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Abstract

The implementation of Natural Flood Management (NFM), as an example of a

nature-based solution (NbS), is promoted as a risk reduction strategy to sup-

port sustainable flood risk management and climate change adaptation more

widely. Additionally, as an NbS, NFM aims to provide further multiple bene-

fits, such as increased biodiversity and improved water quality as well as

improved mental health. The implementation of NbS often needs private-

owned or managed land, yet can create conflicts between the different stake-

holders which can undermine the social consensus required for successful

implementation. Consequently, a main question is how the multiple benefits

and requirements of NFM can be delivered to meet the different goals of the

wide variety of stakeholders who must be involved. This article discusses the

challenges and potential of implementing NFM as an alternative to the tradi-

tional technical mitigation measures in flood risk management. We outline

four opportunities in the implementation of NFM: physical conditions of the

catchment, social interaction, financial resources, and institutional setting.

Their importance is then demonstrated and compared to different examples

across the globe. Nevertheless, the core drivers reflect the social interaction

and institutional setting and the role of stakeholders in the successful imple-

mentation of NFM.
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1 | INTRODUCTION

Across the globe, national, regional, and local flood risk management strategies are often based on the concept of

implementing dikes or reinforcing watercourses to protect residential and nonresidential buildings within a

human community (Cuillo et al., 2020; Di Baldassarre et al., 2015; Disse et al., 2020; Kuhlicke et al., 2020). Essen-

tially, floods are the product of extreme weather events and catchment characteristics (e.g., morphology, land

cover, soil, and geology). Intervention in the land cover and the morphology of a catchment is generally difficult

although, coincidentally, agricultural practices such as terracing have the consequence of providing both flood

storage and sometimes groundwater recharge. In hydrological terms, the options are to reduce runoff through

increase of infiltration, reduce time of concentration, or seek to change the conveyancing capacity of the water-

courses (Dadson et al., 2017; Green, 2010a; Waylen et al., 2018). Consequently, the emphasis has shifted to priori-

tizing measures throughout the catchment to delay the flow through nature-based solutions (Collentine &

Futter, 2018; Dadson et al., 2017; Lane, 2017). These strategic changes to flood risk management demand reconsid-

eration of how land use and water management still might consider the needs of individuals and householders but

alongside the catchment (Bell, 2020; Green, 2014; Jakubinsky et al., 2021; Lane, 2017; Seddon et al., 2020; Seher &

Löschner, 2018; Thaler et al., 2016).

These “new” concepts—also referred to generally as Natural Flood Management (NFM), a sub-set of Nature-

based Solutions (NbS)—aim to answer multiple societal needs and goals such as restoration, regulative and sup-

portive services of ecosystems. Indeed, flood risk management no longer exclusively focuses on reducing human

losses or protecting infrastructure, but also on supporting recreational and ecological functions caused by future

hazard events while enhancing human well-being, biodiversity, climate change adaptation and mitigation

(Bell, 2020; Calliari et al., 2019; Cohen-Shacham et al., 2019; Green, 2010a; Iacob et al., 2014). This is in line with

the overall movement towards disaster risk management concepts that promote individual responsibility for pro-

actively limiting risk, and an expectation that all of society collectively work toward managing flood risk

(Kuhlicke et al., 2020; Matczak & Hegger, 2021; Snel et al., 2021). In the scientific literature, most NFMs are

planned and implemented in rural areas (Green et al., 2022; Huang et al., 2020; Thorne et al., 2018) where NFM

reduces flood risk through a wide range of different potential interventions (Holstead et al., 2017). Examples

include catchment-level landscape interventions (Collentine & Futter, 2018; Dadson et al., 2017; Lane, 2017),

upland re-forestry to river restoration, including interventions in the floodplains with wetland or wash land resto-

ration, storage reservoir implementation and changes in agricultural practices (Dadson et al., 2017; Lane, 2017).

The aim of the paper is to discuss the challenges and potential of implementing NFM as an alternative to the tra-

ditional technical mitigation measures in flood risk management. The paper conducted a critical review of the

concept of NFM, presents in the different perspectives. For the selection process of the literature, we used a

three-step approach. The first step includes various Scopus-wide reviews of the keywords “Natural Flood Manage-

ment” (in total 91 documents), “catchment-wide AND flood risk management” (in total 11 documents), and

“upstream–downstream AND flood risk management” (in total 6 documents). The review focus on the period

between 2006 and 2021. Based on the outcome of step 1, we used a snowballing method (Wohlin, 2014), which

includes (a) the reference lists as well as (b) citations by the selected papers. Finally, we evaluated various policy

reports from national and international organizations, like the United Kingdom Environment Agency, US Army

Corps, World bank and European Commission. This article presents four key opportunities for success that need

to be assessed for adoption of NFM. The selection process of the four opportunities is derived deductively from

the assessed literature. Additionally, we clustered the different success and failure factors into physical (=envi-

ronment opportunity) and social aspects (=financial, social, and institutional opportunity). The clustering pro-

cess oriented himself to similar cluster process like Biesbroek et al. (2013) or Uittenbroek et al. (2013). The

inclusion of physical and social factors has been crucial as the literature often focusses only on one of these

aspects. We see them as an integrated part, which cannot be excluded from each other. The paper then explores

these four opportunities through three selected studies. The studies were selected based on various variables: dif-

ferent types of floods (coastal and river flooding), different political regimes and property rights systems, socio-

economic factors, different areas across the globe (global north and global south), and different types of NFM.

Finally, all three countries have a long-standing institutionalized flood and coastal risk management system, but

with different types of exposure, vulnerability, and risk reduction strategies (Cannon & Müller-Mahn, 2010). The

idea behind this is to show the variety and complexity of NFM.
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2 | CHALLENGES OF IMPLEMENTING NATURAL FLOOD MANAGEMENT

All physical interventions to reduce the risk of flooding require space and place; however, NFM is spatially extensive

while the traditional methods are spatially intensive. Using these strategies requires a catchment-wide framework to

achieve noticeable levels of risk reduction and, consequently, NFM must integrate the different spatial, political, and

temporal dimensions of flood risk management, such as upstream–downstream co-operation, engaging with different

stakeholders (like insurance companies, citizens, land-owners, farmer associations, grassroots organizations, etc.) and

coordinating with local authorities, at the same time implementing and maintaining different regulations and financial

instruments (Albert et al., 2021; Dunham et al., 2018; Huang et al., 2020; Martin et al., 2021; Rijke et al., 2012; Thaler

et al., 2016, 2017). This creates many moving parts that need to be managed and considered in NFM projects. Conse-

quently, public will and consent impact the long-run sustainable implementation of NFM. In addition, NFM measures

often cause land-use conflicts as well as upstream–downstream conflicts as they need to be implemented on private-

owned land at the upper part of the catchment usually used for farmland or forestry (Holstead et al., 2017; Lundqvist &

Falkenmark, 2000; Vitale & Meijerink, 2021). The outcome can be a restriction of use by the landowners. Additionally,

NFM often serves to reduce the risk of downstream areas within the catchment; where landowners in the upper part of

the catchment who gain no or minor benefits from the NFM (Chang, 2008; Hartmann, 2011; Machac et al., 2018). This

is both a strength and a weakness of NFM. It is an approach that aims to provide integrated perspectives and holistically

welfare-improving outcomes. Individuals who bear the responsibility to act must either be willing to accept the poten-

tial losses caused by flood events and the implementation of NFM for the greater good or be suitably compensated to

encourage them to act in a suitable manner.

The complexity of managing a range of different stakeholders adds significant transaction costs to any NFM project,

but NFM projects are further complicated in that where NFM measures are implemented primarily as risk reduction

measures, the owner of the private land on which they are implemented may not primarily gain from the measures in

terms of risk reduction (Blanc et al., 2012; Hartmann et al., 2019, 2022; Seher & Löschner, 2018).

While NFMs introduce some promising concepts, they have rarely been implemented across the globe as a sys-

tematic element of mainstream flood risk management strategies (Brillinger et al., 2020). For NFM to be a success it

will require radical innovations in how people engage with and manage risks, which will require a more inclusive

arrangement of power structures, mindsets, and practices in the co-design and co-implementation of NFM measures.

Moreover, they require different sets of knowledge and expertise compared to more mainstream methods of flood risk

management. It is not very surprising that often, NFM strategies take the form of a “pilot” or experience project with

the open question of how to upscale these single solutions at a mainstream level (Cohen-Shacham et al., 2019;

Frantzeskaki & McPhearson, 2021; Werritty, 2006), and the correct scale at which these strategies can be used

(Dadson et al., 2017). This question was again mentioned in the European Natural Water Retention Measures

(EU, 2014) and European Union Climate Change Adaptation Strategy (EU, 2021). The strategy noted that currently,

the activities surrounding nature-based measures are heavily focused on awareness-raising or policy development,

rather than physical solutions.

Additionally, when the current evidence base is considered, the implementation of NFM is highly influenced by

governance structure and interactions (Cohen & Davidson, 2011) and not only local environmental conditions. For

example, property rights have a strong impact on the feasibility of realizing NFM. Private landowners might reject or

delay the idea as they have the legal power to do so in that property rights largely protect their private interests and

objectives as opposed to the public interests (Potočki et al., 2022; van Straalen et al., 2018). The outcome is that in many

cases, the landowner has, to some extent, a stronger position in the negotiation process than does the public administra-

tion. As a result, NFM has become increasingly recognized, not only by different governments across the globe

(Collentine & Futter, 2018; Hewett et al., 2020) but also by a broad range of other stakeholders like farmers, forest

owners, upstream–downstream policymakers, citizens, and so forth. (Hewett et al., 2020; Martin et al., 2021). This can

also be clearly seen in the natural overlap between ecosystem-based adaption and community-based adaptation against

climate change (Reid, 2016); these measures require that the adaptation process is sufficiently engaged, inclusive, and

empowering for all the relevant actors, stakeholders, and citizens at the heart of the NFM measure. While this broad

public participation process is considered to be the core of successful nature-based adaptation, it goes beyond the stan-

dard consultation process that many government activities must undergo before being implemented, entailing a much

deeper degree of “buy-in” for the proposed NFM projects. It is not surprising that NFM is still less known and

implemented by public administrations (Brillinger et al., 2020; Connelly et al., 2020) as for many organizations they

represent a strong shift away from traditional management approaches. For instance, protection levels are lower, with
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a greater focus on benefits outside of flood risk management with which flood risk management organizations may not

be familiar.

Moreover, not only are there these complications but there are also negative aspects to NFM that must also be

remembered. The first is that compared to infrastructural measures or traditional approaches, NFM may not be able to

achieve the same level of protection. The degree of flood risk reduction may not meet flood risk management objectives

defined by the national government or local communities. The second is that the benefits of NFM are less easily evalu-

ated than the physical damage resulting from flooding, because of its high dependency on the function of the general

catchment characteristics and pre-event conditions (Constanza, 2010; House of Parliament, 2011). Moreover, the differ-

ent streams of benefits may be the remit of different organizations and their funding legislatively restricted to providing

specific benefits.

The close collaboration with the various members of the different communities and stakeholders is necessary to

demonstrate the value of the individual measures, over any restrictions or alterations that may be required on their

lands, as well as an honest understanding of the limitations of any NFM strategy.

3 | KEY OPPORTUNITIES FOR SUCCESS IN IMPLEMENTING NATURAL
FLOOD MANAGEMENT

When considering the long-run sustainable implementation of NbS for flood risk management, lessons can be drawn

from the wider literature on successful flood risk management, ecosystem-based adaptation, and community-based

adaptation. This shows the successful and sustainable implementation of NFM to be at the conjoined nexus of several

different sources of influence (Hartmann et al., 2019, 2022; Reid, 2016; Thaler, 2014). One can group such factors into

four categories: physical conditions of the catchment, social interaction, financial resources, and the institutional

setting.

1. Physical conditions of the catchment: Catchment characteristics influence the range of potential NFM and their loca-

tion as well as the expected outcomes such measures can generate across the relevant objectives.

2. Social interaction: NFM, and all NbS, are sensitive to the social context in which they operate. NFM interventions

must have either an existing stock of social capital and trust that creates a suitable environment for the required

social interaction and negotiation or must be able to generate sufficient levels of trust and social capital during the

project development and to maintain this trust and social capital stock afterward. A sufficient degree of solidarity

can allow the benefits to be “vicariously” experienced across communities.

3. Financial resources: NFM measures require investment and securing of public and private funding to manage them

in the short and long term. In essence, the financial viability of complying with and implementing the NFM is a cru-

cial aspect of the realization. For example, a mechanism of compensation for land converted to natural retention

areas should be established if productivity is altered temporarily (flooded and short-term indirect impact) or in the

long term (opportunity costs associated with a change in production). An additional example will be a consideration

of how increased biodiversity and carbon sequestration may support the landowner's business, increasing their prof-

itability in the long run if they comply with the needs of the NFM and other policies. An emergent question is the

development of metrics to support the transaction. The central theme of this category is the financial viability for all

stakeholders of successfully engaging with the NFM intervention.

4. Institutional setting: The institutional setting shows the formal or informal rules regarding how the game must be

played by the actors, and the different organizations involved in the implementation of NFM (North, 1990). For

example, public administration may not accept NFM implementation if they perceive it does not meet their objec-

tives, they do not recognize the full range of NFM benefits, or are legally constrained in how they must act. The

institutional context must be sufficient to create an enabling environment for NFM.

The key opportunities for successful implementation of NFM projects are presented in Figure 1. Figure 1 provides guid-

ance and facilitates both the documentary analysis and discursive interviews with stakeholders. It should be noted that

such descriptions and relationships have been found to be dependent on scale and tend to change over time. This is

because the long-term success of these NFM methods relies upon an implicit social contract between the relevant

actors. We will present each category below, with a consideration of both their individual importance and a consider-

ation of their fungibility across categories for successful implementation. These factors are both individually and
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collectively important. This is because in a manner of speaking, the different influences are fungible across categories.

For instance, stronger positive relationships between stakeholders may reduce the financial compensation they require

or reduce the amount of money that needs to be spent on organizing and transmitting stakeholder knowledge.

3.1 | Physical conditions of the catchment

The prime avenues for NFM are (1) the consideration of another use of land or space, often focusing on soft engineering

methods, which includes ponds, wetlands, leaky dams, and so forth (Barber & Quinn 2012; Nicholson et al., 2020) or

(2) altering how a land-user interacts with the land, for example by altering tillage and livestock practices (Dadson

et al., 2017); so that rather than replacing nature, risk managers work with nature; therefore, natural influences contrib-

ute towards an intervention's potential service delivery. Much potential NFM is constrained by the catchment charac-

teristics and its current state (Burns et al., 2015), such as the landscape profile, soil, and the geological elements

(Ackers & Bartlett, 2009; EA, 2009). For example, wetlands in floodplains can reduce the peak flow and time to peak of

floods; however, the capacity to influence floods depends greatly on the size, location, season, and connection of the

wetland areas (Acreman & Holden, 2013). Using multiple wetlands within the floodplain can reduce water flow but

there is still uncertainty about the efficiency of multiple sites (Thorslund et al., 2017). Iacob et al. (2017) demonstrated

that afforestation can reduce the frequency and magnitude of floods, but with a lower efficiency in the case of “classi-

cal” British winter flood events. Reducing the flood peak is certainly possible, but it depends on the scale of the flood-

plain and catchment (Blanc et al., 2012; Calder & Aylward, 2006). The catchment characteristics, pre-event conditions,

and flood peak size are highly relevant to measure efficiency. Based on physical conditions of the catchment, the public

administration selects different NFM measures that achieve certain aspects of their flood risk management strategy,

within the potential offered by the natural environment. The planned intervention must be synergistic with the local

environmental context.

NFM may be associated with various degrees of efficiency to reduce the flood peak. This is especially the case for

large flood events and catchments; so far, studies have only indicated a significant effect on a smaller scale (Black

et al., 2021; Dadson et al., 2017; Dixon et al., 2016; Nicholson et al., 2020). The study by Wilkinson et al. (2010) showed

within the Belford catchment in the Northeast of England that several small-scale NFM measures held runoff and

FIGURE 1 Key opportunities of success for implementing NFM
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influenced the travel time of the flood peak. Dixon et al. (2016) provide another example where forest restorations in

sub-catchments created a positive impact on future flood events. The positive influence occurred at a smaller scale for

local areas (van Berchum et al., 2019). A key issue is that most of the NFM examples are pilot studies on a very small

scale (Nicholson et al., 2020). NFM needs to be applied at an appropriate scale to attain an efficient influence and estab-

lish its effectiveness across larger projects (Blanc et al., 2012).

The preceding description of environmental conditions presents a starting point for determining which NFM mea-

sure can be used and how successful in terms of risk reduction that NFM measure is likely to be; however, it is not the

only relevant aspect of environmental conditions to assess NFM implementation. The co-benefits provided by NFM

(e.g., improved biodiversity, carbon sequestration) can be considered as an investment in the environmental capital

stock where the measures are employed or for more widely connected groups. The improved local environmental con-

ditions can provide co-benefits that stakeholders or downstream local authorities are more likely to be willing to pay to

receive or complements their regular activities. For example, downstream local authorities may not tolerate increased

taxation to fund NFM in a rural area that will lower their flood risk, due to disaster risk management receiving a low

priority in their decision-making, but may be willing to pay instead to support the improved biodiversity and recrea-

tional quality of the area. Additionally, NFM can also help to reduce soil erosion on farms and hence reduce sediment

loads and deposition in water courses. This can be an attractive co-benefit for farmers who may have to give up land

upon which to place these measures; as such, benefits can be in line with their business needs.

Finally, when investing in NFM, care must be further taken to make sure that the right type of NFM is developed,

as implementing and managing inadequately the NFM can create situations where there is more damage from flooding

rather than less. For example, using trees as an option critically depends on forest management (as linked to institu-

tions below), wherein poor management can increase natural disturbance and worsen the risk of flood events, or the

realization of forest roads can increase the risk of floods (Calder & Aylward, 2006; Dadson et al., 2017; Scheidl

et al., 2020; Sebald et al., 2019). Additionally, the natural limitations of NFM in protecting against smaller flood events

must be recognized as well (Dadson et al., 2017).

3.2 | Social interaction

The land needed for NFM can usually be mobilized at lower land values, like low-intensive agriculture areas to protect

high-vulnerability areas (Morris et al., 2016). This transfer between upstream and downstream areas sometimes leads to

intensive conflicts and a lack of acceptability from different stakeholders; however, social capital, trust, and social

norms might increase the acceptance of such a transfer between the different actors and stakeholders. One strategy

might be to encourage bottom-up initiative in the planning process (Metcalfé et al., 2017). Bark et al. (2021) showed

that stakeholders accept the implementation of NFM if there exists a shared responsibility between public and private

sectors.

Private landowners must take an active role in the planning and implementation process (Carina &

Keskitalo, 2020). Studies show this to be essential to a successful implementation and management process (Milman

et al., 2018). This is especially true, given the natural overlap between NFM and community-led adaptation. Neverthe-

less, stakeholder engagement can be quite challenging, especially with the wide range of different stakeholders usually

involved in NFM implementation (Warner et al., 2014; Waylen et al., 2018; Wingfield et al., 2019). The outcome is that

the involvement of different stakeholders can be challenging and intensive because of the different backgrounds and

interests involved. As various studies have shown, public administrations need to learn new skills and tools to over-

come the barriers to implementation (Thaler & Levin-Keitel, 2016; Waylen et al., 2018). This includes a clear gover-

nance problem, where the co-design process increases the complexity of the policy process based on finding new

financial resources and different actor networks (Schanze, 2017; Smith et al., 2014; Warner et al., 2014; Watson, 2004,

2015). While suitable engagement can be achieved on an ad-hoc basis per project, in the long-run sustainable and last-

ing NFM instruments will require a systematic governance system in place that allows for a suitable enabling environ-

ment. However, the relative capacities for people to act in these areas can vary across projects and nations as it does

require a degree of political will for the government agencies responsible for managing flood risk to give up elements of

their power in this area to be sufficiently inclusive and empowering towards local stakeholders and policymakers such

that sustainable NFM can be achieved.

The primary avenues through which social interaction should be developed can be argued to be linking and bridg-

ing social capital. Linking social capital indicates how closely connected and related different actors are in power
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hierarchies while bridging social capital is how well-connected actors are horizontal across relevant communities

(Putnam, 2001). A significant degree of quality linking capital is required to help create the links and sufficiently high-

quality relationships between governmental actors and the on-the-ground communities. Bridging capital is required so

that a sufficiently broad coalition of interested parties can be gathered in a meaningful manner, or as a way of transmit-

ting knowledge and vicarious experiences across actors. Satizabal et al. (2022) argue that individuals known as

“connectors,” or “champions” (Taylor, 2009) are required to suitably build such coalitions. These individuals are those

whose “lived experiences and daily practices have granted them in-depth understanding and skills to navigate complex

and changing socio-cultural and institutional contexts” (Satizabal et al., 2022, p. 2).

However, care must be taken in maintaining these relationships over time as social connections are dynamic espe-

cially when there are potentially significant power differentials across stakeholders. For instance, Satizabal et al. (2022)

note that connectors are important, but community engagement is hindered by top-down, state-led approaches to disas-

ter risk management in Australia. Consequently, when investigating which coalitions of stakeholders are to be built for

successful NFM to take place, one should pay attention to the true inclusivity of the coalition being built and consider

whose voice is not heard. This is because, without the valid consent of the entire community, NFM can become

unsustainable in the long run through the increased difficulty of maintaining it or the development of unequal burdens

being generated and remaining uncompensated, creating larger, and larger social conflicts. How important this last

point is can depend strongly on what type of NFM measure is being used, linking back to the importance of under-

standing the location's environmental capital in order to correctly determine which NFM measures are suitable and

then what is the relevant social context and buy-in that is required.

This consideration can interact with the set of financial influences as well, through its ability to “grease the wheels”

of interactions between different stakeholders. Positive feelings and interaction histories between relevant actors can

alter the level of compensation or payments people are willing to accept for acting in a positive way for the NFM. A his-

tory of negative interaction, on the other hand, can be expected to increase the level of compensation that people

require to overcome their distaste for the collaborative efforts.

3.3 | Financial resources

The third category of factors that influence the implementation of NFM is the financial context of the landscape strat-

egy and how the NFM will alter it. For example, NFM interventions that reduce the potential land available for agricul-

ture may end up reducing agricultural incomes (Collentine & Futter, 2018; Wells et al., 2020).

The prime avenue through which this operates is the financial viability of the intervention, both from the perspec-

tive of both the implementer and those acted upon. From the perspective of those acted upon, complying with the

needs of the NFM must be economically viable for them from a business perspective. For example, if their land must be

repurposed for NFM uses and not direct commercial use, the change must offer a beneficial impact to them while for

the implementer, the business that they construct must tangibly meet the objectives that they had determined at the

start of the project.

One way for this to happen can be compensation mechanisms such as open voluntary negotiation or compulsory

compensation (Thaler et al., 2020). For example, Dutch and English legislation relies upon a compulsory compensation

system (McCarthy et al., 2018; Thaler et al., 2020). On the other hand, the Austrian flood risk management system relies

upon a voluntary, consensus-based approach. Consequently, this latter approach usually demands higher financial

compensations, and there is a risk of small groups of private landowners hindering the implementation process—more

resources are needed than for a compulsory purchase order (Thaler et al., 2020). The compulsory purchase order allows

the legal “purchase and development of the land against the wishes of the landowners” (McCarthy et al., 2018, p. 89). A

second way for this to occur is for the additional ecosystem benefits provided by the NFM outside of flood risk reduc-

tion to enhance the implementer's business opportunities. For instance, restrictions or alterations to land use can

increase biodiversity, which allows their main business activity to be enhanced despite the loss of potential activity.

Consider, for example, the conversion of public water areas into a storm-breaker forest in a coastal area; this may

reduce the space accessible for fishing but provide more robust fish stocks or the potential for increased eco-tourism

opportunities. This financial consideration allows for those upon whom the intervention is imposed to create an inter-

nal business case for why complying with the need is a good idea.

Understanding the socio-economic context is important because in order to help move human civilisation towards a

more sustainable basis, we will need to leverage a greater investment in nature-based solutions overall to best exploit
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how their multi-functionality can achieve many of our social objectives. As noted above, however, the type of compen-

sation mechanism required can be expensive, and must be drawn predominantly from governmental coffers. Govern-

ment budgets are increasingly under pressure from multiple directions, and so appreciate a call for more innovative

financing approaches blending public and private financing products for nature-led climate adaptation and overall

capacity building. The development of a wider range of financing sources can reduce the budget burden placed on the

government, creating a perception that NFM is more affordable. This in turn reinforces the considerations of how we

build coalitions for the development of NFM measures and strategies. For example, NFM is one of the core goals of the

European Union Climate Change Adaptation Strategy, in that it develops suitable institutional structures and bridges

with the private sector; however, the implementation of NFM might also allow new financial opportunities since the

private insurance sector might fund them (Paavola & Primmer, 2019). Finally, an underestimated issue is that NFM

also might influence (positively or negatively) other socio-economic sectors, such as tourism (Iacob et al., 2014).

NFM strategy development must actively consider this socio-economic context and as a result, the NFM needs will

need to match farmers' economic viability. This is a clear argument for how NFM helps to enhance and support the var-

ious pillars of sustainable development rather than worsening their level of development. It may require suitable

funding or payment schemes to correctly incentivize the acceptance of such measures, as well as limiting the complex-

ity of any bureaucratic requirements. This is especially the case if external funding for the NFM instrument is limited;

then, the potential economic variability of the land user must be considered in depth as part of the project's overall

objectives within the context of climate change adaptation, stakeholder engagement, multiple benefits, rural land use,

trade-off mechanism, and localism agenda.

3.4 | Institutional setting

NFM implementation usually includes different actors and stakeholders. To avoid transparency and inefficiency, there

is a need for engagement and interaction to be organized by different rules (Hodgson, 2006; North, 1990;

Ostrom, 1986). The rule system, the institutional setting, can be formal or informal as well as also reflecting the social

norms and moral understanding of the society (Hodgson, 2006; North, 1990). The understanding of the institutional set-

ting is central to allowing or disallowing NFMs (Garvey & Paavola, 2022; Green, 2014; Thaler, 2014; Wells et al., 2020).

In the case of NFM, the institutional setting regulates the social interaction between different actors and stakeholders;

the type of compensation; questions about what can or cannot be protected; the role of public administration and the

private sector in flood risk management; and the use of property rights in flood risk management (Hartmann

et al., 2019; McCarthy et al., 2018). There remains a clear challenge when it comes to the private property rights system,

where the implementation of NFM needs voluntary agreement from landowners (Quinn et al., 2010). Obtaining this

consent can be quite challenging.

A clear problem is that NFM employs an ad-hoc single solution that allows innovative local solutions but this also

creates barriers to upscaling the process (Garvey & Paavola, 2022; Schanze, 2017). A key challenge within the imple-

mentation of NFM in Germany appears in Brillinger et al. (2021); that is, there are significant concerns about the imple-

mentation of NFM within the public administration—especially from the water managers. Key concerns of the German

water managers include uncertainties in terms of effectiveness of NFM and agreement with private landowners to

implement measures in rural areas. German water managers usually carry out technical mitigation measures to avoid

such challenges. Brillinger et al. (2021) conclude that water managers are the gatekeepers to NFM implementation in

Germany. To sum up, the regional institutional setting plays a central role in implementing NFM (Albrecht &

Hartmann, 2021; Schanze, 2017), as they will seek to operate within the predefined powers and rules system. These are

usually defined by higher levels of governments and behave in the way that their institutional knowledge supports and

expects. This contrasts with the adoption of NFM in Germany in urban areas (Green & Anton, 2010; Kiss et al., 2022;

Martin et al., 2021) where the institutional arrangements are different, notably in terms of planning controls over land

use, responsibilities for flood risk management and resources.

Stronger policy coordination, such as in Europe with the different regulations and strategies like the Common Agri-

cultural Framework, Water Framework Directive, Floods Directive, aspects of the climate change adaptation strategy,

or biodiversity strategy, offers significant potential for successful NFM implementation (Rouillard et al., 2015) through

the creation of a risk management culture that is more supportive of NFM on the whole. Consequently, an adequate

institutional setting allows social innovations in flood risk management, especially as NFM can be often seen because

of social innovation (Collentine & Futter, 2018; Frantzeskaki, 2019; Raymond et al., 2017). In this vein, after the UK's
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exit from the Common Agriculture Policy, there is the possibility that England's system of agricultural subsidies will be

refocused towards rewarding farmers for the provision of “public goods” (Bateman & Balmford, 2018). However, this

system is in its early days, and it remains to be seen whether it will be successful at both maintaining the financial sta-

bility of farms and achieving the government's environmental goals. This, in principle, will greatly support the develop-

ment of NFM on private land.

As NFM requires privately owned land, like farmlands or forests, different regulations and instruments are needed.

This is especially the case if the NFM measures that are implemented and used cross different administrative bound-

aries (upstream–downstream relationship; Eder et al., 2022; Seher & Löschner 2018; Löschner et al., 2022). This

becomes more problematic and challenging in the case of transboundary catchments, where NFM measures might be

implemented in a state or country to protect the neighborhood's vulnerable communities.

Finally, given the need to holistically evaluate the benefits of an intervention across different stakeholders, we

see that the business case should be developed across different governmental actors as well. For individual stake-

holders across a catchment area who must face land-use alterations, they must have an individual business case

made for them to act collectively. The same is true for government departments. A single department with a sin-

gle set of objectives and funding available might not find an NFM intervention a sensible use of the available

resources, as it must view the outcome from a single perspective. However, if different departments view the same

NFM intervention from different angles, it could be that collectively a suitable business case might be developed

if multiple government departments act in concert, further embracing the inclusive nature of the process for

developing successful NFM.

There can be additional instructional pressures from the “rules” that must be followed. There can be many informal

barriers to the employment of nature as a strategy for flood risk management (Raška et al., 2022). This can be due to

uncertainty about its effectiveness for flood risk management objectives (Green et al., 2022) or because the use of nature

does not fit within the perceived role of flood risk managers, despite recognition of its importance (Brillinger

et al., 2021), and the successful use of nature may require the development of further skillsets and competencies cur-

rently outside of the organization's cultural purview (Waylen et al., 2018). These more cultural aspects of the institu-

tional framework can further hinder the implementation of nature on a practical level. However, equally, cultural

attributes within an organization could also enhance the capacity to use nature as a risk management solution. For an

instance, an institutional allowance for risk-taking in terms of what can be perceived as innovative solutions, combined

with resource limitations, can create an institutional atmosphere that encourages the development of cheaper non-gray

infrastructure measures rather than a retrenchment of activities.

4 | CASE STUDY EXAMPLES ANALYZED

In this section, we discuss three examples of natural flood risk management from the scientific and gray literature.

These studies were not originally designed or analyzed with the conditions discussed in Section 3 in mind, and so we

explore the opportunities with the information presented in the three selected studies.

4.1 | Case study 1: Ecosystem restoration in Central Vietnam

The first example, the ResilNam project in Vietnam (see also Hudson et al., 2019; Wolf et al., 2021) focused on the resto-

ration of mangrove forests along the coast of central Vietnam to build climate resilience. The first activity was to

account for the physical conditions of the catchment by isolating the areas and communities suitable for mangrove res-

toration that would provide protection against storms and coastal flooding. Additionally, the ecological conditions of

the catchment and the coastline were also considered to determine what type of mangrove would be most ecologically

suitable and robust for the area.

The second avenue of the project was based upon enhancing “Social Interactions,” as an additional aim of the pro-

ject was to be an advocate for the increased role of marginalized communities in disaster management plans. It was of

prime importance that social influences were correctly developed to improve flood risk perceptions, as well as the eco-

system service benefits provided by the restored mangroves. This was done through training exercises, community out-

reach, and efforts to produce tangible proof-of-concept evidence on the overall cost-beneficial nature of the project.

Through extensive stakeholder engagement, an implicit aim was to build bridges to effectively increase social capital.
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Additionally, the implementation of the mangrove restoration was to be led by the community itself to maximize the

perception of ownership of the new communal resource. These activities were designed in a way that maximized the

ability and incentive to take part. However, it was not completely positive as the development of this NFM method con-

tributed to the development of social capital in one commune but potentially damaged social capital in another. This is

because of the emergence of social conflicts due to gender differences in how the lagoon was exploited for economic

benefits. The conflict was generated as women were noted to use traditional methods that benefit more readily from

the restored mangroves, while the more extractive techniques employed by men tended to interact with the mangroves

more negatively in the short term. While there is potential for developing new income streams of the improved ecosys-

tem services, the core conflict is not directly addressed.

This targeted focus on the empowerment of marginalized communities highlights the required role of institutional

setting as interconnected with suitable social interaction. The first is that the land given over for the restoration process

was part of communal land. The communes selected for the project were ones where the local governments expressed

support for the project concept to act as proof-of-concept for the use of NFM measures to build overall economic and

climatic resilience. Therefore, the local institutional setting with regard to property rights was considered, and actors

with whom there was a high likelihood of success were found and actively engaged with. The second direction in which

the institutional setting was developed for this project was the active involvement of the provincial women's union in

the project. The women's union was involved to help them build bridges with the provincial Disaster Risk Management

Committee as well as helping to train local women in flood risk awareness campaigns and preparedness. The involve-

ment of the women's union brought another official group to further act as a positive pressure group within the official

government apparatus.

In terms of financial resources, part of what enhanced the attractiveness of the project for the local actors was that

the immediate finance for the NFM efforts came from outside of the local communities due to being funded by the

GRP and Zurich Flood Risk Alliance. This directly overcame one of the largest hurdles in implementation, that of who

pays for the measure. Furthermore, there was the expected development of community-wide eco-tourism based on tour-

ists visiting the mangroves and the connection of mangrove protection to a community micro-credit scheme. These ave-

nues were proposed to develop a tangible business case for the mangroves.

4.2 | Case study 2: NFM in the Stroud Frome River catchment, UK

Another example is that of six NFM case studies around the Stroud Frome River catchment in Gloucestershire

(UK) from 2017 (CMS, 2017). These case studies present different cases where Large Wood Debris (LWD) leaky dams

were used as NFM instruments which required successful interaction with local farmers, woodland landowners, and

other relevant partners to result in about 21% of the catchment area discharging through the NFM. The idea behind

leaky dams is that the LWD employed helps to reduce the volatility of flow rates. When there is light rain, the water-

course water flow will not be impacted by the LWD, while higher flow rates (e.g., after heavy rain) face resistance from

the LWD which slows down the flow rate of the watercourse. Moreover, when not used to manage flood risk, the use of

LWD also helps to create various other positive biodiversity outcomes in the targeted catchment area. This indicates

consideration of the physical conditions of the catchment in terms of where it is to be located and what conditions the

nature-led approach would lead to.

In terms of the institutional setting (broadly understood), the land required for the NFM instruments were all

located on privately owned land; however, the diversity and complexity in ownership types (for example lease

agreement between Trust and private users, private ownership) and land use (woodland, active pasture farming,

mixed-use farming, etc.) were recognized. In these interconnected examples, a synergistic outcome was produced

as all sets of influences were carefully managed and enacted in the same direction. For example, in terms of insti-

tutional influences, the Environment Agency can employ NFM in its regular duties. There was also a clearly indi-

cated set of ‘consents’ outside of that of the landowner that had to be sought out. This allowed a smooth legal

transition and implementation, which allowed smoother social and financial influences furthering positive action.

In these six case studies, the social interaction and financial resources cannot be fully separated. For example,

there was the perception that the proposed NFM measures would have little direct impact on the business opera-

tions of the person providing the land, except for a relevant positive ecosystem service for a given business, for

example, more populous fish species, reduced maintained costs or reduced soil erosion. A common theme was the

presence of objectives overlapping with the flood risk manager's objective. Another positive opportunity was how
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objectives overlapped between actors and development of a common vision on how to move forwards and imple-

ment the measures. This creates a targeted activity to create win–win situations for all stakeholders to

create suitable tipping points for implementation for their business, as well as engaging the social aspect of

businesses involved. Thereby, embracing this aspect of NFM can create the social and financial tipping point for

active implementation, especially when combined with the rather minor and externally funded expenditure

required for the project. In this activity, therefore, the initial investment of financial resources was made by the

local Environment Agency, but the social interaction helped to overcome hesitancy that the landowner or user

had with regard to using the NFM measure on their land. Again, this respected the property rights of the owners

rather than property rights becoming an inhibiting factor. This is because of a positive argument for the long-run

enhancement of benefits the land users were getting from proactively engaging with the local Environment

Agency. A tangible incentive was produced by employing an NFM measure where it would be most attractive, and

minimally intrusive.

4.3 | Case study 3: NFM in Taraba State, Nigeria

We shall now turn to the case study presented in Ripiye (2016) concerning potential NFM in Taraba State (Nigeria). It

is considered there that the multi-functional nature of NFM is applicable to the sustainable development agenda; how-

ever, comparing this to the previous positive examples, Ripiye (2016) notes that successful NFM in Nigeria struggles at

a systematic level for a range of interconnected reasons, especially when compared to examples drawn from Scotland.

This can be argued to indicate that the institutional and social settings in Taraba state were not directly supportive of

NFM. Ripiye (2016) tentatively suggests that strategies should lean towards embracing the social dynamics required for

NFM via collaborative environmental management. When exploring opportunities for success in the Ripiye (2016) case

study, we would argue that the interplays of institutional setting and social interaction created the largest synergistic

barriers to NFM in Nigeria. These two influences cannot be separated as the presence of several institutional weak-

nesses (e.g., weak institutions, poor coordination, top-down approaches, and focus only on post-flood actions) actively

inhibits the development of suitable institutional influences, which prevents the building of sufficiently positive social

stimuli with the local stakeholders and policymakers. Thereby, meaningful collaborative environmental management is

prevented unless there is a much-expanded conceptualization of how to act among the institutional actors, which in

turn requires the development of a new skill set across all stakeholders (Ripiye, 2016) and an alteration of power

dynamics to create a suitably interlocking allocation of responsibilities. Ripiye (2016) compared this situation to Scot-

land, where in comparison, local risk managers were more accepting of such alterations. Unless these initial “cultural”

barriers were overcome, a further analysis of the financial resources and physical conditions of the catchments was not

needed due to the inherent difficulty of the project.

5 | CONCLUSION

NFM has recently become a more prominent strategy in countries all over the world (Sudmeier-Rieux et al., 2021;

Worldbank, 2018). It offers multiple benefits and demands stronger consideration among current flood risk manage-

ment strategies. Land use changes caused by NFM influence the current and future flood risk management strategies

(Rust et al., 2014; te Wierik et al., 2020). There are several opportunities for success, which need to be analyzed in

understanding the current conditions for each of the identified influence categories, which when combined contextual-

ize, constrain, or enhance the needs which have to be addressed to implement NFM. Analysis of the successful imple-

mentation of NFM must identify stakeholders, impacts, the funds necessary, and decision-makers who have the power

(Green, 2010b; Lukes, 1974) (Figure 1) to establish the business case for acting effectively in the catchment. These are

the four essential opportunities within the negotiation process and the development of an agreement on the accepted

changes. For each and between categories, it is also important to capture whether there is already opportunity and, if

not, whether there is the possibility of creating such an opportunity. It may appear that such opportunity does not exist

or does, but at a disproportionate cost. A consensus can be explored as to why costs are seen to be disproportionate and

whether a more inclusive understanding of value can be useful in readdressing this perception and better reflect that

society pursues more than just one objective at any given time. For this reason, one cannot view the different categories
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as wholly independent of one another. The various categories can be synergetic or antagonistic to each other on a case-

by-case basis.

Overall, NFM measures require careful management and planning to play a vital role in current flood risk manage-

ment systems (Cooper et al., 2021). Disadvantages of traditional technical mitigation measures include cost of the

implementation and maintenance, strong influence on the aesthetic of the landscape, and strong negative environmen-

tal drawbacks, all of which NFM may be able to overcome. However, NFM needs space—often crossing competing

areas with varying interests, such as the increased needs for renewable energy production, food production, tourism

activities, and so on—and shows great uncertainty in its influence on flood peaks (Carrick et al., 2019; Cohen-Shacham

et al., 2019; Cooper et al., 2021; Nicholson et al., 2020). Furthermore, climate change might reduce the future capacity

of NFM. The NFM loses its capacity if rainfall events become more severe and the timeframe becomes longer. Such

events might increase because of a warmer climate (Kay et al., 2019).

The examples shown above have demonstrated especially the importance of social capital, trust, norms, and institu-

tional setting within the case studies and countries. For instance, NFM must often encompass privately owned or man-

aged land, which then demands voluntary agreement by landowners in most countries; alternatives might be Eminent

Domain in the United States of America or Expropriation in Canada, for example. Additionally, solidarity between the

communities as well as trust in public administration might encourage implementation where the costs of an interven-

tion are felt locally but the benefits externally. High social capital, including trust toward public administration, can

therefore encourage the implementation of NFM, which is also highly influenced by the institutional setting. The insti-

tutional setting may or may not encourage NFM as a possible concept within flood risk management. This includes, for

example, the legal use of private-owned land to be flooded or to compensate landowners. If the legal context forbids the

use of NFM on privately owned land, NFM as a strategy will be impossible. Overall, the implementation of NFM might

require a radical new perspective on dealing with flood hazards (Werritty, 2006). NFM may be effective, but it may also

include clumsy solutions (Hartmann, 2011; Smith et al., 2014). This is particularly a threat in NFM because of the focus

on a range of pluralistic and inclusive benefits, which means that a wider range of impacts and participants will be con-

sidered in the decision to invest in a particular measure. Whether or not this can be seen as clumsy depends on how

the societal objective is constructed and understood and whether the expected outcome is desirable to all stakeholders.
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