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Nature-based solutions (NbS) have emerged as a key strategy
for sustainably addressing multiple urban challenges, with
rapidly increasing knowledge production requiring synthesis
to better understand whether and how NbS work in different
social, ecological, economic, or governance contexts. Insights
in this Perspective are drawn from a thematic review of 61
NbS review articles supported by an expert assessment
of NbS knowledge in seven global regions to examine key
challenges, fill gaps in Global South assessment, and pro-
vide insights for scaling up NbS for impact in cities. Eight
NbS challenges emerged from our review of NbS reviews
including conceptual, thematic, geographic, ecological, in-
clusivity, health, governance, and systems challenges. An
additional expert assessment reviewing literature and cas-
es in seven global regions further revealed the following:
1) Local context-based ecological knowledge is essential for
NbS success; 2) Improved technical knowledge is required for
planning and designing NbS; 3) NbS need to be included in all
levels of planning and governance; 4) Putting justice and eq-
uity at the center of urban NbS approaches is critical, and 5)
Inclusive and participatory governance processes will be key
to long-term success of NbS. We synthesized findings from
the NbS review results and regional expert assessments
to offer four critical pathways for scaling up NbS: 1) foster
new NbS research, technological innovation, and learning, 2)
build a global NbS alliance for sharing knowledge, 3) ensure
a systems approach to NbS planning and implementation,
and 4) increase financing and political will for diverse NbS
implementation.

Nature-based solutions | urban | adaptation | cities | review

The increasing impacts of societal challenges in cities—including
climate change, food and water security, health, and biodiver-
sity loss—underline the need for multifunctional solutions that
maximize cobenefits. The majority people, infrastructure, and
economic activity is concentrated in cities, making them the
global locus for social and economic risks as well as opportunity
spaces for solutions. Cities around the world are rapidly invest-
ing in nature-based solutions (NbS) to complement, replace, or
improve upon technological and engineered approaches to
infrastructure-based solutions (1-5). To match the urgency of
climate-related disruptions, costs, and impacts (6), NbS adop-
tion and implementation must be accelerated. Yet, despite the
demonstrated potential of NbS, uptake and knowledge is une-
ven globally (7). Knowledge on NbS in published literature is
geographically biased from the Global North with less known
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from Global South regions (1, 7, 8). Even with proliferation of
literature reviews on NBS, there remains a gap in studies that
assess the state of knowledge in the literature and provide
opportunity to augment insights from non-English literature
and experiences from Global South contexts. Here, we help fill
the gap in Global South knowledge assessment by combining
a review of NbS review papers with a regionally focused expert
review in diverse global regions to identify similarities and dif-
ferences in barriers to NbS adoption and practice while syn-
thesizing critical ways forward for addressing key challenges to
implementation and research.

NbS should be conceived as systemic interventions to
work with nature to address societal challenges (2, 9, 10). Yet,
this inclusive term is viewed differently in various contexts
with varying definitions but can be generally viewed as
actions that restore, conserve, or protect nature to address
societal challenges and may include established approaches
such as ecosystem-based adaptation and disaster risk reduc-
tion, ecological infrastructure, green infrastructure, ecosys-
tem restoration and conservation (11), and natural climate
solutions (12). These nature-based approaches are already
being used in cities around the world to support climate
change adaptation and other strategies because they provide
multiple benefits. NbS benefits include ecosystem services,
or nature's contributions to people, such as stormwater
absorption, air and water quality regulation, urban cooling,
coastal protection, and recreational, health, and quality-of-
life benefits. NbS can also contribute to climate change mit-
igation and sustain or enhance biodiversity (12-15). Indeed,
a large part of the appeal of NbS is their multifunctionality
and potential to address multiple Sustainable Development
Goals simultaneously (2, 7, 9, 16).

The global research communities jointly with policy mak-
ers and practitioners (e.g., [IUCN-International Union for
Conservation of Nature, ICLElI-Local Governments for

CHALLENGES

KEY INSIGHTS

Sustainability) have made a convincing case for the impor-
tance of NbS in such fora as the UN Habitat Il “New Urban
Agenda” (2016), the Intergovernmental Panel for Climate
Change (IPCC) “Cities and Climate Change” Charter (2018),
and the UN Economic and Financial Committee convened
in Nairobi in 2019. Since then, NbS are increasingly prom-
inent in global policy and business discourse on climate
change; being included in landmark synthesis reports by
the IPCC (17, 18), the IPBES (19), World Health Organization
(20), the World Economic Forum Global Commission on
BiodiverCities (14), among others. Despite the rapid emer-
gence of green infrastructure and other NbS strategies in
urban climate adaptation policies and plans, research and
knowledge globally are highly varied with unevenness in
how NbS are applied, their efficacy, modes of governance,
and variable adaptation impact (2, 3, 5, 16, 21).

In this Perspective, we draw insights from a systematic
review of 61 NbS review papers (S/ Appendix, Fig.S1; see
SI Appendix for detail) combined with a global regional expert
assessment of urban NbS practice across seven global
regions (S/ Appendix, Fig.S2) to 1) better connect global
knowledge and strengthen the evidence base for main-
streaming NbS to improve climate change adaptation, 2)
reveal the diversity of applications and challenges that NbS
respond to across different global urban contexts, and 3)
understand where research can better support the needs of
urban practice (including policy, planning, design, manage-
ment, and participation) for improving climate change adap-
tation at the local and regional scale. We discuss eight global
challenges synthesized from the urban NbS review of reviews,
and five key insights which emerged from the regional expert
review process designed to fill regional gaps in published
literature, especially from the Global South. Finally, we distill
four key pathways forward for addressing challenges to bet-
ter mainstream effective NbS research and practice (Fig. 1).

Conceptual

1) Local ecological contextual knowledge is
__________ . critical for the efficacy of nature-based solutions

Ecological -

3) Nature-based solutions need to be brought fully
- into master and comprehensive urban planning

4) Putting social justice and equity at the center of
nature-based solutions approaches is critical

Systems

5) Inclusive and participatory governance processes
will be key to longer-term success of NBS solutions
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—— Expert review confirms this challenge S Expert review confirms and identifies TRANSFORMATIVE PATHWAYS
underlying challenge(s)
Expert review identifies a distinct - Expert review confirms and provides suggestions
nature for this challenge on ways to overcome this challenge

Fig. 1. Comparison of the NbS review of reviews with regional expert assessments resulting in four insights suggesting key pathways forward for advancing
the science and practice of urban NbS. Synthesized pathways are drawn from eight key challenges identified across the global-scale thematic review of reviews
and the five insights from the expert-driven assessment of regional literature and practice. Arrows show linkages where the expert assessment confirms key
challenges and/or identifies opportunities to overcome a challenge such as 1) where findings from the expert review confirms one or several challenges identified
in the high-level systematic review (plain black arrow); 2) where the expert review confirms a challenge and provides further insights through the identification
of underlying challenges (dashed black arrow); 3) where the expert review confirms the challenge and also provides suggestions on ways to overcome it (dashed
green arrow); 4) where the expert review identified a distinct nature of the challenge found in the review of reviews (plain red arrow).
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Key Challenges for NbS Research from a
Review of Reviews

Our thematic review of NbS review papers (S/ Appendix, Fig. S1)
identified 61 review articles on urban NbS which were exam-
ined for key challenges and opportunities for mainstreaming
NbS. We used NbS as our search term to better understand
how the NbS concept is emerging globally in research and
practice (see S/ Appendix, Fig. S1, S| Appendix for detailed meth-
ods, and summarized review of NbS review results in S/ Appendiix,
Table S1). Overarching questions guiding the review of reviews
included: 1) What are the social challenges for implementing
NbS in cities? 2) What are the ecological challenges for imple-
menting NbS in cities? 3) What are the opportunities for future
research and practice of NbS in cities? These questions were
framed to assess key knowledge gaps important for advancing
research and practice of NbS in cities. We focus here on points
of overlap and agreement, highlighting also differences in key
findings, to identify critical challenges needing addressed to
enable the full potential of NbS.

Results from the thematic analysis of all review articles yielded
a series of synthetic social, ecological, and knowledge challenges
important for advancing research, mainstreaming implementa-
tion, and scaling up NbS practice (S/ Appendix, Table S1). Each
challenge highlights the need for science-policy interactions to
advance knowledge and practice of NbS. Eight cross-cutting
global urban NbS challenges emerged, including:

Conceptual Challenge: NbS is widely framed as an umbrella
concept that brings together disparate but related research and
applications of urban forestry, green and blue infrastructure,
urban agriculture, ecosystem services, ecosystem-based adap-
tation and disaster risk reduction, and sustainable urban water
drainage systems (5, 22, 23). NbS is thus the source of confusing
and lengthy debates over its definition(s), and the question of
whether it serves to divide the academic and practice commu-
nities further or unite them remains open. Reviews show that
some argue for NbS to encompass any solution that utilizes
ecosystems to address societal challenges, whereas others
argue for a narrower definition (24, 25). Others still argue that
breadth of conceptualizations might not be a problem in and
of itself, rather we should pay attention to implication of various
NbS-related terms and definitions in practice.

Thematic Challenge: Research on NbS has recognized their
efficacy across social-ecological urban system challenges
(23), though these aspects are not evenly researched. There
is general agreement that a large majority of NbS research
focuses on water-related challenges, especially flooding (25,
26). There is increasing attention to urban heat exposure
globally, but there are relatively fewer scientific advances
putting NbS into practice for other climate and weather-
related threats, such as drought and air pollution (5, 27-33).
Several reviews highlight how certain types of NbS studied
in the Global North are less relevant for the Global South
(34). Such disparities in NbS research directly relate to wider
variations in the uptake of NbS across disciplines. Though
disciplines such as urban planning, design, ecology, and con-
servation biology have strongly engaged with the concept of
NbS, knowledge coproduction across a wider array of disci-
plines and beyond science is needed to shift toward interdis-
ciplinarity and transdisciplinarity (26).

PNAS 2025 Vol. 122 No.29 e2315910121

Geographic Challenge: NbS research epicenters are mainly
in Europe and the United States (25, 33, 35). The Global South,
including parts of Asia, Africa, and Latin America and the
Caribbean (LAC) are newly emerging in the literature as con-
texts for NbS application, replication, scaling, and monitoring
(36). However, most reviews highlight a strong geographical
bias in knowledge production, as well uneven distribution of
evidence of efficacy and social-ecological performance of NbS,
which hampers implementation and wider adoption. Global
South cities were often noted as locations of knowledge gaps
(27, 34, 37), with regionally appropriate knowledge generally
scant on how to adapt local NbS to larger scales (38).

Ecological Challenge: Research on NbS often focuses on their
design yet fails to quantify their performance, particularly in
relation to climate adaptation and resilience (39). An ecological
relevance gap mirrors the geographical challenge with a pre-
ponderance of evidence originating primarily from northern
hemisphere biomes at the expense of other regional ecolog-
ical knowledge (27). Another dimension in the ecological chal-
lenge is the dominance of studies on terrestrial NbS with
relatively limited research on aquatic and marine NbS and
their cobenefits (34, 36). Additionally, review studies noted
little evidence on comparative benefits between native and
nonnative plants for NbS design (40), though recent assess-
ments note that contributions of invasive species to people
are largely negative (41, 42). Additionally, while urban trees
and their role in climate adaptation and mitigation is com-
monly researched, there are disagreements over ways to max-
imize benefits especially regarding their spatial distribution
and the scale of beneficial impacts (43).

Inclusivity and Justice Challenge: The most prominent societal
challenge facing NbS is how to center justice and make inclu-
sive planning for NbS a standard practice given limited partic-
ipatory urban planning and governance (23, 24, 26, 32, 44-53).
This challenge was emphasized in reviews noting needs for
socioecological justice considerations in NbS planning. Though
global studies emphasize different aspects of NbS features
and their implementation, our thematic analysis suggests a
need for incorporating aspects of gender inclusion in planning
and governance of NbS (37). Generally, there is wide agree-
ment over the need for more research on justice aspects and
processes of NbS, notably on local community participation
to address potential trade-offs for marginalized and disadvan-
taged groups (46). However, particular aspects of justice like
ecological or multispecies justice are inconsistently researched,
notably because benefits are often assumed (54, 55).

Health Challenge: There is strong evidence on the positive
public health outcomes from engaging with nature and bio-
diversity and from living near urban green spaces in cities (44,
47, 56-62). This is further supported by positive benefits of
NbS on human well-being (47, 63) from engaging with garden-
ing and urban agriculture in general (22, 63) and employing
NbS to lower health risks and vulnerabilities (30). Yet, despite
evidence on such positive impacts of biodiversity, researchers
also report inconsistencies that require attention (59, 64). For
example, the relationships between NbS, plant diversity, cli-
mate change, and human psychology require more research
(39, 64). Studies that examine different types of NbS and their
role in positive physical or mental health outcomes are needed
to elevate NbS as critical health infrastructure in cities.

https://doi.org/10.1073/pnas.2315910121
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Governance Challenge: Governance challenges include the
limited uptake of NbS in urban planning, limited project-
based planning, and siloed approaches in planning practices
(23,31, 53, 65, 66). There is related inconsistency in science-
policy integration and knowledge transfer at strategic and
urban planning levels (26, 48, 56, 59, 63, 66-68) as well as
limited evaluation of how NbS generate or contribute to
financial benefits (69). In regions such as Africa, both formal
and informal decision-making structures exist within govern-
ance. The former are supported by policies and legal frame-
works; the latter are based on unspoken agreements and
invisible power dynamics and are therefore more complex
to grasp (70). Further, cross-scale and cross-sector urban
planning, such as in the case of blue-green infrastructure and
food-water-energy nexus planning, is often nonexistent or
lacking integration (38, 71).

Systems Challenge: A fundamental science challenge is
that urban NbS are not evaluated or planned as social-eco-
logical-technological systems (SETS) solutions despite being
embedded in diverse urban contexts requiring integration
with critical infrastructure, social practices, and functioning
ecosystems to be effective (72-74). NbS are still mostly stud-
ied for their ecological functions, although increasing atten-
tion is paid to their social contexts. To date, NbS research
and practice continue to overlook critical technology and
infrastructure relationships that may underpin effective
NbS, thus driving implementation and management in a
fragmented way (5, 23, 26, 45, 49, 75).

Five Key Insights for Contextualizing NbS
Research and Practice from a Regional
Expert Assessment

Our regional expert-driven assessment leveraged NbS
experts located in, and with diverse knowledge from, seven
global regions. We sought input from a range of global
regions to compare insights and help fill the gap in Global
South knowledge assessment that builds on regional litera-
ture, experience, and expert knowledge. Detailed methods
on how experts were chosen, questions guiding regional
assessment, and how five key insights were drawn from the
results are detailed in S/ Appendix, supporting text, Fig. S2,
and Table S2). The regional expert assessment was designed
to help address the Global North bias in published NbS lit-
erature (7) which not only augments findings from the NbS
review of reviews but yields further, regional insights.
Synthesis of how the presented challenges and opportuni-
ties relate across both review approaches is discussed below
and summarized in Fig. 1, as well as S/ Appendix, Fig. S3.
Regional expert assessments (S/ Appendix, Table S2) show
that even though the review of review findings provided
strong evidence for synthesized key challenges (S/ Appendix,
Table S1), actions to tackle them require regional insights to
ensure fit-for-context methods, approaches, and strategies
to advance the knowledge and science of NbS. Below, we
synthesize five key Insights which emerged through strong
overlap in the regional assessments. For each insight we
briefly include the most evident regional examples and key
literature, focusing primarily on Global South insights,
though synthetic insights from all regions are highlighted in
Sl Appendix, Table S2.

4 0of 10 https://doi.org/10.1073/pnas.2315910121

Insight 1. Local Ecological Contextual Knowledge Is Essential
for Effective NbS. Although the adoption of NbS for climate
adaptation and resilience is widespread globally, effective
NbS function in any given location depends on a diverse set
of social, ecological, economic, and infrastructural factors
(5, 16, 76). For example, early tree-planting campaigns in
water-stressed cities have been conducted with insufficient
allocations for irrigation resulting in tree stress and mortality
during times of drought (77). Such cases demonstrate the
critical need to match NbS to the local ecological context for
NbS to be sustainable and effective in delivering multiple
benefits. This matching implies that NbS design and siting
need to ensure that any NbS can be ecologically resilient
themselves and not produce unintended trade-offs (21, 78,
79). Ecological relevance of any NbS can often come down
to understanding which native species (and their traits) are
most relevant to a specific area, also as climate change may
cause range shifts (80) stressing species’ ability to adapt and
thrive in NbS designs (17).

Currently, NbS tend to be conceptualized in the Global
North and replicated in the Global South, which ignores dis-
parities in ecological and socioeconomic contexts (34, 46).
For Indian cities, Gajjar et al. (81) warns against path depend-
ency leading to maladaptation. This concern emphasizes the
need to reimagine NbS and locally test solutions that foster
learning within and between cities to avoid maladaptation,
such as focusing on indigenous plant species in urban green
spaces, sourcing of climatically suitable genotypes, orimple-
menting with community institutions that understand local
cultural and social norms. The development of NbS needs to
consider not only ecological contexts but also ensure that
NbS are integrated into the local infrastructure and cultural
context. As NbS are being deployed across most biomes, they
are being used for different purposes, which require more
networked and local knowledge to share successes, report
on failures, and advance the efficacy of NbS (82).

In LAC countries, NbS research has often focused on envi-
ronmental factors influencing implementation and the role
of ecosystems in supplying local ecosystem services (50, 82).
Yet, LAC has 178 ecological regions representing more than
50% of the planet's biodiversity (83). Regions require more
extensive ecological and social research to address uncer-
tainties on localized impacts to develop more effective NbS.
For instance, Rodriguez-Dominguez et al. (84) listed 520
examples of constructed wetlands in the region. Yet, without
comparable evidence from cities of diverse sizes, biomes,
resilience challenges, and governance structures, knowledge
gaps will persist and may impede effectiveness of NbS imple-
mentation. Drawing on examples from the Global North
often has limited relevance because of socioenvironmental
differences, thus cross-comparative research on the effec-
tiveness of types of NbS across climate zones within coun-
tries is a critical need (85).

Indigenous, local and traditional knowledge in many coun-
tries of the Global South (as in the Global North) is essential
to providing a core foundation for the relevance and practice
of NbS (86, 87). In South Africa, historical planting practices to
stabilize mobile sand—whether by public agencies or private
individuals—demonstrate how remnant nature can serve as
a critical enabling force for multiple benefits (88). In Lilongwe
(Malawi) and Addis Ababa (Ethiopia), plans for the protection
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and restoration of urban natural assets have been successfully
translated into action through the development of urban
parks on restored riverbanks (86). However, where such exam-
ples exist, they are often buried in institutional reports and
gray literature rather than in globally accessible sources.
Often, cases from the Global North can be contextualized
inappropriately in the region and locally devised cases remain
a critical need. Across Africa, there is need for evidence drawn
from NbS-related practices since the region needs clarity on
NbS efficacy under diverse conditions and additional research
to understand ecological, social, and economic outcomes (89).
Additionally, informal settlements are important contexts
within the Global South where NbS can prove valuable, but
Global North evidence is little help in guiding application in
these areas. Urban tinkering (90), an innovative approach to
planning and service delivery, one that is tailored to specific
needs of local city challenges, such as informality, have
recently been piloted in Lilongwe, Malawi (86).

Insight 2. Improved Technical Knowledge Is Required for Planning
and Designing NbS. Despite mounting evidence of opportunities
for NbS in technical and economic development around the
world, NbS have been underappreciated in urban planning and
design. Regional experts argue that causes of this challenge
relate to the limited ways through which scientific knowledge
becomes available, accessible, and operationalizable to urban
planners and city engineers. This notably concerns technical
learning from small-scale pilot NbS being neither documented
nor transferred to other areas or contexts for informing
implementation (21, 31, 48). The lack of technical knowledge
and skills in cities directly affects NbS design, implementation,
and management (2, 31, 32) and the way multiple benefits
can be monitored (23, 48, 75). Civil engineers and designers
may need to be taught to integrate nature into their designs.
Further, gaps in empirical evidence, data, and indicators of NbS
functioning prevent accurate parameterization and validation
of models and development of future scenarios (38, 91).

In Asia, for example, there is a growing body of imple-
mented NbS projects that is largely dominated by low-cost
solutions—especially in informal settlements—but learning
remains insufficiently documented. Across regions, cities
need to invest in upgrading the competencies of urban plan-
ners to support evaluation and monitoring schemes for NbS
that will generate the evidence base needed to inform stra-
tegic plans and impactful NbS projects. In Africa, town plan-
ners traditionally use spatial development frameworks and
land-use plans to identify key natural assets and make
infrastructure-related decisions. To build resilient cities and
prevent urban encroachment on open green spaces, inno-
vation is required that shifts the focus from demarcating
natural assets on land-use maps to using nature as a central
tool to guide city planning.

NbS implementation, however, is not typically initiated from
a system or transdisciplinary perspective. In LAC, there is per-
sisting need to bridge diverse perspectives to consider multiple
forms of NbS that can be integrated into design and planning
approaches (50). In addition to the lack of training and knowl-
edge of stakeholders and decision-makers, there is a shortage
of local design guidelines because NbS are not typically the
focus of local engineering and planning curricula (32, 92). Yet,
there are important enabling forces for NbS implementation
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in LAC communities. These forces stem from collaborations
with grassroots and other nongovernmental climate mitigation
initiatives (93). For example, a consortium of public, private,
academic, and community members in the city of Valdivia,
Chile, has codesigned and gained support for green infrastruc-
ture projects (94). In Colombia, collaborative and participatory
projects have brought interdisciplinary teams together with
local and international universities, such as in Moravia, a neigh-
borhood in Medellin, Colombia (95) and Altos de la Estancia in
Ciudad Bolivar in Bogota, Colombia. In all regions, shifting
toward transdisciplinary approaches that leverage distributed,
nature-based approaches will remain dependent on adequate
expert training, job creation, and skill development, as well as
the commitment of political actors and governance mecha-
nisms to enable NbS implementation.

Insight 3. NbS Should Be Included in All Master and Comprehensive
Urban Planning. Upscaling NbS remains scarce due to their
limited uptake in urban planning. The regional assessment
shows that urban planning needs to strategically prioritize
NbS for urban resilience and to integrate urban biodiversity
into urban planning projects and programs (29, 61, 67, 96).
Barriers for scaling up NbS include the inability of urban
planners to capitalize on social and policy learning from NbS
that have been already implemented to devise strategic plans
for city-wide or regional upscaling. Additional barriers include
lack of systematic monitoring and evaluation schemes for
assessing the multiple benefits of urban NbS (97). Thisin turn
blocks information flows and evidence for making a business
case for NbS critical for scaling up implementation (38). In
some Global South contexts, the term NbS is increasingly seen
as problematic and is actively resisted due to its potential
to stimulate greenwashing practices, reinforce legacies of
oppression, or to negate rights to land tenure (98, 99).
Globally, successful NbS projects that can serve as models
for upscaling NbS through planning remain isolated. Limited
evidence-based planning highlights an overall lack of city-
scale empirical evidence on the combined economic and
noneconomic benefits of NbS (100). Fragmented, siloed
urban planning approaches undermine system-thinking
approaches that are necessary for effective NbS. For example,
in India, NbS are primarily implemented through project-
based interventions, with few cities considering NbS com-
prehensively in their master plans. The Green Highways
Policy in India is a useful, though isolated, case of a city-wide
initiative for environmental compensation mechanisms inte-
grated into infrastructure planning and coupled with liveli-
hood generation (101). Yet, national policies such as the Atal
Mission for Rejuvenation and Urban Transformation or the
Smart Cities Mission tend to focus on infrastructural and
technological solutions (81, 102). Indian cities also face inad-
equate decision-making and financial devolution to urban
local governance bodies that together with time scale mis-
matches between mayoral terms and long-term planning
horizons may hamper innovative NbS-related climate action
(103). Yet in China, the design of “sponge cities” through
green infrastructure approaches for urban stormwater man-
agement is expanding (104, 105). Despite limited evidence
and experience with NbS under diverse local conditions,
China has followed a learning-by-doing approach to pilot
projects in selected cities and thereby created opportunities
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for NbS upscaling. Sponge city programs have not only show-
cased the efficacy of NbS but also the need for urban plan-
ning practitioners to better integrate engineering designs
into onsite, low-impact development practices while meeting
urban policy goals (106).

The regional assessment finds that fragmented govern-
ance structures fundamentally impede comprehensive urban
planning. In LAC, as many national and local governments
turn toward climate action in urban planning initiatives, the
framing and acknowledgment of NbS for climate resilience
is still limited. Climate adaptation plans are typically adopted
at national levels (107). However, several LAC cities have
begun to adopt the concept of NbS and integrate it into urban
and regional planning for biodiversity preservation, including
in Sdo Paulo, Brazil and Lima, Peru (108, 109). Still, since most
NbS projects are isolated, it remains difficult to scale-up plan-
ning and adopt connectivity approaches at larger scales or
in more densely populated areas, including in informal set-
tlements (27, 49).

Insight 4. Putting Justice and Equity at the Center of Urban NbS
Approaches Is Critical. Globally, there is limited experience
in urban planning and development with designing and
implementing NbS to deal with social challenges such as
legacies of discrimination and segregation that are both
historically driven and continue to structure urban life (54, 110).
Socioeconomic dimensions and context are underexamined
in NbS research to date, and unappreciated in the role they
play in the effective implementation of NbS (53, 111). Similarly,
ecological research on NbS often pays limited attention to
social dynamics and issues of equity, justice, global power
imbalances, and distribution of benefits across communities
(5,49, 53).

In LAC, there is a need for more systematic involvement
of community stakeholders in formal decision-making to
measure the cultural and economic value of NbS (50) and in
planning and implementation procedures (93). Highlighting
the financial and social benefits, as well as understanding
possible unintended tradeoffs, is important for the integra-
tion of NbS into future planning. In the context of informal
settlements, there is evidence of NbS providing important
socioeconomic benefits to residents but also of having repro-
duced patterns of environmental injustices where participa-
tory processes have been weak (112). A key gap in LAC is
limited study of the equitable distribution of NbS benefits in
communities and the relationship of NbS with community
vulnerability and social equity (49). Ultimately, NbS should
neither be designed nor managed to operate in isolation
from its social context but rather as part of place-making
approaches to transform places, spaces, mindsets, and social
relations simultaneously.

In Africa, engagement with communities for planning NbS
is time-sensitive and time-demanding. This is especially the
case where poverty and service delivery direct responsive
action alongside histories of dispossession, sociopolitical
instability, weak governance, and corruption that hinders
policy implementation (89). Experiences from South Asian
cities further point to the inadequate engagement with citi-
zens and the corporate sector to increase interest and fund-
ing for NbS (100). However, the high degree of informality in
these regions can allow for a degree of civic engagement in
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NbS generation that presents opportunities quite different
from those in the Global North.

Though we primarily focus on Global South insights, equity
and justice concerns in NbS projects have emerged as a major
challenge in the Global North. In North America, NbS are being
widely deployed across cities, particularly through green infra-
structure programs, urban tree planting campaigns, and wet-
land restoration. Yet, despite calls for more inclusive planning
processes, cities still fail to adequately include equity and
justice in urban planning for green infrastructure and related
NbS (98, 110). Historical injustices remain pervasive in the
United States with cities marked by large inequalities in access
to green amenities (113, 114), with a major concern about
gentrification from “green” redevelopment (115). Green infra-
structure planning efforts operate in the context of long run-
ning structural inequalities driven by racist and classist
planning practices and prior efforts for urban improvement
and renewal (116). Additionally, industry in the United States
continues to have an outsized voice in environmental policy
and planning (117). More recently, federal US policies such as
Executive Order 14008 require federal agencies to analyze the
impacts of their decisions on communities in relation to envi-
ronmental justice (118). This presents the potential to shift
NbS planning to be more inclusive, a prerequisite for bringing
equity and justice into NbS planning and policy. Still, research
is making clear that for NbS to be transformative, dedicated
resources for participation should be made available along-
side the creation of governance systems that include local
communities. Such approaches have started to take shape in
participatory budgeting processes and could be expanded for
NbS (119).

Insight 5. Inclusive and Participatory Governance Processes
Will Be Key to Long-Term Success. Globally, NbS are largely
implemented through efforts led by federal and local
governments creating programs that invest in climate
adaptation and urban biodiversity (65, 96, 110, 111). Regional
insights agree on the need for inclusive NbS governance.
There is strong push from government in terms of agenda
setting and investment of NbS occurring across regions that
needs to be diversified for inclusive NbS governance. For
example, in the European Union, a significant amount of
financial investment has gone into research on the innovation
potential of NbS as demonstrated by the review conducted
by NetworkNature (120, 121). Although regional and national
government action on NbS is desirable, involvement and
investment from a wider diversity of actors is vital for long-
term NbS impacts and integration into broader develop-
ment efforts (e.g., beyond climate or biodiversity-focused
strategies).

Inclusive governance for NbS needs to become standard
practice rather than a requirement (110, 122) to ensure the
delivery of multiple benefits and to alleviate rather than exac-
erbate issues of segregation and unequal access to NbS ben-
efits. However, as the number and diversity of stakeholders
increases in such participatory processes, potential for con-
flict can also increase. While there are good practices in many
NbS cases that illustrate the advances and benefits of a mul-
tisectoral collaboration for their implementation, inclusive
governance for NbS is far from standard practice in many
regions, e.g., in the United States (110). Governing NbS
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inclusively means including multiple knowledge, including
indigenous knowledge, in designing and implementing NbS
and incorporating local customs and the role of community
(31,33, 55, 122). Examples from practice all around the world
point to inclusive governance approaches that could be rep-
licated. In Europe, the project NATURVATION identified step-
ping stones to tap into the potential of NbS for more inclusive
cities, including in Spain and Hungary (123). In South Asia,
recent lessons can be drawn from urban lake restoration
efforts in Indian cities, such as the Mansagar Lake in Jaipur,
and Kaikondrahalli Lake in Bengaluru, recognized for their
multiple provisioning services and recently restored using
diverse approaches with local communities. These examples
show the potential to improve uptake, sustainability, and effi-
cacy of NbS within more inclusive governance structures (31).

Finally, there is a misalignment of regulatory governance
atlocal, national, and global levels for NbS. Additional barri-
ersinclude fragmented environmental policies and the need
for coordination of actors at different levels of governance
for climate adaptation and biodiversity conservation (68).
The expert assessment shows common misalignment of NbS
governance mechanisms between local, national, and global
levels. For example, urban planning in LAC has historically
been hindered by ineffective governance, weak regulatory
structures, lack of transparency, and a focus on economic
and political concerns where the needs of the private sector
are prioritized, often at the cost of urban green spaces (124,
125). There are often mismatches or tensions among stake-
holders, such as between top-down governmental agendas
for conservation and local, municipal needs for housing
(126). There are considerable blind spots for designing and
planning NbS for informal settlement conditions (27). This is
particularly visible in the context of informal and unplanned
urbanized areas where NbS development can enhance land-
use conflicts (27, 126).

Four Pathways for Advancing the Science and
Practice of NbS in Cities

The comparison of the regional findings above with the the-
matic review of reviews show results of both processes largely
converge and confirm the wide range and complex nature of
challenges that currently impede the proliferation and main-
streaming of NbS worldwide. Regional insights open avenues
toward better understanding of the causes of several key
global challenges (“underlying challenges” Fig. 1 dotted black
arrows) and evidence of mechanisms that can be putin place
to address critical challenges for NbS research and practice.
Furthermore, regional experts highlighted distinct ways to
understand some local and regional challenges (“distinct
nature for this challenge” Fig. 1 red arrows) that remain under-
studied and were not drawn from the review of the reviews.
Synthesizing results from both review processes and compar-
isons of key findings we suggest four critical pathways forward
for advancing the science and practice of NbS in cities.

Pathway 1. Foster New NbS Innovation and Learning. Many
NbS experiences from the Global South suggest that often
simple solutions leveraging indigenous, local and traditional
knowledge can far outpace the performance of those imported
from other Global North contexts. By looking back at these
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solutions, often unwritten, forgotten, and passed on verbally
through generations, urban NbS could find new innovations
grounded in traditional, practical, place-based, and indigenous
knowledge to examine what could work in a variety of urban
contexts including modern rapidly growing cities. Recognizing
these knowledge already as NbS and bringing them forward
in new NbS practice can help revolutionize NbS projects. Yet,
technological advances also hold great potential for improving
the context specificity and fit of NbS in diverse regions. The
advent of big data, robotics, and augmented computer
capabilities offer the unprecedented ability to collect, analyze,
and synthesize vast amounts of environmental, social,
and climatic data to drive context appropriate urban NbS
applications (127, 128). Al and new analytical tools hold promise
for boosting the ability to model and predict complex systems
including NbS and their interplay with social, climatic, and
environmental factors and potentially increase our confidence
when attempting to extrapolate outcomes to other urban
areas. Engaging with both diverse knowledge and emerging
technologies creates opportunities for evaluation and improved
precision and effectiveness in NbS implementation (79).

Though current NbS research is relatively deeper in the
Global North, literature as well as the regional expert review
points to the need to carefully examine which types of NbS,
and which practices for planning and governance may be
suitable for Global South contexts, and vice versa. Taking a
pluriversal epistemology can be a way forward for under-
standing how “nature” is perceived and valued to better lev-
erage NbS to address urban challenges in the Global South.
Such approaches can include social learning through code-
sign, cocreation, and cogovernance approaches such as
through Living Labs, which have been expanding beyond
proliferation in European cases to LAC (61). These more inclu-
sive approaches can open the dialog and learning from these
cities and geographies and will offer opportunities for differ-
ent types of NbS to emerge and to systematically study and
inform research and practice globally.

Pathway 2. Build A Global Alliance for NbS. To build a strong
evidence base for the efficacy of NbS for climate adaptation
and resilience, different researchers and disciplines engaging
with research on NbS need to operate in a collaborative and
integrated way weaving in different types of knowledge.
Professional organizations (national, regional, or global)
may be better positioned to support practice. To achieve
this, greater regional and national government investments
in the implementation, monitoring, and evaluation of NbS
systems would need to create platforms in which cities could
learn about different types of NbS and how they could be
best governed. Such a pathway may vary regionally but can
have coordination flows through a network of networks
approach for NbS such as those that exist within ICLEI, C40,
World Bank, UNEP, NATURA, OPPLA, and Cities with Nature.
Long-term funding is needed to support such networks for
knowledge sharing and alliance building, which will need to
be financed by diverse mechanisms from research funding
bodies to governments and philanthropy. In a post-COVID
era where networking opportunities are increasingly digitally
facilitated, enabled collaboration at a global level can help
level the knowledge geography challenge, though internet and
electricity supply limitations can hamper inclusion of Global
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South scholars. While challenges remain on the effective
NbS knowledge and practice transfer, mainstreaming NbS
will benefit from new ways of bridging diverse knowledge
especially concerning climate knowledge and stressors, such
as the creation of NbS climate-analogs and global NbS Climate
Labs (21). The creation of shared platforms for real-time data
sharing could significantly improve models and predictions of
the environmental benefits that NbS can provide (91).

Pathway 3. Ensure a Systems Approach to Underpin Efficacy for NbS.
Systematizing the knowledge of NbS is required at regional and
global scales to understand which NbS types, planning practices,
and approaches for their application and implementation are likely
towork across different geographies, social, economic, ecological,
and infrastructural contexts (122). NbS are complex, just as the
urban systems they are embedded within, and so interdisciplinary
and transdisciplinary systems approaches are needed to ensure
NbS can reliably meet the climate, health, and sustainability goals
they are designed to address. Multiple review and perspective
articles have noted the challenges of mainstreaming NbS and the
need for more systemic understanding and governance of their
social-, ecological-, and technological-infrastructure dimensions
because designing, planning, or managing dimensions of NbS in
isolation fundamentally neglects critical subsystem interactions
that influence their efficacy across multiple scales (5, 73). This
will require a systems approach for NbS design, planning,
management, monitoring, and evaluation (5, 73, 129) as well
as evidence gathering to build a compelling economic, health,
biodiversity, and climate adaptation case for nature in cities with
and through NbS (35). The SETS framework holds promise for
ensuring that diverse dimensions and feedbacks of NbS are
considered from planning to evaluation (73).

Pathway 4. Finance Diverse NbS Types and Approaches to Drive
Urban Climate Innovations. The experience from research and
practice on NbS should be supported with funding while also
targeting divestment from other gray solutions (or high-
carbon solutions). However, numerous institutional and
financial barriers still exist in relation to access to funding,
cost forecasting, taxation and incentives, and transaction
costs (69, 130). Innovative options include market-based
mechanisms that account for public good benefits, such as

S AwWN =

Panel on Climate Change, H.-0. Pértner et al., Eds. (Cambridge University Press, 2022).

through tax credits, property tax relief, bids, NbS-bonds, and
sustainable finance initiatives related to climate change, as
well as other economic, financial, and regulatory instruments
that could offer greater opportunities for NbS buy-in
(69, 131). If properly designed, these tools can be mechanisms
for reduced public expenditure. These options can also help
advance business-led opportunities for NbS implementation
at scale dealing directly with financial governance challenges.
Additionally, funding is needed to increase staff in relevant
city agencies and to develop curricula within academic
institutions to improve training on NbS. Improving education
and research resources can help showcase how NbS, through
their diversity and proven efficacy, can help drive other forms
of urban innovations (132). Finally, while diverse financing
options are critical to scaling up NbS implementation, there
is also a need for improved knowledge on the costs and
benefits of NbS over the longer term, emphasizing the
need to bring life-cycle approaches into NbS evaluation and
monitoring.

We assess global urban NbS knowledge with the aim of
addressing NbS knowledge gaps, including in relation to the
conceptual and epistemological dimensions, and application
across different geographies in order to strengthen the evi-
dence base for the mainstreaming of NBS, including in cities
of the Global South. We suggest four key pathways for
advancing the frontier of research and practice on urban NbS
to help unleash the full potential of NbS to shift urbanization
trajectories from vulnerable to resilient ones. Filling knowl-
edge gaps, strengthening political and administrative frame-
works, creating more equitable and inclusive processes, and
changing regulatory and planning systems are critical to open
windows for transforming urban systems through NBS.

Data, Materials, and Software Availability. All study data are included in the
article and/or S/ Appendix.
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