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Building Resilient Cities: The Role of Nature-Based
Solutions in Urban Planning

Introduction

Nature-based solutions (NbS) have the potential to achieve mutual benefits for people and nature

by reducing CO2 emissions, creating green jobs, unlocking approximately 10 trillion USD of business
opportunities, and lowering biodiversity loss by 50% (International Institute for Sustainable Development,
2021). One key aspect of NbS is their ability to address urban challenges holistically, offering nature-
integrated solutions that provide layered ecosystem services and human health benefits while addressing
environmental issues and supporting urban growth. There is a need to begin mainstreaming NbS in urban
planning policy with a goal of implementing long-term climate resilience by involving local communities in
participatory approaches.

NbS can be divided into three primary categories: restorative solutions, which prioritize restoring degraded
ecosystems, adaptive solutions, which integrate NbS into existing infrastructure, and transformative
solutions, which aim to implement changes in policy to mainstream NbS (Welden et al., 2021). Additionally,
Sowiriska-Swierkosz & Garcia (2022) describe NbS as initiatives that are influenced and powered by

nature, address or solve societal problems, provide numerous services/benefits, are highly effective and
economically beneficial, and are context-specific.

Nature-based Solutions (Nbs) are natural processes,
developed or modified, to address human-based
environmental issues (e.g., managing storm water runoff
with rain gardens)

Ecosystem Services are benefits to humans that are derived
from natural systems (e.g., using trees to shade homes and

reduce indoor temperatures to replace or reduce the use of
air conditioning)

To realize the full transformative potential of NbS, there is a need to recognize their multi-functionality,
economic benefits, and need for scalability. We posit that by integrating NbS into existing infrastructure,
enhancing collaboration, fostering public-private partnerships, and engaging communities, NbS can
produce transformative policy changes. Furthermore, the accompanying Sankey diagram (Figure 1,
interactive Sankey diagram available online https://public.flourish.studio/visualisation/19906715/)
provides a visual of the interconnected benefits of NbS and how ecosystem services can be amplified

to maximize them. The Sankey diagram can serve as a decision-making tool for practitioners and policy
makers to identify and/or justify interventions that span multiple sectors. Additionally, the diagram aids in
linking the benefits for diverse stakeholders (water management, transportation, health, biodiversity, etc.)
and the need for involving communities and multiple sectors in their planning.
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Figure 1. Sankey diagram of potential nature-based solutions (left side) and ecological
benefits provide (right side). Interactive diagram available here: https://public.flourish.
studio/visualisation/19906715/. Diagram developed by E. Blondell using Flourish template.

NbS are increasingly relevant to urban planning as cities face the various consequences of a changing
climate (floods, heatwaves, storms, droughts, etc). Urbanization is projected to escalate (68% of the
world’s population will be living in urban areas by 2050), and these issues will intensify, threatening food
security, human health and well-being, and economic security (World Bank, n.d.). Whereas traditional
grey infrastructure only supports one concern at a time (i.e., roads or water systems), we can harness the
mutual benefits of NbS into a pathway towards sustainable and green growth. Nature-based solutions
provide an array of ecosystem services and are cost effective alternatives to gray infrastructure. In fact, NbS
could mitigate over 11,000 Tg CO2e per year at a cost of less than $100 per ton, with over 4,000 Tg CO2e
mitigated for less than $10 per ton. This would more than offset the approximate 7,000 Tg CO2e of yearly
emissions from the global transport sector, all while preserving food security and biodiversity (Griscom
et. al., 2017). For example, Philadelphia’s city-wide Green City, Clean Waters program is projected to
save the city $8 billion over a twenty-five-year implementation period, compared to the traditional gray
infrastructure required by the U.S. EPA in an agreement created to control the city’s stormwater. By
investing in NbS, we can address climate challenges while fostering resilience and sustainability.

Moreover, environmental challenges that accompany growing cities disproportionately impact
disadvantaged and marginalized communities. Since NbS engages multiple stakeholders, disenfranchised
citizens can be involved in their realization. This approach would create stewardship for locations co-
created and vetted through and with the community (Hunter, 2011). Successfully implementing NbS also
encourages an institutional approach, prioritizing inclusivity and advancing equity and justice throughout
the planning cycle, ensuring that the benefits of these solutions are shared fairly across all demographics.
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Place-Based Approaches and NbS

Urban areas function as interconnected socio-ecological systems where human and environmental needs
must be balanced for best results. NbS must address both ecological functions and human needs. According
to Morgan et al. (2024), place-based approaches like the Guided Transformation (GT) framework can guide
communities in navigating these complex systems by integrating ecological and social perspectives. Utilizing
these practices ensures that NbS are designed not only to enhance ecological resilience but also to meet the
diverse needs of urban populations, fostering sustainable and inclusive growth.

The GT framework is guided by the following principles:

* Inclusive decision-making by involving diverse stakeholders at different scales to ensure all
perspectives are considered.

e The co-creation of a shared goal for the future, based on the values and aspirations of the community
to ensure alignment with local priorities.

e Embracing change and uncertainty by implementing interventions that are dynamic and can adjust to
the evolving nature of socio-ecological systems.

e Promoting capacity building and contributing to long-term ecological and social resilience.

To illustrate the effectiveness of place-based approaches, landscape architecture firm SCAPE designed

an 11-acre estate in the Hudson Valley drawing inspiration from the region’s natural landscapes. By
integrating contemporary art into the property, reorganizing circulation, enhancing existing natural features,
and restoring local grassland ecosystems, the project creates a space that simultaneously respects and
protects the local environment while fostering meaningful human interaction with nature.

Similarly, Biohabitats uses a place-based approach to ecological restoration, conservation planning, and
regenerative design which integrates NbS to strengthen urban resilience. Their projects focus on restoring
degraded ecosystems, enhancing water management systems through stormwater conveyance, and
developing landscapes that function as part of the surrounding natural environment. By prioritizing local
ecological contexts and cultural contexts, Biohabitats ensures its solutions are adapted to the distinct
needs of each site, reinforcing the multi-functionality of NbS. Their work demonstrates how cities can
embrace nature to address environmental challenges while fostering social and ecological well-being.

NbS can support local job creation by fostering workforce development in installation, operation, and
long-term maintenance, possibly more than gray infrastructure, which favors larger businesses. Practically,
these interventions can involve training programs that equip residents with competencies and knowledge
in ecological restoration, native species planting, hydrological monitoring, or community stewardship.
Local governments can partner with NGOs, community centers, or local schools to establish certificates,
apprenticeships, and service contracts for tasks such as bioswale upkeep, tree canopy management,

or rain garden installation (NatureScot, 2025). By enabling the training and employment of a hyper-local
workforce, NbS can contribute to economic opportunities within communities while reinforcing ecological
resilience (Raymond et al., 2017). Additionally, place-based solutions that address local concerns are
more likely to succeed, tailored as they are to the specific environmental and social needs of the area,
which ensures long-term sustainability and community support. To explain, place-based NbS draws on
local ecological knowledge, responds to locally identified environmental and social needs, and builds
community ownership through participatory planning, co-management, and stewardship. By collaborating
with local authorities, community organizations and residents, socio-economic co-benefits are enhanced
alongside ecological resilience (Cabling et al., 2024). NbS projects can mitigate unemployment (Boyle

and Kuhl, 2021), increase incomes by targeting new markets, and support climate resilient livelihood
opportunities.
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For example, as shown in Figure 1, implementing a nature-based solution such as a rooftop garden on an
office or apartment building can provide a range of benefits. Ecologically, it supports urban agriculture,
local food production, and biodiversity by providing a habitat for pollinators. Socially, rooftop gardens

can foster community engagement, educational programming, and improved mental well-being through
access to green space. From an economic perspective, it can reduce energy costs through insulation and
provide local job opportunities in garden maintenance and food production. As a place-based intervention,
rooftop gardens can respond to specific local needs such as food insecurity or lack of green space, while
contributing to wider urban sustainability goals.

Current State of Nature-Based Solutions
and Place-based Approaches

Nature-based solutions have recently appeared within the purview of urban sustainability discussions
as aviable alternative to traditional infrastructure approaches. Cities, design firms, community groups,
and private developers are embedding NbS into their projects’ design parameters and implementation
strategies to address a range of phenomena: climate adaptation, stormwater management, biodiversity
loss, and urban heat (Seddon et al., 2023, Orta-Ortiz & Susana, 2022, Albert et al., 2017, Hayes et al.,
2022). When implemented correctly, these interventions offer multiple returns or co-benefits for added
economic, social, and environmental value (Brundtland, 1987). Addressing each pillar of sustainability:
environmental, social, and economic (Reames & Wright, 2021), NbS have demonstrated the capacity to
attract both private and public investors (Biasin et al., 2024).

During the last decade, cities and others utilizing NbS have engaged in post-occupancy evaluations for
NbS projects, focusing on the performance of these interventions and the systems in which they work
(LAF, 2025). Examples of NbS evaluations include but are not limited to: a metric to evaluate a green roof’s
seasonal stormwater retention, a restored wetland’s biodiversity gains, or demonstrations of the social
and health benefits of tree-lined streets. These evaluations and assessments demonstrate how each
intervention contributes to the overall system's performance once they are implemented or retrofitted

to a site (LAF, 2025). Organizations such as the Landscape Architecture Foundation’s Case Study
Inventory (LAF CSI) program provide a robust framework and toolkit for such evaluations and performance
standardization (LAF, 2025). LAF’s CSI program operationalizes a shared set of performance indicators
across environmental, social, and economic dimensions, providing an open-access and transferable
platform and inventory for projects to be analyzed across a range of geographies and project scales.

Within the current state of NbS, there are many advances to analyze conditions, performance, and the
municipal or regional network performance of these solutions, but more research is needed. The fields

of design and planning require large scale meta-analyses and consistent evaluation units to compare
outcomes and evaluations across different socio-political contexts, scales, and eco-regional climates.
Variations in measurement, project grain and extent, and lack of consistent units make project comparison
difficult or irreplicable. Expanding participation and defining specific measurable units in programs such
as LAF’s CSI, United Nations Sustainable Development Goals (UN SDGs), and the U.S. Green Building
Council (USGBC) LEED and SITES program (USGBC, 2025) could encourage agency participation and elicit
standardization across approaches.

Place-based design and planning approaches offer an additional layer of complexity and value to NbS.
Strategies that address specific community needs encourage local stakeholder buy-in to solutions as well
as commitment to stewardship of those same system interventions, thus enabling long-term management
and sustainability (Ferguson et al., 2017; Kliskey et al., 2023). One such example would be designing

urban greening programs to align with a municipality’s urban forest or legacy tree program, with the intent
of addressing neighborhood-level heat vulnerability. This type of program ensures that residents feel
connected to their communities and the natural systems in which they live.
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Funding agencies such as the U.S. National Science Foundation (NSF) are also signaling a shift towards
‘use-defined’ research (i.e. projects shaped by co-production of the needs of people and organizations
that ultimately utilize the interventions). Recent NSF programs such as the Technology Translation
Partnership (TTP) and Confronting Hazards, Impacts, and Risks for a Resilient Planet (CHIRRP) emphasize
this concept while incentivizing research for place-based, stakeholder-driven infrastructure interventions.
Both programs seek to align models and frameworks with on-the-ground testbed initiatives. NbS networks
and system meta-analyses can provide viable options for proof-of-concept comparisons and exemplary
projects.

In summary, NbS and place-based solutions, in conjunction with one another, are on the rise within policy
and funding support. However, strengthening the evidence to support their efficacy through performance
evaluation is a critical part of this discussion. Longitudinal analyses, meta-analyses of overall system
performance, and shared frameworks for evaluation will ensure NbS design and planning success answer
to regional and community needs. Bringing performance metric programs into planning and policy will be
key to ensure NbS principles and overall objectives match the needs of communities and the places they
inhabit.

Multi-functionality

Another advantage of NbS over gray infrastructure is its ability to provide multiple benefits simultaneously
while addressing economic, environmental, and social challenges. For example, Figure 1 demonstrates
how urban forests can regulate climate, support biodiversity, and encourage carbon sequestration.

Copenhagen’s Climate-Resilient Parks offer several examples of the multi-functionality of NbS systems
in action. Remiseparken Park, forinstance, was built as an inclusive green space at the center of a public
housing development. The park features playgrounds, farm animals, kitchen gardens, and provides
protection against cloudbursts. Additionally, Remiseparken includes a retention basin that supports
biodiversity and collects and filters stormwater along a 2,000 cubic meter trench. The park has won two
awards and is visited by an estimated 80,000 people annually.

Similarly, Grgnningen-Bispeparken Park was designed with water management in mind. The park features
a 3,000 cubic meter trench and retention basins to store stormwater, 18 bioswales that treat and filter
stormwater, and several areas where residents can enjoy the surrounding natural environment (UNI
Editorial, 2025). Moreover, the park was designed through the collaboration of a variety of stakeholders.
Residents were able to attend meetings to have their voices heard by project architects and experts in
fields such as water management, concrete work, fire safety, and traffic planning.

These examples highlight the co-benefits of NbS (i.e., supporting social-ecological connectivity in local
communities). While the parks provide critical ecosystem services like improving air quality, supporting
biodiversity, and managing stormwater, they also serve as a functional outdoor space for the community
that provides long-term environmental, social and cultural advantages. The different areas in the parks —
such as the kitchen gardens, playgrounds, and spaces for social events — all contribute to residents’ health
and improved climate resilience.

Additionally, the parks encourage residents to engage with nature, promoting environmental education
and fostering stronger connections between residents and their surrounding ecosystems. These
inclusive spaces can improve the physical and mental health of local community members and develop
environmental stewardship over their local environment, leading to long-term environmental, social, and
cultural sustainability.
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Co-production

Co-production is a collaborative governance model that advances policy transformation in urban
governance through promoting ongoing engagement, empowerment, and co-stewardship. A people-
centered approach, it can be executed and defined in various ways, but consistently requires a nuanced,
context-specific strategy that brings together local governments, technical experts, charities/NGOs,
community groups, and researchers, from design through implementation. This set of practices easily
integrates localized nature-based solutions into policy creation at the community level.

Co-production also has the capacity to spur use-inspired research to build community and/or stakeholder
stewardship, support and buy-in into the adoption of NbS, thereby shortening the lag-time or acceptability
process of public acceptance (Ferguson et al., 2017).

In addition, co-production of knowledge within a community (i.e., an empowering form of community-
engaged research), has the capacity to demonstrate, communicate and provide training for community
members, both in the context of practical application and in the enactment of transdisciplinary
science (Norstrom et al., 2020). All such learning and experience on the part of citizens advances the
implementation of NbS across time.

Mitlin (2008) emphasizes the political aspects of co-production by arguing that, “attention must be given
to co-production as a political process that citizens engage with to secure changes in their relations with
government and state agencies, in addition to improvements in basic services.” Similarly, Hickey and
Mohan’s (2005) framework highlights that co-production must be part of a political venture that questions
power relations and confronts structures of oppression, both of which are often revealed through
community enactment of NbS. These perspectives highlight the transformative potential of co-production
when itis used not only in service delivery but also to reshape governance.

Complementing these critical perspectives, the International Association for Public Participation (IAP2)
provides a practical framework for understanding the gradations of co-production through their Spectrum
of Public Participation. The Spectrum outlines five increasing levels of public involvement in decision-
making: inform, consult, involve, collaborate, and empower. Each level reflects a deeper commitment

to stakeholder engagement from simply informing the public to empowering the public to final decision-
making power. The spectrum explains the public's role at each stage and the corresponding promise

made by decision-makers, ranging from providing the public with information to implementing what they
decide. This framework helps institutions plan effective co-production initiatives by clarifying the role of
the public at each stage and the corresponding responsibilities of decision-makers, to support transparent
community engagement strategies (Figure 2).

These frameworks are illustrated in an example from Holscher et al., (2024) in Poznan, Poland. Here, a co-
produced project aimed to create green classrooms and open gardens in kindergartens to enhance urban
sustainability, promote environmental education, and foster community engagement. The project involved
multiple stakeholders, including Poznan’s Department of Education, parents, NGOs, and teachers.
Workshops and consultations encouraged these groups to contribute their ideas, while carefully designed
activities allowed children to share that input as well. This example demonstrates how co-production can
be mobilized across different levels of public participation to generate inclusive, place-based NbS tailored
to local needs and values.

Green Gentrification

Significant disparities already exist in the distribution of and access to greenspace, specifically in relation
to race and income. In the US, various studies (Anguelovski et al., 2022; Loukaitou-Sideris & Mukhija, 2020)
have acknowledged inequalities based on race and socio-economic status regarding park provision. Ethnic
minorities and lower socioeconomic communities have access to fewer acres of parks, fewer acres of
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park per person, and lower park quality, maintenance, and safety compared to more privileged individuals.
These discrepancies are often reflected in the geographical division between inner cities and suburbs. As a
result, marginalized groups experience lower public health outcomes, both physical and mental, than their

economically advantaged neighbors (i.e. Baltimore, New York City, Denver; Rigolon, 2016).

However, the introduction of green infrastructure, such as greenways or parks, can trigger green
gentrification by increasing property values and attracting wealthier residents, which often leads to

the displacement of lower-income communities. This phenomenon has been documented globally;
countries include the US, Spain, Belgium, and South Korea (Jelks et al., 2021). Green gentrification often
undermines its intended purpose of improving health equity for existing residents. Addressing this goal
requires a justice-based approach focused on sharing the health, economic, and social benefits of green
infrastructure with all residents, particularly lower-income households.

Studies have found that green spaces in gentrifying neighborhoods are normally planned to cater to the
tastes and needs of wealthier White newcomers, rather than those of long-term, low-income residents

of color. Thus, a co-production approach where marginalized residents can take part in the planning and
design of NbS from the inception of the project can reduce instances of green gentrification. To illustrate,
Mullenbach et al. (2019) found that community engagement in park design in Philadelphia was associated
with community ownership of renovated parks and seen as an important part of the social fabric of the
neighborhood. Similarly in Los Angeles, park promoters were used to increase community engagement

in park programming and planning in underprivileged neighborhoods (Loukaitou-Sideris & Mukhija, 2020).
The promoters were successful in increasing access for marginalized individuals in the planning and
programming of culturally relevant events by State Parks in a trusting environment.

When residents are involved in meaningful, early, and regular engagement in urban greening projects, their
voices can be heard in crucial planning aspects such as cultural preferences, everyday needs, and cost of

services.
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Discussion

Opportunities for National Urban Extension

The National Urban Extension Leaders (NUEL) presented a strategic analysis of urban Extension
opportunities in The National Framework for Urban Extension (NUEL Steering Committee (NUEL et al.,
2015)).

Extension has many opportunities to embrace and advance NbS; the examples below are arranged by four
common themes that emerged in the literature on the unique aspects of urban Extension:

e Positioning: How Extension is positioned at the national, state, regional, and city levels
® Programs: How Extension addresses the multitude of issues and priorities in the city
e Personnel: How Extension attracts, develops, retains, and structures competent talent

e Partnerships: How Extension collaborates to leverage resources for collective impact

Positioning
Nature-based solutions provide a wealth of positioning opportunities for urban Extension, including:

e Providing the research-based expertise needed to develop and implement specific projects, which
involves positioning Extension as the conduit or front-door to the University for local communities.

e Servingin a convening role for the co-production of projects, thereby demonstrating how Extension can
also serve to support multiple organizations and knowledge systems to spur collaboration.

e Conducting existing programs or developing new ones that support or complement NbS.

e Evaluating or assessing direct benefits of NbS or of targeted co-benefits (e.g. human health, community
development, etc). This work could include partnering with the Landscape Architecture Foundation in
their Case Study Inventory program.

Programs

There are several existing programs that connect with NbS practices (left side of Figure 1), such as Master
Gardeners and several natural resource-based programs. There is also an expanded opportunity to connect
these activities to core health and nutrition programs (e.g. community gardens with EFNEP programs) as
well as newer programs in development around food as medicine.

Additionally, Extension can develop training modules around the skills necessary for various NbS program
and partner with the Extension Foundation’s Campus or Catalog to offer workforce development programs
to support local jobs and economic development associated with NbS. Such programming could support
the training of a local workforce to help design, install, and maintain NbS projects, thus countering some
gentrification concerns.

Extension can also develop and host programs that focus on citizen input (e.g., hosting community forums
to build support for NbS in various projects). The University of Florida/Institute for Food and Agriculture’s

Community Voices, Informed Choices (CIVIC) program is one example of such an Extension program.
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Personnel

Nature-based solutions also provide opportunities to connect with ‘traditional’ Extension personnel
approaches and expertise — e.g. community development and natural resource educators who develop
programming related to a content area, or identifying university-based expertise to support community
decision-making around NbS issues on purpose, design, implementation, evaluation, and impact.

In addition, Extension could innovate in the creation of new leadership roles for its personnel, where they
could act as conveners / co-producers focused on developing NbS space for community engagement.

Partnerships

Many of the positioning and program opportunities discussed above can help foster partnerships
associated with NbS. Programs that support capacity-building, policy advocacy, and technical guidance
will bring new partnerships to Extension. This would include working with local municipalities to integrate
NbS into urban planning frameworks and / or developing public-private partnerships with the same goal.
Extension could also partner with organizations or campus-based faculty to develop and support local
knowledge-sharing platforms around NbS. One such example would be the University of Missouri’s Center
for Applied Research and Engagement Systems (CARES) community hubs.

Additional opportunities for Extension related to green infrastructure can be found in NUREC’s Leading
Edge Dialogue Series (PDF), specifically in their publication on green infrastructure (PDF).

Conclusion

Nature-based Solutions (NbS) offer a transformative path for creating resilient, equitable, and sustainable
cities. As the evidence demonstrates, these interventions extend well beyond environmental management,
linking ecological restoration with social well-being, economic vitality, and community identity. By
embedding NbS within the fabric of urban planning and policy, cities can simultaneously address climate
adaptation, biodiversity loss, and public health challenges while cultivating inclusive and participatory
governance. The place-based frameworks outlined throughout this paper underscore that when
communities, researchers, and policymakers collaborate, NbS become more than infrastructure — they
become shared systems of care.

Advancing NbS depends on continued refinement of performance evaluation and large-scale comparative
studies to ensure that their long-term impacts are both measurable and replicable. Equally important

is a justice-centered design process that recognizes the risks of green gentrification and ensures that
benefits are equitably distributed. Co-production models, emphasizing shared leadership and community
expertise, provide a practical and ethical framework for integrating marginalized voices into NbS planning
from inception through stewardship. Such approaches foster trust, build capacity, and secure the local
commitment necessary for enduring success.

For Extension, NbS present a timely opportunity to aligh mission, method, and impact. Positioned at the
intersection of research and community engagement, Extension can convene cross-sector partnerships,
translate science into policy, and guide implementation through locally relevant programming.
Strengthening personnel expertise in design, evaluation, and facilitation, expanding programs that link
environmental and human health, and fostering partnerships across municipal, academic, and private
sectors together form the scaffolding for sustained progress.

As climate pressures intensify and urban populations continue to grow, the integration of NbS into
planning and policy is no longer optional — it is essential. Through collaborative research, co-produced
knowledge, and community-centered implementation, Extension and its partners can help realize the
full transformative potential of NbS: cities and regions that not only adapt to change but thrive within it,
sustaining both people and the planet for generations to come.
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