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ABSTRACT 
As climate change impacts intensify globally, identifying effective and integrated approaches to mitigation 
and adaptation is increasingly urgent. This article investigates the potential of Nature-Based Solutions (NbS) 
as multifunctional strategies capable of simultaneously reducing greenhouse gas emissions and increasing 
socioecological resilience. Through a structured bibliographic review of peer-reviewed articles, institutional reports, 
and case studies published between 2018 and 2024, the study synthesizes current scientific evidence on the role of 
NbS in climate policy and practice. The findings reveal that NbS can contribute up to 30% of the mitigation needed 
to meet the Paris Agreement targets and reduce climate-related risks by 26%, particularly through ecosystem 
restoration, urban greening, and sustainable land management. Despite growing recognition, gaps remain in 
implementation, financing, and policy integration. The article offers actionable recommendations for embedding 
NbS into national planning, local governance, and urban infrastructure design, emphasizing the need for inclusive, 
context-specific strategies. By bridging knowledge and practice, this review reinforces the strategic importance of 
NbS in building a climate-resilient and sustainable future.
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RESUMO
À medida que os impactos da mudança do clima se intensificam globalmente, torna-se cada vez mais urgente identificar 
abordagens eficazes e integradas para mitigação e adaptação. Este artigo investiga o potencial das Soluções Baseadas 
na Natureza (SbN) como estratégias multifuncionais capazes de, simultaneamente, reduzir as emissões de gases de 
efeito estufa e aumentar a resiliência socioecológica. Por meio de uma revisão bibliográfica estruturada de artigos 
científicos, relatórios institucionais e estudos de caso publicados entre 2018 e 2024, o estudo sintetiza as evidências 
atuais sobre o papel das SbN nas políticas e práticas climáticas. Os resultados revelam que as SbN podem contribuir 
com até 30% da mitigação necessária para alcançar as metas do Acordo de Paris e reduzir em 26% os riscos associados 
ao clima, especialmente por meio da restauração de ecossistemas, infraestrutura verde urbana e manejo sustentável 
do uso da terra. Apesar do reconhecimento crescente, persistem lacunas em sua implementação, financiamento e 
integração nas políticas públicas. O artigo apresenta recomendações práticas para incorporar as SbN ao planejamento 
nacional, à governança local e ao desenho de infraestruturas urbanas, destacando a necessidade de estratégias 
inclusivas e adaptadas ao contexto. Ao aproximar o conhecimento científico da aplicação prática, esta revisão reforça 
a importância estratégica das SbN na construção de um futuro resiliente e sustentável frente à mudança climática.
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RESUMEN
A medida que los impactos del cambio climático se intensifican a nivel global, se vuelve cada vez más urgente identificar 
enfoques eficaces e integrados para la mitigación y la adaptación. Este artículo investiga el potencial de las Soluciones 
Basadas en la Naturaleza (SbN) como estrategias multifuncionales capaces de reducir simultáneamente las emisiones de 
gases de efecto invernadero y aumentar la resiliencia socioecológica. A través de una revisión bibliográfica estructurada de 
artículos científicos, informes institucionales y estudios de caso publicados entre 2018 y 2024, el estudio sintetiza la evidencia 
científica actual sobre el papel de las SbN en las políticas y prácticas climáticas. Los resultados revelan que las SbN pueden 
aportar hasta el 30% de la mitigación necesaria para alcanzar los objetivos del Acuerdo de París y reducir los riesgos climáticos 
en un 26%, especialmente mediante la restauración de ecosistemas, el reverdecimiento urbano y la gestión sostenible del uso 
del suelo. A pesar del creciente reconocimiento, persisten vacíos en su implementación, financiación e integración en los 
marcos políticos. El artículo presenta recomendaciones prácticas para incorporar las SbN en la planificación nacional, la 
gobernanza local y el diseño de infraestructuras urbanas, destacando la necesidad de estrategias inclusivas y adaptadas al 
contexto. Al conectar el conocimiento científico con la acción práctica, esta revisión refuerza la importancia estratégica de 
las SbN para construir un futuro sostenible y resiliente frente al cambio climático.

PALABRAS CLAVE
Soluciones basadas en la naturaleza; cambio climático; adaptación; mitigación.
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1. INTRODUCTION 

Human actions have generated and are likely to 
continue generating severe consequences for the 
planet. Since the Industrial Revolution, significant 
changes have been imposed on the environment, 
such as increased natural resource consumption, 
substantial global population growth, and rising 
greenhouse gas (GHG) emissions, which continue to 
grow substantially to this day (RODRIGUES et al., 2021; 
XIMENES & MAGLIO, 2022).

The disordered growth of cities has led to unplanned 
and uncontrolled urban occupation. This imbalance 
contributes to environmental degradation as urban 
centers, for the most part, have been developed by 
channeling rivers and replacing green areas with 
concrete and asphalt, disregarding their benefits and 
making cities impermeable (MARQUES DA SILVA, 2023; 
FUNDAÇÃO GRUPO BOTICÁRIO, 2024; DOS SANTOS 
et al., 2024; DE ABREU, ODA & MONTEIRO, 2025). The 
reduction of permeable areas increases surface runoff, 
causing floods during periods of intense rainfall, alters 
the water balance, and reduces water availability. It 
also affects water quality in bodies of water receiving 
such waste, with impacts that compromise public 
health and infrastructure (MARQUES DA SILVA, 2023; 
FUNDAÇÃO GRUPO BOTICÁRIO, 2020).

According to the Summary for Policymakers (SPM) of 
the IPCC Sixth Assessment Report (AR6), the misuse of 
land and energy over more than a century of fossil fuel 
combustion has caused global warming, leaving over 
three billion people in countries highly vulnerable to 
climate change. These impacts are often exacerbated 
for the poorest populations, which experience 
precarious infrastructure and lack of access to basic 
services such as sanitation and housing. Indigenous, 
riverside, and quilombola communities, which have 
historically contributed least to climate change, are 
among the most vulnerable and disproportionately 
affected groups (IPCC, 2023).

These transformations of nature by humans, 
coupled with climate impacts such as heatwaves, 
intense rainfall, rising sea levels, pollution, and 
wildfires, have already caused irreversible damage 
to biodiversity and society (PBMC/BPES, 2018a; DE 
ABREU et al., 2024b). In this context, there is a dual 
possibility: the worsening of climate change impacts in 
the coming decades due to the current development 
model that put at risk the resilience of natural systems, 

and the potential of biodiversity itself to help create an 
adaptable and environmentally sustainable society by 
reducing emissions that contribute to global warming 
and mitigating the effects of climate change (PBMC/
BPBES, 2018a).

Promoting sustainable development for all involves 
integrating adaptation and mitigation measures to 
resiliently address climate challenges, with Nature-Based 
Solutions (NbS) emerging as transformative measures 
(XIMENES & MAGLIO, 2022). The International Union for 
Conservation of Nature (IUCN) pioneered the concept 
of NbS, defining them as “actions aimed at protecting, 
managing, and restoring natural or modified ecosystems 
sustainably, addressing societal challenges such as 
climate change, food and water security, or natural 
disasters in an effective and adaptive manner, providing 
well-being and biodiversity benefits simultaneously” 
(XIMENES & MAGLIO, 2022).

The concept has increasingly gained traction in global 
agendas, such as Agenda 2030, the New Urban Agenda 
(NAU), the Paris Agreement, the Aichi Targets, and the 
Sendai Framework for Disaster Risk Reduction. NbS 
significantly contribute to achieving the Sustainable 
Development Goals (SDGs), particularly SDGs 3, 6, 11, 
12, 13, 15, and 17 (FUNDAÇÃO GRUPO BOTICÁRIO, 2020). 
When correctly implemented, NbS to address the 
consequences of climate change can be low-cost and 
low-risk while preserving essential ecosystems for our 
survival (RODRIGUES et al., 2021). Additionally, they can 
be applied on smaller or larger scales, from localized 
solutions to landscape-level interventions (FUNDAÇÃO 
GRUPO BOTICÁRIO, 2024; DE ABREU et al., 2024b).

It is widely agreed that NbS need to be developed, 
implemented, and supervised by local communities and 
Indigenous peoples, or in close collaboration with them, 
promoting rights and benefits for local populations 
(SEDDON, 2022; DE ABREU, SANTOS & MONTEIRO, 2022). 
NbS can substantially contribute to both mitigation and 
adaptation, serving as a fundamental component of the 
global response needed for climate action. According to 
the IPCC report, they are among the five most effective 
strategies for mitigating carbon emissions (WWF; IFRC, 
2022a). Recognizing that nature can be part of the solution 
for climate-resilient development makes biodiversity 
preservation efforts even more urgent.

Therefore, this paper seeks to critically analyze the role 
of Nature-Based Solutions (NbS) as effective tools for both 
climate change adaptation and mitigation. Although the 
concept of NbS has gained significant attention in recent 
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years, existing academic literature often treats mitigation 
and adaptation as separate domains, lacking integrative 
analyses that explore their convergence within practical 
implementation frameworks. Moreover, there is a scarcity 
of systematized evidence regarding how NbS perform 
across different scales, territories, and socioeconomic 
contexts—particularly in terms of effectiveness, 
replicability, and cost-benefit trade-offs when compared 
to conventional engineered approaches.

In this context, the central research questions guiding 
this review are:

(i) How have NbS been applied to simultaneously 
address climate change mitigation and adaptation goals?

(ii) What are the main barriers and opportunities for 
scaling NbS in urban, rural, and coastal environments?

(iii) To what extent do the reviewed cases demonstrate 
the multifunctionality and socioecological co-benefits 
of NbS?

By addressing these questions, this article aims to fill 
a gap in the academic debate by offering a structured 
synthesis of recent studies and institutional reports, with 
an emphasis on the dual functionality of NbS in facing the 
escalating challenges of the climate crisis. The selection 
of sources was guided by this analytical framework, 
focusing on peer-reviewed articles, international 
guidelines, and practical case studies that demonstrate 
the real-world implications of NbS. Ultimately, the article 
intends to promote a more critical and comprehensive 
understanding of NbS, fostering their informed 
adoption by policymakers, planners, environmental 
managers, and civil society, while reinforcing the need 
for integrated, inclusive, and context-sensitive planning.
The study is structured as follows: Section 1 provides a 
contextualization, the problem, and the objectives of the 
work. Section 2 presents the methodology used for the 
bibliographic review. Section 3 addresses the theoretical 
framework through bibliographic support, and Section 4 
presents the final considerations.

2. METHODOLOGY

The methodology adopted in this article consists of a 
bibliographic review structured in four stages: (I) Study 
Definition; (II) Data Collection; (III) Reading of Articles; (IV) 
Development of the Theoretical Framework (Figure 1).

The first stage, called “Study Definition,” involves 
selecting the research topic and defining its scope. This 
process includes identifying the research problem, 
establishing objectives, and determining relevant keywords.

The second stage, referred to as “Data Collection,” is 
characterized by the careful and objective selection 
of articles. This was achieved through direct searches 
on academic research platforms such as Capes, SciELO, 
and Google Scholar, using keywords like “nature-based 
solutions” and “climate change”.

Additionally, documents from reputable institutions, 
such as the International Union for Conservation of 
Nature (IUCN), WRI Brasil, and the Intergovernmental 
Panel on Climate Change (IPCC), were consulted. Cross-
referencing was also applied, including studies cited in 
works obtained through direct searches.

The third stage focused on reading and thoroughly 
analyzing the articles and documents selected during 
the data collection process. This step aimed to provide a 
robust foundation for the study.

Finally, the fourth stage involved the development of 
the theoretical framework. The objective was to compile 
and integrate the relevant information gathered, cross-
referencing the data to present concepts and findings 
related to the proposed topic.

To enhance the transparency and replicability of the 
bibliographic review, a set of explicit criteria was adopted 
for the selection and analysis of the literature. The review 
included peer-reviewed articles, institutional technical 
reports, and case studies published between 2018 and 
2024, with emphasis on documents that addressed NbS 
in the context of climate change adaptation, mitigation, 
or both. Sources that lacked methodological clarity or 
empirical support were excluded from the final sample 
to ensure the robustness of the findings. Preference 

Figure 1: Research Development Methodology. 

Source: The authors. 
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was given to studies with clearly defined outcomes, 
quantified indicators (e.g., GHG reduction, area restored), 
and replicable methodologies.

The prioritization of NbS strategies in the analysis was 
based on three main criteria: (i) their proven or estimated 
effectiveness in reducing climate-related risks or GHG 
emissions; (ii) the range of ecosystem services and co-
benefits provided (e.g., biodiversity conservation, water 
regulation, social inclusion); and (iii) the feasibility of 
implementation across different governance and territorial 
contexts. Strategies such as mangrove restoration, urban 
green infrastructure, agroforestry, and watershed 
protection were emphasized due to their recurrence in the 
literature and documented positive outcomes.

Although the scope of the review was global, special 
attention was given to examples from Latin America—
particularly Brazil—due to the region’s socioenvironmental 
vulnerabilities, high biodiversity, and emerging policy 
initiatives involving NbS. Studies covering urban, rural, 
coastal, and forest ecosystems were included to ensure the 
diversity of biogeographical contexts.

3. THEORETICAL FRAMEWORK

This section examines the timeline of climate change 
progression and the role of NbS in this context. It 
explores their mechanisms for mitigation and adaptation, 
highlighting case studies that illustrate the practical 
application of these solutions and their benefits across 
various global contexts.

3.1. Global Climate Change Context

Since 1970, the average global surface temperature has 
risen more rapidly than at any other 50-year interval in 
at least the past two millennia. Greenhouse gas (GHG) 
emissions have continued to grow globally, driven by 
historical and current inequalities caused by unsustainable 
energy exploitation, inadequate land management, and 
changes in its use, alongside distinct consumption and 
production patterns between regions (IPCC, 2023).

The IPCC’s AR6 Synthesis Report (SYR) notes that 
human influence on climate change has produced 
impacts across the planet, affecting the atmosphere, 
cryosphere, biosphere, and oceans, resulting in 
environmental and human losses. This includes increased 
frequency of heatwaves, droughts, intense rainfall, and 
tropical cyclones, subjecting millions to food and water 

insecurity. In the short term, associated dangers are 
expected to include mental health issues, flooding in low-
lying and coastal areas, biodiversity loss, and reduced 
food production in certain regions (IPCC, 2023).

The Paris Agreement calls for efforts to limit warming to 
1.5°C. Beyond this threshold, the risks of extreme climate 
events and ecosystem collapse increase substantially. 
Every additional 0.5°C of global warming exacerbates 
these risks (WWF; IFRC, 2022b). According to the IPCC’s 
modeled scenarios, even with very low GHG emissions, 
it is more likely than not that global warming will reach 
1.5°C in the short term (2021–2040) (IPCC, 2023).

CO2 concentrations in the atmosphere were higher 
in 2019 than at any point in at least 2 million years. 
This is corroborated by data showing that fossil fuel 
combustion accounted for significant GHG emissions. 
In the same year, approximately 79% of global GHG 
emissions originated from the energy, transport, and 
building sectors, while 22% came from agriculture and 
other land uses (AFOLU) (IPCC, 2023).

By working in harmony with nature, it is possible to 
reduce emissions by up to 11.7 gigatons of CO2 equivalent 
annually by 2030. This amount represents more than 40% 
of what is necessary to curb global warming. Despite 
the climate crisis and unchecked exploitation of natural 
resources, the protection, sustainable management, 
and restoration of ecosystems offer a pathway to tackle 
social challenges, ensure human well-being, and enhance 
biodiversity benefits (UNEP, 2024a).

3.2. Nature-Based Solutions: Origins 
and Definitions

NbS are measures that utilize nature and its ecosystem 
services to generate multiple environmental, social, and 
economic benefits (PELLEGRINI et al., 2023; ; DE ABREU 
et al., 2024a). These solutions play a fundamental role in 
addressing issues such as food and water security and 
poverty and have gained prominence for their potential 
to tackle climate change (SEDDON et al., 2021; GÓMEZ 
MARTÍN et al., 2021).

Several studies have demonstrated that NbS can 
reduce direct exposure to climate impacts and play a 
significant role in national mitigation and adaptation 
plans (CHAUSSON et al., 2020; SEDDON, 2022). It has 
been found that 59% of NbS contribute to mitigating 
climate effects such as flooding, soil erosion, and reduced 
food production. Among 386 studies analyzed, only ten 



Nature-based solutions for climate change mitigation and adaptation. P. A. Souza. V. H. S. Abreu.
https://doi.org/10.29183/2447-3073.MIX2025.v11.n2.47-62

52

Mix Sustentável | Florianópolis | v.11 | n.2 | p.47-62 | SET. | 2025

reported no impact of NbS on climate effects (CHAUSSON 
et al., 2020).

NbS can combat climate change in several ways: 
by reducing greenhouse gas emissions associated 
with deforestation and land use; capturing and storing 
atmospheric carbon dioxide; and strengthening 
ecosystem resilience, thereby assisting societies in 
adapting to climate risks (IUCN, 2023b).

These solutions can reduce the intensity of climate and 
meteorological hazards by up to 26% (WWF; IFRC, 2022a). 
By helping reduce disaster risks and enabling climate 
adaptation, NbS directly support several Sustainable 
Development Goals (SDGs) (Figure 2). Ten out of the 17 
SDGs include targets related to disaster risk reduction 
(WWF; IFRC, 2022b).

In urban contexts, NbS are viewed as an umbrella 
concept encompassing approaches such as “green-
blue infrastructure” and “ecosystem-based adaptation” 
(FRANTZESKAKI et al., 2019; IUCN, 2023a). These solutions 
can complement engineering approaches for climate 
mitigation and adaptation, offering several advantages. 
As dynamic living systems, NbS have the potential for 
self-repair and adaptation, aligning with evolving climate 
change. While few studies directly contrast the efficacy 
of nature-based approaches with traditional methods, 
research indicates that nature-based infrastructure can 
cost 50% less than equivalent gray infrastructure and 
provide an additional 28% in value, delivering benefits 
such as pollution reduction, carbon capture, recreational 
spaces, and tourism promotion. Moreover, these solutions 
are ready for large-scale implementation (UNEP; GLOBAL 
EBA FUND, 2022).

A Global Standard for NbS, led by the IUCN, aims 
to establish a rigorous framework to guide the design, 

Figure 2: Sustainable Development Goals supported by NbS. 

Source: WWF; IFRC, 2022b. 

implementation, and evaluation of interventions (IUCN, 
2023a). This standard includes eight criteria and 28 
indicators supported by guiding questions to help users 
develop effective solutions. For an initiative to qualify as an 
NbS, it must deliver simultaneous benefits for biodiversity 
and human populations (PBMC/BPBES, 2018b).

NbS are referenced in the adaptation plans of all 30 
nations classified as low-income by the World Bank. 
Conversely, only nine (27%) of the 33 high-income nations 
include NbS actions. However, national intentions to 
implement NbS vary according to economic development 
levels, regions, and habitat types, and rarely translate into 
measurable, science-based targets (SEDDON et al., 2019).

In 2019, the richest 1% of the world’s population was 
responsible for 16% of global CO2 emissions, equivalent 
to the emissions of approximately 5 billion people, 
representing 66% of the global population (KHALFAN et 
al., 2023). Although climate financing has been increasing 
globally, only 1.5% of these resources were allocated to 
NbS for adaptation in 2018 (EVERS et al., 2022). Currently, 
about $130 billion per year is directed toward NbS, with 
public funds accounting for 86% and private financing 
14%. However, urgent action is still needed (UNEP, 2024a).

To ensure the development of effective solutions, 
it is essential to plan with strong local community 
participation. This allows for the identification of priority 
areas and the obstacles and facilitators for implementation. 
To create more resilient and inclusive cities and achieve 
more accurate environmental, social, and economic 
outcomes, it is crucial to address the greater vulnerability 
of groups such as women, Indigenous peoples, the 
elderly, individuals living in poverty, and communities 
that depend directly on natural resources or are physically 
exposed to climate impacts (EVERS et al., 2022).

Scientific consensus indicates that achieving the 
Paris Agreement’s goal of limiting average temperature 
increases to 1.5°C requires rapid and significant 
reductions in global GHG emissions. NbS are vital for 
reducing emissions in the agricultural, forestry, and land-
use sectors and for protecting and enhancing carbon 
sinks on land and at sea. However, these solutions must 
be implemented alongside rapid reductions in GHG 
emissions (SEDDON, 2022).

A study revealed that if peak warming is limited to a 
1.5°C increase by 2055, the adoption of NbS could reduce 
this warming by 0.1°C. Furthermore, these solutions 
could continue cooling the atmosphere, provided there 
is an effective reduction in emissions (GIRARDIN et al., 
2021). According to a Coalition for Urban Transitions 
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study, implementing NbS for basic infrastructure, such 
as sanitation and drainage, is part of a set of actions that 
could reduce urban GHG emissions by up to 88% by 2050 
(WWF; IFRC, 2022b).

Nevertheless, the effectiveness of NbS in combating 
climate change depends on ecosystems' ability to 
withstand the impacts of these changes (UNEP, 2021). 
These solutions should not be seen as isolated measures for 
nature protection or recovery but rather as an integration 
of societal and natural systems into a unified framework 
(GÓMEZ MARTÍN et al., 2021; DE ABREU et al., 2023a, b).

NbS emerge as a tool to accelerate the transition to 
a global vision that values quality of life, human well-
being, and connection with nature while promoting 
resilience, adaptation, and mitigation of climate change 
and preserving biodiversity (SEDDON, 2022).

3.3. Nature-Based Solutions for Climate 
Change Mitigation

Natural ecosystems are important sources and sinks 
of greenhouse gases (GHGs) (SEDDON et al., 2020). 
Approximately 30% of the climate mitigation needed by 
2030 to meet the goals established by the Paris Agreement 
can be achieved through NbS (IUCN, 2023b). Nature-
based mitigation solutions include measures to preserve 
ecosystems from damage, restore ecosystems that have 
undergone degradation, and adopt more sustainable 
practices in land management (UNEP, 2021).

One of the great advantages of NbS in mitigating 
climate change is their ability to offer multiple 
simultaneous benefits, including improvements in public 
health through air pollution reduction, the promotion 
of active mobility such as walking and cycling, and the 
adoption of healthy and sustainable diets (IPCC, 2023). 
NbS have the potential to expand carbon absorption 
areas on land and at sea, as well as reduce GHG emissions 
from human activities in agriculture, forestry, and other 
land use (AFOLU) (SEDDON et al., 2021).

The NbS with the greatest mitigation potential fall 
into three main groups. The reduction of emissions 
through the prevention of loss or degradation of 
natural ecosystems is more economical and faster than 
restoring carbon in already degraded ecosystems. The 
preservation of intact ecosystems, such as forests, 
wetlands (e.g., peatlands and mangroves), seaweed 
forests, and seagrass meadows, has the potential to limit 
CO2 emissions. 

NbS that promote better management of agricultural 
lands often lead to increased productivity while generating 
climate benefits. Improving the management of lands in use 
(such as plantations, croplands, and pastures) can result in 
a significant reduction of CO2 and other emissions, as well 
as enable carbon capture. The restoration of ecosystems 
is a crucial component for protecting intact ecosystems. 
Recovering native vegetation cover contributes to 
increasing CO2 absorption from the atmosphere (UNEP, 
2021; Busch et al., 2019; Friedlingstein et al., 2019; Girardin 
et al., 2021; Griscom et al., 2017; Lewis et al., 2019, as cited in 
SEDDON et al., 2021).

In all analyses, the total mitigation potential of NbS 
depends significantly on the decarbonization of the 
global economy. If the global average temperature 
exceeds 1.5°C, many ecosystems may lose their capacity 
to act as carbon sinks and become net GHG sources 
(SEDDON et al., 2021). Therefore, all forms of mitigation 
must be implemented at their maximum potential (UNEP, 
2021). Assuming decarbonization occurs, NbS can still 
contribute to reducing warming (GIRARDIN et al., 2021).

Girardin et al.’s model estimates that NbS that avoid 
emissions will see rapid adoption by 2025 and absorb 
carbon, achieving a mitigation of 10 gigatons of CO2 
annually (Gt CO2 yr -¹). This ambitious scenario involves 
halting ecosystem degradation globally, restoring 
approximately 700 million hectares of ecosystems, 
and improving the management and use of 2.5 billion 
hectares of land by mid-century.

Studies suggest that various tropical nations can 
mitigate over 50% of their national emissions through 
NbS, particularly by preventing deforestation, at a cost 
of up to $100 per ton of CO2. This value has served as 
the basis for estimating “viable” mitigation potential 
(GRISCOM, as cited in SEDDON et al., 2021; UNEP, 2021). 
The IPCC estimates the mitigation potential of avoided 
deforestation between 0.4–5.8 Gt CO2 yr -¹ and carbon 
sequestration in vegetation and soil through afforestation 
and reforestation practices between 0.5–10.1 Gt CO2 yr -1 

(SEDDON et al., 2020).
Restoring 350 million hectares of forest by 2030 

could sequester up to 1.6 Gt CO2 yr -1, representing 14% 
of global carbon emissions (SEDDON et al., 2019). The 
most cost-effective contributions to CO2 emissions 
reductions are expected to come from preserving intact 
forests, wetlands, and grasslands, avoiding emissions of 
4 Gt CO2 annually. Conversely, the highest potential for 
carbon absorption in biodiversity comes from sustainably 
managing forests, agricultural lands, and grasslands, 
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absorbing 4 Gt CO2 annually, as well as restoring native 
forests and wetlands, capturing 2 Gt CO2 annually 
(GRISCOM, as cited in SEDDON et al., 2021).

These actions could reduce global warming by 0.1°C if 
warming peaks at 1.5°C by mid-century. However, if the 
warming peak reaches 2°C by the end of the century, there 
will be more time for NbS benefits to accumulate, reducing 
the warming peak by 0.3°C. Nonetheless, the total potential 
of NbS is relatively small compared to what can be achieved 
by eliminating fossil fuels (GIRARDIN et al., 2021).

Brazil, among Latin American and Caribbean countries, 
has the greatest mitigation potential—approximately 
50%, equivalent to 1.7 ± 0.5 Gt CO2 eq yr -1 (ROE et 
al., 2021). As a country with continental dimensions, 
representing 47% of South America’s territory and 
hosting 15-20% of the world’s biodiversity, Brazil bears 
significant responsibility for global environmental 
preservation. Its degradation impacts on the integrity 
of the entire biosphere. Combined with the elimination 
of illegal and legal deforestation and large-scale native 
vegetation restoration, NbS can mitigate approximately 
80% of Brazil’s net zero GHG commitment over the next 
20 years (SOTERRONI et al., 2023).

Soterroni’s scenarios estimate that restoration 
solutions would mitigate 10-19% of emissions during 
2020–2050, while afforestation (commercial planting) 
would have limited reach. Natural forest recovery could 
retain 40 times more carbon than commercial plantations 
and seven times more than agroforestry (LEWIS, as cited 
in SEDDON et al., 2020). However, commercial plantations, 
often monocultures, pose challenges due to their 
reliance on a single species, which may negatively affect 
biodiversity (SEDDON et al., 2020).

Analyses indicate that although NbS will play a 
crucial role in combating climate change through 2050, 
their most significant impact will occur in the latter 
half of this century. To capitalize on this potential, it is 
essential to immediately begin ecosystem protection, 
management, and restoration processes (SEDDON et 
al., 2021). Delaying mitigation measures will contribute 
to increased global warming, causing greater damage 
to natural and human systems, which are nearing their 
adaptation limits. Many NbS aimed at climate change 
mitigation also hold the potential for adaptation, and 
vice versa, though few studies address both aspects 
simultaneously (IPCC, 2023).

It is imperative to strengthen political structures to 
ensure that NbS can deliver multiple benefits for both 
climate change mitigation and adaptation, as well as other 

essential ecosystem services supported by biodiversity 
(SEDDON et al., 2020).

3.4. Nature-Based Solutions for Climate 
Change Adaptation

Mitigation measures aimed at alleviating climate change 
will have a significant impact on reducing the severity of 
effects that nations, societies, and ecosystems will face. 
However, reducing greenhouse gas (GHG) emissions 
alone is not enough to halt these impacts. Even if actions 
to limit temperature increases to 1.5°C are effective, some 
impacts are likely to persist and intensify. Therefore, it 
is essential to invest in strategies for climate change 
adaptation (CHAUSSON et al., 2020).

NbS helps communities adapt to the impacts of 
climate change, such as heatwaves, floods, and even 
wildfires (CHAUSSON et al., 2020). To maximize the 
benefits of NbS as an adaptation strategy, a landscape-
scale approach must be adopted, including the 
protection, restoration, and management of urban, 
rural, coastal, and marine ecosystems. Ecosystem 
integrity and connectivity are essential to maintaining 
biodiversity and ensuring the resilience of NbS against 
future climate impacts (EVERS et al., 2022).

Some studies report difficulties in implementing 
adaptation strategies and a lack of consolidated data on the 
impacts of NbS focused on adaptation (EVERS et al., 2022). 
Owen, cited by Seddon (2019), argues that there are no 
metrics capable of capturing the effects of interventions—
whether nature-based or not—on the adaptation process. 
In other words, there is no equivalent metric to the gigaton 
(Gt) of CO2 used to measure GHG reductions.

Improving the monitoring of NbS effectiveness for 
adaptation is crucial to expanding access to financing for 
these projects (EVERS et al., 2022). The main obstacles to 
climate change adaptation include limited resources, lack 
of private sector and population engagement, low climate 
awareness, weak political commitment, scarce and slow 
research, and a reduced sense of urgency. There is a 
growing gap between the predicted costs of adaptation 
and the resources available, which are primarily public 
funds directed mainly toward mitigation efforts.

Global financial flows for adaptation, from both 
public and private sources, are insufficient, especially 
in developing countries where international financial 
support for climate issues is lacking, resulting in adaptation 
costs five to ten times higher than current public funding 
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levels. The implementation of NbS can significantly help 
bridge this gap (IPCC, 2023; SEDDON, 2022).

The vulnerability framework for socioecological 
systems, formalized by the IPCC, which links ecosystem 
vulnerability with socioeconomic system vulnerability, 
serves as a conceptual model for understanding how 
nature supports human adaptation to climate change. 
NbS can reduce the vulnerability of socioecological 
systems in three ways: by decreasing exposure to climate 
hazards, reducing sensitivity to adverse impacts, and 
increasing adaptive capacity (SEDDON et al., 2020, 2021).

A specific type of NbS known as Ecosystem-Based 
Adaptation (EbA) has proven effective in helping human 
adaptation to climate change. This strategy has been 
widely recognized for its ability to reduce flood and heat 
risks in urban areas (SEDDON et al., 2019; IPCC, 2023). 
For example, the restoration and protection of coastal 
ecosystems, such as mangroves, offer natural defenses 
against floods; reforestation can combat desertification 
and improve water security; and wetlands play a crucial 
role in natural drainage, reducing floods, soil erosion, and 
landslides (UNEP, 2024b; SEDDON et al., 2021).

Research indicates that protecting coastal ecosystems 
can benefit over 500 million people worldwide, 
generating more than $100 billion annually. For inland 
ecosystems, reforestation, afforestation, and sustainable 
forest management promote climate adaptation 
benefits for more than 25 million people, while reducing 
deforestation benefits between 1 and 25 million people 
(SMITH et al., 2019, as cited in SEDDON et al., 2021). 
Mangroves, for instance, prevent $57 billion in annual 
flood damage across countries like China, India, Mexico, 
the United States, and Vietnam (IUCN, 2023a).

The effectiveness of adaptation strategies, including 
ecosystem-based approaches, tends to decrease as global 
warming increases (IPCC, 2023). While primarily adaptive 
in nature, EbAs also have the potential to mitigate climate 
change by reducing emissions resulting from habitat loss 
and ecosystem degradation (UNEP, 2024b). Ecosystems 
are inherently dynamic, possessing the ability to self-
organize and adapt, making them more resilient to 
disturbances compared to engineered interventions 
(SEDDON et al., 2019).

Deep, rapid, and consistent mitigation efforts 
combined with accelerated implementation of adaptation 
measures this decade could significantly reduce future 
climate damages for people and ecosystems while 
bringing numerous additional benefits. Considering that 

adaptation strategies generally require long timelines 
for execution, it is essential to intensify such actions this 
decade to close existing adaptation gaps (IPCC, 2023).

3.5. Effectiveness of Nature-Based Solutions in 
the Context of Climate Change

To demonstrate the effectiveness of NbS in combating 
climate change, it is essential to analyze concrete examples 
of projects implemented globally. Table 1 presents several 
practical cases showcasing how different NbS initiatives 
have been successfully applied across various regions of the 
world, highlighting their positive impacts on greenhouse 
gas (GHG) emissions mitigation, climate adaptation, and 
biodiversity promotion. These cases provide valuable 
insights and evidence of the potential and feasibility of NbS 
in addressing current climate challenges.

1. Restoration of Coastal Mangrove 
Forests (Vida Manglar – Colombia)

•	 Objective: Restore and protect 11,000 hecta-
res of mangroves along the Caribbean coast.

•	 Results: Mitigation: Positive. Issued 67,000 tCO2e 
in credits (2015–2018). Expected to avoid 1 million 
tCO2e over 30 years. Adaptation: Positive. Protects 
against coastal erosion, storms, and flooding. 
Ecological Effect: Positive. Improves habitat qua-
lity and extent. Food Security: Positive. Local 
Economy: Positive. Disaster Risk Reduction: 
Positive. Conflict and Security: Positive.

2. Pasture Management (Northern 
Rangelands Trust – Kenya)

•	 Objective: Improve pasture heal-
th in 14 pastoralist communities.

•	 Results: Mitigation: Positive. Captures and stores 
50 million tons of carbon over 30 years. Adaptation: 
Positive. Communities limit land degradation 
through rotational grazing techniques. Ecological 
Effect: Positive. Protects habitats and three en-
dangered species. Water Security: Positive. Local 
Economy: Positive. Livelihoods: Positive.

3. River Restoration (Eddleston 
Water – United Kingdom)

•	 Objective: Reconnect the river to its floodplain, 
create storage ponds and wetlands to enhance 
natural flood management and restore biodiversity.

•	 Results: Mitigation: Positive. Carbon storage benefits 
estimated at £717,000 over 100 years. Adaptation: 
Positive. Reduces flood peaks by 30%. Ecological 
Effect: Positive. Water Security: Positive. Disaster 
Risk Reduction: Positive. Socioeconomic Outcomes: 
Positive. Collaboration with farmers and foresters 
ensures local profitability while reducing flood 
risks and economic damages to communities.
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3.6 POLICY AND FINANCING FOR NATURE-
BASED SOLUTIONS

Although the severe threats posed by climate change to 
the global economy are well recognized, less than 5% 
of climate funding is allocated to addressing its impacts. 
Additionally, less than 1% of this funding is directed 
toward coastal protection, infrastructure, and disaster risk 
management, including NbS. Financing for NbS comes 
from various public and private funds at national and 
international levels (SEDDON et al., 2020).

The Paris Agreement, the Aichi Targets, and the 
Sustainable Development Goals (SDGs) have been firmly 
integrated into national policies and laws, establishing 
a consistent legal and policy foundation to potentially 
become the world's largest ecosystem-based climate 
adaptation program if adequately implemented. However, 
many countries still have sectoral environmental and 
development policies that often lack integration (PBMC/
BPBES, 2018a). NbS frequently involve multiple actions 
over large terrestrial and marine areas, crossing legal 
boundaries and requiring joint decision-making among 
various governmental spheres and ministries. Therefore, 
the success of NbS depends on governance that 
encourages active collaboration and coordinated action 
among stakeholders, even amid potential conflicts of 
interest and priorities (SEDDON et al., 2020).

Table 1: Examples of NbS Projects in Practice Worldwide.

Source: Observatory of Innovation for Sustainable Cities, 2024; NbS Initiative, 2024.

4. Ecosystem Conservation (Bale 
Ecoregion – Ethiopia)

•	 Objective: Reduce overgrazing pressure and 
restore ecosystems, combined with agroforestry.

•	 Results: Mitigation: Positive. Reduces deforesta-
tion by 62%. Adaptation: Positive. Resilient crop 
varieties and better water access. Ecological Effect: 
Positive. Protects 500,000 hectares of forest, in-
creasing tree density. Food Security: Positive. 
Water Security: Positive. Local Economy: Positive. 
Disaster Risk Reduction: Positive. Conflict and 
Security: Positive. Socioeconomic Outcomes: 
Improves household income and food security.

5. Filter Gardens (General Motors 
Factory – Joinville, Brazil)

•	 Objective: Treat wastewater through filte-
ring gardens using locally adapted vege-
tation integrated into the landscape.

•	 Results: Reuses 26,000 m³ of water annually, reducing 
potable water consumption by 20%. Removes 90% 
of pollutants and reduces solid waste generation.

6. Urban Agriculture (Urban 
Farm in Cajuru – Brazil)

•	 Objective: Supply fresh, pesticide-free products 
to meet the needs of the local population.

•	 Results: Sustainability; Use of renewable ener-
gy sources (solar and wind); Rainwater harvesting 
for irrigation; Utilization of recycled materials.

7. Rain Gardens (New York – USA)
•	 Objective: Manage stormwa-

ter and increase green areas.
•	 Results: Reduces air pollution; Adds 2.4 billion 

m² of green spaces (2010–2018); Improves quali-
ty of life; Decreases flood probability; Reduces 1.9 
billion liters of water entering the sewage sys-
tem, saving on wastewater treatment costs.

8. Urban River Renaturalization 
(Cheonggyecheon Stream – South Korea)

•	 Objective: Create a sustainable urban 
ecosystem by restoring a stream.

•	 Results: Attracts tourism; Increases biodiver-
sity; Reduces temperatures; Improves air qua-
lity; Mitigates flooding; Decreases automobile 
traffic and increases public transport use.

9. Sponge City (Yanweizhou Park – China)
•	 Objective: Retain and infiltrate rainwater.
•	 Results: Climate resilience; Increased biodiversity; Flood 

reduction; Improved quality of life; Lower flood risks.

10. Vertical Garden (Green Wall at 
Quai Branly Museum – France)

•	 Objective: Improve microclimate and pro-
tect the building from climate change.

•	 Results: Reduces indoor climate control needs; Retains 
rainwater; Improves sound environment; Sequesters 
carbon and other pollutants; Shields against UV rays.

11. Ecological and Green Corridors (Green 
Corridor in Recreio dos Bandeirantes – Brazil)
•	 Objective: Conserve and connect 320.76 hec-

tares of protected areas while adding 60.73 
hectares of public areas and parks.

•	 Results: Protects biodiversity; Connects and 
expands conservation areas; Promotes cle-
an mobility; Improves public transport.

12. Coral Reef Restoration 
(Coral Vita – Bahamas)

•	 Objective: Restore degraded coral reefs using 
fragmentation and assisted evolution techniques 
to produce more resilient corals in a few months.

•	 Results: Creates new jobs; Boosts tou-
rism; Protects coastal areas from storms and 
wave force; Improves water quality.

13. Urban Park (High Line – USA)
•	 Objective: Revitalize degraded spa-

ces by creating parks.
•	 Results: Attracts tourism; Serves as a sustainability 

benchmark; Recovers and plants native species.
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The inclusion of NbS in public policies related to health, 
security, development, energy efficiency, restoration, 
and environmental conservation is fundamental to 
promoting actions at all levels of government and making 
them an essential part of urban infrastructure. These 
solutions can be integrated through existing sectoral 
policies, specific regulations, economic incentives, and 
infrastructure projects such as roadworks, housing, 
and drainage systems (FUNDAÇÃO GRUPO BOTICÁRIO, 
2020). Despite their benefits, traditional approaches and 
a lack of awareness of ecosystem services often hinder 
innovation. Overcoming these challenges requires 
strong institutions and well-structured planning to 
ensure the benefits of NbS (SEDDON et al., 2020). 
Incorporating NbS into urban policies is crucial for 
climate adaptation and resilience, although significant 
institutional challenges remain in coordinating efforts 
across different governmental bodies (EVERS et al., 2022).

For communities and ecosystems to adapt 
effectively, policies based on NbS must be grounded 
in scientific and local knowledge. Scientists and 
policymakers need to collaborate to identify knowledge 
gaps and translate ecosystem resilience science into 
accessible and relevant information. This requires 
research and professional communities to synthesize 
and disseminate scientific findings, considering the 
effectiveness of NbS at different scales and contexts. 
Decision-makers require clear and accessible evidence 
to address climate change and biodiversity issues. 
Mechanisms must be developed to evaluate and 
compare various approaches and monitor the impact 
of NbS on future climate change, supported by robust 
regulatory policies (IPCC, 2023; SEDDON et al., 2019)

3.7. PRACTICAL RECOMMENDATIONS 
AND POLICY INTEGRATION

The findings of this review underscore the potential of 
NbS to serve as effective and multifunctional tools for 
climate change adaptation and mitigation. However, 
to translate this scientific knowledge into concrete, 
impactful actions, it is essential to move beyond the 
conceptual recognition of NbS and promote their 
structured and systemic integration into public policies, 
urban planning, and territorial management strategies. 
Based on the evidence gathered, the following 
recommendations are proposed:

3.7.1. Institutionalize NbS through national and 
local policies

Governments should embed NbS into climate, 
environmental, infrastructure, and development policies 
by defining clear goals, indicators, and financing 
mechanisms. These solutions should be treated as 
essential components of urban infrastructure, equivalent 
in importance to transportation or sanitation systems. 
For instance, urban master plans and climate adaptation 
plans should explicitly prioritize the restoration of 
natural ecosystems, creation of green-blue corridors, and 
conservation of coastal and riparian buffers.

3.7.2. Foster intersectoral governance and 
participatory planning

Effective implementation of NbS requires coordination 
among different governmental sectors (e.g., environment, 
housing, public works, health, and education) and levels 
(national, regional, local). Participatory approaches 
involving Indigenous communities, local residents, 
academia, and the private sector should be prioritized to 
ensure socially just and context-appropriate interventions. 
NbS planning must reflect local vulnerabilities, cultural 
values, and resource availability.

3.7.3. Redirect and increase funding toward NbS 
projects

Despite the growing recognition of NbS, they still receive 
a minimal fraction of climate-related investments. 
International climate finance, national green funds, and 
public-private partnerships must allocate dedicated 
resources to NbS implementation, maintenance, and 
monitoring. Funding mechanisms should include 
incentives for landowners, municipalities, and businesses 
that adopt ecosystem-based approaches in their 
operations or territories.

3.7.4. Adopt NbS standards and effectiveness 
metrics

To enhance transparency and promote large-scale 
replication, NbS initiatives should follow internationally 
recognized standards—such as those developed by the 
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IUCN—and include mechanisms for evaluating their 
socio-environmental effectiveness. Metrics should cover 
not only carbon sequestration, but also risk reduction, 
biodiversity gains, and social co-benefits such as 
improved well-being, employment, and food security.

3.7.5. Promote the integration of NbS into urban 
resilience strategies

Urban environments—especially in developing countries—
must incorporate NbS as core elements of resilience 
strategies. Actions such as expanding urban parks, 
restoring wetlands, and implementing green roofs and rain 
gardens can contribute significantly to flood mitigation, 
temperature regulation, and air quality improvement. 
These measures should be incorporated into the design 
and retrofitting of public infrastructure, affordable housing 
programs, and sustainable mobility plans.

3.7.6. Invest in education, capacity building, 
and communication

Strengthening the technical capacity of public servants, 
planners, engineers, and community leaders is crucial 
to the successful adoption of NbS. Public awareness 
campaigns and environmental education programs 
can also foster cultural change, encouraging behaviors 
aligned with nature-based practices and increasing social 
support for their implementation.

4. CONCLUSION

Nature-Based Solutions (NbS) emerge from this 
comprehensive review as scientifically supported, 
socially inclusive, and ecologically effective strategies for 
simultaneously addressing climate change mitigation 
and adaptation. The findings presented demonstrate 
not only the capacity of NbS to reduce greenhouse 
gas emissions and enhance carbon sinks, but also 
their ability to promote biodiversity conservation, 
reduce vulnerability to climate hazards, and deliver 
co-benefits such as improved water regulation, food 
security, public health, and local livelihoods. Thus, 
NbS go beyond isolated environmental interventions 
and represent a paradigm shift in how societies can 
reconcile development and sustainability goals through 
integrated, low-impact, and participatory approaches.

To effectively translate these findings into practical 
action, it is essential to bridge the gap between scientific 
evidence and decision-making processes. The first step in 
this direction involves the institutional integration of NbS 
into climate and development policies. Governments 
at all levels—federal, state, and municipal—should 
incorporate NbS explicitly into climate action plans, 
national adaptation strategies, land-use regulations, and 
urban planning instruments. Rather than being treated as 
optional or supplementary, NbS must become structural 
components of policy frameworks aimed at increasing 
resilience and reducing emissions. For example, ecological 
restoration actions such as riparian forest recovery, 
wetland rehabilitation, or reforestation of degraded 
areas should be systematically included in territorial and 
infrastructure planning, not as compensatory measures, 
but as cost-effective and multifunctional interventions 
with measurable climate impact.

In parallel, local governments and environmental 
managers should be empowered to lead the 
implementation of NbS through technical capacity 
building, access to financial resources, and institutional 
autonomy. Successful application depends on the ability 
to tailor strategies to specific regional characteristics, 
ecosystem conditions, and social dynamics. In this 
context, the role of communities—especially traditional, 
Indigenous, and marginalized populations—is central. 
Their participation in all stages of planning, execution, and 
monitoring ensures that projects reflect local priorities 
and values, while also leveraging traditional knowledge 
systems and fostering social inclusion. Promoting 
participatory mapping, community-based monitoring, 
and collaborative governance arrangements helps to 
strengthen the legitimacy and effectiveness of NbS and 
increases the likelihood of long-term maintenance.

Financing is a crucial dimension for turning the 
potential of NbS into reality. Although these solutions are 
often less costly than conventional infrastructure in the 
long run, they remain underfunded. Redirecting climate 
finance to prioritize NbS—both from public sources and 
international cooperation mechanisms—is an urgent 
need. Investment strategies should promote scalable 
models that can be replicated in different contexts and 
encourage synergies between public policies, private 
initiatives, and community-based projects. Innovative 
financial mechanisms, such as green bonds, payment for 
ecosystem services, and blended finance models, can 
help overcome resource limitations and stimulate cross-
sector collaboration.
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Equally important is the development and adoption 
of robust evaluation frameworks that allow for the 
systematic monitoring of NbS performance. Beyond 
biophysical indicators, such as carbon sequestration or 
flood reduction, it is necessary to consider social and 
economic outcomes, including improvements in quality 
of life, equity in resource access, and the generation 
of sustainable livelihoods. The use of internationally 
recognized standards, like those proposed by the IUCN, 
should be adapted to local realities and used to guide the 
planning, implementation, and scaling of interventions. 
Transparent evaluation not only strengthens 
accountability and institutional learning but also builds 
confidence among stakeholders and investors.

Ultimately, this study reinforces the idea that 
NbS should not be viewed as secondary or symbolic 
interventions, but as core components of sustainable 
development strategies capable of reshaping how 
societies interact with nature. By demonstrating 
their versatility and effectiveness, this review offers 
a knowledge base that can support policymakers, 
environmental professionals, and civil society in making 
informed decisions toward a more resilient, equitable, 
and ecologically balanced future. For this to materialize, 
there must be political commitment, intersectoral 
coordination, and an intentional shift in values—placing 
nature and communities at the center of climate action.

As a pathway for future research, it is recommended 
that scenario-based models be developed to evaluate the 
long-term performance of NbS under different climate, 
ecological, and socioeconomic conditions. Comparative 
studies between NbS and traditional engineering 
solutions, particularly in terms of cost-efficiency, durability, 
and social impact, can also generate valuable evidence to 
guide investments and policy design. Such efforts will 
be fundamental to ensuring that the next generation of 
climate policies moves beyond rhetoric and embraces 
transformative, nature-based pathways to sustainability.
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