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Abstract: Nature-Based Solutions (NBSs) are tools that promote risk prevention 
and impact mitigation and recovery from disturbances by placing nature at the 
centre. In recent years, NBSs have been increasingly used to prevent extreme 
natural events, such as forest fires and hydrological or geomorphological processes, 
that pose risks. In this sense, the implementation of these measures allows for the 
sustainable management of the natural environment. Choosing one management 
approach over another requires consideration of the available natural resources, as 
well as the effectiveness and sustainability of each option. In the context of global 
change, NBSs can play a key role in enabling ecosystems to adapt naturally to the 
disturbances expected in the coming decades. 
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1. Introduction 

Nature-Based Solutions (NBSs in advanced) are approaches that harness natural processes and ecosystems 
to address social and environmental challenges, such as climate change, water and food security, and disaster 
management. The concept of using nature to solve societal problems has deep historical roots, with early examples 
found in ancient agricultural and water management practices. The modern term “Nature-Based Solutions” gained 
prominence in the early 2000s, championed by organizations like the World Bank and the International Union for 
Conservation of Nature (IUCN (Grand, Switzerland)). This formalized a growing recognition of ecosystem 
services as crucial for human well-being and resilience. The approach was presented as a sustainable way to 
address challenges like climate change and food security. It marked a significant shift from purely engineered 
solutions to more integrated, holistic approaches. The relevance of NBS is such that, in March 2022, at the fifth 
United Nations Environment Assembly (UNEA 5), the United Nations adopted a resolution on this matter, which 
closely aligns with the definition proposed by the European Commission. Scientific evidence of these multiple 
benefits and practical knowledge is rapidly expanding in Europe, supported by research projects funded under 
Horizon 2020 and Horizon Europe. These solutions include forest restoration and sustainable landscape 
management, which promote benefits for both biodiversity and human well-being [1]. Despite good intentions at 
the international level, there are unintended adverse effects, insufficient private funding, and the risk that NBS will 
be used to mask systemic inaction. The report itself points to the significant disparity between investment in NBS 
($154 billion) and spending on activities harmful to nature (nearly $7 trillion in 2023), such as fossil fuels and 
agriculture, which undermines the benefits of investing in NBS. Standing out as ‘no-regret’ strategies for climate 
adaptation, NBSs generate benefits and also enhance the resilience of ecosystems to better withstand future 
disturbances. The difficulty of anticipating and managing extreme events calls for the immediate implementation 
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of adaptation strategies to mitigate their potential negative impacts and unexpected losses in advance [2]. Although 
NBS can significantly reduce flood risks, their effectiveness diminishes or may be overwhelmed during extremely 
intense and prolonged rainfall events. In these situations, traditional grey infrastructure (drains, walls) may still be 
necessary as a complement, so a combination of both methods and techniques may be most appropriate. Over the 
past five years, the global surge in high-intensity wildfires, floods, and hillslope processes has inflicted staggering 
economic and environmental damage. Nature-based solutions (NBS) are not a universal solution and their 
effectiveness depends on the local context and may be limited in the face of extreme weather events. There are 
concerns about funding disparities, the risk of ‘greenwashing’, and challenges in long-term evaluation and 
monitoring. Direct global economic losses from natural disasters have consistently surpassed hundreds of billions 
of dollars annually, with a significant portion attributed to these hydro-meteorological and geological events; for 
instance, the total economic cost of natural perils in 2024 alone was estimated at over $400 billion and 
unquantifiable environmental biodiversity losses that produced diminished agricultural productivity, and 
substantial degradation of ecosystem services, including water purification and carbon sequestration [3,4]. 
Nevertheless, certain limitations must be acknowledged, such as large-scale implementation, the lack of 
standardized evaluation frameworks, financial constraints, biodiversity loss, and complexities in governance and 
context-specific effectiveness. In response, Nature-Based Solutions (NBS) present a paradigm shift in mitigating 
these impacts. Furthermore, tensions between traditional finance and nature-based solutions (NbS) could be 
revealed. Challenges include the insurance sector’s difficulty in quantifying the long-term benefits of NbS for risk 
modelling and the limited insurability of NbS assets compared to conventional infrastructure. NBS are essential 
in mitigating natural disasters, since recent scientific evidence supports that this type of intervention is 
considerably cost-effective and as effective as engineering solutions in reducing risks [5]. Furthermore, there is a 
risk of ‘greenwashing’ if insurers promote NbS while continuing to insure activities that contribute to disasters. 
Therefore, having this type of solution as an alternative or complement is not only necessary to strengthen the 
scope and effectiveness of disaster control and reduction, but is also of utmost importance to improve management 
capacities in the face of events of this nature. 

In the context of post-fire forest management, NBSs have been applied to restore damaged ecosystems, 
improve landscape resilience and prevent future fires by enhancing the ecosystem services provided as a benefit 
to humans and their needs [6]. Despite the profitability noted by the authors, there are some limitations and 
contradictions, such as the inclusion of biased economic assessments that often underestimate long-term benefits, 
an excessive emphasis on certain well-documented types of NBS, and a dependence on public funding that hinders 
scaling up, resulting in limited effectiveness against extreme events, biodiversity risks from poorly planned 
projects, and negative social impacts. In addition, practices such as the creation of erosion barriers using burned 
logs to slow erosion can help the re-establishment of vegetation [7]. Other practices, such as the use of controlled 
grazing, can reduce the accumulation of forest fuel, reducing the risk of severe fires in the future. Despite being a 
very localized solution that is difficult to replicate in large areas due to the cost involved, before carrying out any 
intervention, it is necessary to assess which are the most appropriate and where these applications should be 
prioritized. These strategies integrate traditional and scientific knowledge, highlighting the importance of 
collaboration between local communities, scientists and environmental managers to achieve the sustainable and 
adaptive recovery of affected ecosystems [8]. The NBSs most used in post-fire forest management include log and 
slash erosion barriers, mulching, salvage logging and livestock grazing [9–12]. There are some factors that could 
jeopardize the viability of NBSs and their effectiveness, such as political fragmentation, insufficient attention to 
prevention rather than extinction, challenges posed by the implementation and scalability of NBSs, and the 
possibility of “greenwashing” if the underlying causes of increased fire risk are not addressed. Also, NBSs have 
emerged as highly promising alternatives to traditional flood management strategies due to their potential for 
greater efficiency, cost-effectiveness and environmental sustainability [13]. For instance, civilizations have long 
utilized natural wetlands for water purification and flood control. These interventions range from localized, small-
scale applications, such as green rooves and vegetated building facades [14], to broader territorial strategies, 
including the integration of ponds, swales or green rain gardens in urban environments [15]. Although the term 
‘NBS’ is not explicitly included in the European Floods Directive (2007/60/EC) because the concept had not been 
widely introduced at that point, its implementation has increasingly incorporated references to, and encouragement 
of, nature-based measures as viable tools for enhancing flood risk management [16]. In many cases, international 
reports produced by entities such as the European Commission remain mere outlines of intentions that stand out 
for their conceptual ambiguity, insufficient private funding, and dependence on the local context, in addition to 
the negative side effects of poor implementation, political barriers, and a potentially overly optimistic view of the 
reports. In sloping areas, NBSs have proven effective in reducing geomorphological hazards, such as erosion and 
shallow landslides. Strategies such as permanent vegetative covers, contour terraces and bioengineering structures 
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stabilize slopes by enhancing infiltration, reducing runoff velocity and improving soil cohesion [2,17]. These 
interventions also provide co-benefits, including biodiversity enhancement, soil regeneration and water retention. 
Their application in rural and agricultural landscapes has demonstrated high effectiveness, low implementation 
costs and good social acceptance [18,19]. As climate change intensifies rainfall extremes, NBSs offer a sustainable, 
multifunctional response to mitigate risk and strengthen slope resilience. Nevertheless, improvements are needed 
in the implementation and monitoring of the NBS under consideration, as these may be dependent on the local and 
subjective context, lacking direct quantitative validation, biased because they are applied in laboratory conditions 
and not in “real world” studies and lacking standardized guidelines and long-term monitoring to assess the 
effectiveness and resilience of NBS over time. 

Some of the fundamental points are how, when, why, and where they should be applied. Each case must be 
evaluated individually, and the effectiveness of NBS must be studied depending on what is to be achieved. Nature-
Based Solutions (NBS) are implemented to mitigate wildfires, floods, and hillslope processes for their capacity to 
provide multifunctional, resilient, and cost-effective risk reduction while delivering significant co-benefits such as 
enhanced biodiversity and carbon sequestration. The optimal temporal window for application is the pre-disaster, 
preventive phase to reduce inherent vulnerabilities, though their integration into post-disaster recovery is crucial 
for building back better. Spatially, deployment is strategically targeted across scales: creating landscape mosaics 
and managing the Wildland-Urban Interface for fire; restoring upper catchments and floodplains for floods; and 
applying bioengineering on unstable slopes. This systematic integration across temporal phases and spatial scales 
provides a holistic, adaptive framework for disaster risk reduction that complements traditional engineering 
approaches. In this paper, we provide an updated view on the effectiveness of NBSs against some of the most 
damaging and frequent extreme events. In this sense, and despite their growing popularity, the evidence for their 
effectiveness remains fragmented and context-dependent, or by highlighting a critical methodological flaw 
common across studies, we have aimed to provide a critical and reflective view based on the latest scientific 
advances on the usefulness of these techniques in the current context. 

2. Nature-Based Solutions in Wildfire Events 

The NBSs for disaster risk reduction are complex and multidimensional interventions. Recent research has 
pointed to the introduction of livestock, especially in wildland–urban interface areas, as one of the possible 
solutions to reduce such risk [20]. This prescribed grazing system has co-benefits for policy-makers, land-planners 
and managers, private investors, industry players and local communities. The different techniques used are intended 
to improve land governance and reduce the risk of forest fires mainly in areas close to inhabited areas [21]. Integrated 
fire management-an approach that combines fire prevention, response and recovery, while integrating ecological, 
socioeconomic and cultural factors into management strategies-is of particular interest, even more so in the context 
of altered fire regimes. According to Oliveras Menor et al. [22], it is the most effective NBS for forest fire 
prevention in the context of global change. 

Mitigating environmental impacts refers to implementing measures to reduce or minimize negative effects 
on the environment. Among such measures is prevention, not only through silvicultural treatments or using public 
awareness and sensitization about this socioenvironmental problem, but also by trying to control and attenuate the 
impacts. In this sense and in the context of global change, developing public policies and integrating forest fires 
into territorial management and planning are necessities [23]. Some studies have focused on preventive fuel 
management to reduce fire risk through practices such as prescribed burning or the introduction of grazing 
livestock [24]. Another potential policy option to support NBSs would be to explore community-based insurance 
strategies and the opportunities and limitations of public and private insurers in wildfire risk management [25]. 

The management and mitigation of fire-induced land degradation requires strategies that combine 
engineering principles with ecosystem functionality. This is one of the challenges facing the scientific-technical 
approach when implementing NBS in these areas recently affected by fire disturbance. In this regard, it is 
considered that, given the heterogeneity of wildfires, different NBS should be proposed and applied in the territory 
based on the assessment of experts who determine, for example, whether wood should not be removed from an 
area to prevent higher rates of erosion, destabilization of the hillside and its collapse causing a landslide, but rather 
to encourage the growth of regrowth species that allow the soil to be fixed and erosion to be reduced by applying 
it manually. This approach combines landscape architecture, soil mechanics, hydrology, plant ecology and 
ecosystem services management. In this sense, the role of policy actors is fundamental in mitigating the impact of 
forest fires through forestry practices that favor rapid ecosystem recovery [6]. It is considered essential in this 
sense to intervene in public policies and management practices, and important that these are based on scientific 
evidence to adequately manage the disturbed ecosystems in each case [26]. Such policies focus on carrying out 
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measures related to the mitigation of, and adaptation to, these events. Collective mitigation progression is strongly 
associated with a policy domain more focused on reducing wildfire susceptibility/danger. The mitigation 
progression and adaptation effort seem to be promoted by different policies and policy domains, with both paths 
converging towards a common goal of reducing the impact of wildfires on wildfire-affected ecosystems [27]. The 
mitigation of these events in the context of global change requires the creation and implementation of national and 
international pacts that incorporate land management and consider the projections of the different climate 
scenarios, thereby increasing society’s preparedness for these events and environmental sustainability [28]. 

After the wildfire, some of the most frequent hillslope management practices include using burned trees to 
construct log and log-residue erosion barriers along contour lines. The aim is to slow runoff, collect eroded 
sediments, and increase water infiltration. In addition, one of the emergencies, protective and stabilizing treatments 
for bare burned soil that has proven quite effective is mulching [29]. These post-fire treatments aim to reduce soil 
erosion and prevent sediment deposition in undesirable areas, as well as retain soil moisture by significantly 
reducing soil loss due to erosion. These mulches can be made from straw or wood chips and plant debris, although 
more research is needed for the consolidated use of mulching in areas affected by wildfires [9]. Salvage logging 
is one of the most implemented management practices in the short to medium term after fires. The timing of 
extraction (a few months after the fire or up to almost a year later, but before spring), as well as the method 
(manual, animal or mechanical) is essential to prevent soil degradation. Despite the interest in this type of 
management, little research has been conducted on it [30]. Despite their proven benefits, the performance of 
Nature-based Solutions (NBS) during last summer’s events demonstrates they are insufficient for preventing large-
scale, intense wildfires. Therefore, to enhance their effectiveness, NBS must be used as a complementary tool 
within a comprehensive approach to risk and land management 

There have been very few studies on the direct effects of the introduction of livestock on post-fire soil, and 
even fewer when considering the ‘fire + livestock passage’ sequence. Although there are studies on the erosion 
caused by overgrazing, there are fewer on biochemical soil degradation. Recent studies have shown substantial 
improvements in soil quality in areas with low intensity grazing due to the increased organic matter and nutrients [12]. 
In this regard, this study provides valuable information on the subject, although it focuses solely on a very specific 
case study, making it difficult to make categorical statements. Therefore, more studies like this should be 
conducted with different types of livestock, in different environments and with respect to different fire intensities, 
being. However, it is crucial not to exceed the livestock carrying capacity for each location and time, and important 
that livestock are introduced after the first spring, not before, to avoid negative effects. 

Therefore, burned areas must be managed to prevent their vegetation fuel from regaining horizontal and 
vertical continuity that could lead to high-severity fires. A high-intensity fire can consume practically the entire 
forest mass, which can lead to events of ash dragging by heavy rainfall [9] or geomorphological changes [31] that 
can affect the ecosystem and its recovery in a severe way. Thus, there is a need to clearly establish the most 
appropriate post-fire forest management, such as NBSs, for each case to avoid a concatenation of deleterious 
events. Despite the interest generated by this type of post-fire management, practically no studies have focused on 
evaluating NBSs as a forest management tool or compared them with other management types. Given the context 
of global change, and the water and nutrient stress and associated risks that forest areas are experiencing, it would 
be useful to establish protocols for action and the implementation of NBSs in a combined manner to facilitate 
more-rapid ecosystem recovery. 

Finally, one of the NBSs related to fire is the application of forest management techniques that, through the 
application of prescribed fire, can be useful for land management. In this regard, the use of fire as a management 
tool must be carried out by experts in the field, attempting to control fundamental parameters such as the intensity 
of the fire and the time the fire remains on the ground in a prescribed burn so that the objectives of the burn are 
met and it is an appropriate NBS. In this sense, it is necessary to integrate fire management into national and 
supranational legislation and policies as one of the more sustainable solutions to prevent large forest fires in the 
highest-risk areas [8]. Other authors have pointed out the importance of stakeholders perceiving forest fire 
management strategies as NBSs [7]. Although the authors questioned the extent to which fuel management 
strategies can be considered NBSs, based on the International Union for Conservation of Nature (IUCN) standard, 
they stated that fire should be managed, and supported fire prevention rather than fire suppression policies. In 
addition, they pointed out that promoting agricultural and livestock uses, modifying forest species compositions to 
increase fire resistance, and introducing large herbivores are NBSs that improve vegetal fuel management, are key to 
addressing socioeconomic challenges in high fire risk areas and decrease the potential impact of a potential wildfire. 
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3. Nature-Based Solutions in Hydrological Events and Floods 

Foundational works have defined NBSs as nature-inspired strategies for addressing environmental and 
societal challenges [32]. Their economic benefits in flood prevention are being increasingly recognized [16,33], 
with several case studies highlighting their value in territorial planning [34,35]. Recent evaluations in river basins 
under current and future climatic conditions have underscored their effectiveness in reducing flood risk [16,35], 
although their implementation and long-term monitoring remain key challenges [36]. There are various types of 
NBSs, including natural systems, green infrastructure and hybrid or integrated approaches––all effective tools for 
flood prevention in riverine areas [37]. Also, NBSs support ecosystem services, such as aquifer recharge, carbon 
sequestration, slope stabilization and flood buffering [14]. Although the green approach is gaining ground, 
comparisons with traditional grey infrastructure remain relevant [38]. Because floods are influenced by climatic 
conditions, and preventing high-frequency events involves extremely high costs, total flood avoidance is not 
achievable [39]. Nonetheless, a broad, interconnected network of NBSs could help address urban development 
issues and support efforts to mitigate climate change [16] and its effect on flood hazards. Therefore, specifically 
in the context of flood prevention, the literature indicates that the implementation of NBSs strengthens 
management efforts in a more sustainable way than traditional methods [14,16,37,39]. Other studies have 
underscored the need for further research into the implementation of certain measures, while still recognizing their 
potential as primary prevention strategies [36]. 

Regarding mitigation measures, several authors have argued that NBSs can be part of a range of options to 
reduce flood risk. To evaluate the present and potential future effectiveness of NBSs in reducing flood risk, large-
scale analytical tools that rely on global datasets are already in use to provide initial estimates. However, to enhance 
their relevance and accuracy, these tools need to be complemented with validation data obtained through field 
observations, remote sensing, questionnaires, interviews, focus group discussions and participatory mapping, in 
this sense, NBSs can be considered validated when their implementation has been assessed and proven effective. 
Therefore, they represent a reliable option whenever a mitigation measure needs to be applied. Large-scale flood 
risk reduction (e.g., at the regional level) can be achieved by implementing a network of NBSs [40]. Some 
examples include the Saguenay and Red River valleys in Canada, as well as the Engelberg Aa River in Switzerland, 
where a ‘basin-centric’ approach, focused on managing flood risks across the entire watershed rather than just 
along the river, has been employed [41]. In fact, NBSs are increasingly being implemented due to their 
significantly lower cost–benefit ratios compared to traditional technical mitigation measures [15]. Conventional 
technical mitigation measures often come with high implementation and maintenance costs, can significantly alter 
the visual character of the landscape, and may have considerable negative environmental effects––challenges that 
NBS strategies may help to address [42]. Offering a sustainable alternative to traditional engineering-based 
measures, NBSs represent a highly effective and increasingly preferred approach to flood risk mitigation. Unlike 
conventional interventions, which are often costly, visually intrusive and environmentally disruptive, NBSs 
provide multifunctional benefits because they work with natural processes at the landscape scale. Their lower 
implementation and maintenance costs, combined with their capacity to enhance ecological resilience and social 
acceptability, position NBSs as a forward-looking strategy for addressing flood risks in a changing climate [15]. 

With regard to actions implemented in the aftermath of extreme or catastrophic events, NBSs have become 
some of the most widely adopted measures in recent years [43]. Post-flood contexts often present a critical window 
of opportunity, the significant damage caused prompting the implementation of measures aimed at mitigating the 
impacts of future events. In this sense, some studies have highlighted the need for interventions that combine 
both preventive and mitigative functions [44]. Enhancing biodiversity, improving aquifer water quality and 
creating natural flood retention areas, in tandem with avoiding sediment compaction or obstruction, are all actions 
that, when implemented after a flood, can significantly reduce the severity of damage during subsequent extreme 
events [16,32,34]. Post-event measures can therefore be understood as long-term investments that not only address 
the immediate consequences of flooding but also contribute to improving river dynamics and the resilience of the 
surrounding ecosystems to future flood events. 

4. Nature-Based Solutions in Hillslope and Geomorphological Processes 

Geomorphological hazards on slopes occur primarily when destabilizing stimuli or forces (gravity) exceed 
the soil shear strength. For example, when it rains and the soil saturates, the weight and pore pressure increase, which, 
in turn, decreases the friction and strength of the material, increasing the likelihood of landslide events [45]. As an 
alternative to mitigate the risk associated with these events, nature-based solutions are also emerging in this area. They 
play an important role in preventive strategies aimed at reducing the incidence and intensity of geomorphological 
hazards on slopes. They can be used, for example, to maintain soil cover and vegetation structure, which are 
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essential for mitigating erosion, improving infiltration, and reducing surface runoff on sloping terrain, thus 
contributing to both soil stability and landscape multifunctionality [2]. One widely adopted soil conservation 
strategy involves the implementation of mechanical inventions, such as contour terraces, vegetative barriers or 
slowly forming terraces, all of which help control slope dynamics and reduce water flow velocity [17]. 
Complementing these findings, Rehman et al. [18] demonstrated that the application of vegetation-based solutions, 
such as grass cover on degraded hillslopes, significantly improves soil retention and delays runoff peaks during 
intense rainfall events. These approaches not only reduce erosion and enhance infiltration but also minimize 
sediment transfer to downstream areas. 

When preventive measures do not fully respond, or when a process associated with the geomorphological 
dynamics of hillside areas is already underway, the NBS approach focuses on damage mitigation. In this 
dimension, the main purpose is oriented towards reducing the magnitude, speed, and impact of geomorphological 
events, such as erosion or landslides. However, the mitigating capacity of NBSs is largely conditioned by the type 
and scale of the process for which they are used [46,47]. This requires the specific selection of techniques and 
species depending on the case or context in question or, going further, through the joint use of NBSs and traditional 
engineering solutions as a standard provision to ensure better results. 

It is certainly important to keep in mind that the suitability of NBSs has been established only for some types 
of slope instabilities, not for all. Scientifically, in the context of landslide risk reduction, it has been categorically 
established that the best results from the implementation of NBSs can be seen in shallow landslides or shallow 
erosion processes [48]. However, when considering the effectiveness of landslides involving deeper layers or 
larger-scale scenarios, it is considered that further research is still needed, in conjunction with other engineering 
solutions, to establish their usefulness more broadly [49]. 

A key point to consider among the influencing factors that impact the effectiveness of NBS implementation 
and maintenance in the context of damage mitigation lies in identifying and selecting the key plant species. Species 
analysis in damage mitigation strategies or applications has shown that the technical effectiveness of NBSs is 
largely determined by the plant selection made for each case, which is primarily dependent on hydrological, 
biomechanical and socioeconomic criteria [50–52]. This selection points more to the functional role that the plant 
would play than to a universal species to be applied because it possesses specific characteristics. That is, NBS-
based interventions use vegetation as a fundamental structural component for slope stabilization, aiming to 
mitigate potential magnitudes of events, but at the same time providing co-benefits, such as improved biodiversity 
and soil health, that would work to favor the task [53]. 

In the context of geomorphological and fluvial dynamics, NBSs have emerged as a valuable alternative for 
the restoration of degraded ecosystems. In the context of erosion or landslides, NBSs are capable of integrating 
ecological, biophysical and social functions to reduce potential hydrogeomorphological risks, all while regenerating 
the landscape. This provides a sustainable alternative to traditional hard engineering mechanisms [19,54,55]. 
Recovery following geomorphological events that alter the original or previous condition of an environment can 
materialize at various scales and over a variety of contexts, from slope and riverbank stabilization to the restoration 
of areas degraded by mining activities. For example, in slope areas, previous experience has shown that 
combinations of living wood and revegetation can be used to strengthen the soil and prevent future events, while 
simultaneously improving water regulation and promoting biodiversity. Meanwhile, in the context of sites affected 
by mining activity, NBSs can contribute to addressing soil and water pollution by reshaping and improving the 
terrain using techniques such as biochar, while also contributing to the reconstruction of water systems and 
vegetation using pollution-tolerant native species [19,55]. 

The implementation of NBSs can provide significant advantages and benefits in the context of climate 
change, fostering preventive, mitigating and adaptive processes in response to the geomorphological and fluvial 
dynamics that can develop in hillside areas. In the future, an increase in the frequency and intensity of 
meteorological events, such as droughts, heavy rains triggering floods and landslides, heavy snowfall and 
deleterious winds, is generally expected [56]. Due to their intensity and frequency, such events may aggravate 
some geomorphological processes or increase the number of areas experiencing instability. These changes may 
generate greater socioeconomic impacts than in the past, given the additional pressures of global population growth 
and increasing urbanization [56]. 

Faced with the expected series of changes, considering and addressing a rebalancing approach to adaptation 
strategies becomes increasingly important as a way of promoting the resilient management of watersheds and other 
susceptible areas. This rebalancing must be directed at structural and non-structural measures, and the role of NBSs 
will be an essential component in the process, complementing traditional engineering strategies in some cases and 
offering superior alternatives in others [56,57]. At the same time, addressing current challenges in the effective 
implementation of NBSs will also be vital in order to establish a robust foundation for the future. The need for 
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interdisciplinary approaches, and the development of standardized assessment methodologies and integrated 
public policies that foster community and environmental resilience in the face of the new challenges posed by 
climate change will be to ensuring the future usefulness of NBSs in the context of global change [58,59] 

Despite the above, and despite the growing acceptance and recognition of the promising potential of NBS in 
this field, critical analysis of their effectiveness, particularly in the context of extreme geomorphological events 
such as deep landslides or large-scale erosion, reveals significant gaps and knowledge gaps. The scientific 
community that has developed recent work in this area agrees on the existence of significant gaps in the 
understanding of NBS effectiveness. This is mainly based on critical knowledge gaps, the need for further research, 
and insufficient models to validate the effectiveness of NBS in more intense events [60–62]. 

Regarding the above, in recent years, parameters have been proposed to facilitate the evaluation of NBS 
performance, particularly in the area of landslide prevention and mitigation. However, the lack of indicators that 
combine ecosystem services, engineering performance, and monitoring has been highlighted, highlighting the 
significant limitations in the practical validation of NBS effectiveness in events of this nature [60]. 

In this sense, in the current field of hillslope and geomorphological processes, NBS continue to hold 
promising potential despite its low risk reductions as engineering solution [5]. However, their practical validation 
in the face of extreme or larger events remains a challenge yet to be overcome in the scientific field. Therefore, 
the need for greater research efforts, the development of more robust models, and the creation of comprehensive 
indicators that allow for a better evaluation of the performance of NBS implementation in this area will be crucial 
going forward (Figure 1). 

 

Figure 1. NBS in natural disaster events in Global and Climate Change context. 

5. Final Remarks 

Nature-Based Solutions have emerged as a transformative approach in the face of growing environmental 
and climate-related challenges. In this article, we explored the application of NBSs in three different hazard 
contexts-wildfire events, hydrological events and geomorphological/slope events. Despite differences in their 
spatial scales, ecological settings and intervention typologies, in all of the cases, there was the capacity for NBSs 
to reduce risk while delivering ecological, social and economic co-benefits. Nature-based solutions provide 
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adaptive and low-impact responses that align with broader territorial resilience objectives. Their benefits extend 
beyond hazard mitigation to include biodiversity enhancement, water regulation, carbon capture and cultural 
ecosystem services. Unlike conventional grey infrastructure, whose functionality often degrades over time, the 
effectiveness of NBSs can improve as ecological processes are restored or enhanced. 

Not only do vegetal swales, wetlands or hillside reforestations reduce runoff or sediment transfer, they also 
generate habitat continuity and landscape connectivity. Moreover, their social acceptance tends to be higher, 
especially in rural or peri-urban areas where local knowledge, sense of place and traditional land practices can be 
used as assets in their implementation. However, implementing NBSs is not easy nor free of challenges. The main 
obstacles are a lack of interdisciplinary collaboration, institutional decision-making and the absence of robust 
monitoring frameworks. Although the European Union strategies and technical guidelines have increasingly 
promoted NBSs (e.g., the European Green Deal and Biodiversity Strategy), their mainstreaming into land-use 
planning, disaster risk reduction frameworks and local policies remains inconsistent, and they often suffer from 
short-term-project-based funding schemes that limit their capacity to mature and demonstrate full effectiveness. 
The lack of standardized performance indicators and long-term monitoring further hampers the accumulation of 
evidence needed for widespread adoption. To advance the integration of NBSs, several actions are required. First, 
territorial and environmental planning frameworks must explicitly recognize and prioritize NBSs as primary tools 
in hazard mitigation and ecosystem restoration. To achieve this, it is necessary to update guidelines, institutional 
coordination and the alignment of funding mechanisms with long-term landscape objectives. Second, pilot projects 
should be scaled up through adaptive management schemes, combining scientific knowledge with community-
based monitoring. This participatory approach would enhance both their legitimacy and efficiency, especially in 
local contexts. Third, education and training programs are essential to equip planners, engineers and decision-
makers with the tools and vocabulary needed to design and manage NBSs across disciplines. 

The involvement of local populations is crucial to the success of NBS initiatives because they are the main 
guardians of the territory. The increasing frequency and intensity of climate-related disasters demand a paradigm 
shift in territorial planning. Nature-Based Solutions are necessary foundations for resilient and sustainable 
landscapes and, consequently, should not be framed as optional or supplementary measures, but rather as 
foundational components of planning and governance. Solutions should be tailored to the specific characteristics 
of the ecosystem, climate and local communities. 

Looking ahead, Nature-Based Solutions (NBS) in these areas are expected to focus on their holistic 
integration into land-use planning. Specifically, the key points will be modelling and assessment (developing more 
accurate models that simulate the effectiveness of NBS at different scales, from river basins to entire landscapes, 
studying peatland restoration, strategic reforestation and artificial wetlands, and the risk mitigation described in 
this study), governance and policy (promoting policy frameworks that incentivize their adoption, such as “green 
taxation” or programs that reward conservation so that NBS are considered essential, not complementary, 
infrastructure), multifunctionality (researching how NBS can offer multiple simultaneous benefits, such as 
improving biodiversity, water quality and social well-being) and social participation (involving local communities 
in the design and maintenance of these solutions, encouraging the creation of more resilient and less vulnerable 
landscapes). Therefore, the future lies not in isolated solutions, but in the creation of resilient and multifunctional 
landscapes. This requires integrated land management that combines science, policy and community participation. 

Author Contributions 

M.F.: conceptualization, methodology, software, data curation, writing—original draft preparation, visualization, 
investigation, supervision, writing—reviewing and editing; C.S-G.: conceptualization, methodology, data curation, 
writing—original draft preparation, visualization, investigation, writing—reviewing and editing; R.F-H.: data 
curation, writing—original draft preparation, investigation, writing—reviewing and editing; O.C-G.: software, data 
curation, writing—original draft preparation, visualization, investigation, writing—reviewing and editing. All authors 
have read and agreed to the published version of the manuscript. 

Funding 

This research received no external funding. 

Institutional Review Board Statement 

Not applicable. 
  



Francos et al.   Earth Environ. Sustain. 2025, 1(2), 254–264 

https://doi.org/10.53941/eesus.2025.100021  262 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Novel data were not generated or used in this study. 

Acknowledgments 

The authors also want to thank J. Lees for revising the English grammar of the manuscript. Finally, an 
acknowledgement to the reviewers who have helped to substantially improve the work. 

Conflicts of Interest 

The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the 
writing of the manuscript; or in the decision to publish the results. Given the role as Editorial Board Member, 
Marcos Francos had no involvement in the peer review of this paper and had no access to information regarding 
its peer-review process. Full responsibility for the editorial process of this paper was delegated to another editor 
of the journal. 

Use of AI and AI-Assisted Technologies 

No AI tools were utilized for this paper. 

References 

1. United Nations Environment Programme. State of Finance for Nature 2022. In Time to Act: Doubling Investment by 2025 
and Eliminating Nature-Negative Finance Flows; United Nations Environment Programme (UNEP): Nairobi, Kenya, 2022. 

2. Manes, S.; Vale, M.M.; Pires, A.P.F. Nature-based solutions potential for flood risk reduction under extreme rainfall 
events. Ambio 2024, 53, 1168–1181. 

3. Wittenberg, L.; Shtober-Zisu, N. Restoring fire-affected soils: The potential of nature-based solutions. Curr. Opin. 
Environ. Sci. Health 2023, 36, 100520. 

4. Pauch, D.; Bera, A.; Walczak, D. Insurance in mitigating the financial consequences of natural disasters. Econ. Environ. 
2024, 89, 769. 

5. Ascione, G.; Bufalo, M.; Orlando, G. Cost and severity of natural catastrophes in extreme events: Implications for society 
and insurances. Ann. Oper. Res. 2025, https://doi.org/10.2139/ssrn.5099843 

6. Vicarelli, M.; Sudmeier-Rieux, K.; Alsadadi, A.; et al. On the cost-effectiveness of Nature-based Solutions for reducing 
disaster risk. Sci. Total Environ. 2024, 947, 174524. 

7. Lecina-Diaz, J.; Campos, J.; Pais, S.; et al. Stakeholder perceptions of wildfire management strategies as nature-based 
solutions in two Iberian biosphere reserves. Ecol. Soc. 2023, 28, 39. 

8. Plana, E.; Serra, M.; Smeenk, A.; et al. Framing Coherence Across EU Policies Towards Integrated Wildfire Risk 
Management and Nature-Based Solutions. Fire 2024, 7, 415. 

9. Francos, M.; Vieira, A.; Bento-Gonçalves, A.; et al. Effects of wildfire, torrential rainfall and straw mulching on the 
physicochemical soil properties in a Mediterranean forest. Ecol. Eng. 2023, 192, 106987. 

10. Bombino, G.; D’Agostino, D.; Marziliano, P.A.; et al. A Nature-Based Approach Using Felled Burnt Logs to Enhance 
Forest Recovery Post-Fire and Reduce Erosion Phenomena in the Mediterranean Area. Land 2024, 13, 236. 

11. Peña-Molina, E.; Moya, D.; Fajardo-Cantos, Á.; et al. Burn Severity and Postfire Salvage Logging Effects on Vegetation 
and Soil System in a Short-Term Period in Mediterranean Pine Forests. Fire 2024, 7, 127. 

12. Marks, E.A.N.; Barbosa, J.M.; Mataix-Solera, J.; et al. Complementary effects of encroachment and grazing intensity for 
soil quality in a mountain grassland. Agric. Ecosyst. Environ. 2025, 388, 109652. 

13. European Commission. Towards an EU Research and Innovation Policy Agenda for Nature-Based Solutions & Re-
Naturing Cities; Publications Office of the European Union: Luxemburgo, 2015. Available online: https://op.europa.eu/ 
en/publication-detail/-/publication/fb117980-d5aa-46df-8edc-af367cddc202/language-en (accessed on 15 June 2025). 

14. Conte, A.; Brunetti, P.; Allevato, E.; et al. Nature Based Solutions on the river environment: An example of cross-
disciplinary sustainable management, with local community active participation and visual art as science transfer tool. J. 
Environ. Plan. Manag. 2023, 66, 2388–2405. 

15. Thaler, T.; Hudson, P.; Viavattene, C.; et al. Nature flood management: Opportunities to implement nature-based 
solutions on privately owned land. Wiley Interdiscip. Rev. Water 2023, 10, e1637. 

https://op.europa.eu/en/publication-detail/-/publication/fb117980-d5aa-46df-8edc-af367cddc202/language-en


Francos et al.   Earth Environ. Sustain. 2025, 1(2), 254–264 

https://doi.org/10.53941/eesus.2025.100021  263 

16. Sánchez-García, C.; Corvacho-Ganahín, Ó.; Santasusagna Riu, A.; et al. Nature-Based Solutions (NbSs) to Improve Flood 
Preparedness in Barcelona Metropolitan Area (Northeastern Spain). Hydrology 2024, 11, 213. 

17. Devanand, V.B.; Mubeen, A.; Vojinovic, Z.; et al. Innovative methods for mapping the suitability of nature-based 
solutions for landslide risk reduction. Land 2023, 12, 1357. 

18. Rehman, S.U.; Ahmed, A.; Gilja, G.; et al. A Laboratory Study of the Role of Nature-Based Solutions in Improving Flash 
Flooding Resilience in Hilly Terrains. Water 2024, 16, 124. 

19. Capobianco, V.; Fraccica, A.; Anselmucci, F.; et al. Nature-and bio-based solutions for ecosystem restoration, landslide 
hazard mitigation, and ground improvement: Research and application novelties. Ecol. Eng. 2025, 219, 107710. 

20. Castaldo, A.G.; Mahmoud, I. Nature-Based Solutions Framework for Wildfire Risk Reduction: Evaluating Governance 
Recommendations in Girona Province, Spain. In Greening Our Cities: Sustainable Urbanism for a Greener Future. 
Advances in Science, Technology & Innovation; Battisti, A., Piselli, C., Strauss, E.J., et al., Eds.; Springer: Cham, 
Switzerland; Berlin, Germany, 2024; pp. 139–149. 

21. Ascoli, D.; Plana, E.; Oggioni, S.D.; et al. Fire-smart solutions for sustainable wildfire risk prevention: Bottom-up 
initiatives meet top-down policies under EU green deal. Int. J. Disaster Risk Reduct. 2023, 92, 103715. 

22. Oliveras Menor, I.; Prat-Guitart, N.; Spadoni, G.L.; et al. Integrated fire management as an adaptation and mitigation 
strategy to altered fire regimes. Commun. Earth Environ. 2025, 6, 202. 

23. Badía, A.; Francos, M.; Morán, P.; et al. La Integración de Los Incendios Forestales en la Gestión y Planificación 
Territorial en el Contexto de Cambio Global. In Cambio Climático y Territorio en el Mediterráneo Ibérico; Romero, J., 
Camarasa, A., Eds.; Tirant lo Blanch Ediciones: Valencia, España, 2025; pp. 95–114. 

24. Bayer, J.; Bacciu, V.; Plana, E.; et al. Nature-Based Solutions for Wildfire Risk Management: The Role of Insurance. In 
Proceedings of the EGU General Assembly Conference Abstracts, Vienna, Austria, 23–28 April 2023; p. EGU-9392. 

25. Kalapodis, N.; Sakkas, G. Integrated fire management and closer to nature forest management at the landscape scale as 
a holistic approach to foster forest resilience to wildfires. Open Res. Eur. 2025, 4, 131. 

26. Herbert, C.; Haya, B.K.; Stephens, S.L.; et al. Managing nature-based solutions in fire-prone ecosystems: Competing 
management objectives in California forests evaluated at a landscape scale. Front. For. Glob. Chang. 2022, 5, 957189. 

27. Canadas, M.J.; Leal, M.; Soares, F.; et al. Wildfire mitigation and adaptation: Two locally independent actions supported 
by different policy domains. Land Use Policy 2023, 124, 106444. 

28. Úbeda, X.; Pérez, J.F.; Francos, M. Incendios Forestales. In Cambio Climático en España; Serrano-Notivoli, R., Olcina 
Cantos, J., Martín-Vide, J., Eds.; Tirant lo Blanch Ediciones: Valencia, España, 2024; pp. 395–416. 

29. Neris, J.; Robichaud, P.R.; Wagenbrenner, J.W.; et al. Soil erosion after fire in volcanic terrain: Assessment and 
implications for post-fire soil losses. J. Hydrol. 2023, 625, 129923. 

30. Du, Y.; Zhang, Y.; Islam, W.; et al. Effects of long-term management measures on soil enzyme activity and microbial 
nutrient dynamics in an arid environment: A case study from the Southern Taklimakan Desert. Ecol. Eng. 2025, 217, 107647. 

31. McGuire, L.A.; Ebel, B.A.; Rengers, F.K.; et al. Fire effects on geomorphic processes. Nat. Rev. Earth Environ. 2024, 5, 
486–503. 

32. Dubo, T.; Palomo, I.; Laorden Camacho, L.; et al. Nature-based solutions for climate change adaptation are not located 
where they are most needed across the Alps. Reg. Environ. Chang. 2023, 23, 12. 

33. Arfaoui, N.; Gnonlonfin, A. The Economic Value of NBS for Flood Risk Mitigation and their Benefits in a River Basin 
Context: A Meta-Regression-Analysis. Rev. D'économie Polit. 2022, 132, 649–678. 

34. Jódar, J.; Martos-Rosillo, S.; Custodio, E.; et al. The Recharge Channels of the Sierra Nevada Range (Spain) and the 
Peruvian Andes as Ancient Nature-Based Solutions for the Ecological Transition. Water 2022, 14, 3130. 

35. Spyrou, C.; Loupis, M.; Charizopoulos, N.; et al. Evaluating Nature-Based Solution for Flood Reduction in Spercheios 
River Basin Part 2: Early Experimental Evidence. Sustainability 2022, 14, 10345. 

36. Penning, E.; Peñailillo Burgos, R.; Mens, M.; et al. Nature-based solutions for floods AND droughts AND biodiversity: 
Do we have sufficient proof of their functioning? Camb. Prism. Water 2023, 1, e11. 

37. Pugliese, F.; Caroppi, G.; Zingraff-Hamed, A.; et al. Assessment of NBSs effectiveness for flood risk management: The 
Isar River case study. Water Infr. Ecosyst. Soc. 2022, 71, 42–61. 

38. Herath, H.M.M.S.D.; Fujino, T.; Senavirathna, M.D.H.J. A Review of Emerging Scientific Discussions on Green 
Infrastructure (GI)-Prospects towards Effective Use of Urban Flood Plains. Sustainability 2023, 15, 1227. 

39. Barendrecht, M.H.; Matanó, A.; Mendoza, H.; et al. Exploring drought-to-flood interactions and dynamics: A global case 
review. Wiley Interdiscip. Rev. Water 2024, 11, e1726. 

40. Howarth, M.; Smithwick, E.; McPhillips, L.; et al. Scaling Nature-Based Solutions for Fluvial Floods: A Worldwide 
Systematic Review. Wiley Interdiscip. Rev. Water 2025, 12, e70011. 

41. IFMT. Integrated Flood Management Tool Series No. 13. Conservation and Restoration of Rivers and Floodplains, 2012, 
Issue 13. Available online: https://library.wmo.int/doc_num.php?explnum_id=7332 (accessed on 14 July 2025). 



Francos et al.   Earth Environ. Sustain. 2025, 1(2), 254–264 

https://doi.org/10.53941/eesus.2025.100021  264 

42. Esraz-Ul-Zannat, M.; Dedekorkut-Howes, A.; Morgan, E.A. A review of nature-based infrastructures and their effectiveness 
for urban flood risk mitigation. Wiley Interdiscip. Rev. Clim. Chang. 2024, 15, e889. 

43. McPhearson, T.; Andersson, E.; Grilo, F.; et al. Urban Ecological Resilience: Ensuring Urban Ecosystems Can Provide 
Nature-Based Solutions. In Nature-Based Solutions for Cities; McPhearson, T., Kabisch, N., Frantzeskak, N., Eds.; 
Edward Elgar Publishing: Cheltenham, UK, 2023; pp. 49–81. 

44. Jain, S.K.; Singh, V.P. Water Resources Systems Planning and Management; Elsevier: Amsterdam, The Netherlands, 2023. 
45. Boudet Rouco, D.; Mendoza, M.E.; Carlon Allende, T.; et al. Contributions of dendrogeomorphological analysis to the 

characterization of hydrogeomorphological hazards associated with extraordinary rainfall events: A review. Bol. Soc. 
Geol. Mex. 2024, 76, A100424. 

46. Reguero, B.G.; Renaud, F.G.; Van Zanten, B.; et al. Nature-based solutions for natural hazards and climate change. Front. 
Environ. Sci. 2022, 10, 1101919. 

47. Bowyer, P.; Alfieri, S.M.; Basu, B.; et al. Modelled effectiveness of NbS in reducing disaster risk: Evidence from the 
OPERANDUM project. Nat. Bas. Sol. 2024, 5, 100127. 

48. Preti, F.; Dani, A.; Giambastiani, Y.; et al. Slope stability time evolution of a shallow landslide restored by Soil and 
Water Bioengineering (SWBE) techniques: A case study in Northwest Tuscany (Italy). Ecol. Eng. 2025, 214, 107570. 

49. Dewi, R.K.; Wijayanti, P. Nature-Based Solutions for Landslide Risk Reduction: A Critcal Review of Academic 
Literature. In IOP Conference Series: Earth and Environmental Science, Proceedings of the International Conference 
on Environmental Management 2022, Online, 23 September 2022–24 September 2022; IOP Publishing Ltd.: Bristol, UK, 
2022; Volume 1180, p. 012030. 

50. Boldrin, D.; Knappett, J.A.; Leung, A.K.; et al. Modifying soil properties with herbaceous plants for natural flood risk-
reduction. Ecol. Eng. 2022, 180, 106668. 

51. Greksa, A.; Ljubojević, M.; Blagojević, B. The Value of Vegetation in Nature-Based Solutions: Roles, Challenges, and 
Utilization in Managing Different Environmental and Climate-Related Problems. Sustainability 2024, 16, 3273. 

52. International Union for Conservation of Nature (IUCN). ENACT 2024 Nature-Based Solutions Discussion Paper. Available 
online: https://iucn.org/sites/default/files/2024-10/enact-2024-nature-based-solutions-discussion-paper.pdf (accessed on 6 
May 2025). 

53. Gonzalez-Ollauri, A. Sustainable use of nature-based solutions for slope protection and erosion control. Sustainability 
2022, 14, 1981. 

54. Rey, F.; Dupire, S.; Berger, F. Forest-based solutions for reconciling natural hazard reduction with biodiversity benefits. 
Nat. Based Sol. 2024, 5, 100114. 

55. Hong, L.; Feng, S.; Li, P.; et al. Ecological Restoration and Regeneration Strategies for the Gumi Mountain Mining Area 
in Wuhan Guided by Nature-Based Solution (NbS) Concepts. Sustainability 2025, 17, 1913. 

56. Tarolli, P.; Zuecco, G.; Picco, L. Watershed resilience to climate change: From hillslopes to rivers and coasts. Evol. Earth 
2023, 1, 100010. 

57. Liao, K.W.; Thedy, J.; Tai, C.C. Fluvial flood adaptation using nature-based solutions: A comprehensive and effective 
assessment of hydro-meteorological risks. Sci. Total Environ. 2024, 912, 169329. 

58. Debele, S.E.; Leo, L.S.; Kumar, P.; et al. Nature-based solutions can help reduce the impact of natural hazards: A global 
analysis of NBS case studies. Sci. Total Environ. 2023, 902, 165824. 

59. Preti, F.; Capobianco, V.; Sangalli, P. Soil and Water Bioengineering (SWB) is and has always been a nature-based 
solution (NBS): A reasoned comparison of terms and definitions. Ecol. Eng. 2022, 181, 106687. 

60. Yan, X.; Geng, S.; Jiang, H.; etshide al. Redefining Benggang Management: A Novel Integration of Soil Erosion and 
Disaster Risk Assessments. Land 2024, 13, 613. 

61. Beselly, S.M.; van Der Wegen, M.; Roelvink, D. Mangrove–Eco-Geomorphic Interactions Modelling for Nature-Based 
Solutions. In Nature-Based Solutions for Urban Sustainability; International Water Association (IWA): London, UK, 
2025; pp. 191–216. 

62. Dunlop, T.; Khojasteh, D.; Cohen-Shacham, E.; et al. The evolution and future of research on Nature-based Solutions to 
address societal challenges. Commun. Earth Environ. 2024, 5, 132. 

https://iucn.org/sites/default/files/2024-10/enact-2024-nature-based-solutions-discussion-paper.pdf

