In recent
years, China, in particular, has become a hotspot for
GIS-based UGI studies, leveraging local data sources
to overcome limitations in global platforms.

Conversely, vast regions of the world remain signif-
icantly under-researched. This is particularly true for
Africa, which is almost absent from studies on urban
tree inventories, and South America. While some
research exists in Eastern Europe (e.g., in Poland), it is
often described as being on the periphery of the main-
stream Anglophone academic debate. The analysis
further reveals that studies conducted in the Global
South and Low and Middle Income Countries (LMICs)
are disproportionately scarce. This highlights a criti-
cal gap and a potential inequity in the production of GI
knowledge itself, suggesting that the field’s sophisti-
cated methodologies are not yet being applied evenly
across the diverse urban contexts of the world.

4. Discussion

4.1 Interpreting the landscape: a paradox
of sophistication and imbalance

The findings presented in the previous chapter reveal
a critical disconnect. On one hand, the field is charac-
terized by impressive methodological sophistication,
utilizing advanced geospatial tools (Shahtahmassebi
et al. 2021) and nuanced conceptual models ranging

from ecosystem services (Escobedo et al. 2019) to
environmental justice (Sharifi et al. 2021). On the
other hand, this growing expertise is applied within
a surprisingly narrow geographical context, heavily
concentrated in the Global North (Shuvo et al. 2020).

This discussion argues that this disconnect stems
from the lack of a sufficiently integrative conceptual
framework that can travel across diverse socio-eco-
logical contexts. Without a unifying lens, the sophis-
ticated tools of the Global North remain difficult
to translate into the complex realities of under-re-
searched regions.

To fully grasp the challenges of integrating these
dimensions, it is highly illustrative to compare glob-
al GI trends with specific national planning practices,
such as those in Czechia. In the Czech planning con-
text, the concept of green infrastructure is frequently
conflated with the established ‘Territorial System of
Ecological Stability’ (USES), a legally binding land-
scape planning tool developed in the 1980s. While
USES is highly effective at the ecological process level
(focusing on biocenters, biocorridors, and biodiversi-
ty conservation), it is fundamentally a landscape-eco-
logical tool that historically lacks the socio-spatial
dimensions central to contemporary GI literature.
The global shift towards understanding GI as a pro-
vider of cultural ecosystem services, spatial justice,
and active public participation (as outlined in our
Form-Process-Power framework) is often missing in
Czech municipal planning, where greenery is still pre-
dominantly treated as a technical or purely biophysi-
cal category. This local reality underscores our finding
that without a strong conceptual framework bridging
Process (ecology) and Power (governance and social
needs), the implementation of modern GI concepts
remains limited.

4.2 Towards an integrative framework:
form, process, and power

To address this gap, we propose a three-dimension-
al framework that synthesizes the five identified
thematic pillars into a coherent whole. This frame-
work conceptualizes GI through three interdepend-
ent lenses: Spatial Form (the physical configuration
of space), Ecological Process (the dynamic functions
of nature), and Social Power (the governance and
equity dimensions).

This approach moves beyond treating GI as a static
object to be measured. Instead, it provides a common
analytical language to bridge the divides between spa-
tial analytics (e.g. Wu et al. 2025), ecological scienc-
es (e.g., Norton et al. 2016), and critical social theory
(e.g., Hurley et al. 2015). By grouping the fragmented
findings into these three dimensions, we can better
understand how specific spatial arrangements (Form)
enable specific benefits (Process), and how these
are distributed or constrained by political decisions
(Power).
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4.3 Deconstructing the framework

4.3.1 Spatial form as a socio-historical product

The first dimension, Spatial Form, posits that the
physical layout of GI is more than mere geometry; it
is a complex product of social, historical, and political
forces. This directly responds to the “Conceptual and
Political Frameworks” pillar identified in our results
(3.3.1), where studies highlighted how definitions
shape physical spaces. The reviewed literature shows
that form is socially produced through design practic-
es that transform space to align with discursive ide-
as of what a “proper” park should be (Angelo 2021).
Form is also historically contingent, as demonstrated
by the evolution of the Olomouc parks (Daniel and
Jirmus 2023). Finally, form is molded by power rela-
tions, revealing how the physical shape of the urban
landscape is not a neutral outcome but a contested
political terrain (Hurley et al. 2015).

4.3.2 Ecological process as a dynamic
socio-ecological system

The second dimension reframes Ecological Process
away from a passive “provider” of ecosystem services
towards a dynamic and co-produced socio-ecological
system. This aligns with the findings in pillar 3.3.2
(Benefits), but adds a critical layer by acknowledging
the role of human management. Theoretical lenses
like assemblage theory reveal a park not as a static
entity, but as a continuously unfolding process (Stu-
iver 2022). This perspective acknowledges that eco-
system services are actively shaped by maintenance
levels (DobSinska et al. 2025) and makes space for the
“dis-services” identified in pillar 3.3.3, such as thermal
discomfort or allergenic risks (Ma et al. 2021), view-
ing them as inherent parts of this dynamic interplay.

4.3.3 Social power in defining and distributing

green infrastructure

The third dimension, Social Power, is crucial for under-
standing who defines, controls, and benefits from GI.
This dimension synthesizes the critical insights from
our analysis of environmental justice (3.3.3) and gov-
ernance barriers. The literature demonstrates that
definitions of GI are shaped by political interests
(Taha 2023) and that control over Gl is a site of power
struggles (Matthews et al. 2015). Most critically, pow-
er dictates who benefits, as evidenced by findings on
the inequitable distribution of green spaces (Nicholls
2001; Sharifi et al. 2021) and phenomena like green
gentrification.

4.4 The integrative power of the framework

The primary strength of the Form-Process-Power
framework lies in its ability to directly address the
fragmentation identified in the Results. Unlike the
“Conceptual Web” (Fig. 4), which descriptively maps
the current state of disparate research themes, this

new framework offers a prescriptive analytical tool
to integrate them. It creates a coherent lens that con-
nects the five thematic pillars. For instance, benefits
(thermal regulation) can be understood as an emer-
gent property of the interaction between Form (phys-
ical characteristics) and Process (use and interaction),
while their distribution is governed by Power. Simi-
larly, challenges are not isolated topics but are woven
through all three dimensions. The framework thus
transforms a list of research topics into an integrated
system, providing the “coherent conceptual core” that
the field currently lacks.

4.5 Implications for research and practice

The primary contribution of this framework lies in
its potential to reinvigorate geographical inquiry.
For comparative urban research, it offers a tool
to systematically compare GI development across
diverse contexts. By deconstructing GI into its core
components, geographers can compare not only the
physical Form of green spaces in different cities but
also the socio-cultural Processes and Power dynam-
ics. For practice, the model encourages a transpar-
ent approach to governance. By mapping the Form,
geographers and planners can jointly identify “green
deserts” and target resources to achieve equity goals,
ensuring that the benefits of GI are distributed more
equitably.

4.6 A future research agenda

Despite the identified limitations, the Form-Pro-
cess-Power framework opens up several innovative
avenues for future inquiry. Based on the critical gaps
identified in our thematic analysis, we propose the
following key questions to guide future geographical
scholarship:

1. Responding to the fragmentation of ecosystem
services: How do the interactions between Form,
Process, and Power shape specific outcomes in dif-
ferent urban contexts?

2. Responding to governance barriers: How can mul-
tidimensional assessment tools be effectively inte-
grated into participatory processes to empower
local communities?

3. Responding to the need for resilience: How does
the dynamic “becoming” of green spaces (Pro-
cess) contribute to urban resilience in the face
of evolving climatic (Form) and political (Power)
pressures?

4. Responding to the “dis-services” discourse: How
can we develop planning models that explicitly
quantify trade-offs between GI benefits and risks
(e.g., green gentrification) across all three dimen-
sions? By addressing these questions, future
research can move the field towards a more glob-
ally relevant, critically informed, and ultimately
more robust urban geography.
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5. Conclusions

5.1 Summary of findings and main argument

This paper has charted the landscape of geographi-
cal research on green infrastructure (GI), revealing a
field characterized by a critical disparity: while meth-
odological and conceptual sophistication is rapidly
advancing, the application of this expertise remains
concentrated within the Global North. We have argued
that this fragmentation stems not from a lack of data,
but from the absence of an integrative framework
capable of bridging spatial analytics, ecological func-
tions, and critical social theory. To address this, we
proposed the Form-Process-Power framework, which
systematically connects the physical characteristics
of green space (Form), the dynamic nature of its use
(Process), and the crucial governance factors that
shape its distribution (Power).

5.2 Limitations of the study

[t is important to acknowledge the limitations of this
review. First, its focus on peer-reviewed literature
from major English-language databases inevitably
introduces a geographical and linguistic bias, poten-
tially underrepresenting non-Anglophone theoreti-
cal traditions. Second, the reliance on cross-sectional
studies means that establishing definitive long-term
causality remains a challenge. Finally, while our the-
matic analysis is broad, the specific qualitative lens
used to interpret the findings and synthesize the core
pillars may have inevitably influenced the selection
and categorization of information.
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