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Abstract

:

Nature-based solutions (NBS) have recently received attention due to their potential ability to sustainably reduce hydro-meteorological risks, providing co-benefits for both ecosystems and affected people. Therefore, pioneering research has dedicated efforts to optimize the design of NBS, to evaluate their wider co-benefits and to understand promoting and/or hampering governance conditions for the uptake of NBS. In this article, we aim to complement this research by conducting a comprehensive literature review of factors shaping people’s perceptions of NBS as a means to reduce hydro-meteorological risks. Based on 102 studies, we identified six topics shaping the current discussion in this field of research: (1) valuation of the co-benefits (including those related to ecosystems and society); (2) evaluation of risk reduction efficacy; (3) stakeholder participation; (4) socio-economic and location-specific conditions; (5) environmental attitude, and (6) uncertainty. Our analysis reveals that concerned empirical insights are diverse and even contradictory, they vary in the depth of the insights generated and are often not comparable for a lack of a sound theoretical-methodological grounding. We, therefore, propose a conceptual model outlining avenues for future research by indicating potential inter-linkages between constructs underlying perceptions of NBS to hydro-meteorological risks.
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1. Introduction


An increase in natural hazards caused by meteorological and climate events such as floods, landslides, and hurricanes has been observed worldwide in recent decades [1]. When these hazards are coupled with societal vulnerabilities [2,3], it creates a higher chance of disasters, which can cause not only serious economic loss but also loss of lives [4]. Moreover, the likelihood of these hazards could become even higher in the future because of changes in precipitation and temperature patterns associated with ongoing global climate change [5,6]. Next to climate change, alterations of land-use also play a decisive role in potentially increasing hydro-meteorological risk [7,8,9]. Rural areas have been converted into urban landscapes, resulting in more deforested or drained areas vulnerable to erosion [10,11] as well as an increased number of assets, infrastructure, and people exposed to hydro-meteorological hazards [12,13,14].



In response to this phenomenon, nature-based solutions (NBS) have recently received considerable attention [15,16]. They are positioned as an alternative to conventional technical solutions that have so far dominated the management of hydro-metrological risks [17]. In contrast to traditional management measures, NBS are inspired by or copied from natural processes. NBS help to address multiple societal challenges and pursue more than one single objective (i.e., reduce hydro-meteorological risks); rather, they aim to generate multiple co-benefits for both ecosystems and humans [18,19]. Therefore, great efforts are currently being undertaken to establish pioneering projects that aim to design and implement NBS as well as systematically evaluate the wider co-benefits of NBS. Although some expected co-benefits are not tangible [20] and need long-term observation strategies to evaluate them [21], it is anticipated that the documentation of the wider effects of NBS will help stakeholders to better understand the potential positive impacts of NBS and eventually lead to increased uptake [22]. In addition to the evaluation of co-benefits, there is also an emerging debate focusing on actors, institutions, and their interactions in order to identify governance conditions that support or hinder NBS [23,24,25].



In this article, we aim to complement recent research that evaluates the co-benefits of NBS and the wider governance context. Although the importance of NBS and their effective implementation has been recognized [26,27,28], a comprehensive analysis of factors shaping perceptions of NBS as a means to reduce hydro-meteorological risks is still lacking. It is generally acknowledged that negative perceptions of NBS can be a decisive barrier to the uptake of NBS. Decision-makers might be uncertain with respect to the effects of NBS as well as with respect to procedural aspects related to their planning, implementation, and maintenance [28]. Similarly, perceptions of NBS can be shaped by cognitive barriers, such as unawareness or fear, discouraging stakeholders from considering the realization of NBS [29]. Moreover, the few existing studies that focus on NBS as a means to reduce hydro-meteorological risks highlight conflicting views. On the one hand, some studies imply that NBS are perceived positively as they not only help to reduce risks, but can also result in co-benefits [30,31]. On the other hand, studies suggest that exposed residents prefer technical solutions over NBS as the latter are perceived as less effective in reducing risks [32,33].



In addition, we aim to advance the discussion on perceptions of hydro-meteorological risks. Within the social sciences, the term ‘risk perception’ has a long tradition [34]. It refers to the process of collecting, selecting, and interpreting signals about uncertain impacts of events, activities, or technologies [35,36]. In recent years, a behavioral turn has occurred in this field of research, focusing on perceptions of risks and factors shaping individual adaptive behavior [37]. Relevant factors that have been identified include: experience of flood damage [38,39,40], personal risk perception [38,41], fear of flooding in the future [42,43], and coping appraisal (including self-efficacy and response/outcome efficacy) [38,41]. Some studies have also identified that individual adaptive behavior is positively influenced by perceived social norms [44,45], local connectedness [46] and perceived incentives for adaptive behavior [45]. What is lacking in this strand of research is how perceptions of measures to reduce future risks interact with both perceptions of risk as well as adaptive behavior. By means of this literature review, we aim to lay the basis for future research endeavors that tackle the above-mentioned relationships.



Against this background, this review paper aims to provide a systematic analysis of state-of-the-art research considering people’s perceptions of NBS in the context of hydro-meteorological risks. By perceiving NBS as a means to reduce hydro-meteorological risks, we refer predominantly to how people perceive the co-benefits of NBS as well as the perceived efficacy of NBS to reduce risks.



The paper is structured as follows: Section 2 provides an overview of key terminology including NBS and relevant neighboring concepts, Section 3 lays out the methodology underlying the review process, Section 4 presents the main findings, Section 5 follows with a discussion, and Section 6 concludes with some overarching remarks.




2. Key Definitions and NBS as an Overarching Concept


In this section, we provide a short synoptic overview of NBS and their differences and similarities to related concepts, such as ecosystem-based adaptation/risk reduction or green infrastructure. Incorporating neighboring terms is relevant, not only because NBS is a relatively new concept but also because it is vaguely defined [47]; this section also helps to further specify the definition of NBS underlying this literature review (see Section 3).



The scope of NBS, and how they differ from similar concepts, is a matter of ongoing debate [23,48]. Nesshover et al. [23], for instance, have identified six neighboring concepts: (1) ecological engineering/catchment systems engineering, (2) green/blue infrastructure, (3) ecosystem approach, (4) ecosystem-based adaptation/mitigation, (5) ecosystem service approach/framework, and (6) natural capital. Each of these concepts is based on different definitions (also for each of the terms), pursues different objectives and can have potentially different relations to the NBS concept. In our view, there are two different viewpoints on NBS that can be identified: While some argue that NBS should be understood as an inclusive umbrella term that spans various neighboring concepts, others argue that NBS is a concept that is distinct from other established concepts. To further illustrate both views, a close look at two common definitions of NBS is helpful.



Since 2013, the European Commission (EC) has conceptualized NBS within the spectrum of ecosystem-based approaches ‘as a way to address societal challenges with solutions that are inspired and supported by nature, which are cost-effective, simultaneously provide environmental, social, and economic benefits and help build resilience.’ [49]. The International Union for Conversation of Nature (IUCN) provides a similar, but slightly different definition: NBS are understood as “actions to protect, sustainably manage and restore natural and modified ecosystems that address societal challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits” [50]. Both definitions are directed towards addressing societal challenges (e.g., risk reduction) and highlight the decisive role of ecosystem processes that are framed as a means to provide multiple co-benefits to ecosystems and society. The IUCN definition, however, clearly features the relevance of protecting, sustainably managing, and ideally restoring ecosystems that have been modified by anthropogenic use. On the contrary, the EU definition is less strict with respect to the protection/restoration of ecosystems; it rather highlights how nature might support addressing societal challenges [25].



Applying both definitions to the subject of this literature review, differences in the means of reducing hydro-meteorological risks become apparent. Whereas conventional measures to reduce hydro-meteorological risks frame ‘nature’ as an external entity that triggers hazards, both definitions highlight the importance of re-introducing nature as a solution to benefit both ecosystem and humans [18,51]. In this respect, both definitions focus on NBS to tackle the societal challenge of reducing risks by fostering resilience through consciously using the capacity of nature [25,33,52]. However, these definitions propose different means to reduce risks. On the one hand, the EC definition implies that ‘ecosystem-based’ solutions are not the sole way of reducing risks—NBS can also include engineered hybrid solutions, meaning a mix of green and gray solutions [53,54]. The stance of the EC also clearly differs from that of the IUCN in terms of cost-effectiveness of the solution: the EC places the importance of cost-effectiveness at the same level as the multiple benefits in diverse systems and resilience that NBS can bring. On the other hand, the IUCN definition has a different emphasis: if NBS are utilized to reduce hydro-meteorological risks, they should also protect and restore affected ecosystems. In this regard, the IUCN definition has a clear focus on protecting or restoring ecosystems, such as river/ecological restoration and ecological engineering.



Likewise, various allegedly neighboring terms have shown some similarities and differences in comparison with the definitions provided by EC and IUCN. Table 1 illustrates some of the most relevant neighboring terms including ecosystem-based adaptation, river restoration/ecological engineering, and green infrastructure that are of relevance with respect to reducing hydro-meteorological risks. While the concept of ecosystem-based adaptation is quite similar to NBS, as it also points towards promoting multiple co-benefits apart from environmental benefits, its scope is more limited compared to that of NBS as it focuses primarily on reducing the consequences of climate change. Concepts related to river restoration/ecological engineering emphasize the relevance of re-naturalizing ecological elements so that riverine ecosystems develop the capacity to regenerate themselves. In that sense they are close to the IUCN definition. However, publications for restoration have increased in past decades, not only focusing on classical ecological theories but also rendering ‘nature’ as an objective for human use [55], embracing utilitarian concerns that align more closely with the EC definition [48]. In other words, restoration works should meet the needs of humans and, to do so, the delivery of the ecosystem should be maximized. Last, green infrastructure is a concept that originally emerged in urban contexts, whereas it meanwhile has also been adopted in rural contexts [56]. A major difference lies in the focus provided by the definition to solve a pressing societal problem: Whereas NBS emphasize a variety of actions to be taken, green infrastructure points towards solutions that can be provided by ‘infrastructure’.



In the light of the previous discussion and being aware of similarities, differences, and the underlying vagueness in NBS concepts [23,47,50], we are not pursuing a narrow definition of NBS [48]. Rather, our analysis is inclusive of various neighboring terms (see Section 3). In line with the definition provided by the EC, the solutions should be clearly directed towards a societal challenge (in this case disaster risk reduction and climate change adaptation), the means to achieve this objective should be inspired and supported by ecosystems and they should provide wider co-benefits for society and/or ecosystems.




3. Methods


We conducted a systematic literature review using the Web of Science database by following the PRISMA guidelines. Web of Science provides an advanced research query tool that guarantees effective and proper coverage [64]. We used a structured query with keywords from three categories to extract the literature from the aforementioned database. This included NBS and relevant neighboring terms, different hydro-meteorological hazards as well as key themes we considered as relevant for a better understanding of how people perceive NBS. We based our search in the Web of Science on the Topic Search, which includes title, abstract, author keywords, and Keywords Plus (assigned by Web of Science). Table 2 summarizes the searched terms and an overview of how we conducted the search.



The search elicited 1834 entries. All entries were scanned by having a closer look at the title, abstract, and keywords in order to exclude entries of no relevance for the aim of this study. We only considered papers that included at least one search term within each of three categories (i.e., neighboring terms, hydro-meteorological hazards, and key themes). Articles that did not focus on the reduction of hydro-meteorological risks, such as forest fire, landslide, volcanic risk, etc. were eliminated. After this screening process, 110 papers were left for full-text assessment for its eligibility. These 110 papers were fully read in order to identify papers that have no direct relation to the topic of this paper. Through this process, eight papers were excluded again, resulting in a final database of 102 papers.



With this database, we drew an overview which includes: the types of conceptual terms underlying the studies (e.g., NBS, green infrastructure, restoration, etc.); countries where the study was conducted (if the study has more than one site, all sites mentioned were counted); year of publication; type of analysis followed in each of the papers (e.g., review study, original empirical research), and key topics underlying the studies in order to better understand the factors shaping the perceptions of NBS as a means to reduce hydro-meteorological risks (see Section 4 for the results). During this step, it became apparent that the majority of papers (N = 71) were too generic and lacked methodological rigorousness in order to generate robust evidence on factors shaping perceptions of NBS as a means to reduce hydro-meteorological risks. In this regard, we decided to identify the papers that were based on a robust methodology and which presented empirical evidence in order to pursue an in-depth analysis. As a result, we chose 31 field studies for the in-depth analysis. The flow chart that shows the whole analytical reviewing process can be found in Figure 1.



The authors acknowledged the inherent limitations of the methodology. The online research of the peer-reviewed papers using keywords does not provide an exhaustive survey, lacking other essential documents such as gray literature or project reports. However, with the concise and detailed keywords, the authors tried to include the relevant articles as much as possible. To minimize such errors, the result was also double-checked by both authors to raise the credibility of the analysis. By doing so, this review provided readers insight into the scholarly work on the perceptions of NBS with a social science perspective.




4. Result


In this section, we present the findings of the review as follows. First, the background information of 102 relevant articles is outlined, such as publication trends, usage of conceptual terms, and geographical location of papers. Second, we identify the core topics that construct perceptions of NBS in hydro-meteorological contexts. Last, the result of in-depth analysis investigating the evidence of the aforementioned topics in 31 field data studies is presented by each topic.



4.1. Overview of the Relevant Articles


All 102 papers were published between January 2000 and May 2019. Although papers focusing on ‘ecosystem-based’ and ‘green infrastructure’ were already being published in the 1980s and early 1990s [65,66], they did not focus on the hazards and key topics relevant for this review. As Figure 2 indicates, the number of publications has increased over time. Not only has the absolute number of selected publications increased, but also the normalized value of numbers of the selected papers shows an increase in more recent years compared to the normalized value of papers with the topic of flood risk in general. The keywords for the general flood research included the topics we outlined in the ‘hydro-meteorological hazard’ column in Table 2. The escalation of normalized values in the selected publications indicates that the increase in the number of selected papers did not correlate with an overall increase in general flood risk research, but rather seemed to be related to a greater focus on NBS and neighboring concepts.



In a next step, we classified whether the papers focused on NBS or neighboring concepts (Table 3). The broad concepts that represent the sum of sub-concepts are stated in bold. The term ‘ecosystem-based’ was most widely used in the papers we selected (n = 31, 30%), followed by ‘green infrastructure’ (n = 24, 24%) and ‘restoration’ (n = 21, 21%). NBS was used in 14 papers (14%), and noticeably all of them were published after 2016 reflecting the recent history of the term. Three papers used the term ‘natural infrastructure’ or ‘nature-based infrastructure.’ Besides, nine papers labeled as ‘Etc.’ adopted specific contextual terms such as hybrid engineering, multi-functional urban watercourses, de-culverting, etc.



Our analysis revealed that the term ‘restoration’ was gradually substituted by other emerging terms such as NBS, ‘ecosystem-based’ and ‘green infrastructure’ (Figure 3).



With 34 papers, most studies were conducted in the European context (32%), followed by 19 papers in North America (18%) and 13 in Asia constituting 12% (Table 4).



Within the sample of this study, studies pursuing an ‘ecosystem-based’ approach were most frequent in Asia. The terms ‘NBS’ and ‘green infrastructure’ were most commonly applied in Europe and in North America (particularly in the US) the term ‘restoration’ was used most often. Interestingly, ‘green infrastructure’ was used relatively evenly among all three continents (Figure 4).




4.2. Core Topics


There are six core topics with respect to perceptions of NBS as a means to reduce hydro-meteorological risks we could identify by scanning 102 relevant papers: (1) valuation of co-benefits (including the valuation of benefits related to ecosystems and society), (2) evaluation of risk reduction efficacy, (3) stakeholder participation, (4) socio-economic and location-specific conditions, (5) environmental attitude, and (6) uncertainty. Table 5 provides an overview of the key features that are dealt with in the single topics.




4.3. In-Depth Analysis Based on Empirical Evidence for Core Topics


The in-depth analysis was based on six key topics derived from the scanning process of the 31 field data studies. The investigation process allowed us to grasp what kind of empirical evidences are presented with respect to the six key topics.



The analysis first revealed that 21 out of 31 papers (68%) did not show any explicit theories. Three papers used utility theory, along with contingent valuation and choice modeling as a methodology to scrutinize people’s preferences. Another three papers were based on grounded theory, which is rather a methodological for gathering and analyzing data based inductive reasoning. In addition, we found that the following theories were utilized by one paper each: the theory of sustainability transition, the theory of adaptive co-management, human ecology and interdisciplinary theories of governance, socio-ecological systems, infrastructure studies, and multilevel politics. Last, we identified some papers that, while not explicitly engaged with a theory, showed a slight inclination towards certain theories such as protection motivation theory and environmental justice. In the following subsections, we analyzed how empirical studies illustrate and operationalize six key topics and the underlying relationships between the constructs.



4.3.1. Valuation of Co-Benefits


One of the most prominent topics in the reviewed literature, represented in 15 papers, addresses how people value and perceive the co-benefits of NBS and related concepts. The assessment, evaluation and demonstration of the wider benefits of NBS is currently a prominent topic in research on NBS and emphasizes the funding of Horizon 2020 calls [101]. Compared to conventional, technical, and/or engineering-based solutions, NBS are expected to deliver wider benefits, including various ‘ecosystem services’ they provide to society [85]. Therefore, studies have explored how people value ecosystem services and how this influences their perceptions of NBS. All reviewed studies are based on surveys, interviews and workshops. The following methods were adopted: content analysis [30,102], statistical analysis [74,103], contingent valuation as a form of willingness to pay [85], and multi-criteria decision analysis (MCDA) paired with multi-attribute utility theory and choice experiment [67].



Studies focusing on the individual valuation of co-benefits focused predominantly on aesthetical [20,31,87,102,104] and recreational aspects [30,71,87,105]. Both co-benefits seem to have a positive influence on people’s perception of NBS, although in some studies aesthetical aspects were found to be perceived as of lower relevance compared to other co-benefits [31,104].



Other studies explored attitudes towards NBS compared to more established technical-engineering based measures to reduce risks. Findings indicate that people support NBS and that they prefer NBS if they also positively value wider social and natural co-benefits, such as aesthetical, recreational, economic, and nature-related aspects [31,103,106].



Studies have also explored how interaction with NBS shape individual perceptions of NBS. People who directly interact with NBS report higher awareness of both the potential positive effects of NBS and of risks compared to people with lower degrees of interaction, such as tourists [74], users compared to non-users [75], or NBS sites that are less accessible [71].




4.3.2. Evaluation of Risk Reduction Efficacy


The perceived efficacy of NBS is another prominent topic in the literature we reviewed (n = 9). As NBS are often replacing or complementing more established technical, engineering-based risk reduction measures, many studies take a comparative perspective by, at least implicitly, comparing the efficacy of established measures with NBS.



NBS and related approaches are often perceived by people as being less effective than traditional protection schemes. This pattern was found in the management of coastal hazards [30] and urban flooding (e.g., removal of culverts) [79,102,105,106]. We can only speculate about the reasons for this pattern: Some authors suggest that the immediate physical presence and visibility of technical measures are interpreted by individuals as a demonstration of progress and problem-solving attitudes by responsible governmental bodies [32], and may also contribute to an increased feeling of protection [30,106]. Other studies point to the underlying threat appraisal. People who perceive a high threat of future typhoons and monsoon events also report higher trust in technical solutions than in NBS [79]. Similarly, the ambivalent role of pioneering projects is touched upon: if preceding NBS projects were not well planned and implemented and turned out to be ineffective, this can undermine people’s trust in their effectiveness [79].



We found one study stating that respondents of a survey reported that flood risk was reduced and that this reduction was attributable to the successful realization of NBS [71]. Another study suggested that the framing of NBS as a means to enhance the safety of a place could positively influence the perceived efficacy of NBS [87]. At the same time, one study showed that lower levels of perceived efficacy of NBS do not affect the support of people. Wong-Parodi and Klima [103] found out that people support and prefer green infrastructure over gray, even though they think that current engineer-based infrastructure secures them more effectively.




4.3.3. Stakeholder Participation


Stakeholder participation has received attention as one of the essential elements in risk management processes and NBS implementation. It is crucial to respect the right of stakeholders, including those affected by NBS for hydro-meteorological risk reduction purpose, to be involved in decision-making processes and to facilitate effective solutions for societal problems [107].



The willingness of stakeholders to take part in the realization of NBS can be explained in multiple ways, including from a supportive attitude towards NBS, or from strong resistance to the realization of NBS.



Although participation was touched upon in 12 of the empirical studies we reviewed, it was not usually their main focus. Nevertheless, we found several cases that prove that participation can stimulate people to be aware of ongoing local problems and needs [32,106]. This can result in improved stakeholder coordination to realize projects [108]. In addition, participation can embrace the diversity of the affected community in the design and planning process, promoting local buy-in of solutions [31]. In this regard, effective communication among stakeholders is considered key to innovation and dynamism in NBS projects [32,71], which can be a driving force to sustainable project implementation [20].



A few other studies insist that trust influences stakeholder participation and involvement. Trust between stakeholders facilitates the exchange of information and strengthen relationships [32]. By doing so, it enhances stakeholder’s acceptance of vulnerability to project implementation [84,86] and can ease conflicts of interest between actors [85]. In addition, participation can also increase ownership among local communities of the realization of NBS projects [84]. Furthermore, trust in responsible organizations and institutions (as exemplified in the Room for River Program in the Netherlands and people’s trust in Dutch safety standards) brings more support for new solutions [87]. When involved communities have a strong attachment to a proposed project site, extra care for the building of trust is needed [87].



Lastly, the studies also found that wider stakeholder participation can contribute to mainstreaming NBS while fulfilling the project’s ecological aim [109]. In order to foster more participation and satisfaction of stakeholders, the implementation scheme, including the purpose and technique of the project, should be described to them in advance of its implementation [110]. Likewise, a realistic implementation scheme, including information about long-term benefits or time lags in a project’s successful delivery, should be shared between stakeholders to prevent frustration [71].




4.3.4. Socio-Economic and Location-Specific Conditions


Numerous other papers (n = 10) have reported socio-economic and location-specific conditions related to people’s perceptions of NBS. However, the reviewed papers provided inconsistent findings; they showed heterogeneous results that are largely shaped by the respective context.



In contrast with a study that indicated that different socio-economic conditions do not affect perceptions of green measures [88], other papers show evidence for such a correlation. For example, Sheng et al. [110] found that household income and the amount of government subsidy received for owned pasture area correlated with the positive support of a restoration project. However, Brouwer et al. [75] found that this correlation is not universal but only occurs for lower-income households depending on the respective national context. Furthermore, educational level seems to have a clear positive effect on perceptions of NBS [74,111]. This observation can be linked with the finding that a lack of knowledge/understanding of NBS affects people’s supportive attitudes [30,89,90].



Other studies found that a preference for NBS can be location-specific [30,103]. On the one hand, the location associated with the personal experiences of a hazard influences perceptions of NBS [30]. This is particularly true for negative experiences, which may impede NBS support [111]. On the other hand, socio-cultural aspects seem to influence the preference of the local communities with respect to NBS. In detail, it can differ depending on how much people are attached to the project location [87] and the local history regarding mitigation measures [30].




4.3.5. Environmental Attitude


A few studies (n = 2) have found evidence that the environmental attitude of stakeholders shapes their attitude towards NBS. For instance, people who reported higher degrees of stewardship to nature or, otherwise stated, those who put a higher value on feeling responsible for the conservation of nature, preferred NBS over more conventional flood management approaches [93]. Another study interpreted a preference for NBS as evidence of altruistic behavior: though individuals did not receive any personal benefit, they still preferred NBS for the sake of ‘the level of environmental quality provided’ and ‘the act of giving’ [67].




4.3.6. Uncertainty


A considerable number of papers, which we scanned previously for the core topics, mentioned uncertainty in NBS implementation. This was attributed to lack of long-term data and the complexity inherent in nature (i.e., ‘surprise’, given by the variability of nature as a baseline) and human-nature interactions, which depend on physical, ecological, and socio-economic conditions (see Table 5). However, these arguments are backed up by merely two empirical studies. First, uncertain aspects of project implementation are seen to play a role in raising local concerns about safety. It relates to the individual perception of risk efficacy of NBS, and the idea that unstable features of nature threaten local people [105]. Second, a survey-based study revealed that a lack of knowledge and understanding was a barrier to gaining support from local authorities and public [89].






5. Discussion


This review has thematically focused on documenting state-of-the-art factors that shape perceptions of NBS by means of reducing hydro-meteorological risks. Departing from a rather broad understanding of NBS that is grounded in the definitions of NBS provided by the EC and IUCN, we also included neighboring terms in this review to ensure broad thematic coverage.



Based on 102 studies, we identified six topics shaping the current discussion in this field of research. The empirical insights concerning these topics are not only diverse but also sometimes even contradictory, and they also vary in the depth of the insights generated. Most pronounced are studies focusing on affected people’s perceptions of the co-benefits and efficacy of NBS.



Concerning perceptions of co-benefits, the results are relatively consistent: Studies suggest that if co-benefits are valued positively, NBS are also perceived positively, particularly if people have direct access to NBS and interact with these solutions relatively often. However, the studies we reviewed focused only on co-benefits related to recreational and aesthetical aspects of NBS – other aspects such as health, wellbeing, cultural values, and economic development have not yet been considered.



As for the perceived efficacy of NBS, findings are rather mixed. While NBS are often perceived as less effective than more established and technical risk reduction measures, we know very little about the underlying reasons for this tendency. Next to the immediate physical presence of technical measures, the relation between perceived efficacy of NBS and threat appraisal seems relevant: if threat appraisal is high, trust in NBS seems to be lower. However, few available studies explore this connection more thoroughly. Some studies indicate that trust in NBS efficacy can increase over time if exposed residents realize that NBS can reduce the risk of hydro-meteorological events.



Regarding socio-economic and location-specific conditions, findings are also mixed: While some studies suggest no correlation between socio-economic statuses of households and their perception of NBS, other studies highlight a correlation. We assume that contextual factors play a decisive role here. This is at least suggested by the cross-country studies conducted by Brouwer et al. [75], which imply that different spatial, socio-economic-demographic, cultural, and institutional settings may correlate with a different perception of NBS.



Very few studies have focused on how people’s environmental attitudes shape their perceptions of NBS. It was shown that people who report higher degrees of stewardship to nature prefer NBS over more conventional flood management approaches [67,93].



The role of uncertainty is also seldom explored. High uncertainty concerning the realization of NBS projects may undermine people’s feelings of safety, furthermore, a lack of knowledge about the effects of NBS may also be a barrier for the support for NBS.



Finally, findings on stakeholder participation are rather limited. We found that participation can stimulate people’s awareness of ongoing local problems and needs, and can, therefore, result in improved stakeholder coordination to realize projects. Stakeholder perceptions of NBS also seem to be positively influenced when effectively informed about the realization of NBS. Studies also found that wider stakeholder participation can contribute to the mainstreaming of NBS and can help fulfill the wider ecological objectives of NBS projects.



The field of research in this review is still emerging. Among the papers we reviewed, very few focus explicitly on NBS to reduce hydro-meteorological risks and how they are perceived. The majority focuses on other topics, though they do touch upon the core topics of this paper. The studies we identified as most relevant for this paper (i.e., defined by an explicated methodology aiming at generating evidence) also underline that this research field is still developing. Most of the papers did not explicate their underlying theories. This hampers the comparability of empirical insights. For instance, in other related fields of research (e.g., what motivates individual adaptive behavior) where at least basic theoretical aspects are shared (e.g., protection motivation theory), a comparison of empirical studies has become possible eventually by allowing the conduction of statistically grounded meta-analyses [112]. However, this is barely possible in for the reviewed studies, most of which collect empirical data and insights without grounding them in a theoretical framework.



As an implication of the previously identified gap, there are hardly any studies that systematically frame the inter-linkages between the different constructs we previously outlined. Based on the review, however, it is possible to outline some basal inter-linkages that require further exploration in future studies (see Figure 5). We also believe that this generic model has the potential to be applied in other hazard contexts such as a landslide and earthquake, which can be investigated more in-depth in future studies.



More specifically, we expect that interacting constructs, particularly the valuation of efficacy and co-benefits of NBS, could influence people’s perception of NBS. We also consider it likely that other variables might moderate these interactions. First, people’s threat appraisal could moderate the impact of evaluation of risk reduction efficacy on perceptions of NBS. If people feel threatened by the consequences of hydro-meteorological risks, they may have lower levels of trust in the effectiveness of NBS to reduce risk. This lack of trust could outweigh positive attitudes towards the co-benefits of NBS, and result in negative attitudes towards NBS. However, it is likely that people’s threat appraisal not only relates to primary hydro-meteorological risks but also to potential secondary risks related to NBS. People may believe that the replacement of technical measures with NBS will increase hydro-meteorological risk for their property [113], or that NBS may cause new risks such as invasive organic species or rising groundwater levels [54]. Second, we also expect that people’s environmental attitudes and the likelihood of their direct use of, or interaction with, NBS could moderate their perception of co-benefits. If people have a strong pro-environmental attitude, this might positively reinforce the impact of their valuation of the NBS co-benefits. Perceived NBS co-benefits also might then outweigh concern about the efficacy of NBS, resulting in more positive attitudes towards NBS. Likewise, if affected people are more likely to benefit from or interact with NBS due to spatial proximity, etc., this might positively moderate the valuation of co-benefits. However, at this stage, we can only speculate about these construct interactions.



Furthermore, we assume that an individual’s valuation of NBS co-benefits and efficacy might be influenced by their socio-economic-demographic conditions and NBS knowledge (for instance, knowledge about the effects of NBS and realistic implementation scheme), possibly obtained from prior experiences or other informational sources. Based on our literature review, we could only conjecture about the role of people’s socio-economic-demographic situation and point towards contextual factors. In addition, it is assumed that both intrapersonal (i.e., between stakeholders) and institutional (i.e., in responsible organizations and institutions) trust shape the valuation of NBS co-benefits and efficacy. We also surmise that participation may play a role in stimulating these factors and, ultimately, positively influence the valuation of efficacy and co-benefits.



While we believe that a more structured and theoretically grounded approach to the assessment of people’s perception of NBS is necessary, we also consider that greater attention needs to be paid to what counts as NBS. In this study, we reviewed a considerable number of publications that focused on different concepts, such as ecosystem-based adaptation, restoration, and green infrastructure. As the concept of NBS implies, at least in its more inclusive definition, all ‘solutions’ are comparable as long as they are directed towards addressing societal challenges, provide co-benefits and are inspired or supported by ecosystems. Focusing on how people perceive NBS, however, it is debatable that a small-scale hybrid NBS, implemented in an urban context, is comparable to a large-scale river restoration project at the catchment scale, the latter of which not only influences people’s livelihoods but also profoundly transforms an entire landscape. In addition, environmental attitudes were distinctively scrutinized in publications focusing on restoration, while the perceived co-benefit was explored more systematically in literature dealing with NBS and green infrastructure literature. Such differences, both for NBS and thematic emphases, need to be accounted for more carefully in future research.



We, therefore, propose that future research should reflect these different NBS by using a more conscious sampling strategy, at least for the quantitative standardized surveys—this would contribute a better understanding of how different NBS perceptions are shaped. The typology proposed by Eggermont et al. [54] can offer some instructive insights on how to operationalize such a sampling procedure. They argue that NBS approaches can be broadly classified into three types along a gradient of the level and intensity of engineering applied. Type 1 NBS approaches involve no or minimal intervention in ecosystems, type 2 measures are aimed at establishing sustainable and multifunctional ecosystems, and type 3 NBS approaches imply a profound transformation of ecosystems possibly even resulting in new ecosystems. Based on our review, we assume that these fundamental differences in NBS setup would have a great impact on people’s attitudes towards them. Therefore, such differences should be reflected in the selection of case studies for empirical research.




6. Conclusions


We believe that more social science research, based on rigorous methodologies and grounded in social science theories, is needed to complement the currently dominant approach that focuses on the quantitative evaluation of NBS co-benefits. As this review has indicated, our knowledge about perceptions of NBS as a means to reduce hydro-meteorological risks is still hampered by profound gaps in knowledge. With this article, we have outlined some avenues for future research.



Our results show that the current knowledge of concepts surrounding perceptions of NBS is not always consistent. While perceived co-benefits show a relatively strong positive impact on the people’s perceptions of NBS, other factors such as perceived efficacy of NBS and individual socio-economic-demographic conditions show conflicting results. We concluded that the scale of each NBS project (e.g., large-scale river restoration compared with small scale installation of green infrastructure) and the level of engineering used can contribute to the discrepancies in perceptions of NBS shown in the empirical studies. Therefore, we propose that future empirical studies regarding perceptions of NBS should conduct a careful sampling of different NBS and be cognizant of comparing NBS projects. We also found that some essential variables, such as environmental attitudes and uncertainty, have been overlooked in the empirical research. Finally, our model for the potential interplay of key constructs underlying perceptions of NBS shows the possible relationships between constructs and emphasizes the need for a theoretical framework. Such frameworks encompass fragmented knowledge and generate meaningful insights to help raise people’s supportive attitudes towards NBS.
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Figure 1. Flow chart of the underlying review process. 
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Figure 2. Normalized number of articles comparing the selected papers (n = 102) with all flood-related publications between 2000 and 2018 in Web of Science (see Table 2; hazard context). 
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Figure 3. Use of the dominant terms in each paper by publication year. 
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Figure 4. Use of the terms by three major continents. 
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Figure 5. A generic model for the potential interplay of key constructs underlying perceptions of NBS as a means to reduce hydro-meteorological risks. 
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Table 1. Interlinkages of the related concepts of nature-based solutions (NBS) in hydro-meteorological contexts.
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Ecosystem-Based Approach

	
Restoration Technology/Engineering Approach

	
Infrastructure-Related Approach




	
Concept (Main)

	
-Ecosystem-Based Adaptation

	
-River Restoration

	
-Ecological Engineering

	
-Green Infrastructure






	
Other concepts

	
-Ecosystem Services

	
-Ecological Restoration

	
-Hybrid Engineering

	
-Blue-Green Infrastructure




	

	
-Ecosystem Disaster Risk Reduction

	
-Ecosystem-service Restoration

	

	
-Natural Infrastructure




	
Definition

	
‘use biodiversity and ecosystem services as part of an overall adaptation strategy to help people to adapt to the adverse effects of climate change.’ [57]

	
‘re-establishment of natural physical processes (e.g., variation of flow and sediment movement), features (e.g., sediment sizes and river shape) and physical habitats of a river system (including submerged, bank and floodplain areas). … it promotes the idea of encouraging natural processes to create characteristic, self-sustaining, dynamic physical habitat that induces biological recovery and restores the benefits humans rely on.’ [58]

	
‘the design of sustainable ecosystems that integrate human society with its natural environment for the benefit of both’ [59]

‘actions using and/or acting for nature’ [60] ‘...can stand alone, but can also be incorporated into hybrid engineering solutions, where ecosystems are utilized alongside engineered defenses.’ [53]

	
‘an interconnected network of natural areas and other open spaces that conserves natural ecosystem values and functions, sustains clean air and water, and provides a wide array of benefits to people and wildlife.’ [61]

‘...is a strategically planned network of natural and semi-natural areas with other environmental features designed and managed to deliver a wide range of ecosystem services. It incorporates green spaces (or blue if aquatic ecosystems are concerned) and other physical features in terrestrial (including coastal) and marine areas. On land, green infrastructure is present in rural and urban settings.’ [56]




	
Focus

	
Benefits that humans derive from biodiversity and ecosystem services, focus on tackling with climate change [23]

	
Ecosystem self-design and self-organization [62]

	
Connectivity, multifunctionality, and smart conservation [63]
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Table 2. Keywords for the literature survey.
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NBS and Related Concepts

	
Hydro-Meteorological Hazards

	
Key Themes




	

	
Nature-based Solution



	
Ecosystem-based solution/management /adaptation/mitigation/approach/framework



	
Ecological engineering



	
Catchment System Engineering



	
Ecological Restoration



	
Green Infrastructure



	
Natural Infrastructure



	
Eco-hydrological solution/management /adaptation/mitigation/engineering



	
Adaptation service



	
Natural Capital



	
River Restoration






	

	
Pluvial Risk/Hazard



	
Coastal Risk/Hazard



	
Meteorological Risk/Hazard



	
Hydrological Risk/Hazard



	
Flood Risk/Hazard



	
Climate Change Risk/Hazard



	
Disaster Risk/Hazard



	
Natural Risk/Hazard



	
Environmental Risk/Hazard






	

	
Perception



	
Awareness



	
Resilience



	
Participation



	
Stakeholder Involvement



	
Governance



	
Vulnerability



	
Trust



	
Planning



	
Policy



	
Acceptance



	
Cognition



	
Preference









	
Search Terms




	
“Nature based solution*” OR (“Eco*system*” NEAR (solution OR management OR adaptation OR mitigation OR Approach OR Framework)) OR “Ecolog* Engineer*” OR “Catchment System Engineer*” OR “Ecolog* Restor*” OR “Green Infrastructur*” OR “Natur*Infrastructur*” OR (“Eco*hydro*” NEAR (solution OR management OR adaptation OR mitigation OR engineer)) OR “Adapt*service*” OR “Natural Capital” OR “River Restoration”

	
AND

(pluv* OR coast* OR *meteo* OR hydro* OR flood* OR climate Change OR disaster OR natural OR environmental) AND (risk OR hazard)

	
AND

(perce*) OR (aware*) OR (resilien*) OR (participat*) OR (stakeholder involv*) OR (governance) OR (vulnerab*) OR (trust) OR (planning) OR (policy) OR (accept*) OR (*cognit*) OR (prefer*)
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Table 3. The list of full concepts in broad conceptual categories.
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	Concepts
	Number of Papers
	Percent





	Ecosystem-based
	31
	30%



	Eco-Disaster Risk Reduction
	4
	4%



	Ecosystem Approach
	1
	1%



	Ecosystem Services
	4
	4%



	Ecosystem-based Adaptation
	13
	13%



	Ecosystem-based Approach
	1
	1%



	Ecosystem-based DRR
	2
	2%



	Ecosystem-based Management
	5
	5%



	Ecosystem-based Solution
	1
	1%



	Green Infrastructure
	24
	23%



	Blue-Green Infrastructure
	3
	3%



	Green Infrastructure
	20
	20%



	Urban Green Infrastructure
	1
	1%



	Restoration
	21
	21%



	Ecological Restoration
	2
	2%



	Ecosystem Restoration
	1
	1%



	Ecosystem Services Restoration
	1
	1%



	Restoration
	2
	2%



	River Restoration
	14
	14%



	Stream Restoration
	1
	1%



	Nature-based solution
	14
	30%



	Etc.
	9
	9%



	Conservation
	1
	1%



	Flood Control Infrastructure
	1
	1%



	Hybrid Engineering
	2
	2%



	Integrated Catchment Management
	1
	1%



	Multi-functional Urban Watercourses
	1
	1%



	Planned Retreat
	1
	1%



	River Corridor Management
	1
	1%



	River Engineering, de-culverting
	1
	1%



	Natural Infrastructure
	3
	3%



	Natural and Nature-based Infrastructure
	1
	1%



	Natural Infrastructure
	1
	1%



	Nature-based Infrastructure
	1
	1%



	Total
	102
	100%
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Table 4. Number of papers by continent.
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	Continent
	# of Papers
	Percent





	Europe
	34
	32%



	North America
	19
	18%



	Asia
	13
	12%



	Africa
	4
	4%



	South America
	4
	4%



	Oceania
	3
	3%



	Global
	28
	27%



	Total
	105 1
	100%







1 When the research was conducted at more than one site, all sites were counted. Therefore, total number of papers did not conform to the total number of reviewed papers (N = 102).


media/file4.png
o ©
~ 00

o
o)

o
S

Normalized number of papers
o S
w %)

o
N

(28,694
(25,947)

(28

(24,756

(22,245
(20,870
(19,167

(17,340 (16

(15,583
(13,938

(12,766)
(11,841 (9)

(10,231
(8828) (5 (5
(7078)7818)

211

0(522 E 0 (0) (0) (O ) [

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

= N ormalized number of papers (Total) Normalized number of papers (Selected)

)





nav.xhtml


  water-11-02599


  
    		
      water-11-02599
    


  




  





media/file2.png
o=
Res
)
1)
o
=
-
=
Q
o)

Screening

>
h=
=
20
w

Scanning

A
(%
o
©
c
<

Articles identified with keywords in Web of science database on May 22 2019

N = 1834
Articles by title, abstract, and keywords Exclusion Articles excluded d.ue to lack of focus on
hydro-meteorological hazards, NBS and
screened o . .
N =1834 > neighboring terms
B N=1724
. o Exclusion Articles excluded due to lack of relevant
Full-text articles assessed for eligibility discussion on perception of NBS
N =110 > N=8
Exclusion

Articles scanned for overview and key topics
relating to perception of NBS
N =102

v

l

Articles included for in-depth analysis
(Field data studies)
N =31

Articles without a clear methodology and
therefore without robust empirical evidence
N=71






media/file5.jpg
2019
2018
2017
2016
2015
2018
203
2012
201

2008

2

§

§

§

§

§

Ecosystem based
e