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A B S T R A C T

Nature-based Solutions (NbS) offer a way to preserve, manage and restore ecosystems so as to better meet today's 
societal challenges, by combining benefits for society and the environment, including biodiversity. They are a 
response to current climate change-related challenges for water management. However, various barriers exist to 
the implementation of NbS, such as a lack of appropriation of the concept, as well as needs for knowledge and 
know-how. Focusing on societal challenges linked to water, we highlight the importance of implementing plu
ridisciplinary and transdisciplinary projects when trying to implement NbS projects. This requires new ap
proaches in research, practice, and governance. This discussion allows identifying levers for a widespread use of 
NbS for water management.

1. Nature-based solutions for water management with benefits 
for environment and society

Nature-based Solutions (NbS) are actions aimed at protecting, sus
tainably managing and restoring ecosystems, as well as answering both 
societal challenges and biodiversity conservation issues (IUCN French 
Committee, 2019). They are actions incorporating natural features and 
processes into applied projects in order to ensure their sustainable 
development. The NbS concept has been defined at the end of the 2000 
decade, at the global scale by institutions such as the International 
Union for the Conservation of Nature (IUCN) and lately the European 
Commission (EC). Since then, many countries have been implementing 
NbS projects (Cohen-Shacham et al., 2019). The latter rely on methods 
and techniques also associated with other concepts such as ecological 

engineering, soil and water bioengineering, or green/blue in
frastructures (Nesshöver et al., 2017). However, they differ from ap
proaches and methods developed in the field of biomimicry (Benyus, 
1997; Dicks et al., 2021).

In the field of water management, NbS correspond to a variety of 
actions: protecting or improving the quality and/or quantity of water 
resources and ecosystems; reducing the impact of natural hazards 
(floods and droughts), urbanisation and pollution from anthropic ac
tivities; preserving or improving biodiversity (Fig. 1; Rey et al., 2023). 
Some of them were promoted before the development of the NbS 
concept, while the latter adding a systemic perspective to handle 
together climate adaptation, biodiversity restoration and equity matters 
of concerns. For instance, wetlands can be restored and reduce the risk of 
flooding or scarcity, secure water supplies, and combat climate change 
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impacts through carbon sequestration, while providing benefits for 
ecosystems and society. Such projects aim at holding together the pro
tection of people, economic activities, and properties with gains for 
biodiversity and ecosystems. Another example is the restoration of a 
channelled river in a stream with meanders, with the aim of allowing it 
to function more naturally (improving exchanges with underground 
aquifers, biodiversity, and ecosystem resilience), while slowing the flow 
velocity and reducing the impacts of potential flooding (Fig. 2). The 
revegetation of civil engineering structures on riverbanks can also be 
considered as a NbS.

NbS also have many applications in urban water management 
(Ramirez-Agudelo et al., 2020). Indeed, nature in cities can help miti
gate runoff, as well as reduce drought impacts, by improving infiltration, 
temporary water storage, evapotranspiration, and biodiversity. More
over, they can also contribute to reducing the heat island effect (shade, 
cooler areas, evapotranspiration), and to improving landscape quality 
and citizens' well-being including social and health issues (Choe et al., 
2020). One of their key applications is the management of rainwater, 
through the promotion of water retention, infiltration, evapotranspira
tion, and reuse. This limits further development of hydraulic structures 
and expensive water collection or drainage networks. NbS provide a 
natural treatment of rainwater and sustain aquifer and stream recharge. 
They allow to reduce the size of the collection and transfer systems and 
of the associated wastewater treatment plants, and their costs. The 
combination of soil, vegetation and root systems, associated with 
mycorrhizae, can fix and/or treat numerous pollutants (Lafforgue, 
2016a). Heavy metals can be fixed in the superficial part of the soil, a 
better situation than in the sediments of the watercourses, where they 
could be remobilized. Among existing NbS (Fig. 1), we can mention: 
surface-flow constructed wetlands, which allow for a complementary 
purification of wastewater thanks to bacteria attached to plants and 

sediments; vegetated swales and rain gardens, which are islands of 
vegetation installed in cities to promote water infiltration into the soil 
and contribute to protect against heat island effects; or vegetated 
retention ponds, retaining water during heavy rainfalls and allowing 
infiltration of water (Boano et al., 2020; Penru et al., 2017; Simperler 
et al., 2020). For their part, vegetated roofs promote evapotranspiration 
of rainwater as well as thermal and sonic isolation of buildings.

Thus, NbS participate in a better integrated and global water man
agement (Zölch et al., 2017; Jessup et al., 2021). They overcome the 
traditional opposition between water management for human uses and 
ecological preservation, in that they promote “design with nature” 
instead of “design against nature” (McHarg, 1967). When implemented 
with full consideration of the local context, they could prompt positive 
changes, help to reframe policy debates about climate change adapta
tion, increase the participation of citizens into risk management policy 
and planning, while reconciling responses to societal challenges and 
biodiversity conservation strategies under a common framework.

However, numerous barriers exist to the implementation of NbS (e. 
g., Seddon et al., 2020). Local governance has also critical effects on how 
NbS are applied and operated (Guerrin et al., 2023a). While NbS have 
been embraced at international scale, they are implemented in very 
different local contexts. Knowledge on how they are actually imple
mented remains partial and site dependant, while the NbS umbrella 
concept can lead to a variety of interpretations (Guerrin et al., 2023a). 
Local authorities worldwide are now investing in NbS projects. How
ever, little is known about how the latter are understood and handled in 
different institutional, geographic, and socio-political contexts, espe
cially when implemented by actors with different and sometimes con
flicting goals, values, representations and sources of legitimacy (Guerrin 
et al., 2023a, 2023b; Drapier et al., 2024).

Therefore, water professionals are currently raising several 

Fig. 1. NbS for preventing and mitigating water-related natural hazards (from Rey et al., 2023).
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questions, among which: How effective are NbS and what is the 
adequate scale of implementation? What is their range of effectiveness 
(e.g., from moderate to extreme climatic events?) and how can they be 
combined with existing or new grey infrastructures? How should they be 
designed to account for climate change? What kind of monitoring do 
they require before, during and after their implementation to ensure 
their long-term adaptive management and maintenance? What specific 

skills and governance are required for this? How can the appropriation 
process (i.e., by local authorities and citizens) be facilitated?

Ultimately, the question today is of seeing how, in their design and 
operational implementation, NbS can help better support the relation
ships between quantitative and qualitative issues related to water cycle, 
i.e., between the management of hydrological extremes (floods, low 
flows) and their effects, and the management of pollutants (suspended 

Fig. 2. Restoration of a degraded stream through meanders, in 2021 (a), 2022 (b) and 2023 (c) (Olon River, France; pictures by F. Rey).
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solids, pesticides, fertilizers, metals, hydrocarbons, etc.) or sediment 
flows. In such a context, the question concerns the interaction between 
climate change, water and ecosystems, and requires anticipation and 
adjustment of practices. Researchers must be involved in the discus
sions. They can report scientific results, experiences and case studies, 
analyse challenges and positive changes, and identify research gaps. To 
this end, we consider that pluridisciplinary and transdisciplinary ap
proaches are of utmost importance in applied water-related projects 
maximising both benefits for biodiversity and benefits for society. This 
should allow identifying barriers and levers for a widespread use of NbS 
in the water sector.

2. Considering pluridisciplinary approaches for water 
management

Pluridisciplinary approaches are required to design effective and 
sustainable NbS actions for water management. Their application to 
aquatic environments entails investigations in the field of ecology, 
geosciences, economics, health sciences and human and social sciences. 
Such a pluridisciplinary approach should allow improving both resil
ience of ecosystems and water management, at adapted territorial scales 
(Rey, 2021).

For a large part, work on the concept of NbS has been developed in 
the field of ecology. In particular, research is regularly questioned in 
fields such as ecological engineering (Bergen et al., 2001), and soil and 
water bioengineering (Preti et al., 2022). For instance, climate change 
leads to new strategies aimed at preventing flood and drought. 
Threshold values, such as those characterizing the resistance of vege
tated protection structures preventing flooding, may be adjusted. Spe
cies showing resistance today could not remain resilient in the future, 
and uncertainties are increasing. Alien species invasion and pest infes
tation are likely to occur and have tremendous impact on biodiversity, 
ecosystem resilience and human health. Control measures are therefore 
necessary, as improving biodiversity should not lead to uncontrolled 
detrimental consequences (Rey et al., 2019). Besides, through socio- 
ecological viewpoints, the application of NbS raises the question of the 
relevant spatial scales for NbS implementations (Guerrin et al., 2014; 
Babi Almenar et al., 2021). Local projects should also be understood as 
the successive steps of a longer-term process, where each step may 
contribute to a global and multi-annual project: the overall consistency 
in space and time is thus required. In addition, an increasing number of 
models allow to design and position vegetated structures more judi
ciously (Tardio and Mickovski, 2023). At the urban scale, as in more 
natural environments, where should these solutions be placed, with 
which technicity or should them be massified? The integration of 
surface-flow constructed wetlands used for water pollution treatment for 
instance involves a variety of fields and actors (Penru et al., 2017). Is it 
possible to quantify the potential of NbS by vegetation type (e.g., soil 
water retention during droughts, water quality and/or air quality pro
tection, aquifer recharge, air temperature regulation, interactions with 
fauna, etc.)? The temporal scales are another key aspect of NbS, espe
cially regarding ecology. Indeed, an ecosystem evolves with time and is 
not a static system, unlike grey infrastructures. In such a context, the 
medium to long term impacts of climate change jeopardise the capacity 
of species to develop and survive, and adaptation strategies should be 
considered in both the design and operation stages (Lafforgue, 2016b). 
Moreover, maintenance, ageing and rehabilitation of NbS for water 
management are also emerging concerns that require methodologies 
different from those applied to grey infrastructures (Langemeyer and 
Baro, 2021). This highlights the key issue of the maintenance of NbS. It is 
even more critical than for grey infrastructures since NbS are based on 
living species that have complex cross interactions between themselves 
and with their environment. Invasive species, pest infestations, climate 
change, soil properties evolutions, progressive contamination of NbS 
soils and substrates are examples of issues that can strongly impact the 
NbS performance. It is then essential to build relevant NbS monitoring 

and survey methods, allowing to adapt their operation and maintain 
their long-term efficiency. For this, when trying to maximize both 
benefits for biodiversity and benefits for society in the global water 
cycle, practitioners need methods and tools for assessing effectiveness 
and predict capability of NbS. Statistical approaches can be a good so
lution for relevant critical appraisal of provided solutions (Bouzouidia 
et al., 2021; Gómez et al., 2021).

Some questions relate more specifically to the regulation of water 
resources and their flows. Indeed, one of the goals of researchers today is 
to provide evidence of the roles played by aquatic and terrestrial eco
systems in preserving water resources (Gutry-Korycka, 2019). This in
cludes the triptych “collect, store and use” rainwater, which must be 
considered in substitution of drinking water for certain uses. Which NbS 
can help meet this challenge? And what is their link with groundwater 
recharge or with the functioning of waterways? What is their impact on 
water quality? In particular, which natural water retention measures 
contribute to slowing the flow of water through the restoration of eco
systems or the modification of agricultural and silvicultural practices? 
As discussed previously, while NbS are increasingly used to address 
certain societal challenges, the issue of the most appropriate scale of 
action often remains unresolved for water management. The scales of 
imbricated watersheds seem to be the most consistent for a better 
management of the water cycle. However, decision-making is usually 
not structured according to hydrological categories (Guerrin et al., 2014; 
Fernandez et al., 2014). Different territorial scales, entities and levels of 
responsibilities can create difficulties in the implementation of NbS 
aimed at preventing flooding, limiting the impact of droughts, restoring 
biodiversity/ecosystems and preserving – or even increasing – the ser
vices provided by ecosystems. This is the reason why the implementa
tion of NbS for water management requires institutional, human and 
financial innovations like new instruments of public or collective actions 
that better articulate hydrological and ecological issues (Lafforgue, 
2018; Drapier et al., 2024).

NbS can be used for sustainable groundwater management, influ
encing groundwater recharge and quality. Adapted treatment processes 
may be necessary depending on the quality of the water to be infiltrated. 
The preservation and/or restoration of ecosystems in the recharge zone 
of surface aquifers can influence the quantitative and qualitative states 
of groundwater. It thus makes it possible to preserve or even improve 
several aquifer-dependent services, such as the storage and natural 
production of quality water, the supply of water to associated down
stream ecosystems, and flood control. More recently, NbS have also been 
envisaged to improve the quantitative management of groundwater, by 
promoting stormwater infiltration, from natural recharge options to 
more technical solutions for controlled recharge (Herivaux and Mare
chal, 2021).

Another goal of researchers is to assess the effectiveness of NbS for 
water management associated with agro-ecological practices (Wynberg 
et al., 2023): diversification rather than intensification of cropping and 
livestock systems (longer crop rotations, plant associations, agrofor
estry, genetic diversity within species, etc.), and more broadly diversi
fication of rural landscapes (grass strips, hedgerows, agroforestry, etc.). 
Their aims include regulating water and nutrient cycles (carbon, nitro
gen, phosphorus), preserving habitats, or limiting the development of 
harmful and invasive species, leaching inputs and finally controlling 
pests, erosion and soil depletion. The objective is also to better assess the 
capacity of soil management to retain water in response to changes in 
vegetation cover and/or tillage techniques, for instance. Thus, how to 
optimize the management of water in agricultural environment, through 
adapted agro-ecological practices? This will highlight the effectiveness 
of NbS to contribute to the preservation of water, soil and biodiversity in 
agroecosystems, as well as in freshwater ecosystems.

In order to understand the double ecological and social dimensions of 
the management of water and biodiversity, questions on the rise of the 
concept of NbS, its origin, its appropriation, its implementation, its 
development modalities, and its consequences on the relationship of 
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Man to Nature must be addressed (Wang et al., 2022). The purpose of 
current and future research is to contribute to better conduct and sup
port organisations in the implementation of NbS for water management. 
One possible way is by integrating the contours and the meanings of this 
concept, in relation to research and management practices that may or 
may not rely on it. Furthermore, such an integrated approach needs to 
consider not only environmental and social aspects, but also economic 
ones (Drapier et al., 2024). Another key point is the public perception of 
NbS and how people interact with them. It is a wide topic that must be 
investigated and promoted to avoid misunderstanding, wrong practices, 
and even loss of diversity and equilibrium. This interaction with the 
public must be included at the early stage of any NbS project, then 
accompanied during the first years, but also throughout mid- and long- 
term management (Anderson et al., 2021). Large local public involve
ment through participation would allow favoring local appropriation 
and fair practices related to NbS.

Economic approaches are particularly required to assess the rele
vance of NbS projects, guide their spatial and chronological imple
mentation, and identify relevant policy instruments to promote and 
support their development. Economic rationale is a required step for 
public investment in NbS development projects in many contexts. 
Although guidelines for the economic assessment of NbS for water 
management have recently emerged through European funded projects 
(NAIAD, Nature4Cities, Regreen…), there is still limited evidence on the 
economic performance of NbS projects as compared to traditional grey 
strategies, implemented at the right scale and taking into account their 
breadth of co-benefits. Most existing evidence focus on urban contexts 
and rarely includes an explicit assessment of the reduction of water 
related risks generated by NbS scenarios (Herivaux and Le Coent, 2023). 
In addition, several authors point out the limitations of NbS for water 
management in the backdrop of financial implications and social issues 
(Teo et al., 2023). For example, Wübbelmann et al. (2022) demonstrate 
the limitations of NbS both under physical parameters (extreme rainfall 
events) and financial considerations (demand and supply budget 
approach to support practitioners). Finally, most policy-mandated eco
nomic assessment methods such as the one for flood mitigation projects 
in France (CGDD, 2018) account for benefits in terms of water risk 
reduction but fail to consider the contribution of NbS to an array of 
important policy objectives at the territorial scale. This may be partic
ularly problematic since NbS may perform well only when all benefits 
are considered (Herivaux and Le Coent, 2023; Ruangpan et al., 2024), 
requiring to revisit the traditional economic assessment approaches.

The importance of NBS in economic activities remains under
emphasized. Chausson et al. (2024) conducted a systematic review of 66 
articles on the economic impact of NBS. The study concerned in 
particular the security of water supply, as well as flood protection. The 
results are enlightening on the latest advances in NBS dealing with 
economic issues related to environmental issues. They showed positive 
results in terms of income and employment, influenced notably by fac
tors such as the balance between short- and long-term benefits. It 
showed, as we will detail further in this article, the importance of citizen 
consultation, this population being then the first to benefit from the 
implementation of NbS projects, sources of job creation at different 
levels of competence.

The monetarisation of benefits promoted in some of these methods 
may provide some answers on the welfare impacts of NbS projects. This 
economic valuation toolbox can be enriched with methods allowing to 
account for the diversity of values associated with NbS benefits (Jacobs 
et al., 2016) as well as potential trade-offs among them. These tools 
should nevertheless not overlook the importance of integrating citizen 
demand as well as their spatial heterogeneity (Hérivaux and Le Coent, 
2021), and especially their relation with spatial environmental in
equalities (Herivaux and Marechal, 2021). Indeed, beyond their tech
nical effectiveness, the capacity of NbS for water management to be 
socially just rather than generating negative effects and creating or 
exacerbating existing inequalities is still contested (Kotsila et al., 2021). 

Stakeholders may be more or less involved in the design and imple
mentation of NbS programs (empowerment approach), more or less 
affected by the positive and negative effects of these solutions, and their 
preferences and values more or less considered. This heterogeneity of 
effects and potential inequalities can limit the societal acceptance of NbS 
and affect their implementation and long-term sustainability. Account
ing for environmental and social justice in the design and assessment of 
NbS is a growing field of research.

In order to prioritise investments and design spatially explicit NbS 
upscaling pathways, decision support tools that consider spatial het
erogeneity of costs and benefits need to be designed. Some promising 
decision support tools currently under development (see Farina et al., 
2024) still need to be tailored to a diversity of contexts and turned into 
practical planning tools for planners. Innovative policy instruments 
ensuring that land owners (farmers, foresters, urban dwellers) receive 
effective incentives to modify their practices and land use for the 
implementation of NbS still need to be evaluated. Payment for envi
ronmental services programmes have been used in Europe mainly for the 
improvement of water quality but may be strategically tailored to the 
development of NbS aiming at reducing water-related risks. This is 
crucial when water use (such as drinking water supply) occurs down
stream the place where NbS are developed. Indeed, they can be used for 
providing funds for NbS operational costs, promoting the long-term 
stability of the NbS efficiency (Lafforgue, 2018).

Policy and governance approaches are fundamental to achieve the 
effective implementation of NbS for water management given the 
prominence of institutional barriers (Nesshöver et al., 2017). If NbS are 
expected to be more participative and to enable cross-sectoral gover
nance at the scale of territories, these characteristics must be analysed in 
practice. This involves conducting research on stakeholder systems and 
governance modalities of NbS, with the view of improving the resilience 
of territories to climate change impacts. This would include a better 
understanding of imposed, wanted or potential institutional changes 
within organisations (local authorities, socio-professional and inter- 
professional organisations, etc.) that seek or wish to seek to imple
ment NbS that must, or will, adapt to resource management constraints. 
This research should also seek to analyse potential tensions and conflicts 
raised in the definition and the actual implementation of NbS, and of 
unexpected socio-political effects of NbS (such as gentrification or po
tential environmental injustices).

As NbS are not “one-size-fits-all” solutions, three dimensions are 
essential for them to be effective, sustainable, and socially accepted: 
planning, monitoring, and consultation. Planning ensures coherence and 
effectiveness. Monitoring before, during, and after the works, as well as 
long-term maintenance, guarantee performance and adaptability, as 
well as adaptative management of NbS. They are essential for NbS for 
water management because they ensure that the interventions meet 
their both ecological and hydrological objectives, properly adapt to local 
conditions, quickly detect any issue, and secure lasting environmental 
and social benefits over time. Finally, co-construction between planners 
and local communities would favor legitimacy and long-term sustain
ability. These three pillars are essential for NbS to deliver on their 
ecological and societal promises (Fig. 3) (Chrysoulakis et al., 2021). 
Planning, monitoring and consultation should allow simplifying the 
inherent complexity of the pluri-disciplinary approach in addressing 
success of water management considering environmental and societal 
issues with time. They are a good way to overcome the difficulties 
related to taking into account several types of benefits, environmental 
on one side and societal on the other. Success can be evaluated through 
different criteria such as: i) coherence of planned actions and optimized 
water resource allocation, considered through a long-term storage due 
to water surfaces, or phosphorus and nitrogen and their link with the 
eutrophication of aquatic environments; ii) various actions linked to 
local communities for inclusive governance, such as workshops, com
mittees and consultations on water management (Fig. 3) (Frantzeskaki, 
2019; Van Lierop et al., 2024).
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Finally, whatever the scientific disciplines, limitations of NbS 
include different aspects on adaptability, effectiveness against extreme 
events, implementation time, cost, biodiversity and co-benefits, social 
acceptability, regulation and standards, and durability. Water manage
ment is particularly concerned considering their effectiveness facing 
extreme rainfall events or drought, conflicts due to different uses of 
water supply, and lack of regulation and standards leading to lack of 
clear reference frameworks for sharing water.

3. Transdisciplinary approaches to find the balance between 
gains for biodiversity and gains for society in the global water 
cycle

Transdisciplinary approaches should enable building dedicated 
frameworks for the application of NbS for water management. They 
must associate engineering and research, including civil society and 
stakeholders, for a connection and integration of knowledge and prac
tices. A particular challenge is to characterise or evaluate the gover
nance modes associated with NbS. This would involve answering the 
following questions, co-constructed between the different academic 
disciplines and the stakeholders: what type of governance is preferred, 
or should be sought, in the implementation of NbS? What should be the 
implication of civil society/ private actors/ local authorities? What 
institutional arrangements are favoured? What should be the integration 
of NbS in local public policies? Do NbS promote reworking in an effec
tive and coordinated way the relations between environmental conser
vation policies and water policies? Finally, which methods for financial 
investments and operations should be adopted (Venkataramanan et al., 
2020)?

A specific question deals with the obstacles presented by the 
implementation of NbS by practitioners, and the main consequences of 
these obstacles (Duffaut et al., 2022). Levers to activate the promotion of 
NbS could be: i) disseminate knowledge on aquatic and terrestrial eco
systems and NbS among practitioners; ii) strengthen governance around 
the implementation of NbS projects, for greater solidarity between the 
upstream and downstream parts of catchments (when preventing water- 
related natural risks), or at larger scales for questions around biodiver
sity; iii) facilitate the implementation of NbS through strong, 

appropriate and legitimate political decisions, enshrined in law, with 
dedicated and meaningful financial channels; iv) support socio- 
economic actors in setting up NbS by developing financial in
struments; v) communicate on the multiple services provided by eco
systems to better involve and coordinate stakeholders in their actions of 
protection; and vi) identify governance models for application of NbS at 
the catchment scale, from transdisciplinary approaches (Young et al., 
2019).

A relevant application of NbS requires adapted governance but also 
specific policies (Cohen-Shacham et al., 2019). How are NbS integrated 
into local public policies? Do NbS make it possible to effectively rework 
the relationship between environmental conservation policies and the 
ones dedicated to the sustainable management of water resources (see 
Guerrin et al., 2023a)? For this, an analysis of the actors' systems of 
territories related to catchments is necessary. It corresponds to actors 
and their decision criteria, as well as the modalities of governance of 
NbS, crossing considerations at the catchment level (i.e., scale of NbS 
application for preventing water risks and restoring biodiversity and 
ecosystems functioning, through ecological measures) and at the level of 
administrative or project territories (decision making scale).

Concerning management and recommendations, which methods 
should be applied for funding investments and operations? A larger 
decision-making system should ensure that the proposed solutions are 
feasible and that all co-benefits of a project are reachable and compat
ible, while also considering negative effects. It should facilitate going 
beyond the accommodation of different objectives, such as the reduction 
of damage and the preservation of biodiversity, so that the key challenge 
of integrating aquatic environment management with response to soci
etal challenges can be met. An expected outcome could be to allow 
practitioners and engineers to find truly integrated solutions based on 
nature and maximize both benefits for biodiversity and benefits for the 
society in the global water cycle. This could be in the form of recom
mendations for defining NbS long-term maintenance, improving terri
torial organisation, providing increased resilience to climatic 
perturbations and more broadly to natural hazards related to water 
(erosion, runoff, floods, drought…), improving multi-stakeholders 
participation, and combining city and inter-city management (Lupp 
et al., 2021; Dumitru and Wendling, 2021). It is also essential to include 

Fig. 3. For NbS to be effective, sustainable, and socially accepted, three key dimensions are essential: planning, monitoring, and consultation with local communities 
(upper part of the figure). They allow addressing success of water management considering environmental and societal issues with time (lower part of the figure).
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the public participation and how they will interact with the NbS and will 
sustain/use them.

An attempt could be made to simplify the inherent complexity of 
both transdisciplinary and pluridisciplinary approaches in addressing 
success of water management considering environmental and societal 
issues with time (Ruggerio et al., 2024). Whether it is natural or 
anthropized, drinkable or worn out, dripping or rain-fed, we must (re) 
consider water within a systemic integrated way, that is borrowing it 
from the natural environment and restore it as clean as possible. This 
requires to have a renewed social contract to define which water uses are 
worth sustaining and which ones should be accompanied and trans
formed. Re-unifying the water cycle, by combining its natural part 
(rivers and aquatic environments) and its anthropized part (drinking 
water, sanitation and urban stormwater systems) appears as most ad
vantageous for decision-makers and communities. Maintaining a 
distinction or even a full separation between natural and anthropized 
parts indeed leads to a compartmentalization of issues and skills. A truly 
integrated water management can thus better incorporate the un
avoidable complexity of water ecosystems, connect the issues, their 
understanding and management, between opportunities and con
straints. Floods, droughts, aquatic environments, water resources: there 
are ways to think globally about managing the common denominator 
that is water. More broadly, there are multiple examples of co-benefit 
actions that allow the security of water supply, while providing bene
fits for nature. These are often even “triple effects” actions, for those that 
also contribute to reducing the flood risks (Fig. 1). Among them, we can 
cite the preservation and restoration of wetlands, the development of 
flood expansion zones at the level of alluvial forests, or even the creation 
of vegetated infiltration basins.

4. Conclusion

NbS, seen as multi-benefits solutions, can allow envisioning a more 
integrated management of water considering jointly environmental and 
societal issues. Scientists occupy a prominent place in the design and the 
implementation process of these solutions. Research aims overall to 
better understand the structure and functioning of ecosystems affected 
or potentially affected by NbS projects. Relevant approaches must 
depart from traditional siloed approaches and become multidisciplinary, 
and even interdisciplinary. Very diverse as highlighted in this article, 
such approaches allow to evaluate the relevance of solutions, to identify 
and quantify the benefits by means of cost-benefit approaches and multi- 
criteria decision aid methods, and even to ease their appropriation by 
public authorities and citizens. The scientific added value of this article 
lies mainly in the multidisciplinary approach inherent to the field of 
water, but which has rarely been addressed in such a comprehensive 
manner. We tried to bring together approaches from different scientific 
disciplines, going so far as to summon interdisciplinarity. But also pre
sented things from the perspective of transdisciplinarity, to favour a 
more inclusive and effective implementation of NbS locally. However, 
this kind of approach calls for new, much more global research, whose 
results should become the knowledge base for engineers, managers, and 
decision-makers. These thoughts could pave the way for more disci
plinary and transdisciplinary research since they combine approaches in 
several scientific disciplines, and involve various kinds of actors. 
Furthermore, interdisciplinarity has to be strongly promoted. It means 
associating knowledge from various disciplines that are often built 
separately, to enrich water representation and management which, in 
turn, can change the ways in which the disciplines are solicited or 
represent processes linked to water. For this, research should further 
come at the crossroads of ecology (structure and functioning of the 
initial ecosystem and its possible evolutions, associated ecosystem ser
vices, biotic and abiotic stresses of the site, integration of the trans
formed sites in the green/blue/brown/black frames, etc.), hydrology 
and hydrogeology (modelling of the height of the water line, runoff, 
infiltrated and evapotranspired flows, design of facilities for given 

positive impact, quantification of pollutant flows received, intercepted 
and released, etc.), social studies of water (perceptions and appropria
tion of populations, cultural aspects related to water, etc.), economics 
and management sciences (recognition and optimization of services 
provided, coupling of functions and uses, cost sharing, gentrification 
issues related to urban greening, etc.), geography (spatial integration, 
quality of landscapes, etc.), (micro)biology (impact on pathogens, etc.), 
political science, and public health and well-being. NbS are grounded on 
pluridisciplinary approaches and have multiple benefits using nature in 
development projects, whether in urban, peri-urban or rural areas. They 
respond to a major community issue, that of “ecological transition” 
using ecological engineering. Such a transition cannot be envisaged 
without considering many other areas such as agriculture, urbanism, 
mobility, climate change adaptation… Research must therefore be 
intensively developed, which means that it must produce and enhance 
knowledge to guide public policies, improve the know-how of managers 
and facilitate decision-making by stakeholders.
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Nesshöver, C., Assmuth, T., et al., 2017. The science, policy and practice of nature-based 
solutions: an interdisciplinary perspective. Sci. Total Environ. 579, 1215–1227.

Penru, Y., Polard, T., Amalric, M., Cirelli, C., Bacchi, M., Lafforgue, M., Shuehmacher, J., 
Chambolle, M., Lebas, M.A., Prohin, P., Mehdi, L., Di Pietro, F., Larrue, C., Sellier, A., 
Cadiere, A., Som, P., Tapie, N., Budzinski, H., Martin, Ruel S., Perridy, L., 2017. 
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