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Abstract: Green Infrastructure (GI) is rooted in ecology and cuts across multiple disciplines, including
landscape architecture, environmental sciences, planning, policy, and engineering. Likewise, the
definition of this concept also cuts across disciplines, which creates ambiguity around what GI is
and what makes up GI in practice—for example, mistaking bioswales for regular tree planters or
green space within communities in which they are installed. We undertook a systematic literature
review of 38 peer-reviewed articles for this study using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) method to identify and synthesize the different disciplinary
definitions of GI in the literature. This study also presents the types of GI systems mentioned in
the peer-reviewed articles while identifying other benefits apart from the primary benefit of GI
installation, which is stormwater management. The analysis revealed three clusters of GI definitions:
(I) Interconnected natural areas and other open spaces, (II) Strategically planned natural and semi-
natural areas, and (III) Decentralized systems and techniques. However, we got rid of the third cluster
during the analysis because GI is known to be a decentralized system, and the definition region could
not be tracked. These clusters represent a spectrum, one of which employs the structure of natural
systems already in place to support human goals (bio-inclusivity). The other includes living systems
as components within engineered solutions to achieve objectives (bio-integration). This review
points to the need for an encompassing definition that cuts across disciplines with a consensus on the
adoption and concise categorization of GI types and the multiple benefits they provide to humans and
ecosystems. A consensus definition helps clear misconceptions and improve the understanding of GI,
potentially improving receptivity towards these solutions within communities from a community
member perspective.

Keywords: green infrastructure; definition; types; benefits; stormwater management; nature-based
solution; multidisciplinary; interdisciplinary

1. Introduction

The concept of green infrastructure (GI) is often conveyed in terms of its functionality
and benefits afforded to humans, and this has been one of the factors that influence
the adoption of GI in practice. Over time, GI functions have been mainly focused on
hydrology [1]. However, there has been a shift from this focus to other functions, such
as environmental, ecological, and economic functions [2]. At the same time, benefits
centered on ecosystem services, such as providing and promoting healthy environments
and physical and psychological health benefits to humans [3], are increasingly identified in
the literature.

Gl is part of a new paradigm in community infrastructure development that addresses
challenges faced by communities and the natural environment with decentralized solutions
for stormwater management, in contrast to conventional gray infrastructure solutions.
Currently, in the literature, more than 40% of the published articles related to GI do not
offer a specific or distinctive definition of GI as a concept [4]. The absence of a consistent
definition has contributed to the ambiguity that surrounds the concept of GI, as it creates
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avenues for researchers and practitioners to emphasize the aspects they consider most
pertinent within the dynamic and adaptable framework of the concept that suits their
purpose or belief to be significant [4]. This can be beneficial in some circumstances, but it
can also lead to a misalignment of efforts in interdisciplinary problem-solving.

This ambiguity in definitions across disciplines persists to include the functions and
benefits of Gl in the literature and practice, further emphasizing the dislocation between
definitions [5]. Also, as pointed out [6], the different definitions of GI potentially allow it
to be adapted to the specific needs of localities where they are installed. It can ultimately
confuse the term, including the functions and benefits provided. The definition ambiguity
is also significant because of the overlapping of terminologies, which has created a lack of
clarity when attempting to catalog the concept of GI [7].

The various definitions of GI can be attributed in part to the fact that the concept
cuts across multiple disciplines. Variation can also be tied to the country of study where
the authors of articles reside or the location where the research centered around GI is
conducted. For example, the United States Environmental Protection Agency (USEPA) and
the European Commission (EC), which are government agencies in North America and
Europe, respectively, have varying and different ways in which they define GI (Table 1).

Table 1. EPA and EC GI definitions of Green Infrastructure on their websites.

United States Environmental Protection Agency
(USEPA)

“In 2019, Congress enacted the Water
Infrastructure Improvement Act, which defines
green infrastructure as the range of measures that
use plant or soil systems, permeable pavement or
other permeable surfaces, stormwater harvest and
reuse, or landscaping to store, infiltrate, or
evapotranspirate stormwater and reduce flows to
sewer systems or to surface waters.”

European Commission (EC)

“Green infrastructure has been defined as
‘A strategically planned network of natural
and semi-natural areas with other
environmental features, designed and
managed to deliver a wide range of
ecosystem services, while also enhancing
biodiversity.””

Another source of ambiguity of the GI concept is the range of synonyms for practices
similar to or a subset of GL. Nature-based solutions and practices known by different
terminology in different countries or continents were found by Fletcher et al. (2015) [8]
to include, for example, Low-Impact Development (LID) or Source Control (SC) in North
America, New Zealand, and Germany; Best Management Practices (BMP) in the United
States and Sweden; Water Sensitive Urban Design (WSUD), Stormwater Quality Improve-
ment Devices (SQIDs), and Integrated Urban Water Management (IUWM) in Australia;
Sustainable Urban Drainage System (SUDS) in the United Kingdom; Stormwater Control
Measures (SCMs) in the United States; Alternative Techniques (AT) in French-speaking
countries; and Lokal Afledning af Regnvand (LAR) in Denmark. GI overlaps all these
constructs to some degree or another as a set of practices using nature-based solutions to
manage stormwater runoff within urban areas.

Few studies have investigated GI definitions, types, and benefits in the literature [9].
Stormwater management plans from 122 cities in the United States were reviewed to
identify distinct definitions of GI, and it was found that some cities still need to define the
concept. When city plans did have definitions of GI, the focus of these definitions was
typically on hydrology, with stormwater management being the primary focus. The study
also found that when types of GI are discussed in these city plans, parks and large urban
spaces are typically left out and not mentioned as part of the GI concept, although broader
definitions of GI frequently include these systems. Other studies that have also examined
green infrastructure definitions include a technical report by the European Environment
Agency 2011 titled “Green Infrastructure and Territorial Cohesion”, which explores the
concept of GI with examples of GI initiatives on the ground and further analyses of the
integration of Gl into policy sectors. Furthermore, a textbook titled “Green Infrastructure
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Planning: Reintegrating Landscape in Urban Planning” [10] introduces green infrastructure
to planners, landscape architects, engineers, and other stakeholders keen on understanding
how landscapes can deliver more sustainable urban planning. However, both of these
references had different definitions of GI but did not identify the differences, commonalities,
or origins of the definitions stated, as we did in this study.

One earlier effort took the approach of defining GI from the standpoint of adopters
to assist in diffusing this innovation throughout cities. This study [11] critiqued existing
typologies, leading to a workshop where participants were charged with developing new
GI typologies. The ultimate aim of the workshop was to help urban cities identify the
current stage they are in concerning adopting GI and help identify the following steps
to take with the mainstreaming of GI within their cities. The outcome of the workshop
includes deriving connections of urban GI typologies, identifying factors that influence the
mainstreaming of GI during planning, developing the city’s GI development trajectory, and
applying these outcomes as case studies to evaluate New York City (NYC), San Antonio,
and Auckland.

Given the various definitions, terminologies, and meanings of GI that exist, it is
unsurprising that researchers, policymakers, and the general public may hold different
ideas about what GI is and how it manifests in the built environment, how to identify GI
systems, why it essential to have these systems around, and the benefits they provide [12].
Yet, these and other stakeholders are involved at various points in the lifecycle of GI systems
in their successful implementation and function. How can we achieve alignment among
terms to provide a common understanding to support the use of GI to solve the complex
urban problems we now face?

To help reduce ambiguity about GI, our first step was to clarify the confusion sur-
rounding alternative stormwater management terms. Alternative stormwater drainage
systems stem from the need to implement more sustainable solutions than traditional
drainage systems that increase impervious surface areas within a community, leaving such
communities grappling with stormwater management issues that often lead to flooding
when not managed properly. To better understand the terms in the literature regarding alter-
native stormwater management systems, we started with the terms identified [8], including
Low-Impact Development (LID), Best Management Practices (BMP), Water-Sensitive Ur-
ban Design (WSUD), Integrated Urban Water Management (IUWM), Sustainable Urban
Drainage System (SUDS), Stormwater Control Measures (SCMs), Alternative Techniques
(AT), Source Control (SC), and Stormwater Quality Improvement Devices (SQIDs).

We evaluated the definitions of these alternative stormwater drainage systems to better
understand how these concepts were defined in the literature, where we found the follow-
ing definitions of terms. The low-impact development approach involves designing natural
systems to manage stormwater [13,14]. Integrated urban water management principles
involve considering various parts of the water cycle, either natural or constructed, which
account for surface and groundwater, acknowledging them as integrated systems [15].
Sustainable urban drainage systems use techniques and technologies to drain stormwater
sustainably compared to traditional techniques [16]. Stormwater control measures involve
using structural systems like bioretention systems and nonstructural systems like down-
spout disconnection as control measures to drain stormwater [17]. Alternative techniques
involve urban areas transitioning away from traditional stormwater disposal to natural
solutions [18]). Source control mitigates the impact of stormwater runoff on receiving
water bodies by controlling flow, evapotranspiration, and infiltrating close to the source,
which helps minimize hydrology and water quality [19]. Water-sensitive urban design
consists of planning and designing urban areas to minimize the hydrological impacts of
urban development on the surrounding environment and improve urban aesthetics [20,21].
Best management practices involve techniques and practices that involve using structural
systems built to include vegetation to remove and prevent pollution in stormwater runoff
(EPA). Standard across all of these definitions is using nature-based solutions that strategi-



Environments 2024, 11, 8

4 of 32

cally mimic the natural environment to manage stormwater, particularly in urban areas, to
reduce impervious surfaces and their effect on the environment.

In practice and research, GI keeps evolving in both definition and focus. For example,
a study [22] looked into the metaphors used in urban ecosystems, which include Ecosystem
services (ES), Nature-based solutions (NBS), and Urban Forests (UF). Ecosystem services
involve the conditioning and processing of natural ecosystems and the species that make
them up and are used to sustain and fulfill human life [23]. Nature-based solutions
include using nature to enhance and address societal challenges [24], particularly for
protecting and managing natural and semi-natural ecosystems by incorporating green
and blue infrastructure in urban areas while applying ecosystem-based principles [25].
Urban Forests use trees in cities strategically located within human-made ecosystems, with
human-centered decision-making for their types, amount, and distribution [26].

Presenting still further terms, ref. [27] highlighted different worldwide concepts closely
related to or encompassing the concept of GI, otherwise known as Green Stormwater
Infrastructure (GSI), Blue-Green Infrastructure (BGI), and other concepts identified in
their study. Green stormwater infrastructure mimics natural hydrology by infiltrating and
treating stormwater runoff at its source [8]. Blue-Green Infrastructure involves the use of
an interconnected network of natural and designed landscape components, which includes
water bodies and green and open spaces providing multiple functions such as (i) water
storage for irrigation and industry use, (ii) flood control, and (iii) wetland areas for wildlife
habitats or water purification, among many others [28].

Researchers and stakeholders often interchange these terminologies with GI in the
published literature and professional practice, further intermixing what GI and alternative
drainage systems mean. An important distinction is a need to reference that GI systems
use a more sustainable and environmentally friendly approach as alternative stormwater
drainage systems, in contrast to more conventional approaches for stormwater management.

Also, it is worth noting that to effectively increase the understanding of the public
and researchers who work across disciplines within the GI domain and continue adoption
while taking advantage of all the documented benefits of GI that have been reported in
the literature, we need to deal with language issues surrounding the definition of GI. A
common definition of the concept that cuts across all disciplines is needed to achieve
this goal.

This study aims to reduce this confusion by conducting a multidisciplinary systematic
literature review (SLR) that identifies commonalities and differences across the disciplines
involved in the domain while cataloging the different GI definitions across the literature
from multiple disciplines. The objectives of this systematic literature review (SLR) are
as follows:

To search published literature for the definition, types, and other benefits of GI

To review differences and similarities in definitions across disciplines that constitute a

gap in the existing understanding
o Tosuggest a definition of GI based on synthesizing existing perspectives that could fill

identified gaps.

Clarifying the definition of Gl is essential in aiding the general public’s better under-
standing of the concept while making identifying these systems more straightforward for
the public when they interact with GI and the benefits these systems provide within their
communities.

In achieving these objectives, this study will help practitioners, municipalities, re-
searchers, and the general public clear up misconceptions surrounding GI, afford the
easy identification of GI, and highlight the potential benefits of GI beyond stormwater
management.

The novelty of this study lies in the comprehensive examination of the interdisciplinary
definitions of GI, synthesizing these diverse perspectives and tracing their origins. This
contrasts with previous studies reviewing GI definitions—for example, [6], which examined
definitions of GI and conceptualized them into three broad categories: greenspace planning,
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urban ecology, and water/stormwater management, and [9], which reviewed plans from
122 US cities to identify plans that address and define GI.

This study contributes to a more profound understanding of the evolving concept of
GI by providing a consolidated and informed overview of GI definitions. This synthesis fills
the critical knowledge gap and offers resources for researchers, policymakers, practitioners,
and the general public seeking a holistic perspective on the development of GL.

The systematic literature review of studies that met the inclusion criteria of this study
was completed between January and May 2022.

2. Methods

For this paper, we carried out a systematic literature review methodology approach
that follows the steps of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [29] to understand and collate relevant studies on how GI
has been defined, the types of GI, and the benefits they afford to the environment and hu-
mans. According to Transparent Reporting of Systematic Reviews and Meta-analyses [30],
PRISMA is an evidence-based minimum set for reporting systematic reviews and meta-
analyses. PRISMA aims to help authors improve the reporting of systematic reviews
and meta-analyses [29]. Some examples of published articles with this systematic review
reporting system are [12,31-36].

The systematic review approach was chosen for this paper because the process allows
researchers to search for academic journal articles from a broad range of databases, therefore
achieving the goal of including multiple disciplines as part of the analysis.

The research questions that we defined and that need to be answered going into the
process of carrying out this systematic literature review are as follows:

1.  What definitions of GI exist in the literature?

2. What factors influence variation among the definitions of GI?

3. What are the types of Gl mentioned in the literature?

4. What other benefits apart from stormwater management does GI generate?

We began our initial literature search in the following four databases: Web of Science
Core Collection from Clarivate Analysis, Scopus, Environmental Sciences by ProQuest,
and Engineering Village. During the analysis of published articles from each database,
the results from the Engineering Village database mirrored those of the articles selected
from Scopus, which resulted in excluding the Engineering Village database from the list of
databases for the systematic literature review. The final source databases used were Web
of Science Core Collection from Clarivate Analysis, Scopus, and Environmental Science
by ProQuest. The first part of the search string used in the databases was developed by
adopting the synonyms of urban stormwater management known in different developed
countries, as identified and defined in [8], while the second part of the search string
was developed using the synonyms of the primary function of GI, which is stormwater
management. The synonyms of nature-based solutions and stormwater management were
grouped using Boolean operators. These synonyms are used to identify nature-based
solutions in different countries; therefore, including them in the search string helps to
ensure that articles published in other countries are not omitted from the search results.
Also, to ensure that such articles are easily identifiable, we decided to string synonyms
together to develop our search terms. The search string used to identify articles for inclusion
in this study was:

(“Green infrastructure” OR “Low-impact development” OR “Nature-based solutions”
OR “Best management practice” OR “Water sensitive urban design” OR “Integrated urban
water management” OR “Sustainable urban drainage systems” OR “Stormwater control
measures” OR “Alternative techniques” OR “Source control” OR “Stormwater quality
improvement devices”) AND (“Stormwater control” OR “Surface water runoff” OR “Rain-
water management” OR “Runoff control” OR “Rainfall management” OR “Surface water
treatment” OR “Flood mitigation”).
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These search terms were used for published papers in the Web of Science Core Col-
lection from the Clarivate Analysis and Scopus databases, limiting the search to the Title,
Abstract, and Keywords (Title-Abs-Key). Search terms were used for published papers
in Environmental Sciences by ProQuest, limiting the search to only peer-reviewed and
environmental abstract contents. The number of results generated from the combined
databases was 1966, with no restriction on the publication year, and papers published
from 1994 to 2022 were identified on both Web of Science and Environmental Sciences by
ProQuest, while Scopus had papers published from 1977 to 2022. Duplicates were removed
from the total result, and we then proceeded to screen both the abstract and full text of the
articles to see how relevant they were to answering the research question posed. During
the analysis phase of this study, we excluded 20 published articles with no reference to or
mention of GI within their abstracts or keywords. Also, two published articles not written
in English but in Mandarin were excluded from this study. For an article to be included for
review during the article selection phase, it must do all of the following;:

e  State a definition of GI (for example, articles that discuss GI and take a step further to
state a definition explicitly).

e  State types of GI (for example, articles that list examples of types of GI after giving a
definition).

e  State other benefits of GI in addition to stormwater management (for example, articles
that discuss other types of benefits provided).

Any article that did not meet all three criteria was excluded from the study. The
final set included 38 papers for review, which met our inclusion criteria during the data
extraction and synthesis screening process.

3. Analysis

The review for this study started in November 2021 and was updated in January 2022.
Our initial keyword search yielded hundreds of articles that were further screened
using the criteria mentioned above, as follows:

e  Web of Science Core Collection from Clarivate Analytics: 537 articles
e Environmental Sciences by ProQuest: 581 articles
e  Scopus: 848 articles

The PRISMA flowchart in Figure 1 illustrates the search process and results after the
review.

We analyzed 38 papers, and the following information was extracted during the
analysis:

Publication year

Location of study

Author-specified keywords used

Country of publication

Academic journal name

Author’s department by discipline

The definition of GI provided in the article
Differences in the definition

Types of Gl listed or identified in the article

The benefits of GI listed or identified in the article.

During the analysis stage of the article processing, we excluded four additional articles
that were initially included during the full-text analysis of this study because of their
lack of an explicit definition of GI. The exclusion of these articles has been accounted for
within the 185 articles excluded from the study. These articles were initially included
because the authors discussed the concepts of nature-based solutions, and the definitions
of nature-based solutions followed that of GI [37-40]. However, they failed to meet the
other inclusion criteria of this study. The exclusion of these articles resulted in a total article
count of 38.



Environments 2024, 11, 8

7 of 32

Database Results
Web of Science — 537
Environmental Sciences(PQ) —581

Scopus- 848

Total records identified

(n—1966)

l

Duplicate records removed

(n—-575)

Records Screened based on title,
abstract and keywords

(n—1391)

l

Records excluded based on
title, abstract and keywords

(n—809)

Articles sought for retrieval based
on titles, abstract and keywords

(n—582)

A 4

Articles not retrieved based on
article with no discussion of GI

(n-359)

Articles assessed for eligibility
based on discussion of Gl in full
text and meet the selection criteria

(n—223)

v

Articles included in review

(n—38)

Articles excluded from the
study due to not meeting
eligibility selection criteria

> (n—185)

Figure 1. Systematic literature review flowchart using PRISMA.

Articles meeting all criteria for inclusion in this study had publication dates ranging

from 2013 to 2021.

Figure 2 shows the distribution of eligible articles by year, which shows a steady
upward trend of studies investigating GI, with 2021 having the highest number of studies.
This growth trend suggests that the awareness of Gl is increasing and on a steady rise.

We found the following relevant journal article counts that met the initial inclusion
criteria from the search results that were used for this study:

e  Web of Science Core Collection from Clarivate Analytics: 537 articles found, 23 articles

after screening.

Environmental Sciences by ProQuest: 581 articles found, 22 articles after screening.
Scopus: 848 articles found, 22 articles after screening.

The distribution of journal articles across the selected databases for this study is

illustrated in Figure 3.
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Number of articles included
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Figure 2. Distribution of relevant articles by year.
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Figure 3. Number Counts of Articles and Screened Articles across Databases.

The geographic distribution of included articles (Figure 4) shows that articles meeting
all screening criteria for this study predominantly originate from the United States: 42%
of all included articles were either published in or are about studies conducted within the
United States. This can be attributed to the fact that the concept of GI originated in the
United States [41] and is mainly used in the country for stormwater management. Also, the
United Kingdom accounted for 8%, China accounted for 8%, Italy accounted for 8%, and
Spain, Slovakia, Romania, and Korea accounted for 5%. Countries like Australia, Canada,
Indonesia, Turkey, and Egypt accounted for 3% of the relevant articles, given this analysis
by countries. This finding aligns with [42], showing that developed countries are at the
forefront of incorporating nature-based solutions like GI within their communities for
different purposes. In contrast, developing countries in Africa, the Caribbean, and Latin
America are comparatively slower in implementing GI within their environment, which
invariably means that developing countries are still heavily dependent on the use of gray
infrastructure to manage their stormwater if they manage it at all. Moreover, the use of
gray infrastructure makes these countries susceptible to the dangers and hazards peculiar
to gray infrastructure, such as flooding [43].
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Figure 4. Geographical Location of Relevant Studies.

It is worth noting that the articles included in this study do not necessarily represent
countries that are leaders in ensuring a healthy environment using GI worldwide. Exam-
ples of other countries that use GI to achieve a healthy environment include Singapore,
South Korea, and Japan in Asia and Sweden, Switzerland, and Norway in Europe. We
believe this is because Gl is known or classified using other terms peculiar to each country.
We acknowledge that data points from these countries are not represented in this study
because of the alternative stormwater management terms used to build the search string
for this study:.

Given that studies related to GI are not limited to one discipline but cut across various
disciplines, we also analyzed the journals in which our relevant articles were published for
this study. The distribution of journals from the analysis is shown in Table 2.

We also tracked the first author’s department or agency for 37 of the 38 articles
included in this study to validate the multidisciplinary perspectives in which GI is studied
and defined. One article did not report author affiliations and could not be included. As
shown in Table 2, the departments and agencies represented within the articles are diverse
and cross multiple disciplines. Also, there are authors whose published articles were
selected for this study but did not work for or within conventional universities or have a
departmental affiliation. These authors work for government agencies such as the United
States Environmental Protection Agency or private consulting companies such as Pudar
Mitigation or Exp International Services.

We manually identified and complied author-supplied keywords from the 38 articles
to present a data visualization technique known as a word cloud using the text found in the
keywords within the abstracts of the articles. The essence of a word cloud compilation is to
ascertain the frequency of words used and present them, given the size and prominence
of the highest number of the repeated word(s) in a dataset, using a keyword harvest.
The result of the word cloud compilation and analysis is shown in Figure 5. Words with
the highest frequencies included green, infrastructure, stormwater, urban, management,
ecosystem, resilience, flood, and climate. GI having the highest frequency of words in the
word cloud from articles screened for this study could be attributed to the fact that it was
one of the terms used as an inclusion criterion of the articles included in the study.
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Table 2. Mapping the Author’s Department and Journal Published as indicated with x.

Sustainable Development

Applied Sciences

Hydrology and Water Resources

Ecological Modelling

Science of Total Environment

Clean Technologies and Environmental Policy
Urban Forestry & Urban Greening

Urban Ecosystem

Land

Frontiers for Earth Science

Atmosphere

Landscape and Ecological Engineering
Sustainable Development and Planning
Environment, Development and Sustainability
Urban and Environmental Engineering
Environment Systems and Decisions

Climatic Change

WIREs Water

Geomate

Environmental Management

Urban and Regional Analysis

Landscape and Urban Planning

Urban Forestry & Urban Greening

Hydrology

Sustainability

Environmental Research and Public Health
Frontiers of Environmental Science & Engineering

Urban Water Journal

Authors Department/Journals

Resource Management & Geography

Civil and Environmental Engineering

Chemical and Environmental Engineering

Planning & Environmental Management

Forestry and Natural Environment Engineering

Agricultural and Environmental Sciences

Geographical Information Technology

School of Environment

Landscape Architecture and Urban Planning

Environmental Studies

Geography

Biological and Agricultural Engineering

Environmental Science and Engineering

Computational Sciences and Engineering Division, Oak Ridge

National Laboratory

Urban Development Studies
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Figure 5. Author-supplied Keyword Word Cloud.

4. Results

The following section details the results of the systematic literature search of GI
definitions, factors influencing definition variation, types, and benefits found during this
study’s data collection and analysis. We analyzed 38 articles that met the inclusion criteria
for this study, and the results are presented in the following sections.

4.1. What Is GI?

Given the multidisciplinary nature of GI system design and implementation, practi-
tioners from many different fields are involved in the life cycle of a typical project, posing
communication challenges given both the definitional ambiguity of GI and the ambiguity
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of nature-based concepts for stormwater management in general. These challenges become
even more significant when desiring to engage the general public and non-academics in
various ways. While avoiding disciplinary jargon is one way to improve engagement with
the public, ambiguity and misalignment in understanding across disciplines must first be
addressed before public engagement and outreach can be successful.

Each of the 38 articles was reviewed to identify the definition of GI stated, and
those definitions were extracted for further assessment, synthesis, and grouping. The
next step was identifying keywords within the definitions to determine commonalities
and differences across the definitions extracted from articles included in the study. After
analyzing definitions from the 38 articles included in this study, three distinct groupings
emerged due to this process, as shown in Table 3, with differences in focus described
through synthesizing common keywords and concepts using synonyms. For example,
articles whose definitions mentioned natural landscapes were classified together. Likewise,
the phrase “network of green spaces” was considered conceptually similar to networks of
natural areas and combined into the exact phrase. The outcome of this process was three
groupings of articles aligned with distinct synthesized definitions, as shown in Table 3.

Table 3. Synthesized Definitions of GI from the Literature.

Definitions Articles

“[A]n interconnected network of natural areas and other open spaces that
conserves natural ecosystem values and functions sustains clean air and [8,44-58]
water, and provides a wide array of benefits to people and wildlife.”

“[A] strategically planned network of natural and semi-natural areas with
other environmental features designed and managed to deliver a wide
range of ecosystem services such as water purification, air quality, space for
recreation and climate mitigation and adaptation.”

[37,45,53,56,58-78]

“Decentralized systems used to manage/treat stormwater runoff at

its source.” [8,68,79]

4.2. Key Themes within GI

Our analysis revealed the commonalities between the definitions obtained from the
articles in this study, so we decided to explore the themes and discuss them further. The
themes we found are the following:

() An Interconnected Network of Natural Areas and Other Open Spaces (Bio-inclusivity)

Our understanding and definition of interconnected natural areas and other open
spaces, which we also termed “Bio-inclusivity” for this study, considered spaces that
comprise certain elements that existed in nature pre-urbanization with the ability to harvest
and infiltrate rainwater or stormwater runoff before that area’s land development or
urbanization. It can be argued that natural areas and other open spaces can perform their
functions effectively without manmade disturbance, which is urbanization. Examples of
elements in green spaces are trees, natural ground area/cover, and rivers. These spaces
also contribute to the natural environment by sustaining the ecosystem.

(I) Strategically Planned Network of Natural and Semi-natural Areas (Bio-integration)

In our understanding and definition of strategically planned natural and semi-natural
areas for this study, which we also termed “bio-integration”, we considered these spaces as
mimicking or restoring the natural environment within urbanized areas. These areas are
built and engineered explicitly with an intention to meet specific purposes like stormwater
management, restoring the natural ecosystems in a populated area, fighting climate change,
and mitigating its effects on the ecosystem, human lives, and properties. These systems
contribute to the natural environment by sustaining ecosystems and managing stormwater
runoff from impervious surfaces.
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(III) Decentralized Systems (Techniques)

In our understanding and definition of decentralized systems, which we also termed
“techniques” for this study, we considered a network of systems installed in an urban
area to serve as a centralized substitute for stormwater capture, storage, or treatment,
reducing the pressure on combined stormwater systems that flow into a centralized system
like treatment plants during rainfall events. All GI systems installed can be classified as
decentralized systems. A specific GI system with quality capabilities treats and removes
pollutants from stormwater runoff onsite before releasing them into the environment.

Given the list of terms that are subsets, synonymous, or examples of GI identified
in this study, we further analyzed their definitions. We mapped them on the three main
themes of GI definitions that we identified. Table 4 shows the mapping and the category
within the themes these terms fall under, given how they are defined in the literature, as
stated in Section 1 of this study.

The following terms, LID, BMP, WSUD, IUWM, SCM, NBS, UF, GSI, and BGI, were
all mapped under “Strategically planned network of natural and semi-natural areas” (Bio-
integration), while the terms SUDS, AT, SC, SQIDs, and LID were also mapped under
“Decentralized systems” (Techniques). UF is the only term mapped under “An intercon-
nected network of natural areas and other open spaces (Bio-inclusivity).

Table 4. Mapping of Terms that are Subsets of GI as indicated with x.

An Interconnected Network of Strategically Planned Network  Decentralized
Terms Substitutable with GI Natural Areas and Other Open of Natural and Semi-Natural Systems
Spaces (Bio-Inclusivity) Areas (Bio-Integration) (Technique)
Low-impact Development (LID) X X
Best Management Practices (BMP) X
Water-Sensitive Urban Design (WSUD) X
Integrated Urban Water Management (IUWM) X
Sustainable Urban Drainage System (SUDS) X
Stormwater Control Measures (SCM) X
Alternative Techniques (AT) X
Source Control (SC) X
Stormwater Quality Improvement Devices (SQIDS) X
Nature-Based Solution (NBS) X
Urban Forest (UF) X X
Green Stormwater Infrastructure (GSI) X

Blue-Green Infrastructure (BGI)

4.3. GI Definition Origin

Table 5 shows the origination of the GI definitions. Given that GI systems are decentral-
ized systems, and the origin of this theme could not be tracked, we decided to exclude the
definition of the decentralized system concept from our definition tracing for these systems.

During our analysis of definitions included in this study, we tracked the origin of
definitions cited in the literature included in this study. After a careful analysis of the
definitions we ended up with for this study, we could not help but notice the clear dis-
tinction between countries” or continents” adoption of GI definitions or, in some cases,
definitions that authors tend to use in their publications. The green spaces definition of
Gl in [80] is defined as “an interconnected network of natural areas and other open spaces
that converses natural ecosystem values and functions, sustains clean air and water, and
provides a wide array of benefits to people and wildlife”, which has its roots in landscape
architecture. It was cited more in published articles by authors who are from the United
States or who had their study area within the country. The European Commission defines
GI (European Union, Ecosystem Services and Green Infrastructure 2013) as “a strategically
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planned network of natural and semi-natural areas with other environmental features
designed and managed to deliver a wide range of ecosystem services such as water purifi-
cation, air quality, space for recreation and climate mitigation and adaptation”, which is
more prominent and used by authors in the continent, including the United Kingdom. Also,
it is worth acknowledging that some publications from the United Kingdom define Gl as a
network of natural green spaces rooted in landscape architecture. Given that the focus and
perception of GI within communities and decision-makers are beginning to change and
transition away from the understanding of these systems as just stormwater management
technologies, and there is now a growing need and understanding of these systems to be
more multifunctional within communities, the definition by the European Union fits this
purpose better.

Table 5. Definition Origin.

Definitions Origination

“An interconnected network of natural areas and other
open spaces that converses natural ecosystem values
and functions sustains clean air and water and provides
a wide array of benefits to people and wildlife.”

[80]

“A strategically planned network of natural and
semi-natural areas with other environmental features
designed and managed to deliver a wide range of
ecosystem services such as water purification, air quality,
space for recreation and climate mitigation
and adaptation.”

The European Commission
(European Union, Ecosystem Services
and Green Infrastructure 2013)

4.4. Definition Differences

After categorizing GI definitions into themes during our analysis, we went a step
further to map the definitions to the countries and regions with which the first authors of
the articles were affiliated, as stated in their articles. Table 6 shows the countries and regions
where GI definitions can be mapped and the differences in definitions across countries.

Our analysis of definition differences further shows that certain countries in particular
regions have the same definitions they align within their publications. For example,
countries like Spain, Slovakia, Romania, Italy, and the United Kingdom in Europe and Egypt
all aligned their definitions with the GI definition of the EU, stating GI as a strategically
planned network of natural and semi-natural areas. In contrast, countries like China, Korea,
and Indonesia in Asia all aligned their definitions between GI being an interconnected
network of natural areas and other open spaces and a strategically planned network of
natural and semi-natural areas. Turkey’s definition of GI aligns with a strategically planned
network of natural and semi-natural areas and decentralized systems. Meanwhile, in
countries in North America, like the United States and Canada, the definition of GI maps
across all three themes, aligning with the strategically planned network of natural and
semi-natural areas.

We further hypothesize why authors in affiliated countries aligned with the GI defi-
nitions identified in their publications using our knowledge of how each definition falls
within the themes identified.

Oceania

The GI definition in the Oceania region mapped within decentralized systems and
techniques. This mapping can be explained as the water-centric focus of the region, given
the need to manage urban stormwater [8].
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Table 6. Mapping of Definition Differences by Regions and Countries as indicated with x.
Interconnected A Strategically Planned Network of =~ Decentralized
Region Countries Network of Natural Natural and Semi-Natural Areas Systems
Areas (Bio-Inclusivity)  (Bio-Integration) (Techniques)
Oceania
Australia X
North America
Us X X X
Canada X
Europe
Spain X
Slovakia X
Romania X X
Italy X
UK X
Asia
China X X
Korea X X
Indonesia X
Europe and Asia
Turkey X X
Africa
Egypt X
North America

GI definitions in North America, mapped across the three key themes identified from
GI definitions, particularly in the United States, show the concept’s versatility given the
way this region has developed, given its land mass versus its population and its consequent
distinct development into high-density urban areas and lower-density rural and suburban
areas. The greatest focus in the United States on developing GI has been in urban areas due
to the high economic cost of managing stormwater using land-intense approaches that are
far more affordable in suburban or rural areas.

The approach to Gl in the United States has been water-centric [81], giving stormwater
management the primary focus and motivation for GI implementation. Also, given that
many older cities in the country have combined sewer systems [82]. Combined sewer
systems quickly become overwhelmed when there is an event of high rainfall because
urban stormwater runoff and sewage from buildings flow into them, creating an overflow
that potentially introduces large amounts of contaminants into general water bodies [83].

GI as a concept in the United States is not new but has evolved over decades, particu-
larly in urban and regional planning [84]. The concept can be traced to the early works of
Fredrick Law Olmsted, which championed the Greenway movement in cities such as New
York, Boston, Washington DC, and Chicago, advocating for the preservation of natural areas
throughout the country and promoting landscape connectivity while increasing access and
multi-functionality [85,86].

Given the increase in urbanization within particular cities in the United States, GI
has been adopted to combat the effects of urbanization and changing weather and climate
patterns, promoting urban sustainability [87,88], and as a means to restore ecosystems
while improving the quality of life within urban areas [89].
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United Kingdom

The predominant GI definition in the UK focuses on the strategically planned network
of natural and semi-natural areas. This mapping can be explained as the focus for GI within
the country as a more holistic approach to landscape planning by the stakeholders [90]. The
UK government prioritized and championed increasing and expanding the environmental
sustainability agenda [81].

Europe

The GI definition from countries in Europe included in this study was also mapped to
the strategically planned network of natural and semi-natural areas. This mapping can be
explained as the focus for GI within the region, a strategy for supporting ecosystem service
maintenance, connecting protected areas, and promoting multifunctional landscapes [91]
to help mitigate the effect of declining natural ecosystems.

Asia

The GI definition of countries within this region was mapped between an intercon-
nected network of natural areas, open spaces, and strategically planned networks of natural
and semi-natural areas. This mapping can be explained as the effect of urbanization in the
region, particularly within countries like China and South Korea. The investment in Gl in
China reflects the shift in the multifunctional landscape approach to be more inclusive and
incorporated into the fabric of the fast-growing urban development of the country [81].

Africa

The GI definition within this region is mapped within strategically planned networks
of natural and semi-natural areas. This mapping can be explained as the need for the region
to build more sustainable cities given that they face the most challenges when it comes to
climate change effects, and there is a need for mitigation and adaptation [92].

4.5. GI Policy and Funding

We also explored the different GI implementation policies and funding opportunities.
We found that of all the regions identified in this study, only the UK, EU, and US have
existing policies focused on delivering and implementing GI on a national scale.

According to a report published by the British Landscape Institute titled “Green
Infrastructure, An Integrated Approach to Land Use 2013 Position Statement.” The policies
discussed and identified under key mechanisms for delivering green infrastructure on the
ground, which considered policies in the context of the EU as a whole and also nationally
within the countries that make up the UK, such as England, Scotland, Wales, and Northern
Ireland, include:

I.  European Landscape Convention (2000): This policy promotes the planning, manage-
ment, and protection of landscapes across Europe [93].

II. National Planning Policy Framework (2012): This policy is local to England and
promotes GI by requiring local plans to incorporate policies addressing strategic
priorities with a specific reference to the landscape [93].

III.  Natural Environment White Paper (2011): This policy outlines the government’s
vision for the natural environment in England over the next 50 years [93].

IV.  Localism Act (2011): This policy supports GI and makes it a local spatial plan for local
planning decisions in England while abolishing regional strategies [93].

V. Scottish Planning Policy (2010): One of the focuses of this policy is the connectivity of
the habitat and the support of sustainable water resources and waste management in
Scotland [93].

VL. National Planning Framework 2 (2009): This policy identifies the Central Scotland
Green Network as a national development, with GI recognized as a form of strategic
importance in planning [93].

VII. Planning Policy Wales (Edition 5, 2012): This policy does not refer to GI specifically.
However, the policy principles underpin GI in several policy areas in Wales [93].
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VIII. Regional Development Strategy: Building a Better Future (2010): This policy is a
spatial strategy of the Northern Ireland Executive and provides an overarching strate-
gic planning framework to facilitate and guide the public and private sectors in
implementing GI [93].

We found that all the policies highlight GI as a means of landscape planning for
managing and protecting the natural environment and ecosystems. The importance of
funding by the government in collaboration with local organizations for GI to deliver
multiple benefits was also discussed and emphasized by sourcing for revenues for funding
through generating income for GI by franchising, licensing and entry fees, endowments,
community trusts, commercial investment, and local authority funding. Other sources of
revenue discussed include renewable energy, food production, agriculture grazing, silage,
and cost savings from reducing flood risks.

In the EU, a report by the European Commission titled “Report From The Commission
To The European Parliament, The Council, The European Economic and Social Committee
and The Committee of the Regions 2019” reviews the progress on implementing the EU
green infrastructure strategy. The report identified nine (9) policy focus areas for the Union,
which include:

I.  EU Water Policy: This involves using Natural Water Retention Measures (NWRM) to
slow the stormwater flow, increasing its infiltration while reducing pollution through
natural processes [94].

II.  EU Policy on Maritime Affairs and Fisheries: This policy referred to GI as a tool
that contributes to the sustainable development of coastal areas, which involves the
contribution of GI to preserve, protect, and improve the environment, making it
resilient to the impacts of climate change [94].

II. Common Agricultural Policy (CAP): Although Gl is not referenced in this policy, the
two pillars included in the policy, which provide a set of instruments for addressing
the sustainable management of natural resources and climate action, can contribute to
GI,45 given their design and implementation [94].

IV.  EU Regional Policy: This policy promotes mainstreaming GI under the European
Regional Development Fund (ERDF) and Cohesion Fund for 2014-2020, providing
sustainable development, including environmental protection requirements and bio-
diversity [94].

V. EU Macro-Regional Strategies: This policy promotes the design and implementation
of GI by bringing stakeholders together on GI projects between EU and non-EU
countries [94].

VL. EU Urban Policy: This policy promotes GI under the Urban Agenda for the EU on
the sustainable use of land and nature-based solutions development partnership,
launched in 2017 [94].

VII. EU Health Policy: This policy promotes GI by demonstrating the positive link between
GI and human health [94].

VIII. EU Transport Policy: This policy promotes the use of GI to enhance biodiversity along
the Trans-European Transport Network (TEN-T) to benefit nature by providing a safe
passage for wild fauna to help the economy and increasing societal acceptance of new
transportation infrastructure [94].

IX.  EU Research and Innovation Policy: This policy focuses on Gl-relevant project fund-
ing by the Seventh Framework Program (FP7) and Horizon 2020, which provides
investment opportunities through research, innovation, and demonstration projects
on implementing GI [94].

However, the United States lacks a national policy strategy like that of the UK and
the EU for delivering and implementing GI in cities, towns, and municipalities within the
country. Given the context and location of implementation, there appears to be a more
individualistic approach to delivering GI. The EPA is an independent agency of the United
States Government tasked with handling environmental protection matters. The EPA has
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policy guides to assist municipalities in growing green infrastructure throughout the built
environment. The policy guides include, as found on their website:

I.  Land-Use and Green Infrastructure Scorecard: This guide gives municipalities a
thorough review of local plans, policies, and municipal practices, highlighting oppor-
tunities to protect water resources better.

II.  Municipal Handbook: This handbook helps by providing local governments with
resources for growing green infrastructure in their communities. This municipal hand-
book also includes links to funding options, retrofit policies, green streets, rainwater
harvesting policies, and incentive mechanisms.

III. More Policy Guides and Tools: This house links to a series of publications by the
EPA that have examined the relationship between smart growth and water resources
protection.

The EPA also handles the funding for delivering GI through the EPA Clean Water
State Revolving Fund (CWSREF), a partnership program between the federal and state
governments that provides communities with a permanent, independent source of low-cost
financing for a wide range of water quality projects involving GL.

4.6. Types of GI

To answer our second research question, we analyzed the full text of articles that met
the selection criteria of this study and included them in the study to identify the types
of G, i.e., examples of GI mentioned in each article. The kinds of GI we identified from
our analysis and the total number of articles they appeared in include: Rain gardens (29),
Green roofs (28), Permeable pavement (20), Trees (17), Rain barrels (12), Wetlands (12),
Bioretention (12), Bioswales (11), Retention and Detention Ponds (11), Parks (9), Vegetated
swales (8), Green streets (5), and Planter boxes (2), as shown in Figure 6.

Rain gardens

Green roof
Permeable pavement
Trees

Rain barrels
Wetlands
Bioretention
Bioswales

Retention & Detention ponds

Green Infrastructure Typologies

Parks
Vegetated swales
Green streets

Planter boxes

o

5 10 15 20 25 30 35
Number of Articles Mentioning Gl Types

Figure 6. Types of Gl identified in the literature.
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To better put the types of GI found in the literature into context and easily identify
them when seen in real time, particularly for the general public, we decided to build on
our technical knowledge of these systems. We identified the typical locations in which
they would be installed. Table 7 explains the specific location of these systems either when
installed in the natural environment or part of the built environment.

Table 7. Gl installation location.

GI Types Installation Location
Planter Boxes The downspout from a roof gutter
Green Streets Roads
Vegetated Swales Roads, parking lots, or properties (public or private)
Parks Communities
Retention and Detention Ponds Parking lots and communities
Bioswales Roads, communities, or properties (public or private)
Bioretention Roads, communities, or properties (public or private)
Wetlands Communities
Rain Barrels The downspout from a roof gutter
Trees Roads, communities, or properties (public or private)
Permeable Pavement Parking lots
Green Roofs Properties (public or private)

Roads, communities, parking lots, and properties

Rain Garden (public or private)

Planter boxes are typically installed on private properties to soak up the rain collected
by the roof gutter and channeled to the planter boxes through downspouts [95]. Planter
boxes are commonly used for gardening purposes by property owners or community gar-
dens to grow vegetables or plants, which reduces the stormwater runoff that goes into the
environment. Green streets are arrays of planted trees and other vegetated plants installed
alongside roads on the street to capture stormwater runoff from an impervious surface (as-
phalt roads and concrete surfaces, as well as from rooftop surfaces from properties) within
the specific street [96]. Infiltration systems that are structured and constructed to include
plants such as vegetated swales, bioswales, and bioretention systems are systems typically
installed on public land and usual roadsides, and in some cases, they are also installed on
private properties with a partnership with local municipalities and built with media, plants,
and rock formations to slow down, treat, and allow stormwater to infiltrate quickly into
the ground [97]. Parks are large open green spaces for recreation within a community [98].
Retention and detention ponds are manmade ponds within a community for stormwater
capture, either to slow down the flow of stormwater runoff or to capture it for some time
before being released into the environment [99]. Wetlands are nature-based or manmade
and are flooded with water to provide varying ecosystem services and manage stormwater
runoff [100]. Rain barrels are typically installed on private properties to soak up the rain
collected by the roof gutter and channeled to the rain barrel through the aid of downspouts
to harvest rainfall for recycling purposes [101]. Trees are typically planted within streets, on
roadsides, or around properties to infiltrate stormwater and, most importantly, to provide
a cooling effect to the site in which they are planted, reducing urban thermal heat effects
within a densely populated or urbanized area [102]. Permeable pavements are typically
installed in impervious areas like parking lots for stormwater infiltration and could typ-
ically be vegetated or non-vegetated-based [103]. Given the property owner’s interest,
green roofs are usually installed primarily on public and private properties [101]. Roofs
are known to be one of the largest sources of stormwater runoff, particularly within urban
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areas [104]. Installing green roofs helps reduce the runoff that runs into the environment.
Rain gardens are typically installed within private properties and a community to infiltrate
stormwater runoff [95].

During our analysis of the GI types from the study’s included articles, we decided to
map the GI type to the GI definitions found in the selected literature. Figure 7 shows the
mapping of GI types to the fundamental themes of GI.

=

Vegetated
swales

Rain barrels Bioretention
Green street

Strategically planned
natural areas & semi-
natural areas

Planter
boxes

Green roofs Bioswales Detention
Ponds

Permeable
pavement

Vi

Figure 7. Definition themes in relation to types.

The GI typologies in this study are the systems identified from the articles included,
which can be strategically planned, constructed, and maintained within a community and
private or public property.

4.7. Benefits of GI

Although other benefits of GI have been identified in the literature, the primary
benefits of GI most often mentioned are managing stormwater from the standpoint of
capturing stormwater runoff, flood mitigation by soaking the first flush, a low impact of
rainfall, or water quality improvement by treating and removing pollutants on site [105].
Also, another benefit to highlight is the capacity for managing stormwater from a quantity
standpoint, which is achieved by capturing and storing stormwater in large volumes
and gradually releasing stored stormwater runoff [106]. However, focusing only on the
stormwater benefits of GI omits the many other reasons they might be attractive to designers
or public members who would advocate for their implementation. Therefore, we were
interested in inventorying the types of benefits reported in the literature associated with
GI implementation.
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To answer our third research question, we analyzed the full text of the 38 articles
included in this study to compile the benefits of GI to the environment and humans who
interact with these systems. We intentionally included benefits mentioned and known to
be the single primary functions that GI systems are known for and have proven to provide:
stormwater management, stormwater capture, and stormwater treatment, mentioned and
acknowledged within the articles included in this study. We also explicitly captured other
benefits or co-benefits of Gl identified in these articles. Figure 8 shows the benefits of GI
inventoried from the articles during the analysis, ordered by the number of articles in
which each benefit was mentioned.

Water quality improvement

Flood mitigation

Air quality improvement

Ecosystem support

Improved quality of life

Climate change mitigation & adaptation

Reduced urban heat island

Benefits

Urban aesthetic
Recreational use

Energy saving
Creation of Jobs

Environmental justice

Educational opportunities

o

5 10 15 20 25 30 35 40
Number of Articles Mentioning Benefits

Figure 8. Benefits of GI.

Our analysis of the articles revealed a wide range of benefits besides stormwater
management (i.e., benefits other than water quality or quantity function) that GI provides.
These benefits should be discussed and included in studies more broadly to promote the
implementation and installation of GI with the goal of multifunctionality from stakeholders’,
municipalities’, and communities’ perspectives. Air quality improvement means managing
pollution sources and reducing environmental emissions by absorbing carbon dioxide
through carbon sequestration. Promoting clean air was the most commonly mentioned
among all the articles [107], offering specific ecosystem support through providing services
that benefit both human and nonhuman species [108]. An improved quality of life is
essentially the end goal of humans who spend more time in nature by exercising or
just enjoying nature [109], which may be afforded by including more natural systems
within the urban built environment [110]. GI can provide climate change mitigation
and adaptation by helping combat extreme weather conditions, making the planet more
habitable for humans and nonhumans [111]. Reduced urban heat islands by cooling the
environment [112] are another benefit noted in multiple studies, as is urban aesthetics
through increasing green spaces or areas around properties, making them more pleasing to
the eyes [107]. The recreational use of GI has people spending more time outdoors engaging
in physical activities [70], and energy savings reduce buildings’ energy consumption with
GI components [3].

However, during the analysis, we noted the relatively little mention of benefits such
as the creation of jobs both at the construction and maintenance phases of GI. This may be
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an under-appreciated feature of these installations, many of which are relatively new and
may not yet have required extensive maintenance and rehabilitation. GI projects can create
employment opportunities for people within the installation community [107]. They may
also be used to remedy deficiencies in environmental justice to facilitate the inclusion of a
diverse public into decision-making processes, to involve under-represented communities,
and to provide educational opportunities that allow community members to learn about
the benefits of these systems, how they work, and the process that goes into the planning
and installation of GI [70].

Based on the technical knowledge of these systems, we decided to match the identified
benefits in the literature with the GI types that provide them. Table 8 shows a mapping of
the types of GI with some of the benefits provided when installed on properties or within
communities. This mapping is not necessarily exhaustive, but it can serve as a starting point
for identifying synergistic relationships between GI and human systems, as described next.

Air quality improvement is made possible by tree planting, which increases oxygen in
the environment [113]. Also, many trees and other green plantings can be found within a
park, making air quality improvements possible within such spaces. Pollinating and native
plants included as components of GI, such as wetlands, bioswales, bioretention, infiltration
systems, planter boxes, and rain gardens, provide pollination for insects like butterflies,
bees, and a host of other insects [114]. These systems attract birds to such systems, which
serves as a way of providing and supporting ecosystem services within the community.
The quality of life of residents within a community can be improved by incorporating
green spaces like parks and other green spaces that encourage and motivate community
members to exercise and spend more time outdoors by going for a run or going for a walk
in nature, which helps with stress management [115]. All identified GI systems found in
the articles included in this study were noted to contribute to climate change mitigation
and adaptation. They help correct and reduce the effects of climate change caused by
human activity, such as urbanization and other activities within the location or installation
area [116]. The urban heat island effect is reduced by tree planting and park areas, which
provide covers or shade within the community and cooling effects and help reduce the
heat produced from asphalt and concrete surfaces [117].

GI systems like trees, parks, green roofs, rain gardens, planter boxes, and permeable
pavements provide greenery effects that are aesthetically pleasing to the eyes and offer
aesthetics to urban areas [107] while meeting the other stormwater requirements, thereby
providing multiple ecosystem benefits and potential recreational use opportunities within
urban areas. Energy-saving benefits are achieved in buildings that have green roofs or are
shaded by landscape trees because these elements reduce the heat absorbed from direct
sunlight compared to traditional rooftops [118]. The cooling effectiveness provided by
green roof installation, which is felt within a building, makes the building spend less on
energy consumption—for example, the energy cost of cooling during summer. Installing
GI systems within communities not only serves stormwater or climate purposes. GI sys-
tems also create employment opportunities for community members with expertise in
constructing or maintaining these systems. They also offer opportunities for municipal-
ities to train and employ technical personnel to maintain them. The maintenance of GI
systems shapes their functionality and success in achieving the purpose for which they are
installed [119]. Environmental justice benefits are achieved when community members,
their voices, and perspectives, regardless of race, gender, or social class, are considered dur-
ing the community’s decision-making process and the implementation and installation of
GI[120] (Hoover et al., 2021). The structure of GI systems creates an avenue for educational
opportunities for community members [57]. It allows community members to learn about
the system’s functions, why it was installed, and the various components that make up
the system. This opportunity also creates a learning opportunity for them to know more
about climate change, why it is vital to mitigate it, and their role in helping reduce climate
change and caring for the environment from a knowledge perspective that helps save the
environment [121].
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Table 8. Mapping GI benefits and types as indicated with x.

GI Benefits/GI Types

Retention and
Bioretention Wetlands

Rain
Barrels

Trees

Permeable
Pavement

Green
Roofs

Rain
Gardens

Air Quality
Management

Support Ecosystem

Improve Quality of Life

Climate Change
Mitigation and
Adaptation

Reduce Urban Island
Heat

Urban Aesthetics

Energy Saving

Recreational Use

Creation of Jobs

Environmental Justice

Educational
Opportunities
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5. Discussion

There is a need to transition away from the current practice of a top-to-bottom single
implementation style of GI by stakeholders and municipal officials, who are the sole
decision-makers when GIs are installed within communities [122]. Community members
are often not carried along in the decision-making process, which has an adverse effect on
achieving community buy-in and the successful sustenance of the systems [123,124]. For
instance, these systems are introduced into communities without seeking their direct input,
leading to a lack of better understanding, knowledge, and carefree attitudes towards these
systems in some cases.

Gl is a concept that cuts across multiple disciplines [125]. Typically, different disci-
plines speak different languages, which has led to the concept having different definitions
and the understanding of this concept to be discipline-specific and grounded. However,
this has become a problem because the different discipline definitions confuse the under-
standing of what these systems mean, their functions, and what benefits they offer humans
and the environment.

During our analysis, we found that GI definitions can be distinctly categorized into two
categories, which are (I) Networks of natural green spaces (Bio-inclusivity) and (II) Strategi-
cally planned networks of natural or semi-natural areas (Bio-integration). We argue that
the second concept of GI, which defines GI as a strategically planned network of natural
and semi-natural spaces (Bio-integration), fits the purpose of GI, given that GI systems
are mostly installed with the intention and involvement of engineered processes with
the inclusion of nature to meet specific goals or purposes set out by stakeholders during
urban planning, either to mitigate the effects of climate change or to manage stormwater
runoff problems caused by impervious surfaces to reduce the effects of flooding in urban
areas. GI goes beyond natural areas and other open spaces that existed and thrived before
urbanization, such as forests, trees, and parks. Although these spaces also contribute to
supporting ecosystems and managing stormwater runoff, it has to be discussed that GI
involves the careful consideration and building of either structural or nonstructural systems
to manage stormwater, treating or supporting the ecosystem.

Some spaces and areas with natural trees, natural wetlands, and some natural parks
classified as GI exist in nature without needing manmade input to set up or perform their
functions. Other types of GI systems do not exist in nature pre-urban development but
do exist post-urban development, like green roofs, constructed wetlands, rain gardens,
bioswales, vegetated swales, green streets, and other types of GI systems identified and
categorized under the strategically planned theme in the study, which are strategically
planned, designed, and installed within strategic spaces for strategic purposes. This is why
we argue that the definition of GI that originated from the European Union Commission
should be adopted across disciplines, as this definition better fits the purpose of GI installa-
tion. Also, the benefits of GI should be highlighted and extensively discussed in research
articles, as the knowledge of these benefits will aid community members in caring more for
these systems and championing the advocacy and implementation of these systems within
their environment.

To help better understand GI, we urge researchers and stakeholders to define the GI
system distinctively, either in a publication or when implementing GI within communities.
Alongside the definition of GI, we encourage researchers and stakeholders to discuss and
educate communities on the various benefits, highlighting other benefits that GI systems
provide besides water. We can benefit both humans and the environment by promoting
adoption within communities.

However, we believe that one of the critical contributions of this study lies in its ability
to clear up misconceptions and enhance the comprehension of concepts related to GI in
research and practical domains. Furthermore, we intend to advocate for a more cohesive
and universally applicable definition that transcends disciplinary boundaries within the
GI domain. Nonetheless, it is worth noting that this study has potential limitations. First,
in reviewing articles included in this study, our results are limited in depth, as the review
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and analysis focused primarily on the content of articles with definitions of GI, types
of GI, and the benefits they contribute to humans and the environment. Given this, we
acknowledge that some potential articles were screened out during our content analysis
of articles selected and included in the study. Second, our article search was confined to
three specific databases, as discussed in the Section 3 of this study. These databases were
accessed via the university library, and ready and available articles were prioritized during
the selection. Given this, we must acknowledge that specific databases are likely to index
specific articles given the language in which they are written, the journals in which they
are published, and, lastly, the geographic location of the authors and publication.

6. Conclusions

The misconception about the definition of GI has been ongoing for years in practice
and in the literature. There is a need for the definition to be cleared up, mainly by re-
searchers who work on climate-related issues and, most importantly, researchers who study
GL. A better understanding of this concept will aid the adoption of these systems, public
knowledge, and the understanding of the concept while promoting an avenue for com-
munity members to get involved with implementing and installing these systems within
their communities. Hence, researchers across disciplines need to speak and adopt one
consistent language regarding the GI definition, what is and what is not GI, and the benefits
of installing and interacting with GI systems, which breaks the discipline communication
barrier with a more significant benefit for public knowledge. We advocate for a more
detailed and encompassing definition of GI that can be used across all disciplines that enter
into the Gl research area, and it should be ensured that this definition is straightforward
and can be understood by the public. Also, we believe that we are doing the general public
a disservice when topics related to climate change, environmental justice, and concepts like
Gl are not discussed clearly and concisely for better understanding.

Given our analysis of the definition of GI and the findings of this study, we strongly
recommend the EU definition of GI, which aligns with bio-integration (“A strategically
planned network of natural and semi-natural areas with other environmental features,
designed and managed to deliver a wide range of ecosystem services, while also enhancing
biodiversity”). We believe this definition better captures the proper range and breadth of
GI and its implementation in practice.

We recommend that stakeholders actively involved and engaged in delivering and
implementing GI within communities take a structuralist approach during the planning and
installation of GI systems instead of the functionalist approach, which is the primary focus
in practice. This study has further shown that GI systems have multifunctionality benefits
beyond managing stormwater, as highlighted in our results. When GI is intentionally
installed as a system, not a scattered invention, its benefits to the environment and humans
are more significant.

We recommend that researchers champion the cause of education regarding GI, as intel-
lectual work tends to reach many audiences both within and outside academia. Researchers
should highlight that green infrastructure has gone beyond stormwater management and
has the potential and ability to provide other benefits when installed, which exceed its pri-
mary functions to encourage the adoption of these systems during real estate or community
planning and development.
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GI Green infrastructure

USEPA United States Environmental Protection Agency
EPA Environmental Protection Agency

EC European Commission

LID Low-Impact Development

BMP Best Management Practices
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ITUWM Integrated Urban Water Management
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SLR Systematic Literature Review
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