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Abstract

With climate change intensifying and space for new greenery becoming scarce, cities need
their green spaces to work more effectively. Yet it remains unclear how green infrastructure
(GI) and blue–green infrastructure (BGI) differ and whether combining their elements
provides additional benefits. This conceptual review examined how sources position GI
in relation to BGI (RQ1) and what evidence they provide for functional links between
elements (RQ2). We conducted two consecutive targeted searches. The first, on conceptual
relationships (46 sources), showed that element labels do not reliably distinguish the
concepts. In the second, on functional links (29 sources), elements were therefore coded
by their function rather than their labels. Most sources treated GI and BGI as nested
concepts or synonyms. None treated them as mutually exclusive. Element labels reflected
water management roles more than physical form. Five sources described a functional
link, usually one in which a BGI element supplied water to vegetation. Two tested such a
link, but neither appears to have compared the same receiving element with and without
this supply. In the reviewed sources, GI and BGI are therefore mostly nested rather than
distinct concepts (RQ1), and the added effect of linking their elements has not yet been
demonstrated (RQ2). Functional links were tested only at the local scale. City-scale studies
reported only combined effects, possibly because of how they were designed. At the
metropolitan scale, effectiveness may depend on a mosaic of spatial arrangements of
GI, BGI and natural systems. Rather than introducing new terms, effective integration
requires planning and research to specify which element supplies water to which, and to
test whether this link adds benefits.

Keywords: green infrastructure concept; blue-green infrastructure concept; GI and BGI
relationship; urban planning purpose; climate adaptation; elements; ecosystem functions
and services; system logic

1. Introduction
Cities need their green spaces to function more effectively for three reasons:

• First, climate change increases the need for greenery that helps cities cope with its
impacts. Urban greenery supports cities in several ways: it balances water flows,
provides thermal comfort and sequesters CO2 [1]. Existing greenery often lacks the
design or capacity to meet current climate adaptation needs [2,3].

• Second, the green spaces expected to help mitigate the effects of climate change are
themselves increasingly exposed to climate-related stress [4], which can weaken their
ability to provide these benefits [5].
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• Third, policies such as the EU’s goal of no net land take (NNLT) by 2050 call for
limiting the conversion of land to urban and other artificial uses [6]. This directs
more development towards building within existing urban areas, often increasing
soil sealing and reducing vegetation cover [7]. Such densification can put pressure
on existing green spaces and leave new greenery in smaller, more scattered patches
between buildings and other urban uses [8].

These challenges require better planning and management to improve the effective-
ness [9] of both existing and new green spaces. The concepts of green infrastructure
(GI) [10] and blue–green infrastructure (BGI) [11,12] may help address this need. GI is
generally understood as a strategically planned network of natural and semi-natural areas,
together with other environmental features, designed and managed to provide a wide
range of ecosystem services [10]. BGI consists of natural and semi-natural (that is, green)
decentralised systems for urban stormwater management (that is, blue), which, in addition
to their primary purpose, provide a variety of shared benefits and ecosystem services [11].

The term infrastructure emphasises a systems perspective, which matters because
greenery provides benefits at both the site scale and the city or metropolitan scale. Indi-
vidual interventions at the site scale can support stormwater infiltration [13], cool streets
through shade [14], and help capture airborne particles within urban blocks [15]. At the
city scale, however, benefits such as reducing the urban heat island effect depend on the
combined performance of green spaces [16,17].

Planning green spaces as infrastructure therefore requires consideration of the role
each element plays in the wider system. By element, we mean any spatial type that serves
as a building block of GI or BGI, such as a park, tree line, rain garden or bioswale. We
assume that connections between elements can help maintain or improve their performance.
To act on this assumption, planners need to know how GI and BGI frame these elements
and whether linking elements improves performance. The literature reveals two dilemmas:
some authors define GI and BGI differently, and some also relate them in different ways.

The first dilemma concerns the scope of each concept: which elements they include
and what purposes they serve in urban planning. Authors differ in the elements they
include and the purposes they emphasise. At the level of elements, the two concepts
can include the same elements, processes and intended outcomes [12]. Parks and street
trees, for example, are classified as GI [18,19] but are also included in BGI systems [20,21].
Wetlands are likewise described as either BGI [20] or GI [13,22]. Water and stormwater
management are central purposes of BGI by definition [11] and are often associated with
BGI [23,24], but they are also linked to GI, particularly through functions such as water
retention, infiltration and water purification [13,18]. Urban cooling and climate are also
common urban planning objectives associated with both BGI [20,22,25] and GI [16,19].
Earlier reviews have noted that blue–green terminology has grown faster than agreement
on what the terms mean [26], and that new labels may rebrand existing practices rather
than introduce new ones [27].

The second dilemma moves from how GI and BGI are defined individually to how
authors understand the relationship between them. Some treat the two terms as referring
to the same content [27], others treat one concept as part of the other [20,22], and still others
treat them as distinct but overlapping concepts [9,23].

The labels GI and BGI alone therefore do not show how the two concepts relate. By
reviewing definitions, we examine how sources (here, “sources” refers to the reviewed litera-
ture) position GI and BGI in relation to one another. Clarifying this conceptual relationship,
however, does not show how the elements included in GI and BGI work together as infras-
tructure, which is what our initial assumption concerns. Elements placed under the same
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concept or located side by side are not necessarily functionally linked. We therefore move
from relationships between concepts to relationships between individual elements.

We use two terms to describe these connections: functional link and integration.
A functional link exists when one element supplies a resource needed by another. For
example, stormwater infiltration can increase soil moisture and support tree water use
during drought [28]. This differs from ecological connectivity, in which separate green
patches form a network, for example, by acting as stepping stones, without supplying
resources to one another [29]. The review addresses only the first type of connection. When
a nature-based element provides this support instead of grey infrastructure—for example,
when a bioswale conveys stormwater to a separate planting area in a park—we treat the
linked elements as an integrated solution. Whether integration improves performance
cannot be inferred from the link alone; it requires comparison with a suitable baseline. In
this article, integration refers only to functional links between individual elements (the
spatial arrangement of GI, BGI and natural systems at the city or metropolitan scale are
discussed separately in Section 4.2). Two research questions guide the review:

RQ1: How do reviewed sources position GI and BGI in relation to one another?
RQ2: How do sources describe and support functional links among elements included

in GI, BGI or both, and do any evaluate the effectiveness of an integrated configuration
against a baseline?

The questions address different levels. RQ1 asks how sources relate GI and BGI. RQ2
asks whether individual elements work together, regardless of how they are labelled. It
does not test the relationships identified in RQ1, but examines whether sources describe
functional links and show that they improve performance. The article makes four con-
tributions. First, it examines how sources describe the relationship between GI and BGI
(RQ1). Second, it uses supply-based dependency to distinguish functional links from co-
location, allowing the review to move from the conceptual level (RQ1) to the element level
(RQ2). Third, it assesses whether functional links are asserted, explained or tested. Fourth,
it checks whether tested configurations are compared with a suitable baseline and can
therefore demonstrate the added effect of integration. The third and fourth contributions
address RQ2.

2. Methodology
This study used a conceptual review design to examine how GI and BGI are defined,

related and applied across the literature. It did not aim to identify or evaluate all available
evidence, but to clarify the relationship between the two concepts. It also sought studies on
how their elements work together and whether combining them improves performance.
We addressed the two research questions through two separate targeted searches (Figure 1).

2.1. Reading GI and BGI Through Four Aspects

Definitions explain what GI and BGI include, what they do, what benefits they provide,
and how they are used in urban planning. To compare GI and BGI consistently, we identified
four aspects during an initial review of the literature and then applied them to the final sets
of sources. These aspects provide a common basis for comparing GI and BGI within each
source (Section 2.3).

The four aspects are:

• Elements—which green or blue elements does each source include under GI or BGI?
• Ecosystem functions and services—which ecosystem functions do the elements perform,

which ecosystem services do they provide, and what benefits do they generate [30]?
• System logic—how are elements connected to form a wider system, including how

they interact with other types of infrastructure? The categories and examples are:
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◦ Green or ecological networks—examples include London’s All London Green
Grid [31], Berlin’s biotope network [32], and Barcelona’s Passeig de Sant Joan
green corridor [33];

◦ Blue or hydrological networks—examples include London’s Blue-Ribbon Net-
work [34] and Singapore’s urban catchment network [35];

◦ Combined blue–green networks—examples include Brussels’ green and blue
network [36] and Copenhagen’s Cloudburst Management Plan [37].

• Urban planning purpose—which objectives are pursued through GI and BGI, such as
biodiversity conservation, recreation, water management, climate adaptation, health
and wellbeing [38,39]?

Figure 1. Overview of the research design. Inclusion and overlap are the relationships under which
distinct GI and BGI elements can coexist within one system. The green text and arrow mark this
conceptual link to Search 2, which examined functional links at the element level, regardless of labels.

We recorded elements descriptively, while ecosystem functions (EF), ecosystem ser-
vices and benefits (ES), urban planning purposes (UPP), and system logic were coded
using predefined categories. A source could receive more than one system logic or urban
planning purpose code if it addressed several systems or purposes. All coding categories
and their codes are listed in Appendix C.3, and the codes assigned to each source are given
in Tables A6 and A7.

Together, these four aspects provided a common framework for data collection and
comparison. The final classification of each source, however, followed the decision rules
described in Section 2.3.

2.2. Literature Search and Selection

We used deductive qualitative content analysis, with categories developed before
coding (relationship types, ecosystem functions and services, system logic, urban planning
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purposes and element-level codes) and inductive recording of elements. The search strings,
eligibility criteria, source-selection process and coding procedures were documented in
full to ensure that the conceptual analysis was transparent. An exploratory phase in 2025
helped refine the research questions and typology. We conducted two targeted database
searches (Figure 2; Appendix C.1) and a supplementary manual search to capture relevant
sources that used different terminology. Manual searching can identify relevant sources
missed by predefined search strings, a common issue in complex and heterogeneous
fields [40]. All manually identified sources met the same inclusion criteria as those from
the database searches (Table A4) and were coded in the same way. Throughout the review,
the term urban area was used broadly to include both the city (the dense urban core) and
the wider metropolitan area, understood as a functional urban area comprising the city and
its commuting zone, following the EU–OECD definition [41].

Figure 2. Identification, screening and selection of sources for both targeted searches.

The two searches served different purposes (Figure 2):

• Conceptual relationship (Search 1): We coded how each source positions GI and BGI
in relation to one another, using the relationship types defined in Section 2.3.

• Functional link (Search 2): We examined whether one element supports the func-
tioning of another, regardless of whether the elements were labelled GI or BGI. We
distinguished functional links from co-location, where elements occur together with-
out depending on each other. We then assessed the level of support for each link and
whether any source compared an integrated configuration with a baseline.
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Identification—Records were identified through two targeted database searches
(Appendix C.1) and a manual search based on citation tracking and the authors’ prior
knowledge. Together, these formed the hybrid search shown in Figure 2. Duplicate records
were removed.

Screening—Titles, abstracts and keywords were screened against the inclusion and
exclusion criteria for each search (Table A4). We included articles, reviews, book chapters
and conference papers (Table A4). Only sources with full texts in English were included.
We also included sources that used only GI or only BGI if they defined or described that
concept. These sources show how each concept is used on its own and were classified as
not applicable in the relationship coding (Section 2.3). Because the search strings required
both terms in the title, abstract or keywords, such sources entered the corpus only if they
also mentioned the other term (see Section 4.3). Records that were unclear were retained
for full-text review, where the same criteria were applied again. Unavailable full texts
were excluded, and all full-text exclusions were recorded with reasons (Table A5). A large
language model (Claude Opus 5.5) was used to suggest provisional codes based on titles,
abstracts and keywords. Every provisional code was checked against the full text by the
first author before it was retained.

Included in full-text review—We retained 46 sources that met the inclusion criteria in
Search 1 (Appendix A) and 29 sources in Search 2 (Appendix B). The number of records is
shown in the source-selection flow diagram (Figure 2). In Search 1, the 18 reports shown as
not retrieved comprise 16 full texts that could not be retrieved and 2 excluded because they
were not in English (Table A5).

2.3. Search 1: Conceptual Relationship (RQ1)

Search 1 addresses RQ1. The four aspects indicate what each source includes under
each concept (GI and BGI), while the relationship type shows how the source positions the
concepts in relation to one another.

We distinguished four relationships between the concepts (Table 1). We also used two
residual categories: “not applicable”, when a source used only one of the two terms, and
“unclear”, when it used both terms but their relationship could not be determined.

Each source received one relationship code, based only on what it stated or clearly
implied. Assigning a single code simplifies sources that relate the concepts differently in
different parts of the text. In such cases, the code reflects the explicitly stated or dominant
relationship, and the remaining variation is not captured by the typology. We compared
GI and BGI across three of the four aspects (Section 2.1): elements, urban planning pur-
pose, and system logic. We counted a term only when it appeared in the authors’ own
text. We excluded mentions appearing only in reference titles or in the names of policies,
programmes, or tools. We treated terminological variants as the same concept (e.g., UGI or
urban green infrastructure as GI). If a source explicitly defined the relationship between GI
and BGI but used the terms inconsistently elsewhere, we prioritised the explicit definition.
We also classified each source by its main focus: GI only, BGI only, or GI and BGI when
both were addressed (“Concept addressed” in Table A6). Spatial scale was recorded as a
descriptive note during coding, rather than as a separate code. These notes were used to
summarise GI–BGI relationships at different spatial scales.
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Table 1. Four relationships between GI and BGI.

Relationship Type Formal Relation Definition Illustrative Example

Synonym GI = BGI
GI and BGI are used

interchangeably and refer
to the same content.

The same elements (e.g., parks,
rain gardens, and wetlands) are
labelled as GI in some passages
and as BGI in others within the

same source.

Inclusion BGI ⊊ GI ∨
GI ⊊ BGI

One concept is treated as a part or
subtype of another. Its content is

contained within the
broader concept.

A river (BGI) connecting urban
parks (GI) within the

wider GI network.

Exclusion GI ∩ BGI = ∅

GI and BGI are treated as separate
concepts with no shared content

except for ecosystem
functions and services.

Parks are planned as GI and
rain gardens as BGI, by different
sectors, with no shared goals or

coherent system logic.

Overlap
GI ∩ BGI ̸= ∅
∧ GI ̸⊂ BGI
∧ BGI ̸⊂ GI

GI and BGI are treated as distinct
concepts that share some content,

while each also covers content that
the other does not.

A river corridor with vegetated
banks is classified as both GI
and BGI because it supports
ecological connectivity and
drainage, whereas parks are

classified only as GI and
retention ponds only as BGI.

The relationships compare elements, urban planning purposes and system logic. Ecosystem functions
and services are not compared: the services each element provides are well known and largely shared
by GI and BGI, so they do not distinguish the two concepts.

We applied the decision rules in a fixed order (Appendix C.3). Among the 38 sources
with an identifiable relationship (Table 2), most treated one concept as part of the other
(inclusion, 26 sources) or used the terms as synonyms (synonymy, 8). Four sources treated
GI and BGI as distinct concepts that share elements or purposes (overlap). None treated GI
and BGI as fully separate concepts (exclusion). The remaining eight sources used only one
of the two terms, so no relationship could be assigned.

Table 2. Relationship types of the Search 1 sources with an identifiable GI–BGI relationship (n = 38).

Relationship Types Source ID (Appendix A: Sources Included in Search 1. Each Source is
Identified by the Prefix A Followed by Its Source Number.)

GBR1 A11; A13; A15; A33; A34; A45; A49; A51

GBR2 A1; A4; A5; A6; A8; A9; A12; A14; A17; A18; A20; A22; A25; A29; A30; A32;
A38; A40; A42; A48; A55; A56; A57; A58; A59; A61

GBR4 A16; A21; A41; A47

No source was classified as exclusion or unclear. The eight sources classified as not applicable are not
shown because they did not describe the relationship between GI and BGI.

2.4. Search 2: Functional Link (RQ2)

Search 2 addressed the element level of the initial assumption (Section 1). Because
Search 1 showed that element labels did not reliably distinguish GI from BGI (Section 3.1),
we coded links between green and blue elements regardless of whether sources referred
to them as GI or BGI. Figure 3 shows two common arrangements in which elements
occur together. If neither supplies a resource that the other needs, the elements are co-
located. They may produce a combined effect, but they do not depend on each other. If
one supplies a resource that the other needs, they are functionally linked and form an
integrated configuration.

https://doi.org/10.3390/su182111251

https://doi.org/10.3390/su182111251


Sustainability 2026, 18, 11251 8 of 34

Figure 3. Co-location of two separate elements (which occur together without depending on one
another) and integration (where one element supplies a resource the other needs).

Search 2 addressed RQ2 in four steps. First, we identified the elements and confirmed
that each had its own function (see the rule below). We did not treat processes within a
single element, such as water storage in the substrate of a green roof, as functional links.

Second, we identified each element’s function (blue: capturing, storing or infiltrating
water; green: using water for growth or cooling). This provided the basis for assessing
whether one element supports another.

Third, we classified each source by its element-level arrangement (Table A7). For sources
describing separate elements, we applied two questions to identify a functional link:

• Supply—does one element provide a resource (e.g., water) that the other uses?
• Dependency—would the receiving element function less effectively without this resource?

The element-level codes were defined as follows:

• L0—single element: processes occur within one element. The supply and dependency
tests are not applied.

• L1—co-location: separate GI and BGI elements occur together or produce a combined
effect, but at least one of the two conditions (supply or dependency) is not met.

• L2—functional link: separate elements are linked, and both conditions are met.

Elements were distinguished by function rather than by physical separation. A com-
ponent was coded as a separate element if it had its own water management role, such as
storing or releasing water, which it performed regardless of the receiving element. This
applied even when components were built into one structure, such as a blue–green roof.
A link was coded as L2 only if the source showed what the supplying element provided
and that the receiving element depended on it. We then coded the level of support for
each functional link using the INT scale (Appendix C.3), which records whether the source
asserts, explains or tests the link:

• INT0—not applicable: the source was coded L0 or L1, so no functional link was
identified.

• INT1—asserted: the link is stated but not explained.
• INT2—explained: the link is explained but not tested.
• INT3—tested: the link is tested using measurements, monitoring, or data-based

modelling.

The INT scale records whether a link was tested, not the methodological quality of the test.
Fourth, for L2 sources coded INT3, we recorded whether they included a comparison

condition. A baseline is the reference situation without the link against which an integrated
configuration is evaluated (Section 1; RQ2); in its strict form, the same receiving element is
compared with and without the supply, and only such a strict baseline can isolate the added
effect of the functional link. A comparison condition is the form of reference that a study
actually included: the same receiving element, a comparable spatial unit, or a scenario in
which the support was absent or weaker (Table A7). Comparisons across different elements
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or locations can indicate a benefit for the receiving element but do not by themselves
demonstrate the added value of integration.

Few sources identify a functional link between GI and BGI elements, and even fewer
test it (Table 3; Table A7). Of the 29 sources, eight describe processes within a single element.
A total of 16 describe separate green and blue elements that co-occur or have a combined
effect but do not depend on each other, and five describe a supply-based dependency. Of
these five, three explain the link without testing it, while two test it by using measurements
or data-based models. None merely asserts that a link exists. Of the two INT3 sources,
B30 included a comparison condition (a comparable spatial unit), but it compared trees at
different locations rather than the same receiving element with and without support. Its
results indicate a benefit for the receiving element but do not isolate the added effect of
integration. The other INT3 source did not include a comparison condition that could serve
as a baseline.

Table 3. Element-level arrangement and level of support for functional links in the Search 2 sources
(n = 29).

Category n Source ID (Appendix B: Sources Included in Search 2. Each Source
Is Identified By the Prefix B Followed By Its Source Number.)

L0 (single element) 8 B4; B5; B10; B11; B12; B18; B31; B33
L1 (co-location) 16 B2; B3; B7; B8; B9; B14; B16; B17; B19; B20; B22; B23; B24; B25; B27; B28

L2 (functional link) 5 B6; B13; B30; B32; B34
Of which INT1 0 -
Of which INT2 3 B13; B32; B34
Of which INT3 2 B6; B30

With a comparison
condition 1 B30

The first three categories cover all 29 sources included in Search 2. The level of support applies only
to the five sources describing a functional link, and a comparison condition was assessed only for
those that tested it (INT3). No source included a strict baseline (Section 2.4; Table A7).

3. Results
3.1. From Similarities and Differences to Conceptual Relationships Between GI and BGI (Search 1)

Search 1 included 46 sources; almost all were published in 2020 or later (Table A6).
Based on their main focus (Section 2.3), 26 sources addressed both GI and BGI, 16 addressed
only BGI, and four addressed only GI.

Of the four aspects, the analysis of elements provided the clearest insight into how
sources understood GI and BGI. After related terms were merged and umbrella terms such
as SuDS were removed, 48 elements were identified. For the analysis presented in Figure 4,
we included 22 of these 48 elements that were mentioned in at least five sources (Table A9).

Among these frequently mentioned elements, vegetated elements, such as gardens,
meadows, forests and trees, were usually labelled as GI. Water bodies and engineered
stormwater elements, such as lakes, ponds, infiltration trenches and retention basins,
were almost always labelled as BGI. The overlap was uneven: green elements were often
included under BGI, while water elements were rarely included under GI. Labels therefore
reflected an element’s role in water management more than its physical form. For example,
permeable pavements, which contain neither vegetation nor open water, were labelled
as BGI in 18 of the 22 sources in which they appeared. This pattern remained when we
considered only the 26 sources that discussed both GI and BGI, indicating that it was not
driven by BGI-only sources.
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Figure 4. Elements labelled as GI, BGI or both, shown for the 22 elements mentioned in at least five
sources. If a source lists an element under both GI and BGI, it is counted once, in the “Both” category,
rather than separately under GI and BGI.

In contrast to elements, the other three aspects (ecosystem functions and services,
system logic, and urban planning purposes) were shared more evenly. Sources ad-
dressing only BGI (n = 16) and those addressing both GI and BGI (n = 26) used mostly
the same categories and differed mainly in how often they mentioned particular codes
(Figure 5; Table A8). We excluded the four GI-only sources from Figure 5 because the group
was too small for a meaningful percentage comparison.

A total of 45 of the 46 sources (98%) addressed urban cooling and climate adapta-
tion as an urban planning purpose, and 91% addressed water and stormwater manage-
ment. Because this category combines two purposes, its frequency largely reflects the
near-universal reference to climate adaptation; urban cooling was coded as a service in
36 sources (78%; Table A8). BGI-only sources mentioned biodiversity and recreation more
often than sources covering both concepts (94% [15/16] versus 77% [20/26] and 81%
[21/26], respectively; UPP1 and UPP2 in Table A8). This suggests that authors used BGI for
a broad range of urban planning purposes, rather than focusing it narrowly on water. This
finding also aligns with the GBR results: five of the eight sources that treated GI and BGI as
synonyms were BGI-only sources.

https://doi.org/10.3390/su182111251
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Figure 5. Ecosystem functions and services, system logic and urban planning purposes in BGI-only
sources and sources covering both GI and BGI. Each point shows the percentage of sources in that
group that mention a code. ∆ pp shows the difference between the groups (GI&BGI vs. BGI only).
The four GI-only sources are not shown. A source could belong to several categories in each aspect.
Differences of at least 15 percentage points are in bold.

Water-related functions were common in both groups: sources frequently mentioned
runoff regulation, retention and infiltration, with differences of ten percentage points or
less (Figure 5). The most frequently cited ecosystem services were biodiversity, climate
resilience, flood risk reduction and recreation. Urban cooling showed a different pattern.
BGI-only sources mentioned cooling as a service more often than sources covering both
concepts (94% [15/16] versus 77% [20/26]). However, they mentioned evapotranspiration
and shading less often (44% [7/16] versus 62% [16/26], and 31% [5/16] versus 46% [12/26]),
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as well as thermal comfort (25% [4/16] versus 46% [12/26]), energy efficiency (0% [0/16]
versus 23% [6/26]) and public health (63% [10/16] versus 88% [23/26]).

System logic: Almost all sources in both groups described a combined blue–green
network, with a difference of only six percentage points (Figure 5). Sources covering
both concepts mentioned separate green and blue networks considerably more often (69%
[18/26] versus 25% [4/16], and 65% [17/26] versus 44% [7/16]). The GBR coding clarifies
how sources framed the combined network: 34 of the 38 sources with a clear relationship
treated the concepts as nested or synonymous, and only four treated them as distinct,
overlapping concepts. The combined network therefore usually referred to nested or
identical concepts rather than a distinct BGI system.

Sources addressing both concepts mostly used inclusion (20 of 26), while five of the
eight cases of synonymy came from BGI-only sources (Table 4). All eight sources classified
as not applicable used only one term. Only four sources treated GI and BGI as distinct but
overlapping concepts, and none treated them as mutually exclusive. Thus, although almost
all sources described a combined blue–green network, they usually did not treat GI and
BGI as two distinct concepts within that network.

Table 4. GI–BGI relationship by concept addressed in Search 1 sources (n = 46).

GBR Code Relationship BGI only GI & BGI GI Only Total

GBR1 Synonym 5 3 0 8
GBR2 Inclusion 4 20 2 26
GBR3 Exclusion 0 0 0 0
GBR4 Overlap 1 3 0 4
GBR5 Unclear 0 0 0 0

GBR0 Not
applicable 6 0 2 8

Total 16 26 4 46
Counts are based on the source-level codes in Table A6. No source treated GI and BGI as mutually
exclusive concepts or left their relationship unclear.

Search 1 asked whether sources clearly distinguished GI from BGI. Most did not. The
concepts shared most functions, services and urban planning purposes. Sources differed
mainly in how they labelled elements, but even here the boundary was unclear. A total of 18
of the 22 elements shown in Figure 4 received different labels across sources or both labels
within the same source (21 of all 48 elements). Element labels therefore did not provide a
reliable way to separate the concepts. Search 2 focused on relationships between individual
elements. Because labels varied across sources, we considered elements regardless of
whether they were called GI or BGI.

3.2. Functional Links Between GI and BGI Elements: Effects and Evidence (Search 2)

Five of the 29 sources in Search 2 described a functional link (Section 2.4; Table 3).
Together, these sources outline a common water pathway. BGI captures runoff from

sealed surfaces, stores it, facilitates infiltration and directs water to vegetation. Any excess
water then enters the grey drainage network. Figure 6 shows this pathway, its conditions
and expected effects. These conditions include water availability, the type and capacity of
the BGI element, vegetation water requirements, the green area’s size and shape, and the
climate zone. The model suggests that runoff can support vegetation while also helping
reduce flooding at the source.
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Figure 6. Proposed conceptual model of GI and BGI integration: enabling conditions and expected
effects. Solid arrows show the water pathway and its effects, and the arrow within the conditions box
indicates that BGI type and capacity determine whether GI requirements can be met. The dashed line
indicates flood mitigation as a co-benefit of capturing runoff in BGI.

The most frequently reported effect is reduced drought stress. Stored or infiltrated
stormwater keeps vegetation supplied during dry periods (B13, B30, B32). Cooling is
reported less often. On a blue–green roof, stored water supports vegetation and cooling,
which weaken when water is scarce (B6). Infiltrated stormwater sustains tree transpiration,
which implies evaporative cooling, although temperature was not measured (B30). One
source reports biodiversity (B6), so evidence for this effect is more limited.

Three sources explain the link without testing it (B13, B32, B34), while two test it by
using measurements or data-based models (B6, B30). Neither test compared the same
receiving element with and without support (Section 2.4).

3.3. GI and BGI from the Site to the Metropolitan Scale

The conceptual literature did not tie GI or BGI to a particular scale. Of the 46 sources
in Search 1, 20 were coded as multi-scale without naming a specific scale, and 17 of the
remaining 26 named more than one. The city–metropolitan scale, which includes the city
and its commuting area [41], was named most often (21 sources), followed by the site or
project scale (14), neighbourhood scale (9) and regional scale (5). Inclusion was the most
common relationship at both the local scale (10 of 17 sources) and the city–metropolitan
scale (10 of 21 sources), based on the scale notes recorded during coding.

In Search 2, at the city–metropolitan scale, nine of ten sources reported a combined
effect without a dependency between elements. Six addressed cooling and mostly derived
it statistically from land surface temperature or similar spatial data (e.g., B8, B19, B23, B28).
Such data show where water bodies and vegetation cool together, but not whether one
supports the other. Only one source reached the regional scale (B25), analysing blue–green
landscape composition in urban–rural grid cells, and it also reported a combined effect.

GI and BGI are used as urban planning concepts at all scales, but evidence of how
their elements support one another comes mainly from individual sites. Whether these
functional links deliver greater benefits than simply placing the elements side by side
remains largely untested.
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4. Discussion
4.1. From GI and BGI Concepts to Conceptual Relationships and Functional Links

In the reviewed literature, the main problem is not so much disagreement over how
the concepts of GI and BGI are used, as a limited understanding of how they relate to
each other. This makes it difficult to combine their advantages. Most sources treat GI
and BGI as nested or synonymous, and element labels reflect an element’s role in water
management more than its physical form. These findings extend earlier critiques that
blue–green terminology has grown faster than agreement on what the terms mean and
that new labels may simply rebrand existing practices (Section 1). The problem lies less
in the number of terms than in the unclear relationships between them. Matsler et al.
similarly showed that green infrastructure carries many disciplinary definitions, goals and
forms; our findings suggest that the same ambiguity extends to how GI relates to BGI [42].
Nevertheless, new combined terms continue to emerge. Farghaly and Elzeni [43], for
example, add a social “red” layer and propose blue–green-red infrastructure. Because the
reviewed corpus consists of scientific sources, it cannot show whether nesting or synonymy
originates mainly in science, policy or practice. Within the corpus, however, synonymy
was more frequent among sources that addressed policy or planning practice (6 of 27) than
among other sources (2 of 19), whereas inclusion was equally common in both groups.
Although these numbers are small, they suggest that the distinction between GI and BGI
weakens as the concepts move from research into planning. For knowledge transfer, this
means that plans and guidance should specify which elements, purposes and system logic
a term covers, rather than rely on the labels GI or BGI alone.

This limited understanding of relationships also appears at the level of elements, where
shared or combined benefits are often treated as proof of integration. In our functional-
link corpus, 16 of the 29 coded sources describe green and blue elements that produce a
combined effect without depending on each other (co-location; Table 3). Most show only
that water and vegetation cool the same area through different processes: water through
heat capacity and evaporation, and vegetation through evapotranspiration [17,44,45]. B3
shows a similar pattern for air quality: urban lakes and neighbouring greenery together
reduce PM2.5, but their contributions are not separated. These studies do not show that one
element depends on the other. Some authors draw this line carefully. McNabb et al. [24],
for example, distinguish between co-benefits, synergies, and trade-offs. In many studies,
however, a list of co-benefits is still treated as evidence of integration. The distinction
between co-location and functional link is meant to prevent this.

Functional links have been tested only at the local scale, in two sources (Table 5).
The link most commonly described runs from a blue element to vegetation (BGI → GI).
Examples include stormwater infiltration that raises downslope soil moisture and allows
trees to maintain water use during dry periods [28], and roof-water storage that supports
vegetation and cooling [46]. This pattern may partly reflect our operational definition: the
supply–dependency criterion most readily detects flows of water to vegetation, whereas
other forms of support, such as vegetation shading a water body or filtering inflows to
a pond (GI → BGI), are rarely described as resources that the receiving element needs.
Other sources explain BGI → GI links without testing them, for example, soil–pipe systems
for street trees [47] and trees integrated into sponge-city stormwater systems [48]. This
agrees with Krauze and Wagner [49], who place links between water and living systems
at the centre of blue–green practice. By contrast, studies of single elements, such as street-
tree water balances [2,3], hydrological models of individual blue–green elements [50], or
greywater-fed green walls [51], describe how water is supplied within one element rather
than a link between elements. The evidence is strongest for drought resilience, whereas
evidence for cooling and other effects is based on only one or two studies and is therefore
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less certain. These statements refer to the number of studies, not their methodological
quality. Both tested links are based on empirical data: field measurements of soil moisture
and tree water use (B30) and long-term monitoring of a blue–green roof (B6). Neither relies
on modelling alone. The two links work differently. In B6, the storage layer and vegetation
are part of the same roof system, so the link stays within one building. In B30, water moves
from one element to a separate element.

Table 5. Element-level arrangement (L) and tested links (INT3) by spatial scale in Search 2 sources (n = 29).

Spatial Scale n L0 L1 L2 INT3 L2 Sources

Local (site/project/ neighbourhood) 14 7 4 3 2 B6, B30, B32
City–metropolitan 10 1 9 0 0 –

Regional 1 0 1 0 0 –
Multi-scale 3 0 1 2 0 B13, B34

Not reported 1 0 1 0 0 –
Total 29 8 16 5 2

The shift from functional links to combined effects may reflect both the scale at which a relationship
can be observed and the design of the studies.

However, the added benefit of these links remains unclear. B30 compared supported
trees with trees at other locations, rather than comparing the same receiving element with
and without support (Section 3.2; Table A7). It therefore indicates a benefit for the receiving
element but does not isolate the added effect of integration.

Studies of passively irrigated street trees show that a water supply link from BGI to GI
can work, but only under certain conditions. Newly planted trees in drained infiltration
pits grew twice as fast as control trees in the first two years and later transpired more than
twice as much [52,53]. In contrast, infiltration trenches retrofitted next to established trees
did not reduce drought stress or increase growth because the trees already had sufficient
water [54]. In our terms, the second case shows supply without dependency. These studies
were not retrieved by our searches because they do not use the terms GI or BGI. This
highlights a gap: the idea has been tested for individual trees but is rarely described or
tested as a link between GI and BGI elements.

Even when a functional link is present, its effects may vary with environmental
conditions. Gobatti et al. [55] show that cooling depends on available soil moisture, so
it may weaken as conditions change. Improving one benefit may also reduce another, as
McNabb et al. [24] demonstrate in their distinction between synergies and trade-offs.

A focus on functional links also changes how existing green spaces are viewed. Many
were created before GI and BGI became common concepts in urban planning, and climate
change is making them more vulnerable to drought [56]. BGI can supply water to these
spaces and connect them to the wider urban water system. By receiving and managing
water, these spaces can function as infrastructure rather than simply as recreational ameni-
ties, a view consistent with Mertens et al. [9]. Ensuring that existing and newly planned
green spaces deliver their intended effects therefore requires more than (re)labelling GI
and BGI. It requires specifying how their elements are linked, including which element
supplies water to another, under what conditions, and with what measurable benefit.

Implications for practice. Figure 6 presents the review findings as a conceptual model
of an integrated GI and BGI solution. In this model, a BGI element collects runoff from
sealed surfaces and directs it to a GI element, based on the vegetation’s water needs. GI
uses this water to improve its performance, for example, by providing cooling through
evapotranspiration and becoming more drought-resilient. Any excess water is then directed
to the grey drainage network. Whether the solution works depends on matching the type
and capacity of BGI with the water demand, size and shape of GI under local climate
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conditions. This model also changes the role of ecosystem services. In Search 1, sources
assigned largely the same ecosystem functions and services to GI and BGI, so these did
not help distinguish the two concepts (Section 3.1). In a functional link, however, they
become important in a different way. Ecosystem services are usually understood as benefits
for people [30]. Here, a function provided by one element—for example, runoff retention
and infiltration by BGI—first supports another element. That element can then provide
services, such as cooling or drought resilience, more reliably. People benefit indirectly
because the receiving element works better. In ecosystem-service terms, the supplying
element provides an intermediate service that supports the final service of the receiving
element [57]. Integration can therefore be planned as a chain of services, in which one
service supports another, rather than simply as a list of co-benefits. The sources suggest
that this can happen, but none of those we analysed isolated the added effect by comparing
the same receiving element with and without the supply (Section 3.2). For any proposed
combination, planners can ask: (1) Which element supplies water, and which receives it?
(2) Would the receiving element function less effectively without this supply? (3) Does each
element have its own water management role, or do the processes occur within a single
element? (4) How will the added benefit be measured, ideally by comparing the same
receiving element with and without the supply? If these questions cannot be answered, the
elements are more likely to be co-located than integrated.

4.2. From Site Scale to Metropolitan Area

Evidence of functional links becomes thinner as the scale increases (Section 3.3), probably
because such links can be observed directly only at the site scale, and because city-scale
studies rarely use designs or data that could trace them. At the city or metropolitan scale,
the combined effect of GI and BGI can be observed, for example, in mitigating the urban
heat island effect [16,17], but in the reviewed studies, it has rarely been traced to individual
links. A local project may therefore contain functional links even where none have been
demonstrated at the city or metropolitan scale. The Kunshan sponge-city scheme, for example,
combines and monitors blue, green and grey infrastructure at a specific site [23], but this does
not demonstrate the same relationship at a larger spatial scale.

At the metropolitan scale, the analysis extends beyond the compact city into its
commuting zone. What changes at this scale is the diversity of relationships. GI and BGI,
as nature-based solutions, encounter natural systems such as rivers, catchments, relief and
groundwater in diverse and complex ways. Effectiveness may therefore depend less on
integration than on a mosaic of different spatial arrangements of nature-based solutions
and natural systems. Within this mosaic, some areas may form connected blue–green
networks, others may function as shared corridors that support common urban planning
goals, and still others may be protected from development to preserve ecosystem functions.
These are spatial planning arrangements. They differ from the relationships defined in
Section 2.3 (synonymy, inclusion, overlap and exclusion), which describe how sources
relate the concepts of GI and BGI rather than how areas are planned. At the metropolitan
scale, future studies could assess this mosaic using indicators that do not depend on tracing
individual links. For the services most often reported in our corpus (flood risk reduction,
urban cooling, water quality improvement and biodiversity enhancement; Table A8), such
indicators could include the proportion of runoff retained within a catchment, downstream
peak flows, the extent of the urban heat island, nutrient loads in receiving waters and
habitat connectivity along river corridors [12].
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4.3. Limitations and Further Research

This study used a conceptual review, not a systematic or scoping review. We chose
this approach because existing studies often favour one concept over the other, whereas we
saw greater value in identifying common ground between them to support more effective
use of GI and BGI in urban areas. The results therefore describe the sources we selected, not
the wider field, and the review does not claim statistical generalisability. Its value lies in
clarifying the relationships between the concepts and mapping the evidence for functional
links. A broader review could show how the use of GI and BGI varies over time, across
disciplines and between regions.

No source was coded as an exclusion. This may reflect the search strings, which
required both terms in the title, abstract or keywords. Sources that use BGI only for
stormwater management and never mention GI, or vice versa, were therefore unlikely to
be retrieved, even though such single-concept use may be common in practice. Exclusion
therefore remains a relationship that this review did not examine fully.

We checked whether the manually added sources changed the results by repeating
the analysis without them. In Search 1, removing six sources (A55–A60) left 40 sources.
Inclusion was still the most common relationship: 21 of 33 sources with a clear relationship,
compared with 26 of 38 in the full sample. No source showed exclusion, and other results
changed by no more than five percentage points. In Search 2, removing five sources (B30–
B34) left 24 sources. Only two described a functional link (B6 and B13), only one tested it
(B6), and none used a comparison condition. The manually added sources therefore had
little effect on Search 1 but provided most of the evidence on functional links, including the
only comparison condition (B30). This suggests that studies of linked elements often use
terms not captured by GI- and BGI-based searches (Section 4.1).

Coding was carried out by a single researcher (M.H.). A large language model was
used only to suggest provisional code assignments. The researcher checked each assignment
against the full text and made all final coding decisions. Key decisions and unclear cases
were discussed with A.Z.L. Because the sources were not independently double-coded,
inter-coder reliability was not assessed. The categories and decision rules were defined
before coding, and the complete source-level coding is provided in Appendices C4–C7,
allowing the analysis to be checked or repeated. However, the categories reflect a single
interpretive perspective and should therefore be treated as preliminary.

Future research could test whether the model in Figure 6 helps cities reduce overheat-
ing and stormwater runoff at the same time. Paired studies already compare trees that
receive water with those that do not, in tree pits and passive irrigation systems [52–54].
Future studies could apply similar comparisons to links between separate BGI and/or GI
elements, for example, a bioswale that supplies water to planting in a park. They could
measure how much runoff is kept out of the grey drainage network, as well as soil moisture,
tree water use, and surface or air temperature. If both benefits are confirmed, cities could
plan stormwater management and heat reduction as a single integrated task.

5. Conclusions
Most of the reviewed sources do not treat GI and BGI as distinct concepts. Their

relationship is described in terms of inclusion or synonymy, and where the labels differ,
they refer to an element’s role in water management rather than its physical form.

Co-location is not integration. A functional link exists only when one element supplies a
resource that another requires, yet most studies reporting combined benefits show water and
vegetation occurring in the same place without demonstrating that one supports the other.

In the reviewed studies, functional links have been tested only at the local scale. At
the city scale, only combined effects have been observed, possibly because of how such
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studies are designed and the data they use. At the metropolitan scale, effectiveness may
depend less on integration than on a mosaic of spatial arrangements of GI, BGI and natural
systems, including areas protected from development to preserve ecosystem functions.

Additional definitions of GI and BGI are unlikely to clarify the difference between
them. Rather than trying to agree on a single definition, future research should identify
functional links between elements and test whether integrated solutions provide more
ecosystem services than the same elements simply placed side by side. In the reviewed
sources, ecosystem services did not clearly distinguish GI from BGI. However, they may be
most important where a service provided by one element helps another element function
more effectively. Integration could therefore be planned as a chain of services rather than
as a list of co-benefits.
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Appendix A. Sources Included in Search 1

Table A1. Sources used to analyse the GI–BGI relationship (46 coded sources).

Source ID Reference

1

de Rijke, C.A.; Lim, N.J.; Iqbal, A.; Brandt, S.A.; Sahlin, E.A.U. A systematic review of blue-green
infrastructure’s role and relevance in the mitigation and management of climate-induced hazards

in x-minute cities. Planning Practice and Research 2025.
https://doi.org/10.1080/02697459.2025.2516529

2

Lacroix, S.; Kuller, M.; Gougeon, G.; Petrucci, J.; Lemieux-Chalifour, F.; Rioux, A.; Dagenais, D.;
Bichai, F. Can we stop reinventing the wheel in blue-green infrastructure planning? Using
value-focused thinking to enable transferability of a multicriteria planning support system.
Landscape and Urban Planning 2024. https://doi.org/10.1016/j.landurbplan.2024.105188

3
Jiang, L.; Liu, S.; Liu, C. The Contributions of Blue-Green Infrastructure to Building Urban

Climatic Resilience -Bibliometric Analysis Based on Co-citation Networks. Landscape
Architecture Frontiers 2021. https://doi.org/10.15302/J-LAF-1-020057

4
Gupta, A.; De, B.S. A systematic review on urban blue-green infrastructure in the south Asian

region: recent advancements, applications, and challenges. Water Science and Technology 2024.
https://doi.org/10.2166/wst.2024.014

5
Koohestani, S.S.; Mukheibir, P.; Wakefield-Rann, R.; Santamouris, M. Adopting a socio-technical

perspective on the challenges and barriers in transitioning to Blue-Green Infrastructure (BGI).
Blue-green Systems 2025. https://doi.org/10.2166/bgs.2025.011

6
Valencia-Félix, S.; Anco-Valdivia, J.; Vigil, A.J.E.; Valdivia, A.V.H.; Sanchez-Carigga, C. Review of

Green Water Systems for Urban Flood Resilience: Literature and Codes. Water 2024.
https://doi.org/10.3390/w16202908

7
Ibarraran, M.E.; Flores, C.C.; Perez-Garcia, T.; Vazquez, S.A. Understanding the governance

context for Blue-Green Infrastructure in public space: The cases of Valencia and Mexico City. City
and Environment Interactions 2026. https://doi.org/10.1016/j.cacint.2026.100353

8
McNabb, T.; Charters, F.J.; Challies, E.; Dionisio, R. Unlocking urban blue-green infrastructure: an
interdisciplinary literature review analysing co-benefits and synergies between bio-physical and

socio-cultural outcomes. Blue-green Systems 2024. https://doi.org/10.2166/bgs.2024.007

9
Farghaly, R.M.; Elzeni, M.M. Bridging environmental and social sustainability: A conceptual

model of blue-green-red infrastructure (BGRI). Sustainable Cities and Society 2026.
https://doi.org/10.1016/j.scs.2026.107267

10

Nawrath, M.; Immerzeel, B.; Barton, D.N.; Seifert-Dähnn, I. Challenges in incentivising ecosystem
services in urban planning: Oslo’s Blue-Green factor biases blue-green infrastructure design

towards low-cost measures. Landscape and Urban Planning 2026.
https://doi.org/10.1016/j.landurbplan.2025.105570

11 Baravikova, A. The uptake of new concepts in urban greening: Insights from Poland. Urban
Forestry & Urban Greening 2020. https://doi.org/10.1016/j.ufug.2020.126798

12 Wang, X.F.; Hu, Q.; Zhang, R.; Sun, C.H.; Wang, M. Ecosystem Services in Urban Blue-Green
Infrastructure: A Bibliometric Review. Water 2025. https://doi.org/10.3390/w17152273

13
Konstantinova, A.; Filyushkina, A.; Maximova, O.; Kerdivar, K.; Gromova, A.; Matasov, V.;

Vasenev, V. Uptake of ecosystem service concept in urban blue-green infrastructure planning and
decision-making in Russia. Blue-green Systems 2024. https://doi.org/10.2166/bgs.2024.019

14
Ming, T.Z.; Hu, Y.W.; Shi, T.H.; Li, Y.W.; Hu, S.J.; Yang, D.; Lv, B.; Peng, C.; Chen, Y.H. Effect of

Blue-Green Infrastructure in Mitigating Microenvironmental Heat Islands: Field- and
Simulation-Based Insights. Atmosphere 2025. https://doi.org/10.3390/atmos16020134
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Table A1. Cont.

Source ID Reference

15
Nawrath, M.; Furuseth, I.S.; Barkved, L. Incentives for the implementation and maintenance of

urban blue-green infrastructure: A systematic review. Landscape and Urban Planning 2026.
https://doi.org/10.1016/j.landurbplan.2025.105572

16

Zareba, A.; Krzeminska, A.; Adynkiewicz-Piragas, M.; Widawski, K.; van der Horst, D.; Grijalva,
F.; Monreal, R. Water Oriented City-A ‘5 Scales’ System of Blue and Green Infrastructure in

Sponge Cities Supporting the Retention of the Urban Fabric. Water 2022.
https://doi.org/10.3390/w14244070

17
Ncube, S.; Arthur, S. Influence of Blue-Green and Grey Infrastructure Combinations on Natural

and Human-Derived Capital in Urban Drainage Planning. Sustainability 2021.
https://doi.org/10.3390/su13052571

18
Krivtsov, V. Green and blue-green infrastructure—benefits, trade-offs, and optimisation of

ecosystem services: an overview with perspectives for research and management. Plant Ecology
& Diversity 2025. https://doi.org/10.1080/17550874.2025.2585476

19
Ruban, L. Guidelines for Blue-Green Urban Infrastructure: Adaptive Model and its Structural

Elements. Landscape Architecture and Art 2023.
https://doi.org/10.22616/j.landarchart.2023.22.15

20
Kapetas, L.; Fenner, R. Integrating blue-green and grey infrastructure through an adaptation

pathways approach to surface water flooding. Philosophical Transactions of the Royal Society
A-mathematical Physical and Engineering Sciences 2020. https://doi.org/10.1098/rsta.2019.0204

21

Fei, F.; Wang, L.Y.; Wang, Y.; Yao, W.X.; Fukuda, H.; Xiao, Y.L.; Tian, L.; Ji, T.T. A new method for
evaluating the synergistic effect of urban water body and vegetation in the summer outdoor

thermal environment. Journal of Cleaner Production 2023.
https://doi.org/10.1016/j.jclepro.2023.137680

22
Krauze, K.; Wagner, I. From classical water-ecosystem theories to nature-based

solutions—Contextualizing nature-based solutions for sustainable city. Science of the Total
Environment 2019. https://doi.org/10.1016/j.scitotenv.2018.11.187

23 Suleiman, L. Blue green infrastructure, from niche to mainstream: Challenges and opportunities
for planning in Stockholm. Technological Forecasting and Social Change 2021.

25 Ahmed, S.; Meenar, M.; Alam, A. Designing a Blue-Green Infrastructure (BGI) network: Toward
water-sensitive urban growth planning in Dhaka, Bangladesh. Land 2019.

29
Deely, J.; Hynes, S.; Barquín, J.; Burgess, D.; Finney, G.; Silió, A.; Álvarez-Martínez, J.M.; Bailly, D.;

Ballé-Béganton, J. Barrier identification framework for the implementation of blue and green
infrastructures. Land Use Policy 2020. https://doi.org/10.1016/j.landusepol.2020.105108

30
Kopp, J.; Frajer, J.; Lehnert, M.; Kohout, M.; Ježek, J. Integrating concepts of blue-green

infrastructure to support multidisciplinary planning of sustainable cities. Problemy Ekorozwoju
2021. https://doi.org/10.35784/pe.2021.2.14

32 Sommese, F. Nature-Based Solutions to Enhance Urban Resilience in the Climate Change and
Post-Pandemic Era: A Taxonomy for the Built Environment. Buildings 2024.

33
Tache, A.-V.; Popescu, O.-C.; Petris, or, A.-I. Conceptual Model for Integrating the Green-Blue

Infrastructure in Planning Using Geospatial Tools: Case Study of Bucharest, Romania
Metropolitan Area. Land 2023.

34 O’Sullivan, F.; Mell, I.; Clement, S. Novel Solutions or Rebranded Approaches: Evaluating the Use
of Nature-Based Solutions (NBS) in Europe. Frontiers in Sustainable Cities 2020.

38 García Sánchez, F.; Govindarajulu, D. Integrating blue-green infrastructure in urban planning for
climate adaptation: Lessons from Chennai and Kochi, India. Land Use Policy 2023.
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Table A1. Cont.

Source ID Reference

40
Yu, Q.; Du, M.; Li, H.; Tang, X.; Li, X. Research on the Integrated Planning of Blue-Green Space
towards Urban-Rural Resilience: Conceptual Framework and Practicable Approach. Journal of

Resources and Ecology 2022.

41
Zhang, J.; Fu, D.; Zevenbergen, C. Moving Towards Water Sensitive Cities: A Planning

Framework, Underlying Principles, and Technologies—Case Study Kunshan Sponge City.
Encyclopedia of Inland Waters, Second Edition 2022.

42 Liu, H.; Jay, M.; Chen, X. The role of nature-based solutions for improving environmental quality,
health and well-being. Sustainability2021.

45
Tasopoulou, A.; Pozoukidou, G. Green and blue infrastructure as a tool to support

decision-making in the spatial planning process. The case of Lake Trichonida, Greece. IOP
Conference Series: Earth and Environmental Science 2021.

47 Mertens, E.; Stiles, R.; Karadeniz, N. Green May Be Nice, but Infrastructure Is Necessary. Land 2022.

48 Dushkova, D.; Haase, D. Not simply green: Nature-based solutions as a concept and practical
approach for sustainability studies and planning agendas in cities. Land 2020.

49 Langemeyer, J.; Baró, F. Nature-based solutions as nodes of green-blue infrastructure networks: A
cross-scale, co-creation approach. Nature-Based Solutions 2021.

51
Kelkar, V.; Helm, B.; Krebs, P. A Semi-Systematic Global Review to Understand the Key

Components Essential for Advancing the Actual Design, Planning, and Implementation of
Blue—Green Infrastructure in Indian Cities. Land 2025.

55

Fustec, K.; Levain, A. From Green Infrastructure to Blue and Green Infrastructure Network:
institutionalization of ecological connectivity at the science-policy interface. A literature review.

Développement durable et territoires 2023.
https://doi.org/10.4000/developpementdurable.23038

56
Matsler, A.M.; Meerow, S.; Mell, I.C.; Pavao-Zuckerman, M.A. A ‘green’ chameleon: Exploring the
many disciplinary definitions, goals, and forms of “green infrastructure”. Landscape and Urban

Planning 2021. https://doi.org/10.1016/j.landurbplan.2021.104145

57
Well, F.; Ludwig, F. Blue–green architecture: A case study analysis considering the synergetic

effects of water and vegetation. Frontiers of Architectural Research 2020.
https://doi.org/10.1016/j.foar.2019.11.001

58
Veerkamp, C.J.; Schipper, A.M.; Hedlund, K.; Lazarova, T.; Nordin, A.; Hanson, H.I. A review of
studies assessing ecosystem services provided by urban green and blue infrastructure. Ecosystem

Services 2021. https://doi.org/10.1016/j.ecoser.2021.101367

59
Adesoji, T.; Pearce, A. Interdisciplinary Perspectives on Green Infrastructure: A Systematic

Exploration of Definitions and Their Origins. Environments 2024.
https://doi.org/10.3390/environments11010008

60
Grabowski, Z.J.; McPhearson, T.; Matsler, A.M.; Groffman, P.; Pickett, S.T.A. What is green

infrastructure? A study of definitions in US city planning. Frontiers in Ecology and the
Environment 2022. https://doi.org/10.1002/fee.2445

61
Mulligan, J.; Bukachi, V.; Clause, J.C.; Jewell, R.; Kirimi, F.; Odbert, C. Hybrid infrastructures,
hybrid governance: New evidence from Nairobi (Kenya) on green-blue-grey infrastructure in

informal settlements. Anthropocene 2020. https://doi.org/10.1016/j.ancene.2019.100227

62
Lafortezza, R.; Chen, J.; Konijnendijk van den Bosch, C.; Randrup, T.B. Nature-based solutions for

resilient landscapes and cities. Environmental Research 2018.
https://doi.org/10.1016/j.envres.2017.11.038

Source IDs 55–60 are supplementary sources added to the conceptual relationship corpus by hand-
selection and citation-chasing outside the database searches. Source IDs 61–62 were retrieved by the
additional Web of Science search (1.3; Table A3). Source IDs are not consecutive because the original
numbering from the screening log was retained. The IDs correspond to the coding in Table A6.

https://doi.org/10.3390/su182111251

https://doi.org/10.4000/developpementdurable.23038
https://doi.org/10.1016/j.landurbplan.2021.104145
https://doi.org/10.1016/j.foar.2019.11.001
https://doi.org/10.1016/j.ecoser.2021.101367
https://doi.org/10.3390/environments11010008
https://doi.org/10.1002/fee.2445
https://doi.org/10.1016/j.ancene.2019.100227
https://doi.org/10.1016/j.envres.2017.11.038
https://doi.org/10.3390/su182111251


Sustainability 2026, 18, 11251 22 of 34

Appendix B. Sources Included in Search 2

Table A2. Sources included in the functional-link analysis (29 coded sources).

Source ID Reference

2
Ming, T.Z.; Hu, Y.W.; Shi, T.H.; Li, Y.W.; Hu, S.J.; Yang, D.; Lv, B.; Peng, C.; Chen, Y.H. Effect of

Blue-Green Infrastructure in Mitigating Microenvironmental Heat Islands: Field- and
Simulation-Based Insights. Atmosphere 2025. https://doi.org/10.3390/atmos16020134

3

Liu, H.; An, W.Y.; Przybysz, A.; Hao, D.Y.; Sun, Y.M.; Song, J.Z.; Sui, J.Y.; Sun, J.H.; Zhu, C.Y.
Multivariate geostatistical methods for analysing the contribution of urban lakes and neighbouring

greenery to mitigating PM2.5 under stressor indicators. Ecological Indicators 2025.
https://doi.org/10.1016/j.ecolind.2025.113489

4
Halecki, W.; Stachura, T.; Fudala, W. Redefining urban spaces in stormwater assessment through

ecosystem management: A narrative review. Ambio 2025.
https://doi.org/10.1007/s13280-025-02156-2

5
Hoernschemeyer, B.; Henrichs, M.; Dittmer, U.; Uhl, M. Parameterization for Modeling Blue-Green

Infrastructures in Urban Settings Using SWMM-UrbanEVA. Water 2023.
https://doi.org/10.3390/w15152840

6
Richter, M.; Dickhaut, W. Long-Term Performance of Blue-Green Roof Systems—Results of a

Building-Scale Monitoring Study in Hamburg, Germany. Water 2023.
https://doi.org/10.3390/w15152806

7
Dashti, A.; Mohammadsharifi, N.; Shokuhi, M.; Matzarakis, A. A comprehensive study on

wintertime outdoor thermal comfort of blue-green infrastructure in an arid climate: A case of
Isfahan, Iran. Sustainable Cities and Society 2024. https://doi.org/10.1016/j.scs.2024.105658

8
Wu, D.; Wang, Y.F.; Fan, C.; Xia, B.C. Thermal environment effects and interactions of reservoirs

and forests as urban blue-green infrastructures. Ecological Indicators 2018.
https://doi.org/10.1016/j.ecolind.2018.04.054

9

Fei, F.; Wang, L.Y.; Wang, Y.; Yao, W.X.; Fukuda, H.; Xiao, Y.L.; Tian, L.; Ji, T.T. A new method for
evaluating the synergistic effect of urban water body and vegetation in the summer outdoor

thermal environment. Journal of Cleaner Production 2023.
https://doi.org/10.1016/j.jclepro.2023.137680

10
Aicher, A.; Boermel, M.; Londong, J.; Beier, S. Vertical green system for gray water treatment:

Analysis of the VertiKKA-module in a field test. Frontiers in Environmental Science 2022.
https://doi.org/10.3389/fenvs.2022.976005

11 Wessolek, G.; Kluge, B. Predicting Water Supply and Evapotranspiration of Street Trees Using
Hydro-Pedo-Transfer Functions (HPTFs). Forests 2021. https://doi.org/10.3390/f12081010

12

Premarathna, K.S.D.; Biswas, J.K.; Kumar, M.; Varjani, S.; Mickan, B.; Show, P.L.; Lau, S.Y.; Novo,
L.A.B.; Vithanage, M. Biofilters and bioretention systems: The role of biochar in the blue-green city
concept for stormwater management. Environmental Science: Water Research & Technology 2023.

https://doi.org/10.1039/d3ew00054k

13
Voskamp, I.M.; Van de Ven, F.H.M. Planning support system for climate adaptation: Composing

effective sets of blue-green measures to reduce urban vulnerability to extreme weather events.
Building and Environment 2015. https://doi.org/10.1016/j.buildenv.2014.07.018

14 Qin, J.; Zhang, Y.; Wang, J. Synergistic Response of Blue and Green Spaces as Urban Cooling Source
to Extreme Heatwaves. Land 2025. https://doi.org/10.3390/land14101944

16
Bedla, D.; Halecki, W. The value of river valleys for restoring landscape features and the continuity

of urban ecosystem functions—A review. Ecological Indicators 2021.
https://doi.org/10.1016/j.ecolind.2021.107871

17
Li, Z.X.; Su, Y.J.; Xia, R.; Pan, Y.J. Integrating LCZ framework and ENVI-met simulation for

multi-scale assessment of urban thermal characteristics and blue-green infrastructure performance.
Sustainable Cities and Society 2025. https://doi.org/10.1016/j.scs.2025.106969
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Table A2. Cont.

Source ID Reference

18
Dawson, C. Advancing blue-green infrastructure design with synthetic 3D drainage channels: A

scenario-based flood model in Nova Scotia, Canada. Nature-Based Solutions 2025.
https://doi.org/10.1016/j.nbsj.2025.100238

19

Lu, M.J.; Fan, H.M.; Yuan, L.; Li, S.K.; Wang, H.Y.; Cao, Y.; Liuyang, X. Urban Riparian Green
Corridors as Climate-Adaptive Infrastructure: Quantifying Ecological Thresholds for Cooling

Performance and Sustainable Management. Buildings 2026.
https://doi.org/10.3390/buildings16030660

20
Chen, J.X.; Wang, S.S.; Wu, R.B. Optimization of the integrated green-gray-blue system to deal with

urban flood under multi-objective decision-making. Water Science & Technology 2024.
https://doi.org/10.2166/wst.2023.411

22
Shi, Z.H.; Li, Y.Q.; Zhou, K.P.; Wang, P.; Wang, C.C. Spatial Decay Structure and Seasonal Variation

of Shoreline-Mediated Cooling in a High-Density Urban Environment. Water 2026.
https://doi.org/10.3390/w18101246

23
Qiao, Y.; Sun, H.; Qi, J.L.; Liu, S.B.; Li, J.; Ji, Y.F.; Wang, H.; Peng, Y. Examining water bodies’ cooling

effect in urban parks with buffer analysis and random forest regression. Urban Climate 2025.
https://doi.org/10.1016/j.uclim.2025.102301

24

Bhattarai, S.; Banjara, P.; Pandey, V.P.; Aryal, A.; Pradhan, P.; Al-Douri, F.; Pradhan, N.R.;
Talchabhadel, R. Quantifying the cooling effects of blue-green spaces across urban landscapes: A

case study of Kathmandu Valley, Nepal. Urban Climate 2025.
https://doi.org/10.1016/j.uclim.2025.102493

25

Qu, C.; Xu, J.; Li, W.; Shi, S.; Liu, B.Z. Quantifying the nonlinear effects of urban-rural blue-green
landscape combination patterns on the trade-off between carbon sinks and surface temperature: An
approach based on self-organizing mapping and interpretable machine learning. Sustainable Cities

and Society 2025. https://doi.org/10.1016/j.scs.2025.106608

27
Liu, P.; Lei, C.; Wang, H.; Zhang, J.; Xia, S.; Cao, J. Driving Mechanisms of Blue–Green

Infrastructure in Enhancing Urban Sustainability: A Spatial–Temporal Assessment from Zhenjiang,
China. Land 2026. https://doi.org/10.3390/land15020233

28
Wu, C.; Li, J.; Wang, C.; Song, C.; Chen, Y.; Finka, M.; La Rosa, D. Understanding the relationship
between urban blue infrastructure and land surface temperature. Science of the Total Environment

2019. https://doi.org/10.1016/j.scitotenv.2019.133742

30
Western, A.; Arora, M.; Burns, M.; Bonneau, J.; Thom, J.K.; Yong, C.; James, R.B.; Poelsma, P.;
Fletcher, T. Impacts of stormwater infiltration on downslope soil moisture and tree water use.

Environmental Research Letters 2021. https://doi.org/10.1088/1748-9326/ac1c2a

31
Pace, R.; De Fino, F.; Rahman, M.A.; Pauleit, S.; Nowak, D.; Grote, R. A single tree model to

consistently simulate cooling, shading, and pollution uptake of urban trees. International Journal of
Biometeorology 2021. https://doi.org/10.1007/s00484-020-02030-8

32

Walther, H.; Bennerscheidt, C.; Boudeling, D.J.; Streckenbach, M.; Simon, F.; Mudersbach, C.;
Schnaut, S.; Oelmann, M.; Quirmbach, M. A New Perspective on Blue-Green Infrastructure for

Climate Adaptation in Urbanized Areas: A Soil-Pipe System as a Multifunctional Solution. Land
2025. https://doi.org/10.3390/land14051065

33
Kluge, B.; Kirmaier, M. Urban trees left high and dry—Modelling urban trees water supply and

evapotranspiration under drought. Environmental Research Communications 2024.
https://doi.org/10.1088/2515-7620/ad7dda

34
Richter, M.; Heinemann, K.; Meiser, N.; Dickhaut, W. Trees in Sponge Cities—A Systematic Review

of Trees as a Component of Blue-Green Infrastructure, Vegetation Engineering Principles, and
Stormwater Management. Water 2024. https://doi.org/10.3390/w16050655

Source IDs 30–34 are supplementary sources added to the functional-link corpus through manual
selection and citation tracking outside the database searches. Source IDs are not consecutive because
the original screening-log numbers were retained. The IDs correspond to the coding in Table A7.
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Appendix C

This appendix contains the information needed to repeat the searches and coding.
Appendix C.1 lists the search terms, databases, search dates and numbers of records found
(Table A3). Appendix C.2 explains how sources were screened and selected, including
the inclusion and exclusion criteria (Table A4) and the number excluded for each reason
(Table A5). Appendix C.3 explains the coding categories. Appendix C.4 gives the codes
for each Search 1 source: GI and BGI relationship, concept addressed, system logic and
urban planning purpose (Table A6). Appendix C.5 gives the codes for each Search 2
source: element-level relationship (L0–L2), level of support for the functional link (INT),
comparison condition and spatial scale (Table A7). Appendix C.6 shows how often each
ecosystem function, ecosystem service, system logic and urban planning purpose was
recorded in Search 1 (Table A8). Appendix C.7 lists the spatial elements recorded in Search
1 and how each source labelled them (Table A9).

Appendix C.1. Search Strings and Dates

We carried out two rounds of searches on the Web of Science and Scopus. The first
round (Searches 1.1–1.3) produced the relationship corpus (Corpus 1), while the second
(Searches 2.1–2.2) produced the functional-link corpus (Corpus 2).

Table A3. Search strings and dates.

Search ID Database Date of Search Records Search String (as Run)

0.1 Web of Science 15 September 2025 Not recorded Scoping searches for background
familiarisation; not screened or coded

0.2 Scopus 17 September 2025 Not recorded Scoping searches for background
familiarisation; not screened or coded

1.1 Web of Science 15 June 2026 220

TS = ((“green infrastructure” AND
(“blue-green infrastructure” OR “blue
green infrastructure” OR BGI)) AND

(definition OR concept * OR
terminology OR typolog * OR

relationship OR framework OR
“conceptual review”))

1.2 Scopus 16 June 2026 430

TITLE-ABS-KEY((“green
infrastructure” OR GI) AND

(“blue-green infrastructure” OR “blue
green infrastructure” OR BGI OR “blue
infrastructure”) AND (definition OR

concept * OR terminolog * OR typolog
* OR relationship OR framework OR

“conceptual review”))

1.3 * Web of Science 14 October 2026 60

TS = ((“green infrastructure” OR GI)
AND (“blue-green infrastructure” OR

“blue green infrastructure” OR BGI OR
“blue infrastructure”) AND (definition

OR concept * OR terminolog * OR
typolog * OR relationship OR

framework OR “conceptual review”))
NOT TS = (original string 1.1); index

date 1900-01-01 to 2026-06-15

https://doi.org/10.3390/su182111251

https://doi.org/10.3390/su182111251


Sustainability 2026, 18, 11251 25 of 34

Table A3. Cont.

Search ID Database Date of Search Records Search String (as Run)

2.1 Scopus 22 June 2026 1746

TITLE-ABS-KEY((“green
infrastructure” OR “urban green
infrastructure” OR “blue-green
infrastructure” OR “blue green
infrastructure” OR “green-blue
infrastructure” OR “green blue

infrastructure” OR “urban green space
*” OR “blue-green space *” OR “blue
green space *”) AND (integrat * OR

synerg * OR “co-benefit*” OR
multifunctional * OR “integrated

approach *” OR “functional
integration” OR “functional link *” OR

coupling OR coupled) AND
(“stormwater management” OR

stormwater OR runoff OR retention
OR infiltration OR evapotranspiration
OR cooling OR “thermal comfort” OR

“heat mitigation” OR “climate
adaptation” OR “flood mitigation”))

2.2 Web of Science 22 June 2026 401

TS = ((“green infrastructure” OR
“urban green infrastructure” OR

“blue-green infrastructure” OR “blue
green infrastructure” OR “green-blue

infrastructure” OR “green blue
infrastructure” OR “urban green space
*” OR “blue-green space *” OR “blue
green space *”) AND (integrat * OR

synerg * OR “co-benefit *” OR
multifunctional * OR “integrated

approach *” OR “functional
integration” OR “functional link *” OR

coupling OR coupled) AND
(“stormwater management” OR

stormwater OR runoff OR retention
OR infiltration OR evapotranspiration
OR cooling OR “thermal comfort” OR

“heat mitigation” OR “climate
adaptation” OR “flood mitigation”))

Prior to the two database search rounds, an exploratory phase (searches 0.1–0.2, September 2025)
was carried out in Web of Science and Scopus to scope the topic, refine the research questions and
develop the initial GI–BGI relationship typology. These records were not screened, coded or included
in either corpus. In addition to the database searches, six sources were added to Corpus 1 (IDs 55–60)
and five to Corpus 2 (IDs 30–34) through a supplementary identification route: a manual search
based on reference tracking and the authors’ prior knowledge. These records did not pass through
title/abstract screening. They were assessed against the same eligibility criteria and coded directly
from full text. * We added a new search (Search 1.3) so our search keywords on Web of Science
matched the ones we used on Scopus. This new search only picked up extra results that our original
search missed, up until 15 June 2026.

Appendix C.2. Screening and Selection

Corpus 1. The three database searches (Searches 1.1–1.3) identified 710 records. After
de-duplication, 469 records were screened on title, abstract and keywords, and 411 were
excluded. Full texts were sought for 58 records; 16 could not be retrieved (EX4), and 2 were
excluded at full-text assessment (EX5), leaving 40 coded sources from the database arm
(including IDs 61–62 from Search 1.3). Six supplementary sources (IDs 55–60) were added,
giving 46 coded sources.

Corpus 2. The two database searches identified 2147 records. After de-duplication,
1763 records remained. A first screening on title and abstract excluded 1310 records,
leaving 453 records for detailed assessment. Of these, 429 were excluded, leaving 24 coded
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sources from the database arm. Five supplementary sources (IDs 30–34) were added, giving
29 coded sources.

Two sources occur in both corpora (A14/B2 and A21/B9), giving 75 selection entries
and 73 distinct sources. The number of records at each stage is shown in the source-selection
flow diagram (Figure 2). Tables A6 and A7 list the coded sources only.

Table A4. Inclusion and exclusion criteria by source set.

Source Set Inclusion Criteria Exclusion Criteria

Conceptual relationship
search

Source defines or describes GI
or BGI, or compares or

positions them

Source mentions GI or BGI
only as a background term

Functional link search

Source describes how green
and blue elements or

processes interact in enough
detail to assess the

relationship between them,
whether within a single

element, as co-location or as a
functional link

Source lists elements, benefits
or synergies without

describing how the elements
or processes interact, so their

relationship cannot
be assessed.

The following exclusion reasons were recorded. EX3 was used during de-duplication,
EX4 when retrieving full texts, and EX5 during full-text assessment. All other codes were
used during screening. For Corpus 1, EX1, EX2, EX7 and EX8 were used at the title/abstract
stage, EX4 at the retrieval stage, and EX5 at the full-text assessment. For Corpus 2, all codes,
including EX4, were assigned during the detailed assessment. The 1310 records removed
in the first title/abstract screening were excluded in bulk because they were not relevant to
the topic. They were not given individual exclusion codes.

Table A5. Exclusion reasons and number of records excluded, by search.

Code Reason S1 (n) S2 (n)

EX1 GI/BGI only as a background/passing term 25 2
EX2 No relevant conceptual/functional-integration content 180 317
EX3 Duplicate record (removed at de-duplication) 241 384
EX4 Full text not retrievable 16 5
EX5 Full text not in English 2 0
EX6 Out-of-scope document type 0 0

EX7 Empirical/technical application without a conceptual
contribution 205 -

EX8 Retracted article 1 -
EX9 Single-domain focus without a green–blue link - 89

EX10 Belongs to the conceptual corpus (Search 1) - 6
EX11 Non-urban without transferability to urban planning - 5
EX12 Purely descriptive/promotional; lacks rigour - 5

Excluding EX3, Corpus 1 has 429 codes (411 from title and abstract screening, 16 from retrieval and
2 from full-text assessment), while Corpus 2 has 429 (all from the detailed-assessment stage). These
totals match the stage counts above.

Appendix C.3. Coding Legend

Ecosystem functions (EF) code:

• EF1—infiltration;
• EF2—retention;
• EF3—evapotranspiration;
• EF4—runoff regulation;
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• EF5—habitat provision;
• EF6—ecological connectivity;
• EF7—shading.

Ecosystem services and benefits (ES) code:

• ES1—flood risk reduction;
• ES2—urban cooling;
• ES3—improved thermal comfort;
• ES4—biodiversity enhancement;
• ES5—recreation;
• ES6—water quality improvement;
• ES7—public health benefits;
• ES8—climate resilience;
• ES9—air quality improvement;
• ES10—noise reduction;
• ES11—educational value;
• ES12—aesthetic value;
• ES13—energy efficiency.

System logic code (SL):

• SL1—green or ecological network;
• SL2—blue or hydrological network;
• SL3—combined blue–green network or hybrid.

Urban planning purpose code (UPP):

• UPP1—biodiversity and ecological connections;
• UPP2—recreation and amenity;
• UPP3—water and stormwater management;
• UPP4—urban cooling and climate adaptation;
• UPP5—health and wellbeing;
• UPP6—multifunctionality.

GBR code:

• GBR0—not applicable: the source uses only one of the two terms (GI or BGI) in its
own text.

• GBR1—synonym: GI and BGI are used interchangeably and refer to the same content.
• GBR2—inclusion: one concept is treated as part of or a subtype of the other. The

direction is also recorded (BGI is part of GI, or GI is part of BGI).
• GBR3—exclusion: GI and BGI are treated as separate concepts that differ in elements,

urban planning purpose, and system logic; they may share only ecosystem functions
and services.

• GBR4—overlap: GI and BGI are treated as distinct concepts that overlap in at least
one of the three aspects (elements, urban planning purpose, system logic), while each
also has content not included in the other.

• GBR5—unclear: the source uses both terms, but the relationship between them cannot
be determined.

Codes were assigned by applying the following rules in order:

1. The source uses only one of the two terms in its own text: GBR0 (not applicable).
2. GI and BGI are used interchangeably and refer to the same content: GBR1 (synonym).
3. One concept is treated as part of or a subtype of the other: GBR2 (inclusion).
4. GI and BGI are separate and differ in all three aspects. They may share only ecosystem

functions and services: GBR3 (exclusion).
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5. GI and BGI are distinct but overlap in at least one aspect, while each also has content
not included in the other: GBR4 (overlap).

6. The source uses both terms but does not fit GBR1—GBR4: GBR5 (unclear).

Search 2
Type of element-level arrangement (Search 2):

• L0—single element: the processes occur within one element or system, with no sepa-
rate supplying element.

• L1—co-location: separate green and blue elements occur together or produce a com-
bined effect, but at least one condition (supply or dependency) is not met.

• L2—functional link: separate elements are linked and both conditions are met. One
element supplies a resource that the other needs to perform its function.

Level of support for the functional link (Search 2):

• INT0—not applicable: the source was coded L0 or L1, so no functional link was
identified.

• INT1—Asserted: The link is stated but not explained.
• INT2—Explained: The link is explained but not tested.
• INT3—Tested: The link is tested using measurements, monitoring, or data-based modelling.

Appendix C.4. Source-Level Coding (Corpus: Search 1)

Table A6. GI and BGI relationship codes: concept addressed, system logic and urban planning
purpose (46 coded sources).

I. First Author Year GBR Concept
Addressed System Logic Urban Planning Purpose

1 de Rijke 2025 GBR2 BGI SL3 UPP1–UPP6

2 Lacroix 2024 GBR0 BGI SL3 UPP1; UPP3; UPP4; UPP5;
UPP6

3 Jiang 2021 GBR0 BGI SL3 UPP1–UPP6
4 Gupta 2024 GBR2 GI & BGI SL1; SL3 UPP1–UPP6

5 Koohestani 2025 GBR2 GI & BGI SL3 UPP1; UPP3; UPP4; UPP5;
UPP6

6 Valencia-Félix 2024 GBR2 GI & BGI SL3 UPP3; UPP4; UPP6
7 Ibarraran 2026 GBR0 BGI SL3 UPP1–UPP6
8 McNabb 2024 GBR2 BGI SL3 UPP1–UPP6
9 Farghaly 2026 GBR2 GI & BGI SL3 UPP1–UPP6
10 Nawrath 2026 GBR0 BGI SL3 UPP1–UPP6
11 Baravikova 2020 GBR1 BGI SL3 UPP1; UPP2; UPP3; UPP4

12 Wang 2025 GBR2 GI & BGI SL1; SL2; SL3 UPP1; UPP3; UPP4; UPP5;
UPP6

13 Konstantinova 2024 GBR1 BGI SL1; SL3 UPP1–UPP6
14 Ming 2025 GBR2 GI & BGI SL3 UPP4; UPP5
15 Nawrath 2026 GBR1 BGI SL2; SL3 UPP1–UPP6
16 Zareba 2022 GBR4 GI & BGI SL1; SL2; SL3 UPP1–UPP6

17 Ncube 2021 GBR2 GI & BGI SL3 UPP2; UPP3; UPP4; UPP5;
UPP6

18 Krivtsov 2025 GBR2 BGI SL1; SL2; SL3 UPP1–UPP6

19 Ruban 2023 GBR0 BGI SL2; SL3 UPP1; UPP2; UPP3; UPP4;
UPP6

20 Kapetas 2020 GBR2 GI & BGI SL3 UPP2; UPP3; UPP4; UPP6
21 Fei 2023 GBR4 BGI SL3 UPP2; UPP4; UPP5
22 Krauze 2019 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6

23 Suleiman 2021 GBR0 BGI SL2 UPP1; UPP2; UPP3; UPP4;
UPP6

25 Ahmed 2019 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
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Table A6. Cont.

I. First Author Year GBR Concept
Addressed System Logic Urban Planning Purpose

29 Deely 2020 GBR2 GI & BGI SL1; SL2; SL3 UPP1; UPP3; UPP4; UPP6

30 Kopp 2021 GBR2 GI & BGI SL1; SL2; SL3 UPP2; UPP3; UPP4; UPP5;
UPP6

32 Sommese 2024 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
33 Tache A.-V. 2023 GBR1 BGI SL1; SL2; SL3 UPP1–UPP6
34 O’Sullivan 2020 GBR1 GI & BGI SL1; SL3 UPP1–UPP6

38 García
Sánchez 2023 GBR2 BGI SL2; SL3 UPP1; UPP2; UPP3; UPP4;

UPP5
40 Yu 2022 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
41 Zhang 2022 GBR4 GI & BGI SL1; SL2; SL3 UPP1–UPP6
42 Liu 2021 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
45 Tasopoulou 2021 GBR1 GI & BGI SL1; SL2; SL3 UPP1; UPP2; UPP4; UPP6
47 Mertens 2022 GBR4 GI & BGI SL1; SL2; SL3 UPP1–UPP6
48 Dushkova 2020 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
49 Langemeyer 2021 GBR1 BGI SL1; SL2; SL3 UPP1–UPP6
51 Kelkar 2025 GBR1 GI & BGI SL1; SL2; SL3 UPP1–UPP6
55 Fustec 2023 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
56 Matsler A.M. 2021 GBR2 GI SL1; SL2 UPP1–UPP6
57 Well 2020 GBR2 GI & BGI SL1; SL2; SL3 UPP1–UPP6
58 Veerkamp C.J. 2021 GBR2 GI & BGI SL3 UPP1–UPP6
59 Adesoji 2024 GBR2 GI SL1; SL2; SL3 UPP1–UPP6

60 Grabowski
Z.J. 2022 GBR0 GI SL1; SL2; SL3 UPP1–UPP6

61 Mulligan 2020 GBR2 GI & BGI SL2; SL3 UPP2; UPP3; UPP4; UPP5;
UPP6

62 Lafortezza 2018 GBR0 GI - UPP1; UPP5

Note: The source IDs have gaps because the original numbers from the screening log were retained. A
source could receive more than one SL or UPP code, and UPP1–UPP6 cover all six planning purposes.
No source received GBR3 or GBR5. GBR0 was assigned to eight sources that used only GI or only
BGI. “Concept addressed” shows the main focus of each source (Section 2.3). A source focused
on one concept could still use the other term and therefore receive GBR1–GBR4. Totals: GI and
BGI = 26 sources; BGI only = 16; GI only = 4. GBR0 = 8; GBR1 = 8; GBR2 = 26; GBR4 = 4; GBR5 = 0.

Appendix C.5. Source-Level Coding (Corpus: Search 2)

Table A7. Functional-link codes and spatial scale (29 coded sources).

Source ID First author Year El. level arr. (L) Level of
Support INT

Comparison
Condition Spatial Scale

2 Ming 2025 L1 INT0 n.a. Site/Project
3 Liu 2025 L1 INT0 n.a. Multi-scale
4 Halecki 2025 L0 INT0 n.a. City–Metropolitan area

5 Hoernschemeyer 2023 L0 INT0 n.a. Site/Project/
Neighbourhood

6 * Richter 2023 L2 INT3 no Site/Project

7 Dashti 2024 L1 INT0 n.a. Site/Project/
Neighbourhood

8 Wu 2018 L1 INT0 n.a. City–Metropolitan area

9 Fei 2023 L1 INT0 n.a. Site/Project/
Neighbourhood

10 Aicher 2022 L0 INT0 n.a. Site/Project
11 Wessolek 2021 L0 INT0 n.a. Site/Project
12 Premarathna 2023 L0 INT0 n.a. Site/Project
13 Voskamp I.M. 2015 L2 INT2 n.a. Multi-scale
14 Qin 2025 L1 INT0 n.a. City–Metropolitan area
16 Bedla 2021 L1 INT0 n.a. City–Metropolitan area
17 Li 2025 L1 INT0 n.a. not recorded
18 Dawson 2025 L0 INT0 n.a. Site/Project
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Table A7. Cont.

Source ID First author Year El. level arr. (L) Level of
Support INT

Comparison
Condition Spatial Scale

19 Lu 2026 L1 INT0 n.a. City–Metropolitan area
20 Chen 2024 L1 INT0 n.a. City–Metropolitan area
22 Shi 2026 L1 INT0 n.a. Neighbourhood
23 Qiao 2025 L1 INT0 n.a. City–Metropolitan area
24 Bhattarai 2025 L1 INT0 n.a. City–Metropolitan area
25 Qu 2025 L1 INT0 n.a. Region
27 Liu 2026 L1 INT0 n.a. City–Metropolitan area
28 Wu 2019 L1 INT0 n.a. City–Metropolitan area
30 Western 2021 L2 INT3 yes Site/Project
31 Pace 2021 L0 INT0 n.a. Site/Project
32 Walther 2025 L2 INT2 n.a. Site/Project
33 Kluge 2024 L0 INT0 n.a. Site/Project
34 Richter 2024 L2 INT2 n.a. Multi-scale

Source IDs are not consecutive because the original numbering from the screening log was kept.
Comparison conditions were assessed only for INT3 sources (yes = a comparison condition was
included; no = none was included); n.a. = not applicable. B30 compared supported trees with trees at
different locations, not the same receiving element with and without support; no source therefore
included a strict baseline. * B6 included an extensive green roof and a gravel roof as reference roofs,
but these were used to compare roof types rather than the receiving vegetation with and without
water supply. It was therefore coded as having no comparison condition. Totals: L0 = 8, L1 = 16,
L2 = 5; INT0 = 24, INT1 = 0, INT2 = 3, INT3 = 2; comparison condition = 1 (B30). Spatial scale:
local = 14, city–metropolitan = 10, regional = 1, multi-scale = 3, not reported = 1.

Appendix C.6. Frequency of the Three Descriptive Aspects (Corpus: Search 1)

Table A8. Ecosystem functions, ecosystem services and benefits, system logic and urban planning
purposes by concept addressed (46 coded sources).

Code Label All Sources
(n = 46)

BGI Only
(n = 16)

GI & BGI
(n = 26)

GI Only
(n = 4)

Ecosystem functions
EF4 Runoff regulation 44 (96%) 15 (94%) 25 (96%) 4
EF1 Infiltration 37 (80%) 12 (75%) 22 (85%) 3
EF2 Retention 37 (80%) 13 (81%) 21 (81%) 3
EF5 Habitat provision 36 (78%) 12 (75%) 21 (81%) 3
EF6 Ecological connectivity 35 (76%) 13 (81%) 19 (73%) 3
EF3 Evapotranspiration 25 (54%) 7 (44%) 16 (62%) 2
EF7 Shading 17 (37%) 5 (31%) 12 (46%) 0

Ecosystem services and benefits
ES8 Climate resilience 41 (89%) 14 (88%) 25 (96%) 2
ES1 Flood risk reduction 40 (87%) 13 (81%) 24 (92%) 3
ES4 Biodiversity enhancement 40 (87%) 14 (88%) 23 (88%) 3
ES5 Recreation 39 (85%) 14 (88%) 22 (85%) 3
ES7 Public health benefits 37 (80%) 10 (63%) 23 (88%) 4
ES6 Water quality improvement 36 (78%) 11 (69%) 22 (85%) 3
ES2 Urban cooling 36 (78%) 15 (94%) 20 (77%) 1

ES12 Aesthetic value 36 (78%) 12 (75%) 23 (88%) 1
ES9 Air quality improvement 27 (59%) 10 (63%) 16 (62%) 1
ES3 Improved thermal comfort 16 (35%) 4 (25%) 12 (46%) 0

ES11 Educational value 15 (33%) 6 (38%) 9 (35%) 0
ES10 Noise reduction 9 (20%) 3 (19%) 6 (23%) 0
ES13 Energy efficiency 6 (13%) 0 (0%) 6 (23%) 0

System logic
SL3 Combined blue–green network or hybrid 43 (93%) 15 (94%) 26 (100%) 2
SL2 Blue or hydrological network 27 (59%) 7 (44%) 17 (65%) 3
SL1 Green or ecological network 25 (54%) 4 (25%) 18 (69%) 3
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Table A8. Cont.

Code Label All Sources
(n = 46)

BGI Only
(n = 16)

GI & BGI
(n = 26)

GI Only
(n = 4)

Urban planning purpose
UPP4 Urban cooling and climate adaptation 45 (98%) 16 (100%) 26 (100%) 3
UPP3 Water and stormwater management 42 (91%) 15 (94%) 24 (92%) 3
UPP6 Multipurpose planning 41 (89%) 13 (81%) 25 (96%) 3
UPP2 Recreation and amenity 39 (85%) 15 (94%) 21 (81%) 3
UPP1 Biodiversity and ecological connections 39 (85%) 15 (94%) 20 (77%) 4
UPP5 Health and wellbeing 38 (83%) 13 (81%) 22 (85%) 3

Categories are ordered by frequency within each aspect. Percentages are not given for GI-only sources
because the group is too small for a meaningful comparison (Section 3.1). A source could be assigned
several categories within each aspect.

Appendix C.7. Spatial Elements Recorded in Search 1

Appendix C.7 lists the spatial elements recorded in Search 1 and how often each was
labelled as GI, BGI or both (Table A9).

Table A9. Spatial elements by how sources labelled them (Search 1, 45 sources listing at least one
element).

Spatial Element GI Only Both BGI Only Sources (n) In Figure 4

Green roofs 20 3 10 33 yes
Wetlands 2 3 28 33 yes

Parks 20 5 4 29 yes
Rivers & streams 1 1 25 27 yes

Rain gardens 3 3 20 26 yes
Ponds 0 1 23 24 yes

Forests & woodlands 18 2 2 22 yes
Permeable pavements 3 1 18 22 yes

Trees 17 1 4 22 yes
Swales 2 2 14 18 yes

Green walls 12 1 3 16 yes
Green corridors & greenways 10 0 6 16 yes

Bioretention 4 2 11 17 yes
Lakes 0 0 16 16 yes

Gardens 10 0 1 11 yes
Rainwater tanks, barrels & cisterns 1 1 9 11 yes

Canals 0 1 9 10 yes
Retention/detention basins 0 0 9 9 yes

Infiltration trenches 0 0 9 9 yes
Meadows & lawns 6 0 1 7 yes

Urban agriculture & allotments 7 0 1 8 yes
Floodplains 0 0 6 6 yes

Farmland & farms 4 0 0 4 no
Nature reserves 4 0 0 4 no

Green belts 3 0 1 4 no
Tree pits & tree trenches 0 0 4 4 no

Drainage channels & ditches 0 0 4 4 no
Coastal areas 0 0 4 4 no

Water squares & detention plazas 0 0 4 4 no
Orchards 3 0 0 3 no

Blue & retention roofs 0 0 3 3 no
Reservoirs & dams 0 0 3 3 no

Road verges 2 0 0 2 no
Protected areas 2 0 0 2 no

Hedges & hedgerows 2 0 0 2 no
Green squares 2 0 0 2 no

Playing fields & playgrounds 2 0 0 2 no
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Table A9. Cont.

Spatial Element GI Only Both BGI Only Sources (n) In Figure 4

Brownfield sites 1 1 0 2 no
Filter strips 0 0 2 2 no

Riparian & buffer vegetation 1 0 0 1 no
Tram-track greening 1 0 0 1 no

Wildlife crossings 1 0 0 1 no
Dunes 0 0 1 1 no

Beaches 0 0 1 1 no
Planter boxes 0 1 0 1 no

Shrubs 0 0 1 1 no
Water treatment facilities 0 0 1 1 no

Watersheds 0 0 1 1 no

Counts refer to sources. If a source listed an element under both GI and BGI, it was counted once as
“Both”. Source A59 treated all its GI and BGI elements as the same, so all were counted as “Both”.
Related names were merged into one element (e.g., bioswales as swales; porous surfaces as permeable
pavements). Broad terms such as SuDS, green spaces and vegetation were excluded; A5 listed only
such terms. Figure 4 shows elements found in at least five sources.
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