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Abstract: This study presents a typology of nature-based solutions (NbS), addressing the need
for a standardized source of definitions and nomenclature, and to facilitate communication in this
interdisciplinary field of theory and practice. Growing usage of the umbrella phrase ‘nature-based
solutions’ has led to a broad inclusion of terms. With the diversity of terminology used, the full
potential of NbS may be lost in the confusion of misapplied terms. Standardization and definition of
commonly used nature-based nomenclature are necessary to facilitate communication in this rapidly
expanding field. Through objective systemization of applications, functions, and benefits, NbS can be
embraced as a standard intervention to address societal challenges and support achievement of the
UN SDGs.

Keywords: forests; grasslands; green roofs; green walls; rain gardens; riparian buffer zones; sustainability;
tree-based intercropping; vegetation; wetlands

1. Introduction

In any interdisciplinary subject, individual disciplines can become siloed and special-
ized, making it difficult for researchers to meaningfully communicate with one another.
Nature-based solutions (NbS) have been defined as “actions to protect, sustainably manage,
and restore natural or modified ecosystems, that address societal challenges effectively
and adaptively, simultaneously providing human well-being and biodiversity benefits” [1].
The term ‘nature-based solutions’ is an interdisciplinary one, encompassing research from
across different fields. This requires practitioners to be fluent across multiple branches
of learning.

Recognition of the utility of NbS has grown in public policy, and the notion has become
a fixture within the lexicon of the scientific literature [2–4]. There is broad uptake of the
idea that nature itself is able to provide solutions because the concept is intuitive and
logical for practitioners who lack fluency in specialized disciplines. However, the vagaries
of nomenclature and inconsistent application of NbS will continue without some level of
objective systemization [5–8].

The connotation of NbS and how it is situated within existing constructs may seem
ambiguous. In order for implementation of NbS to occur at either a regenerative or
landscape level, a coordinated and consistent understanding is essential. Flexible and
non-specific nomenclature can translate into conceptual plasticity, which in turn, can
reduce innovation and progress in environmental management [9]. For example, integrated
landscape management has numerous definitions, however, lack of objective systemization
can lead to reduced efficacy in implementation [10–12]. Standardization and definition of
commonly used nature-based nomenclature are necessary to facilitate communication in
this rapidly expanding field. This presents an opportunity to develop an in-depth typology
of NbS, which is presented here.

Land 2022, 11, 1072. https://doi.org/10.3390/land11071072 https://www.mdpi.com/journal/land

https://doi.org/10.3390/land11071072
https://doi.org/10.3390/land11071072
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0001-6784-4046
https://doi.org/10.3390/land11071072
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land11071072?type=check_update&version=2


Land 2022, 11, 1072 2 of 22

Literature Review

Scientists, policy makers, and practitioners in the field of environmental management
are habitually exposed to new and emergent concepts and nomenclature that can influence
research streams and policy decisions. Such concepts include ‘sustainable development’,
‘biodiversity’, ‘natural capital’ and ‘ecosystem services’ [13–22]. This nomenclature has
become entrenched in scientific lexicons and policy frameworks globally, with concepts
reflected in policy agreements including the seminal Convention on Biological Diversity,
the UN Millennium Ecosystem Assessment, and more recently the UN Sustainable Develop-
ment Goals [23–27]. Over time, there has been a growing recognition of the human benefits
that can be derived from the natural environment which is reflected in the expanding
terminology [28–30].

Although research on the conceptual underpinnings of NbS has been somewhat lim-
ited, the terminology has developed organically [3,7,8,31,32]. For example, terms such
as ‘engineering with nature’, ‘nature-based infrastructure’ and ‘natural climate solutions’
have become commonplace in institutional vernacular [33,34]. The definitional framework
established for NbS by the International Union for Conservation of Nature (IUCN) is com-
prehensive and applicable globally [1], however, it does not provide deep specificity, which
can render the meaning of nature-based nomenclature ambiguous. Conceptual plasticity
associated with flexible nomenclature can lead to lost opportunities in the advancement of
environmental management [9]. Objective systemization of nature-based nomenclature can
catalyze innovation and collaboration, in addition to expediting dialogue between scientific
disciplines, policy makers, and practitioners [35–37].

While reducing conceptual plasticity is important, it is essential that concepts are
not oversimplified, repackaged, or misused, which can lead to information gaps and
compromised decision-making [38,39]. The concept of NbS has developed at the interface of
science and policy, providing an interdisciplinary bridge between specialists and laypersons
alike. This necessitates contextualizing nature-based nomenclature within established
lexicons, while recognizing the intersections and distinctions.

Efforts have been made to characterize NbS in different ways [1,3,31,40]. The Euro-
pean Commission (EC) developed its own definition that differs in focus from the IUCN
definitional framework with NbS defined as “solutions inspired and supported by nature,
designed to address societal challenges which are cost-effective, simultaneously provide
environmental, social and economic benefits, and help build resilience” [3,40]. The US Fed-
eral Emergency Management Agency (FEMA) characterizes NbS as “sustainable planning,
design, environmental management, and engineering practices that weave natural features
or processes into the built environment to build more resilient communities” [41] while the
US Environmental Protection Agency (EPA) uses the terms NbS and green infrastructure
interchangeably as a means for “becoming more resilient and achieving environmental,
social and economic benefits” [42,43]. Within the IUCN framework, five broad categories
of NbS were established to describe “actions to protect, sustainably manage, and restore
natural or modified ecosystems, that address societal challenges effectively and adap-
tively, simultaneously providing human well-being and biodiversity benefits” [1]. These
categories include ecosystem restoration approaches; issue-specific ecosystem-related ap-
proaches; infrastructure-related approaches; ecosystem-based management approaches;
and ecosystem protection approaches [1]. This framework also provides general examples
of NbS within the different categories [1]. The IUCN provides the most comprehensive
viewpoint on the use of NbS to address global societal challenges such as climate change.
The EC definition includes an additional focus on ‘innovating with nature’, that is intuitive
since much of the European population resides in urban settings. EC priority areas to
address with NbS include climate resilience, urban sustainability, ecosystem restoration,
enhanced natural capital and the creation of green jobs [32,44,45]. FEMA’s definition
includes three categories of NbS including the watershed or landscape scale; the neigh-
bourhood or site scale; and coastal areas [41], while the EPA classifies NbS applications
loosely as green infrastructure [43]. In Canada, the national climate plan prioritizes NbS as
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a means to strengthen climate benefits through tree-planting; ecosystem conservation and
restoration; and improved management and protection of land and water resources [46,47].
Regardless of the scope or context, NbS provide a mechanism to comprehensively address
societal challenges.

Although there is common agreement that NbS are a good thing and that they can
address key environmental and social challenges such as climate change, what is missing is
a clear understanding of how NbS work as a complex intervention, their characteristics,
and the multiple co-benefits that can be leveraged if strategically applied. For example, use
of NbS terminology has proved contentious in the WGII Sixth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC), requiring inclusion of a specific caveat
in the report that “the term ‘Nature-based Solutions’ is widely but not universally used in
the scientific literature. The term is the subject of ongoing debate, with concerns that it may
lead to the misunderstanding that NbS on its own can provide a global solution to climate
change” [48]. To address this gap identified by the IPCC, a typology of the various NbS,
developed through qualitative evidence synthesis, is presented here in order to address the
following research objectives:

(1) To objectively systemize NbS and associated nomenclature as defined by the IUCN
framework;

(2) To characterize and deconstruct NbS as complex interventions to support the United
Nations Sustainable Development Goals (UN SDGs); and

(3) To reduce conceptual plasticity presented by variable NbS nomenclature through the
categorization of terminology.

2. Methods

To develop this typology, a qualitative evidence synthesis was undertaken to critically
assess NbS as defined by the IUCN. This typology was developed using the methodological
pathway shown in Figure 1. Qualitative evidence synthesis is a type of review that explores
the delivery and uptake of services in a given field to inform their prioritization [49]. This
type of review enables thematic analysis that can help to explore the implementation of
NbS [49] and may include conceptual models as shown in Figures 3 and 4.

Figure 1. Methodological pathway including four specific steps that use IUCN categories to organize
and characterize NbS and culminate in their alignment and connection with the UN SDGs.

The first step in the methodological pathway was to conduct a systematic review to
identify relevant studies of NbS. The second step was to categorize, deconstruct, and define
NbS nomenclature. The third step was identifying their unique characteristics, common
applications, and multiple co-benefits. The fourth step in the methodological pathway was
to identify the individual UN SDGs supported by each NbS.
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2.1. Systematic Review

A systematic review was undertaken to identify relevant studies of NbS. Documents
were screened and based on relevance, and full documents were retrieved to determine
inclusion within the review. Searches were undertaken using scientific databases including
Medline and Proquest Environmental Sciences and Pollution. Search terms used included:
‘nature-based solutions’; ‘ecological restoration’; ‘ecological engineering’; ‘forest land-
scape restoration’; ‘ecosystem-based adaptation’; ‘ecosystem-based mitigation’; ‘climate
adaptation’; ‘ecosystem-based disaster risk reduction’; ‘natural infrastructure’; ‘green infras-
tructure’; ‘integrated coastal zone management’; ‘integrated water resources management’;
‘area-based conservation’; ‘protected area management’; ‘green roofs’; ‘green walls’; ‘green
infrastructure’; ‘urban agriculture’; ‘urban vegetation’; ‘forestry’; ‘agroforestry’; ‘blue in-
frastructure’; and ‘wetlands’. Using the Boolean search technique, each of these terms was
searched in combination with ‘air quality’; ‘temperature’; ‘stormwater’; ‘biodiversity’; and
‘carbon sequestration’. Duplicates were manually removed. Additional records were also
identified by searching government websites. Abstracts were reviewed to screen papers
and based on relevance, full papers were retrieved to determine inclusion. Articles were
excluded that did not have a scientific or technical focus to support the development of
a typology. As illustrated in Figure 2, a total of 164 relevant studies were identified for
inclusion in this review.

Figure 2. Overview of studies identified in the steps of the systematic review process derived
from the PRISMA flow diagram (Source: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA
Group, 2009).

2.2. Categorization of Nature-Based Nomenclature

As part of this qualitative evidence synthesis, the IUCN categories of NbS and associ-
ated nomenclature were categorized along two different pathways that emerged naturally
during the review of literature. The first pathway is descriptive, with functional and
purpose-driven terminology. The second pathway is aspirational, using language to de-
scribe a desired state of being. Nature-based nomenclature was selected and categorized as
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being either descriptive or aspirational (reported in Section 4.2). Through categorization of
the nomenclature, NbS were analyzed and contextualized within existing terminologies,
and the commonalities and variances were deconstructed. Figure 3 illustrates examples of
nomenclature and naming conventions.

Figure 3. Examples of NbS nomenclature and naming conventions [8,50]. NbS occur at the nexus of
both descriptive and aspirational categorization.

2.3. UN Sustainable Development Goal Alignment

The seventeen UN SDGs (Table 1) are global goals designed to eradicate poverty,
protect the health of the planet, and improve socioeconomic outcomes. The UN SDGs each
have associated targets (169) and indicators (230) with relationships and interdependencies
between goals. As part of the qualitative evidence synthesis, the NbS that align with the
UN SDGs were identified along with the associated SDG targets and indicators.

Table 1. UN Sustainable Development Goals.

UN Sustainable Development Goals
Goal 1. No Poverty End poverty in all its forms everywhere

Goal 2. Zero Hunger End hunger, achieve food security and improved nutrition and promote
sustainable agriculture

Goal 3. Health and Well-being Ensure healthy lives and promote well-being for all at all ages

Goal 4. Quality Education Ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all

Goal 5. Gender Equality Achieve gender equality and empower all women and girls

Goal 6. Clean Water and Sanitation Ensure availability and sustainable management of water and sanitation for all

Goal 7. Affordable and Clean Energy Ensure access to affordable, reliable, sustainable, and modern energy for all

Goal 8. Decent Work and Economic Growth Promote sustained, inclusive, and sustainable economic growth, full and
productive employment, and decent work for all

Goal 9. Industry, Innovation, and Infrastructure Build resilient infrastructure, promote inclusive and sustainable
industrialization and foster innovation

Goal 10. Reduced Inequalities Reduce inequality within and among countries

Goal 11. Sustainable Cities and Communities Make cities and human settlements inclusive, safe, resilient, and sustainable

Goal 12. Responsible Production and
Consumption Ensure sustainable consumption and production patterns

Goal 13. Climate Action Take urgent action to combat climate change and its effects

Goal 14. Life Below Water Conserve and sustainably use the oceans, seas, and marine resources for
sustainable development
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Table 1. Cont.

UN Sustainable Development Goals

Goal 15. Life on Land
Protect, restore, and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss

Goal 16. Peace, Justice, and Strong Institutions
Promote peaceful and inclusive societies for sustainable development, provide
access to justice for all and build effective, accountable, and inclusive
institutions at all levels

Goal 17. Partnerships for the Goals Strengthen the means of implementation and revitalize the global partnership
for sustainable development

3. Results

Using the IUCN framework and its definitional categories as a starting point, NbS
have been categorized and characterized to show how each application behaves as a
complex intervention for addressing societal challenges such as climate change (UN SDG
13), with unique characteristics and multiple co-benefits that can be leveraged if strategically
applied. Figure 4 shows the five categories with general examples established by the IUCN,
while illustrating specific applications of NbS and their corresponding benefits. There are
common functions shared between applications as illustrated, while others are exclusive to
particular NbS applications.

NbS writ large support air pollutant abatement including nitrogen dioxide, ozone,
and particulate matter [50–63], reduced greenhouse gas emissions, and increased carbon
sequestration capacity [51,53,57,62–70]. In addition to the air pollution abatement and
carbon sequestration benefits, NbS provide an efficient stormwater management alternative
for decreasing sediment erosion, overland flows, and nutrient loading during extreme
precipitation events [71–73].

Different applications of NbS can regulate warming temperatures by providing cooling
capacity and decreasing the urban heat island effect [74–76]. This process occurs actively
through evapotranspiration, and passively through surface shading [77–82]. NbS appli-
cations such as green roofs and green walls also increase energy efficiency in the built
environment by providing insulation and shade, the combined effect of which decreases
cooling and heating loads [83–85]. In addition, health outcomes can be improved by NbS
through heat mitigation [62,63,76–78,80,81,86,87]. NbS also support food security by en-
hancing biodiversity; providing pollinator habitat, and improving soil health [8,63,88–96].

Figure 4. NbS categories and general examples established by the IUCN, are connected to a series of
specific NbS and associated functions [8,50,62,63,75,96].
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3.1. NbS Characteristics

Figure 4 shows the five definitional categories (e.g., infrastructure-related approaches)
and general examples (e.g., green infrastructure) of NbS approaches established by the
IUCN. This figure further articulates specific NbS applications that emerged during the
literature review and their corresponding benefits. There are common functions shared
among NbS, while others are exclusive to specific applications. These applications can
be classified as: green roofs; green walls; vegetation and forestry systems that include
grasslands and wetlands; and tree-based intercropping systems. Green roofs can be charac-
terized as extensive or intensive. Extensive roofs weigh less due to shallower depth, which
enables sloped roof installation, while intensive roofs have a deeper soil layer allowing for
more variation in plant varietals [8,56,63,96]. Green roofs that produce food are classified
as growing roofs [8,62,63,73,96–98]. Green walls can be characterized as vegetated exterior
building façades that are either enveloped by plants or encompassed by planted structures
that are irrigated and fertilized by automatic systems [8,62,63,65,96,99]. Vegetation and
forestry systems include bioswales (e.g., vegetated ditches for drainage, stormwater storage,
or groundwater infiltration); community gardens (e.g., public gardens comprised of food-
producing trees, shrubs, and other plant types); rain gardens (e.g., natural or engineered
depressions in the landscape comprised of trees, shrubs, grasses and other plants); riparian
buffer zones (e.g., vegetated areas adjacent to a body of water and comprised of trees,
shrubs, and other plant varietals); shrubs; grasslands (e.g., perennial grasslands can be
tropical or temperate and grow in arid to humid conditions where precipitation levels do
not support forest growth); woodlands; and trees [8,58,62,63,77,78,96,99–101]. Wetlands
can be characterized as natural or engineered and can be located within inland or coastal
(fresh or saltwater) watersheds. Types of wetlands include marshes, swamps, bogs, and
fens [102–105]. Tree-based intercropping systems are comprised of agricultural lands where
trees or shrubs are interspersed in rows alongside crops [8,62,63,88,96,101].

3.2. Ecosystem Restoration Approaches

The ‘ecosystem restoration approaches’ category (Figure 4) established by the IUCN
uses aspirational nomenclature in describing the three general areas of NbS approaches that
include ‘ecological restoration’, ‘ecological engineering’, and ‘forest landscape restoration’
with multiple applications of NbS cutting across the three areas.

Specific applications of NbS support ‘ecological restoration’, in the form of vegetation
and forestry systems, tree-based intercropping, and wetland restoration. The implementa-
tion of riparian buffer zones and enhanced tree-planting can restore degraded ecosystems
by reducing landscape fragmentation, increasing connectivity with natural areas, and
providing habitat for both pollinators and wildlife [8,63]. Tree-based intercropping systems
restore the ecology of watersheds by reducing runoff and filtering nutrients, pesticides,
and animal waste from agricultural lands ajacent to streams, lakes, and rivers [101,106].
Wetland restoration can return landscape and watershed functions such as water storage
capacity, carbon sequestration capacity, nutrient and pollutant filtration, and aquatic and
terrestrial habitats [102,104]. Within the context of ‘ecological restoration’ these NbS appli-
cations specifically support the UN SDGs of ‘sustainable cities and communities’ (UN SDG
11), ‘life below water’ (UN SDG 14), and ‘life on land’ (UN SDG 15).

‘Ecological engineering’ is supported by specific applications of NbS that include
bioswales, engineered wetlands, rain gardens, and riparian buffer zones. Engineered
wetlands function as treatment systems using natural processes including vegetation, soil,
and associated microbes to transform and remove pollutants for improved water quality.
Wetland microbes can convert the depostion of organic nitrogen and phosphorous from
stormwater or septic field runoff into an inorganic and useable form, essential for plant
growth [107]. Bioswales and rain gardens provide extensive bioinfiltration capacity in
urban settlement areas by collecting and filtering precipitation runoff from impermeable
surfaces [105]. Riparian buffer zones enable bioinfiltration for evapotranspiration and
groundwater recharge, in addition to reducing overland flows, sediment erosion, and
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pollutant discharge to receiving water bodies [101,108]. Within the context of ‘ecological
engineering’ these NbS applications specifically support the UN SDGs of ‘sustainable cities
and communities’ (UN SDG 11), ‘life below water’ (UN SDG 14), and ‘life on land’ (UN
SDG 15).

Specific applications of NbS that support ‘forest landscape restoration’ include en-
hanced tree planting, tree-based intercropping systems, and wetland conservation and
restoration. Tree-planting can stabilize the edges surrounding waterways, prevent erosion,
and filter sediment runoff [101,109]. In addition, tree-planting can also provide food, shade,
habitat, and corridors for wildlife [101,109]. Tree-based intercropping systems can increase
soil health, bird and insect diversity, and earthworm distribution [88,91,92]. In addition,
these systems protect and restore the presence of trees within the landscape. Tree-based
intercropping systems can also reduce the ecological effects of agricultural production, and
(re)create more biodiverse and sustainable land-use systems [88,91,92]. Conservation and
restoration of wetlands are an essential component of forest restoration because wetland
systems underpin forest productivity through interconnected systems of water and nutrient
flows [110,111]. Within the context of ‘forest landscape restoration’, these NbS applications
specifically support the UN SDG of ‘life on land’ (UN SDG 15).

3.3. Issue-Specific Ecosystem-Related Approaches

The ‘issue-specific ecosystem-related approaches’ category (Figure 4) established by
the IUCN uses aspirational nomenclature in describing the three general areas of NbS
approaches that include ‘ecosystem-based adaptation’, ‘ecosystem-based mitigation’, and
‘ecosystem-based disaster risk management’ with multiple applications of NbS cutting
across the three areas.

Specific applications of NbS that support ‘ecosystem-based adaptation’ include green
roofs, community gardens, green walls, and tree-based intercropping systems. As tem-
peratures warm, green roofs and walls can provide shade and insulation against climate
extremes, thereby increasing building efficiency [83–85,112,113]. In the summer, green
walls shield surfaces from solar radiation while reflecting and absorbing approximately
80% of the radiation simultaneously within the foliage [112]. Growing roofs and community
gardens can enhance food security by reducing food miles associated with conventional
agriculture through localized production and distribution. In addition, growing roofs
and community gardens can reduce pressures on conventional agricultural systems when
large-scale food production is affected by extreme weather events such as drought or
flooding [8,63,96,114]. Tree-based intercropping systems can provide pollinator habitat
and increase biodiversity that are vital to industrial agriculture [114]. In addition, these
systems can provide habitats for biological control agents, wherein plants are utilized
to naturally diversify crops and chemically repel pests [115]. Tree-based intercropping
systems can increase earthworm distribution and bird and insect diversity, while improving
soil health and reducing the ecological impacts of agricultural production [88,91,92]. Within
the context of ‘ecosystem-based adaptation’, these NbS applications specifically support
the UN SDGs of ‘no hunger’ (UN SDG 2), ‘sustainable cities and communities’ (UN SDG
11), ‘climate action’ (UN SDG 13), and ‘life on land’ (UN SDG 15).

‘Ecosystem-based mitigation’ is supported by specific applications of NbS that include
green roofs and walls, tree-based intercropping systems, coastal wetlands, vegetation and
forestry systems, and grasslands. Both extensive and intensive green roofs can sequester
carbon in their vegetated layer and organic substrate [116]. Green walls can store carbon
within their foliage and biomass [65]. In addition to reducing carbon dioxide concentrations,
green roofs and walls are effective in air pollution abatement through the deposition and
immobilization of ozone, nitrogen dioxide, and particulate matter [8,50–59,61–63,77,78].
Compared to conventional agricultural systems, tree-based intercropping systems are
effective carbon sinks, accumulating carbon within the woody elements of the tree, and
providing greater sequestration capacity [91]. These systems sequester carbon because of
the increased storage capacity in their biomass, stabilization of soil organic carbon, and
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slower decomposition of leaf litter [117,118]. Conventional agricultural systems contain
lower levels of soil organic carbon than tree-based intercropping systems [92]. Certain
types of coastal wetlands, also known as coastal blue carbon habitats, are comprised
of mangroves, salt marshes, and sea grass beds, which can provide extensive carbon
sequestration capacity because of expedited rates of growth and longevity [104,105,119,120].
The implementation of vegetation and forestry systems can sequester large quantities of
carbon because of the extensive storage capacity within their biomass (e.g., foliage, branches,
and root systems) [68,77,78]. For example, perennial grasslands can provide extensive
carbon sequestration capacity within their root systems [100,121–124]. Unlike forests
where vegetation and woody biomass are the primary source of carbon storage, grassland
carbon is primarily stored underground in the soil. Within the context of ‘ecosystem-based
mitigation’, these NbS applications specifically support the UN SDG of ‘climate action’
(UN SDG 13).

Specific applications of NbS support ‘ecosystem-based disaster risk management’, in
the form of bioswales, green roofs, engineered wetlands, rain gardens, and riparian buffer
zones. Green roofs can reduce flood risk by reducing stormwater runoff from 50 to 100
percent during extreme precipitation events depending on roof slope, substrate depth, and
type of vegetation [8,71]. Flood risk is reduced when green roofs hold stormwater in the
substrate, which is eventually dispersed through evapotranspiration, while any remaining
water discharged from the roof is delayed by the substrate saturation period [8,71]. The
burden on municipal stormwater systems is reduced by preventing sewer overflow and
potential downstream erosion that can lead to flooding, water contamination, and mud
slides [8,71]. Engineered wetlands can reduce flood risk, functioning as a sponge by
storing water before slowly releasing it. This process decelerates the momentum of water
flows while reducing flood heights and erosive potential [102]. Coastal wetlands can
prevent erosion, flooding, and associated building and structural damage during storm
events, due to their ability to absorb the energy created by ocean currents [105,125,126].
Bioswales and rain gardens can collect precipitation, allowing it to infiltrate into the ground
while reducing runoff and filtering pollutants [106]. Riparian buffer zones can reduce
flood risk and mud slides by slowing overland flows, stabilizing eroding banks, and
filtering sediment runoff [8,63,96,101]. Within the context of ‘ecosystem-based disaster risk
management’, these NbS applications specifically support the UN SDGs of ‘sustainable
cities and communities’ (UN SDG 11), ‘climate action’ (UN SDG 13), and ‘life on land’ (UN
SDG 15).

3.4. Infrastructure-Related Approaches

The ‘infrastructure-related approaches’ category (Figure 4) established by the IUCN
uses descriptive nomenclature in describing the two general areas of NbS approaches that
include ‘natural infrastructure’ and ‘green infrastructure’ with multiple applications of NbS
cutting across both areas.

Specific applications of NbS that support ‘natural infrastructure’ include vegetation
and forests, riparian buffer zones, and wetlands that individually and collectively can
restore the function and composition of ecosystems. These NbS applications operate at the
landscape level, providing comparable functions to those provided by conventional hard in-
frastructure [127–129]. For example, vegetation and forestry systems provide multiple func-
tions including temperature regulation, air pollution abatement, and storm water manage-
ment, in addition to pollinator support and wildlife habitat [8,52,58,63,77–79,93,96,101,109].
Riparian buffer zones stabilize the landscape near streams, rivers, and other water bodies while
reducing flood risk and providing sediment erosion and control [8,52,63,78,79,93,96,101,109].
Inland and coastal wetlands both purify and remove pollutants, retain stormwater, and
provide habitat for various avian and aquatic species [102–104]. Within the context of ‘natu-
ral infrastructure’, these NbS applications specifically support the UN SDGs of ‘sustainable
cities and communities’ (UN SDG 11), ‘life below water’ (UN SDG 14), and ‘life on land’
(UN SDG 15).
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‘Green infrastructure’ is supported by specific applications of NbS including bioswales,
engineered wetlands, green roofs, rain gardens, and riparian buffer zones. Green infrastruc-
ture can enhance multiple aspects of natural ecosystems, by increasing landscape connec-
tivity and reducing fragmentation in urban settings. Green infrastructure provides similar
services to grey infrastructure. For example, engineered wetlands provide stormwater reten-
tion capacity, in addition to water treatment and pollutant removal [102,103]. Green roofs
can reduce burden on municipal storm sewer infrastructure by retaining precipitation and
reducing sewer overflows [8,63,71]. Bioswales and rain gardens can manage stormwater
and reduce flood risk in settlement areas through bioretention, while providing supportive
habitat and nourishment for pollinators, and other avian and terrestrial species [105]. Ripar-
ian buffer zones can stabilize the ground near water courses during extreme precipitation
events and prevent sediment erosion and nutrient loading [8,52,63,78,79,93,96,101,109].
Within the context of ‘green infrastructure’, these NbS applications specifically support the
UN SDG of ‘sustainable cities and communities’ (UN SDG 11).

3.5. Ecosystem-Based Management Approaches

The ‘ecosystem-based management approaches’ category (Figure 4) established by
the IUCN, uses descriptive nomenclature in describing the two general areas of NbS ap-
proaches that include ‘integrated coastal zone management’ and ‘integrated water resources
management’ with multiple applications of NbS cutting across both areas.

‘Integrated coastal zone management’ is supported by specific applications of NbS
including coastal wetlands and riparian buffer zones. Coastal wetlands reduce flooding in
upland areas resulting from storms and sea level rise, in addition to preventing coastline
erosion that can destabilize buildings and structures [125,126]. Coastal wetlands also
support the aquatic food web and various types of fisheries [130]. Riparian buffer zones
stabilize banks and prevent erosion through the deceleration of overland flows and water
absorption [8,52,63,78,79,93,96,101,109]. During extreme precipitation events, this process
can reduce downstream flood damage [131]. Additionally, riparian buffer zones provide
shade that is essential in maintaining the quality of waterways. Elevated light levels can
lead to warmer water temperatures during the summer season, the combination thereof
affecting algae production and aquatic species composition [132–134]. Within the context
of ‘integrated coastal zone management’, these NbS applications specifically support the
UN SDGs of ‘sustainable cities and communities’ (UN SDG 11), ‘life below water’ (UN
SDG 14), and ‘life on land’ (UN SDG 15).

Specific applications of NbS that support ‘integrated water resources management’
include green roofs, engineered wetlands, and riparian buffer zones, which can individually
and collectively improve watershed functions and community environmental outcomes.
Green roofs retain stormwater and decrease nutrient loading and water pollution, while
improving water quality and reducing flood risk across communities [8,63,71,96,135]. Ad-
ditionally, when productive applications of green infrastructure are installed on rooftops to
manage stormwater in the form of growing roofs, food security can also be enhanced in
urban areas by reducing food miles associated with conventional agriculture through local-
ized production and distribution [8,63,96,135]. Engineered wetlands can treat runoff and
contaminated water to improve water quality and environmental outcomes [103]. While
coastal wetlands perform similar functions to engineered wetlands by preventing coastline
erosion that can destabilize buildings and structures [105,125,126], they also support the
aquatic food web and various types of fisheries that provide an essential food source and
livelihoods to communities [105,130]. Riparian buffer zones protect water quality from
non-point source pollution through nutrient uptake and absorption, in addition to sediment
erosion control [136,137]. In agricultural communities, riparian buffer zones can maintain
soil productivity through sediment and nutrient retention while reducing pollution of
neighbouring water bodies [138]. Within the context of ‘integrated water resources man-
agement’, these NbS applications specifically support the UN SDGs of ‘sustainable cities
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and communities’ (UN SDG 11), ‘life below water’ (UN SDG 14), and ‘life on land’ (UN
SDG 15).

3.6. Ecosystem Protection Approaches

The ‘ecosystem protection approaches’ category (Figure 4) established by the IUCN
uses descriptive nomenclature in describing the two general areas of NbS approaches
that include ‘area-based conservation’ and ‘protected area management’ with multiple
applications of NbS cutting across both areas.

Specific applications of NbS that support ‘area-based conservation’ include enhanced
tree-planting, the implementation of riparian buffer zones, grassland conservation and
regeneration, and wetland conservation. Well-managed conservation areas can maintain
watershed functionality, while preserving species and their habitats for present and future
generations by reducing stressors from urban development and human activity. Conser-
vation areas are integral in protecting the natural environment in addition to providing
opportunities for people to connect with nature. Tree-planting supports the provision of
essential food, shade, habitat, and corridors for pollinators and various avian and terres-
trial species [101,109]. In addition, it can stabilize areas surrounding waterways, while
preventing erosion, and filtering sediment [101,109]. Riparian buffer zones can protect
water quality and aquatic habitats from non-point source pollution, while enabling bioinfil-
tration for evapotranspiration and groundwater recharge [72,101,136,137]. Conservation
and restoration of wetlands are essential because they provide numerous ecosystem ser-
vices and societal benefits that include hydrologic functions for flood protection and water
treatment; essential habitats for multiple aquatic, avian, insect, and terrestrial species; and
climate regulation [139–142]. Perennial grassland conservation and regeneration supports
landscape hydrologic functions, provides carbon sequestration capacity and essential pol-
linator habitat, in addition to providing erosion control [143–146]. Within the context of
‘area-based conservation’, these NbS applications specifically support the UN SDGs of
‘sustainable cities and communities’ (UN SDG 11) ‘climate action’ (UN SDG 13), ‘life below
water’ (UN SDG 14), and ‘life on land’ (UN SDG 15).

‘Protected area management’ is supported by specific applications of NbS including
forest protection, grassland protection; and wetland protection. Forests are complex ecosys-
tems that provide essential habitats to numerous species on a global scale. In addition, they
provide valuable ecosystem services at a societal level. Forests are declining faster than
they are regenerating as a result of unsustainable natural resource development and rapid
urbanization. The creation of parks, belts, zones and other areas, legally protects forests
from urban development and industrial activities, which is essential in the preservation
of healthy ecosystems for future generations. The benefits of forest protection include
protected corridors for wildlife movement and migration, the provision of habitats for rare
and endangered plant and animal species, temperature regulation and air pollution abate-
ment, in addition to largescale biodiversity conservation [58,77,78,147–151]. Grassland
ecosystems are increasingly threatened by agricultural production, industrial activity, and
urban development. Protection of perennial grasslands is important to maintain ecosystem
services beyond agricultural production that include biodiversity and pollinator support;
extensive carbon storage, and landscape-level hydrologic functions [100,121–124,143–146].
Wetlands are increasingly threatened by land conversion, pollution, deforestation, and
urban development. Designating inland and coastal wetlands as protected areas under
the law can ensure the continued provision of numerous ecosystem services including
biodiversity conservation of aquatic, avian, insect, and terrestrial species; extensive carbon
sequestration capacity; hydrologic functions that reduce flood risk and improve water
quality; and climate regulation benefits [104,105,119,120,139–142]. Within the context of
‘protected area management’, these NbS applications specifically support the UN SDGs of
‘sustainable cities and communities’ (UN SDG 11) ‘climate action’ (UN SDG 13), ‘life below
water’ (UN SDG 14), and ‘life on land’ (UN SDG 15).
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4. Discussion

Conceptual clarity and objective systemization define how NbS are perceived and
how they can be used. These are critical for the effective deployment of NbS in achieving
the UN SDGs. This novel and pragmatic typological approach has deconstructed how NbS
work as complex interventions, their characteristics, and the multiple co-benefits that can
be leveraged through strategic application, in a way that has not been attempted previously.
As shown in a detailed and exhaustive fashion in Table 2, this analysis has revealed how
multiple applications of NbS support the localization of individual UN SDGs and their
associated targets.

Table 2. Typology of Nature-based Solutions (NbS).

IUCN Category IUCN Example Application Corresponding UN SDG

Ecosystem
Restoration
Approaches

Ecological restoration

• Riparian buffer zones
• Tree-based intercropping
• Tree-planting
• Wetlands

UN SDG 11-Sustainable Cities
and Communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 14-Life below
water|Targets–14.1; 14.2
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Ecological engineering
• Engineered wetlands
• Riparian buffer zones

UN SDG 11-Sustainable Cities
and Communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 14-Life below
water|Targets–14.1; 14.2
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Forest landscape
restoration

• Tree-based intercropping
• Tree-planting
• Wetland

conservation/restoration

UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Issue-specific
Ecosystem-Related
Approaches

Ecosystem-based
Adaptation

• Community gardens
• Green roofs
• Green walls
• Tree-based intercropping

UN SDG 2-No hunger|Target–2.4
UN SDG 11-Sustainable cities and
communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 13-Climate
action|Target–13.1
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Ecosystem-based
Mitigation

• Coastal wetlands
• Grasslands
• Green roofs
• Green walls
• Tree-based intercropping
• Vegetation & forests

UN SDG 13–Climate action
Target–13.1

Ecosystem-based
Disaster Risk
Management

• Bioswales
• Engineered wetlands
• Green roofs
• Rain gardens
• Riparian buffer zones

UN SDG 11-Sustainable cities and
communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 13-Climate
action|Target–13.1
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9
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Table 2. Cont.

IUCN Category IUCN Example Application Corresponding UN SDG

Infrastructure-related
Approaches

Natural Infrastructure

• Bioswales
• Coastal/inland wetlands
• Rain gardens
• Riparian buffer zones
• Vegetation & forests

UN SDG 11-Sustainable cities and
communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 14-Life below
water|Targets–14.1; 14.2
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Green Infrastructure

• Bioswales
• Engineered wetlands
• Green roofs
• Rain gardens
• Riparian buffer zones

UN SDG 11-Sustainable cities and
communities
Targets–11a, b; 11.5; 11.6; 11.7

Ecosystem-based
Management
Approaches

Integrated
Coastal Zone
Management

• Coastal wetlands
• Riparian buffer zones

UN SDG 11-Sustainable Cities
and Communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 14-Life below
water|Targets–14.1; 14.2
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Integrated
Water Resources
Management

• Bioswales
• Engineered wetlands
• Green roofs
• Rain gardens
• Riparian buffer zones

UN SDG 11-Sustainable Cities
and Communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4, 15.5,
15.9 data

Ecosystem-based
Protection
Approaches

Area-based
Conservation

• Forests
• Grasslands
• Riparian buffer zones
• Wetlands

UN SDG 11-Sustainable Cities
and Communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 14-Life below
water|Targets–14.1; 14.2
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

Protected Area
Management

• Forests
• Grasslands
• Wetlands

UN SDG 11-Sustainable Cities
and Communities
Targets–11a, b; 11.5; 11.6; 11.7
UN SDG 14-Life below
water|Targets–14.1; 14.2
UN SDG 15-Life on land
Targets-15.1, 15.2, 15.3, 15.4,
15.5, 15.9

This novel typological approach presents a much needed objective systemization of
NbS applications, in addition to providing a fundamental understanding of their associated
benefits and functions. NbS can be applied across different spatial and temporal scales
to address critical societal challenges. This innovative typology illustrates localized im-
plementation of the five UN SDGs of Zero Hunger (2), Sustainable Cities & Communities
(11), Climate Action (13), Life Below Water (14), and Life on Land (15) and their associ-
ated targets, as shown in Table 2. Each NbS application corresponds with one or more of
these UN SDGs. For example, community gardens and productive (i.e., food producing)
green roofs can support the UN SDG of ‘No Hunger’, in addition to supporting the UN
SDGs of ‘Sustainable Cities and Communities’, ‘Climate Action’, and ‘Life on Land’ along
with specific associated targets. Conversely, riparian buffer zones support the UN SDGs
of ‘Sustainable Cities & Communities’, ‘Climate Action’, and ‘Life on Land’. Tree-based
intercropping systems sequester carbon (UN SDG 13) while enhancing both biodiversity
(UN SDG 15) and food security (UN SDG 2). Table 2 provides a cross-stream translation
with linkages and interdependencies between the UN SDGs.
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4.1. NbS for Societal Challenges

NbS provide a complex intervention for addressing societal challenges and localizing
the UN SDGs. Urban trees in the United States annually remove 711,000 metric tonnes
of air pollutants with an abatement value of $4 B USD [77,93]. Across 86 Canadian cities,
urban trees provide human health benefits of approximately $227 M CAD through the
annual removal of 16,500 metric tonnes of air pollutants [58]. Green roofs and green walls
reduce air pollutant concentrations and provide urban cooling [8,54,62,63,75] with associ-
ated improvements to respiratory health outcomes [58,74,76,77,80,81,86,87]. Exposure to
vegetation and forestry systems can contribute to improved postoperative outcomes [152],
reduced mortality from cardiovascular and respiratory conditions [153–156], in addition to
reduced blood pressure, heart rate, and stress; increased parasympathetic nerve activity;
and restoration of immune system response [157–159]. Such applications of NbS support
‘sustainable cities and communities’ (UN SDG 11).

Exposure to cyanobacteria through recreational activities or contaminated drinking
water consumption from eutrophic water bodies has become a growing risk. Water quality
in lakes and rivers can be improved by tree-based intercropping systems, which reduce
reliance on pesticides and fertilizers used in conventional agriculture [88,92]. As recognition
grows of the relationship between landscape fragmentation and the amplification and
spread of disease in human and animal populations [93,160–163], application of NbS
is becoming increasingly important in reducing infectious disease spread by providing
barriers to and habitat for vectors and zoonotic reservoir populations [93]. NbS within
these contexts localize ‘sustainable cities and communities’ (UN SDG 11) and ‘life on land’
(UN SDG 15).

4.2. NbS Nomenclature

Identification has implications for how NbS are understood, adopted, and prioritized.
Terminology influences resource decisions and mainstream implementation. Without
objective systemization of NbS nomenclature, the adoption of and investment in NbS will
be sporadic. To facilitate mainstream implementation, communities and decision makers
need conceptual clarity in evaluating NbS applications to address a range of environmental
and societal challenges across communities.

As this qualitative evidence synthesis of NbS was undertaken, it became apparent
that the terminology can vary, following two different classification streams, as noted in
Section 2.2. The first stream is descriptive, with functional and purpose-driven nomen-
clature. The second stream is aspirational, describing a desired state of being. For the
purposes of this review, common NbS terminology was used and delineated into two
distinct categories. As illustrated in Figure 3, NbS nomenclature can follow different nam-
ing conventions. Descriptive NbS nomenclature is specific and provides an indication
of purpose and function. For example, ‘green walls’ and ‘vertical gardens and greening
systems’ can be used interchangeably to describe NbS shape and type. Conversely, NbS
aspirational nomenclature is vague, fluid, and open to interpretation. For example, ‘liv-
ing architecture’ can include green and growing roofs, green walls, rooftop farms and
gardens, and vertical gardens and greening systems. The aspirational term ‘sustainable
urban drainage systems’ is common in the United Kingdom, where it is used to describe
bioswales, community gardens, green and growing roofs, green walls, street trees, rain
gardens, and urban forests [72,164]. A cross-stream translation between descriptive and
aspirational nomenclature is provided in Table 3.

As a novel contribution of this work, through this key nomenclature categorization,
it is possible to deconstruct the NbS concept and how it is translated across disciplines.
Deconstructing the nomenclature of NbS can facilitate the organization of direct and
indirect impacts, their complexities, and interconnectivity. NbS provide a practical and
accessible intervention to localize the UN SDGs and address societal challenges such as
climate change. This intervention is key to forwarding progress with the UN SDGs in a less
ambiguous fashion than is the current state.
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Table 3. Nomenclature comparison [8,50].

Descriptive Nomenclature Aspirational Nomenclature

Bioswales Biophilic design, Living architecture, Low-impact design, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

Coastal/Inland wetlands Natural infrastructure, Resilient infrastructure, Sustainable landscapes

Community gardens Multi-productive landscapes, Sustainable landscapes

Engineered wetlands Biophilic design, Low-impact design, Regenerative urban design, Resilient infrastructure,
Sustainable urban drainage systems

Forest & vegetation systems Living architecture, Natural infrastructure, Resilient infrastructure, Sustainable
landscapes, Sustainable urban drainage systems

Grasslands Multi-productive landscapes, Natural infrastructure, Sustainable landscapes

Green roofs Biophilic design, Living architecture, Low-impact design, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

Green walls Biophilic design, Living architecture, Low-impact design, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

Growing roofs Biophilic design, Living architecture, Low-impact design, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

Rain gardens Biophilic design, Living architecture, Low-impact design, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

Riparian buffer zones Low-impact design, Natural infrastructure, Regenerative urban design, Resilient
infrastructure, Sustainable landscapes, Sustainable urban drainage systems

Street trees Biophilic design, Low-impact design, Natural infrastructure, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

Tree-based intercropping systems Multi-productive landscapes, Sustainable landscapes

Vertical gardens/greening systems Biophilic design, Living architecture, Low-impact design, Regenerative urban design,
Resilient infrastructure, Sustainable urban drainage systems

4.3. Integration of NbS in Environmental Policy

Without a common typology, integration of NbS in environmental policy and main-
stream implementation will be sporadic. Differences in nomenclature present a unique
challenge for policymakers in whether to adopt NbS as a complex intervention and allocate
resources for implementation. To facilitate the broad implementation of NbS, policymakers
need clear language and guidance to select NbS applications that are most appropriate for
their communities. While there is common agreement that NbS may provide a compre-
hensive mechanism for addressing societal challenges, what has been missing is a clear
understanding of how they function, their characteristics, and the multiple co-benefits that
can be leveraged if strategically applied.

For example, there is no integrated public policy for NbS implementation in Canada;
however, there are explicit linkages between national climate change policy and NbS writ
large. The ‘Healthy Environment and a Healthy Economy’ is Canada’s climate plan that
identifies NbS as an essential component under its ‘natural climate solutions’ pillar [165].
This plan is focused on strengthening climate benefits by planting trees, ecosystem conser-
vation and restoration, and improved management of land and water through dedicated
financial investment in NbS across Canada’s provinces and territories [46].

At the international level, the IPCC has underscored the importance of NbS as a
mechanism for enhancing urban carbon sinks and undertaking ecosystem-based adaptation
to transform the built environment through phytoremediation [166]. In addition, the
IPCC further indicates that NbS, including both green roofs and tree-based intercropping
systems, can create synergies between climate change mitigation and adaptation [167]. The
European Union promotes NbS as a way to enhance natural ecosystem services and protect
biodiversity [168,169]. In the United States, the Environmental Protection Agency narrowly
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defines NbS under the Clean Water Act as an effective mechanism to address stormwater
issues and reduce flood risk [40].

NbS provide a practical and accessible means to address societal challenges such as
climate change. The purpose of this typology is to provide a comprehensive understanding
of how NbS work as a complex intervention, their characteristics, and the multiple co-
benefits that can be leveraged. With a systematic accounting of the applications, functions,
and benefits of NbS, this may stimulate communities and decision-makers to adopt NbS
as a standard intervention. In environmental policy making, tensions can arise between
the availability of fiscal resources, political will, and intentions to protect the environment.
This typology presents an opportunity to create greater coherence and integration of NbS
in environmental policy, while supporting localization of the UN SDGs.

5. Conclusions

Conceptual plasticity and variable nomenclature present a unique challenge in whether
to adopt NbS as a multi-faceted intervention and allocate resources for implementation.
Without a typology to enable a shared understanding, uptake and implementation of NbS
can be erratic. There has been sporadic integration of NbS in environmental policy thus
far. To facilitate widespread NbS implementation, scientists, policy makers, and practi-
tioners need clear terminology to evaluate which NbS applications are most appropriate
in addressing the environmental and societal challenges faced by different communities,
globally. Effective NbS applications address environmental, economic, and human health
challenges. In this work, a novel typology was developed to provide a comprehensive
understanding of how NbS function as a complex intervention, their characteristics, and
the multiple co-benefits that can be strategically leveraged, in order to reduce the ambiguity
that shrouds the current nomenclature. Through objective systemization of applications,
functions, and benefits, NbS can be embraced as a standard intervention to address societal
challenges and support the achievement of the UN SDGs.
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