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Abstract

:

The Dutch regional water authorities face an enormous task: the strengthening of about 1500 km of dikes and 500 civil-engineering structures before 2050. This immense operation is being funded, prioritised and supported by the Dutch Flood Protection Programme (DFPP), an alliance of regional water authorities and the Ministry of Infrastructure and Water Management. The work will be executed in nearly 300 projects located throughout the country on the coast, lakes and major rivers. To complete this task on time and within budget, innovation (a better insight into the behaviour of flood defences, new techniques and processes) is believed to be the way forward. In this paper, we look at how the DFPP has encouraged innovations between 2012 and the present. We stress the importance of using a sender–receiver approach to further knowledge transfer and uptake, and we describe how, by using an action research approach, the Dutch Flood Protection Programme is currently adapting its innovation strategy on the basis of lessons learned to improve knowledge uptake. We will address some of the innovations that have been developed over the years and how monitoring knowledge uptake helps to further improve the learning-by-doing approach.
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1. Introduction


Two-thirds of the Netherlands is below the current sea level. In the distant past, the Dutch responded reactively to floods. However, after the catastrophic floods of 1953, the Dutch took measures to prevent a similar disaster: a system of dike rings with flood protection levels was developed for flood risk management [1], and statutory standards were set out in the Flood Protection Act of 1996 to maintain this system. Those standards related to the primary flood defences: those on the coast, major rivers and lakes. In 2008, the second Delta Commission advised changes to take future uncertainties, such as climate change and land subsidence, into account in order to protect the Netherlands.



The Dutch national government recently adopted a risk-based approach [1] for the Dutch flood risk management policy based on new knowledge about the safety of dikes and the impact of serious floods as a result of the failure of dikes and/or other structures. This is a proactive approach, in which protection standards are based on both the probability and the impact of flooding in 2050, considering climate change and socio-economic developments. The Water Act (soon to be the Environment Act) sets out the statutory standards for the flood protection structures, such as dikes, dams, and other civil-engineering structures. Every 12 years, the regional water authorities are required to conduct assessments to ensure that the flood defences still meet the statutory standards. Where the standards are not met, the responsible body can apply for funding from the Dutch Flood Protection Programme (DFPP) [2]. Over 1500 km of dikes and 500 civil-engineering structures will have to be upgraded between now and 2050. The challenge formulated in the overall programme goals for the DFPP is to:




	
Increase the production rate (effectiveness) of flood defence projects;



In programmes in the past, approximately 25 km was upgraded annually. In order to complete the objective of around 1500 km by 2050, this rate will have to rise to an average of ~50 km/year [2].



	
Improve efficiency by reducing the costs per kilometre;



In recent decades, the average cost per kilometre in the Netherlands has increased to more than €10 million (in the 2nd Dutch Flood Protection Programme), and in the early years of the DFPP, the average cost rose towards €18 million per kilometre. Given the annual budget of € 360 million, this figure will have to be reduced again to ~€7 million per kilometre [3].








Although flood risk management is rooted in technical knowledge, the current problems are particularly thorny due to high levels of complexity, uncertainty and conflict [4,5]. The field is complex because flood risk issues are entwined with other local problems involving diverse stakeholders, while the sector is institutionally fragmented, and resources are distributed in a non-hierarchical way [6]. The ever-increasing complexity is producing new challenges and demands.



As regional stakeholders, and society in general, seek to realise additional value (notably, housing and biodiversity) in dikes, the spatial integration of dikes in the local surroundings is becoming more and more important. The Dutch, therefore, changed their approach: from one of coping with water levels associated with specific historical weather events to working with a minimum protection standard based on the probability of flooding and weather events expected in the future, where flood risk management is also an integral part of the living environment [7].



Multiple parties, with their own individual interests and responsibilities, play a role, and they seek to minimise trade-offs. This complexity further emphasises the importance of knowledge management and continuous learning. To achieve its goals, the DFPP recognised that a different approach using new knowledge and innovations was required. The programme has therefore developed a learning-by-doing knowledge and innovation strategy. To understand better why some elements of the knowledge and innovation strategy work and others fail, the authors of the present paper initiated an action-research project to observe, diagnose and intervene in multiple meetings in order to encourage knowledge uptake in dike redesign projects and make recommendations to change the knowledge and innovation strategy.



The paper is structured as follows: Section 2 presents the materials and methods, looking at the Dutch Flood Protection Programme and its knowledge and innovation strategy, followed by a description of the methodology used in our study; in Section 3, we describe how the framework helped to diagnose and remedy problems with knowledge transfer and uptake and the ultimate adoption of the new approach, which is now in use and being monitored. Finally, Section 4 presents the discussion and conclusions of this paper.




2. Materials and Methods


2.1. Dutch Flood Protection Programme: Context


The present paper looks at the knowledge and innovation strategy of the Dutch Flood Protection Programme (DFPP). In 2012, the DFPP started as an alliance between the national government and regional water authorities. It was the successor to the previous Flood Protection Programme, which was 100% funded by the then Ministry of Transport, Public Works and Water Management. After an evaluation of this programme [8], the funding and organisation became a 50–50 responsibility of the current Ministry of Infrastructure and Water Management and the 21 regional water authorities. As mentioned above, the task facing the DFPP is to upgrade about 1500 km of dikes and about 500 civil-engineering structures before 2050 (see Figure 1). The exact numbers depend on the results of the statutory assessment of flood defences by the regional water authorities. This work involves some 300 projects ranked by urgency on the basis of non-conformity with the statutory standard, and scheduling is based on the available budget of €360 million a year. The DFPP organisation’s primary responsibility is to set up and direct the process of programming and budgeting, to grant subsidies and reporting/accounting. The DFPP also furthers the sharing of knowledge through its own training programme and communities of practice. In addition, the DFPP facilitates the regional water authorities through advisory teams to develop and share knowledge between the DFPP alliance partners. The upgraded flood defences are required to comply with the statutory standards while taking local sustainability and liveability into consideration [2].



Innovation is needed to complete the programme on time and within budget, and a knowledge and innovation strategy [3] has been developed for this purpose. The focus is on two aspects: (1) how to develop a learning-by-doing strategy that takes changes in society over the next few decades into account, since the programme will run for almost 40 years, and (2) how to reduce the development time for innovations further so that knowledge and innovation can be used in the flood defence projects, since the development time in the past has been more than 15 years.



(1) Adaptive learning by using a Pyramid of Flood Risk Management [9].



The DFPP developed the Pyramid of Flood Risk Management (Figure 2) to describe the different stages of complexity and the role of flood defence projects in society. The Pyramid of Flood Risk Management identifies four levels, with every level requiring specific knowledge. The next level can only be reached when the preceding level has been adequately mastered. Working towards a new level in the pyramid also requires additional knowledge; the level therefore depends on the context, the actors and the knowledge. The higher the level in the pyramid, the more integrated the approach, which also implies the involvement of an increasing number of actors. Higher up the pyramid, there will be more and more co-creation and actors who reach goals by working together.



The lowest level focuses on the behaviour of flood defences, and more specifically, on the different failure mechanisms. Initially, the DFPP focused on developing a better understanding of the different failure mechanisms of flood defences, and on making product innovations for specific failure mechanisms. The recently adopted risk-based approach, as described above, made it possible to move to the second level, ‘Managing flood risks’. The evaluations of the successful Room for the River [6] programme contributed skills and knowledge about enhancing the quality of the project area while reducing flood risks. The regional water authorities, especially those active in the Room for the River Programme, adopted the insights acquired in the dike redesign projects under the umbrella of the DFPP. These regional water authorities moved towards the third level in the Pyramid (‘Improved quality of environment’). An additional aim of this specific level is to incorporate participatory approaches. Until now, several dike redesign projects have been successful in involving the public [10,11] in order to facilitate the incorporation of ideas and knowledge from local residents and businesses. The top level of the pyramid ‘Resilient system’ aims to develop adaptive strategies and to reduce future regret relating to investments that must be taken in the coming decades. Linking the implementation of improvements targeting flood risk management to spatial developments and related area processes make synergies and improvements in liveability possible.



Looking through the lens of the pyramid of flood risk management helps the programme to respond to changing boundary conditions associated with society and the climate. This will help to maintain support in Dutch society for flood protection measures. The DFPP aims to develop and further knowledge on all four levels of the pyramid in their innovation portfolio.



(2) The reduction of development time by using a combination of a stage-gate system and a framework of critical success factors



Before the DFPP began, innovators sometimes felt that they had to conduct similar experiments for different organisations to prove their concepts. This is in contrast with the idea that developing successful new products, services or processes is a gradual process of reducing risk by going through several problem-solving phases [12]. Each phase should therefore be designed to reduce the major uncertainties and risks and build upon the previous one. The information required for this, therefore, determines the activities in each phase.



Based on some analysis, the DFPP agreed with the innovators that clarity in the different phases was needed, not least to know how far an innovation was in its development as an accepted alternative. In order to achieve this clarity, the DFPP adopted the Stage-Gate process [13] to make the innovation process as structured as possible, and it developed a guidance document [14,15] to shed light on which knowledge should be available in each phase. This approach helped the DFPP organisation to determine the stage various innovations had reached, but it still did not explain why these innovations did not become mainstream.



To identify why the development of innovations stopped, the DFPP organisation used the critical success factors framework [15] as derived from [16,17]. This framework (Figure 3) identifies six critical success factors:




	
People involved: is sufficient knowledge and expertise available for the project team, and does the involved people have the required competences?



	
Instruments: are the knowledge and tools available to design the flood defences in its surroundings?



	
Organisation: is there political willingness to take risks, and what boundary conditions have been given to the project team? The officials of the regional water authorities are closely involved in the DFPP, through recurring meetings and their role as ambassadors of innovations, which helps in the formulation of the instructions to, and steering of, the project teams.



	
Governance: how is decision-making organised, and how are organisations such as contractors and local stakeholders involved?



	
Legislation: how can the project comply with formal and informal regulations?



	
Discourse: is there sufficient support in society for strengthening the flood defences?








The three success factors on the lower row of Figure 3 are preconditions located outside the boundaries of influence of dike upgrade projects. The remaining three success factors can be controlled by either the regional water authorities or the project team members. This framework helps the DFPP to formulate activities to enhance, and possibly steer, the development of knowledge and innovations.



In 2013, the aspects of adaptive learning and reduction of development time, as described above, were used to define the scope of seven technical research and test projects. Most DFPP projects focus on redesigning the dikes to address the two most common factors associated with dike failure: slope instability and seepage/piping. Prevention measures are typically expensive and/or require a lot of space. The DFPP, therefore, conducted an assessment of opportunities [2,18] to see which innovations helped to attain the programme objectives. It asked research institutes, regional water authorities and the private sector to propose potential innovations. The innovations were ranked in terms of both the relative performance of projects and the return investment for the DFPP. In particular, the innovations that scored well in terms of the return investment for the DFPP were considered and incorporated into the scope of these seven projects. Some projects, namely Piping, Slope Instability and Wadden Sea, focused on the first level of the Pyramid. Others, such as Forelands, Central Holland and Vechtstromen, focused more on the second level (managing flood risks). The projects not only covered two different levels of the pyramid, they also looked at different critical success factors. For example, Piping focused on instruments and people; Forelands on legislation and organisation and Slope instability more on procurement strategy, governance and instruments.



Several years after the start of the technical research and test projects, the projects were analysed from a sender–receiver perspective using the FODIKI methodology. The analysis, as shown later in this paper, led to greater awareness of the importance of knowledge uptake and continuous learning.




2.2. Methods


Our aim was not to evaluate the development of the knowledge and innovation strategy but to ascertain whether the generated knowledge is being applied within the dike redesign projects and whether this leads to different end-user action perspectives and, therefore, helps to relay (i.e., communicate) the objectives. To acquire a better understanding of how knowledge transfer and uptake takes place in the design processes of flood defences, the first author [6] developed and validated a conceptual framework called the Framework for Observing, Diagnosing and Intervening in Knowledge Interaction moments (acronym: FODIKI), as depicted in Figure 4. We assume, as inspired by [19], that knowledge transfer and subsequent uptake entail a knowledge supplier and a knowledge user (from sender S to receiver R). We also retained the possibility of failure (semantic distortion due to cognitive barriers). If a transfer interaction succeeds, Knowledge (K) is available to R, meaning that R can choose to use it. By the ‘uptake’ of K, we mean knowledge utilisation, as defined by [20] on a seven-stage cumulative scale, which ranges from reception via cognition, reference, effort, adoption and implementation to impact.



We distinguish three types of social mechanisms that can explain the success of knowledge transfer and uptake: preconditions, barriers and failure mechanisms. Preconditions for communication and reception include a need for knowledge (for which R may have different grounds) and trust (R trusts that S is competent and acting in R’s interest; S trusts that R will make good use of K). Barriers hindering knowledge transfer may be transmission (physical barriers hampering communication or poor communication skills), cognitive (R not properly constructing K) and psychological (K conflicting with existing practices or values of R). When barriers of this kind do not arise or can be overcome, knowledge uptake can still fail due to incorrect use (K is used in different ways than intended by S), diffidence (K is disqualified by a third party, dissuading R from uptake) or a lack of relay (R attempts to transfer K to end users but fails). We have also re-introduced the concept of feedback (fb), as both S and R are aware of their roles and the knowledge they have and lack. Through feedback, R is able to communicate on a meta-level whether he understands the shared knowledge and whether a barrier or failure mechanism occurs, after which, S is able to adapt.



We tested the internal validity of the FODIKI methodology by applying it to a historical case study, demonstrating that it allowed for the categorisation and generalisation of observations about the interaction moments of knowledge transfer in a dike design process and an assessment of the actual transfer and uptake of knowledge [7]. To determine external validity, we field tested the FODIKI methodology in “live” cases: (1) a participatory dike redesign process led by a Dutch regional water authority and (2) the knowledge and innovation strategy and related projects in the Dutch Flood Protection Programme. We followed an action research approach for both types of validity.



Action research is characterised by “the active and deliberate self-involvement of the researcher in the context of her investigation” [21]. Researchers and practitioners jointly act in a particular cycle of activities, including problem diagnosis, action intervention and reflective learning [22,23]. Action research typically follows an iterative approach, as depicted in Figure 5, where each iteration cycles through these four steps: plan, act and observe, reflect and then re-plan.



Here, we focus on knowledge transfer and uptake in the DFPP knowledge and innovation strategy between the developers of the knowledge in the technical research and test projects and the intended end users, in other words, the dike redesign project teams.




2.3. Data Collection


We used two different datasets for our study:



(1) Knowledge and Innovation Strategy



Seven technical research and test projects, all led by one of the regional water authorities, began in the period between 2012 and 2018. An initial evaluation was made in 2016 of how four of these projects shared their knowledge, result in reflection and re-planning of the knowledge transfer and uptake. The evaluated projects were Piping, Wadden Sea, Central Holland and Slope stability. The state of knowledge creation, transfer and uptake in four projects was analysed by means of a document analysis and in-depth, semi-structured interviews with the professionals involved. For each project, we interviewed four professionals and shared our findings in a concluding workshop to share the insights and jointly draw up recommendations [25]. This was the first action research cycle.



These findings led to a second action research cycle, with a specific focus on the amendments for the knowledge and innovation strategy. The new knowledge and innovation strategy was shaped in a series of 10 meetings with stakeholders from the Ministry, regional water authorities, research institutes and representatives from the contractors and engineering companies. These meetings were well documented and actively shared within the alliance to ensure that feedback and input was given throughout the process. Not only did representatives from the administrative level attend, the officials of the Ministry and the regional water authorities were also informed and challenged to be part of this new strategy in a series of five meetings [26].



The third action research cycle comprised six meetings to develop the current knowledge and innovation strategy. These meetings were documented [6,27,28], and using the FODIKI methodology, the observations were diagnosed and suggestions for interventions were given. Representatives from the regional water authorities, contractors, engineering companies and research institutes were consulted about the different elements of the new knowledge and innovation strategy. Project team members of the seven technical research and test projects reflected on the new elements to pinpoint where further improvement was feasible.



(2) Monitoring data



Beginning in 2018, the DFPP organised annual knowledge and innovation monitoring, in which they reported how much is spent on knowledge and innovation and what the outputs, outcomes and impact are. Monitoring took the form of a survey. In the first years, only the knowledge and innovation projects fill in a questionnaire about their progress, how they share their knowledge and what the outputs and outcomes are. Questions were asked how the created knowledge was shared and if reinforcement projects also used that knowledge. The potential savings of the reinforcement projects were requested, both at the project- and programme-scale. In 2021, the survey was sent to stakeholders from research institutes, regional water authorities and the Ministry but also to contractors and engineering companies. One objective of the survey was to find out whether certain instruments were known. The survey included questions such as:




	
Which knowledge and innovations do you know or have you heard of?



	
Which innovations are being considered in your project?



	
Which innovations are being developed within your project?



	
Which new knowledge and innovations are/will be applied in your project?



	
What are the main reasons for considering or applying all the knowledge and innovations you mentioned in your project?








In the multiple-choice answers, the six critical success factors could be recognized, without being explicitly mentioned. Furthermore, the respondents were asked whether the application of new knowledge/innovations would lead to savings in time and budget for their project. Finally, the respondents were asked which new knowledge and/or innovations could make the greatest contribution towards achieving the overall programme goals.



The results were used for the action research cycle to define subsequent steps. The results from 2018 [29] and 2019 [30] were used in the evaluation of the strategy in 2020, and so there was no monitoring in 2020. The most recent survey from 2021 [31] was used to pinpoint how to optimise the instruments available at the DFPP to share and absorb knowledge.





3. Results


3.1. Knowledge and Innovation Strategy


In this section, we will describe, using the FODIKI methodology, the three action research cycle loops that we have observed, diagnosed and adapted.



	
Action research cycle: Analysis of four technical research and test projects






Three years after the start of the projects, we conducted our in-depth analysis [6,25], first, by analysing the documents and, then, by conducting in-depth semi-structured interviews with team members and intended end users. Our observations showed that the teams produced different types of knowledge, such as methodological and process knowledge. The knowledge was, in some cases, also developed for, and used in, dike redesign projects. Knowledge uptake in those cases was high. After our first observations and diagnosis, we shared the preliminary findings with the stakeholders involved to contribute to the learning-by-doing approach.



Our diagnosis revealed that the project teams were creating new knowledge but did not see themselves as senders of that knowledge. Some professionals believed that ‘the knowledge will sell itself’. However, since the end users had not been identified, it was difficult to let the knowledge flow. The project teams did not involve the end users, which meant that the intended receivers did not automatically trust the knowledge or that the developed knowledge met their needs.



The diagnosis also highlighted the importance of boundary spanners, both for the projects and the overall programme. Boundary spanners are [32] “people who proactively scan the organisational environment, employ activities to cross organisational or institutional boundaries, generate and mediate the information flow, coordinate between their ‘home’ organisation or organisational unit and its environment and connect processes and actors across these boundaries”. The boundary spanners play an active role in sense-making and identifying the knowledge needs of the current and future receivers in the DFPP.



Furthermore, we found that in projects where co-creation took place with the dike redesign projects, the knowledge was appropriate to the knowledge needs and was easily absorbed in the project, leading to higher levels of knowledge uptake. In addition, these projects actively shared their insights with interested colleagues, playing their boundary spanning role.



We proposed several interventions to enhance knowledge transfer and uptake, with the most striking being the development of knowledge strategies for each project to identify the intended receivers and their potential needs and their knowledge networks. Another intervention was that the project team members also fulfilled an ambassador’s role with respect to their own mother organisations in order to share the developed knowledge.



	2.

	
Action research cycle: Innovation Next Level







Despite all the efforts made, knowledge uptake from these technical research and test projects remained relatively low. The DFPP organisation undertook action and initiated a new action research cycle, in which the researchers helped to shape the successive steps. In this cycle, 15 meetings were organised, of which five were exclusively for the officials of the Ministry and the regional water authorities. Each meeting was thoroughly prepared using the FODIKI methodology, and each successive meeting used the diagnosis and proposed interventions of the previous meetings [27]. In the first 10 meetings, representatives from regional water authorities, the Ministry, engineering companies, contractors and research institutes were invited to share their experiences and suggestions for improvement. The DFPP organisation was able to identify the critical success factors and needs and to build trust to move the knowledge and innovation strategy towards the ‘Innovation Next Level’. The DFPP organisation identified a number of shortcomings resulting in a failure to absorb knowledge. They included the absence of a ‘risk safety net’ in response to the fact that regional water authorities said that they were hesitant to use innovations when the risk of the innovation not working was not covered by the subsidy arrangements. The DFPP had foreseen this risk and already included this risk in the subsidy, meaning that, if an innovation failed to work, the regional water authority could call on the DFPP to cost the reinforcement of the defence.



In a series of five meetings with the officials of the Ministry and the regional water authorities, the officials came to the understanding that ‘the baby should not be thrown out with the bathwater’. They agreed that more efforts had to be made to share the acquired knowledge with current and future projects in order to valorise its potential. This is linked to the ‘no relay’ failure mechanism in the FODIKI methodology. The intervention proposed was to draw more and more on the different DFPP communities of practices, such as the Technical Manager community and Project managers community, in order to share the developed knowledge and to update the training programme. The officials also foresaw a role for themselves as ambassadors for the developed knowledge.



	3.

	
Action research cycle: Towards a new Knowledge and Innovation Strategy







In a third iterative action research cycle, the DFPP organised six consecutive meetings to develop a new knowledge and innovation strategy that focused on transparency, effectiveness and a stronger coupling of the research project and dike redesign projects [27,28]. It built on the insights acquired during the second action research cycle. After each meeting the team reflected and made an analysis based on their observations and diagnosis of how the strategy could be adapted to the needs of the end users. This led to interventions in the strategy (i.e., adaptations), which were discussed with the same end users but also with a new range of end users, slowly converging to a widely accepted approach and resulting in adaptive ongoing development, as depicted in Figure 6. A more detailed description of the new strategy can be found below the figure.



In the new knowledge and innovation strategy [9], the DFPP highlights three relevant themes that are linked to the Pyramid of Flood Risk Management. The first theme (technology) is linked to the first and second layer of the Pyramid of Flood Risk Management, and it focuses on furthering understanding of how flood defences fail and linking that understanding to the new flood protection standards based on the probability of flooding. These innovations aim to limit the scope of the overall programme and to generate new dike reinforcement techniques [9]. The integrality theme (which is linked to the third layer of the Pyramid) tackles broader topics relating to, for example, sustainability, integration and the project approach. The last theme looks further ahead and targets the preparation of the programme for future developments: dealing with increased climate change and new societal challenges. These three themes should help the DFPP to remain adaptive and flexible in a context of change.



The DFPP organisation developed a programmatic approach, orchestrating activities so that the programme objectives would be met. The benefit of the knowledge and innovation developments is often not to be found at the individual project level, but rather at the overall programme level, since successive projects are needed to develop innovations and to reap the benefits in terms of costs, time and quality. To support this programmatic approach, the DFPP initiated (1) a structural alliance with several parties, including research institutes, engineering companies and contractors; (2) the ‘risk safety net’, referred to above, to ensure that risks are 100% covered by the alliance and (3) an Ambassadors Group to establish support from society at large.



To safeguard an ongoing knowledge and innovation process, several instruments were developed (1) to further the continuous development of knowledge and innovations to meet the overall programme objectives, (2) to encourage the application of new techniques and measures and (3) to share developed knowledge and experiences.



	
Furthering innovations






An R&D budget of €10 million a year is available (2.5% of the total annual budget of DFPP) to encourage the development of innovations. Innovation projects are 100% subsidised. In addition, the risk safety net referred to above ensures that 100% of the risks of innovations are borne by the alliance. Anyone from the regional water authorities, contractors, engineering companies or research institutes can submit ideas to the DFPP organisation to benefit from the R&D budget. For an idea to be included in the innovation portfolio, a regional water authority has to be involved, as only they can apply for funding. The DFPP organisation orchestrates the involvement of one or more regional water authorities on the development of ideas with potential at the programme level. When assessing the potential of ideas, the DFPP organisation focuses on the following criteria:




	
Return on investment at the project and programme levels (balance of the costs and benefits between the project and programme);



	
Reproduction factor (level of development in relation to applications in the programme);



	
Contribution to alliance (builds on previous projects and seeks cooperation with other water authorities and other knowledge developers).








The involvement of the regional water authorities also safeguards ownership and practical application, as innovation is not a goal in itself, but a way of meeting the overall programme objectives. After the approval of an idea for the innovation portfolio, the innovation projects are carried out, often in conjunction with dike redesign projects, as this stimulates the knowledge uptake.



	2.

	
Encouraging the application of new knowledge and innovations







The DFPP has developed a comply or explain instrument, which consists of an overview of the new knowledge available and the development level of innovations, as well as a framework for considering application in projects. The overview contains a list of knowledge and innovation developments with a potential impact on the programme. When the potential impact has been validated and the applicability of the innovation has been described, projects are asked to contribute to the further development of the innovation. When the application of innovations and knowledge has been demonstrated in practice, projects are asked to take these into account as accepted alternatives. The overview of available knowledge and innovations is managed by the Innovation Accelerator, which consists of professionals from regional water authorities and research institutes. In addition to maintaining an overall perspective, the Innovation Accelerator helps dike redesign projects with the application of accepted innovations, and it translates project results into, and implements, generically applicable tools.



In each phase of the project, the dike redesign project teams and the advisory team examine which knowledge and innovations can be applied or further developed in the reinforcement project. First, the project team selects promising new knowledge and innovations and determines the contribution of the new knowledge and innovations to the project and programme objectives. This is a cyclical process, which means that it is repeated again and again in every project phase. The project team also makes agreements with the advisory team about how risks can be addressed in the reinforcement project but also about how the developed knowledge can be shared widely within the alliance to encourage large-scale application.



After the completion of a dike redesign project, risks may still arise. For example, the costs in the management and maintenance phase may be significantly higher than expected, or the implemented technique may not achieve the intended safety level, and so the primary flood defence will have to be upgraded again with a different technique. The risk safety net referred to above can be used in cases like these.



	3.

	
Knowledge transfer and uptake







For the innovations to be effective, the knowledge obtained in the innovation projects must flow to ongoing and upcoming dike redesign projects. Successful knowledge transfer and uptake means that the knowledge becomes common property within the alliance. Different resources are at the disposal of the DFPP to enhance this process. For example, the DFPP organisation increasingly uses boundary spanners to help them and the projects. The lessons learned from the initial period [6,25] helped to further define the role of the boundary spanners, who can act as brokers, translators or synthesisers:




	
The broker role matches the supply and demand of knowledge. This requires a state-of-the-art overview of existing knowledge and the current knowledge gaps.



	
The translator role interprets the knowledge needs of the end users and formulates questions for the knowledge developers. The translator is also capable of translating the knowledge to match the needs of the end users.



	
The synthesiser is capable of synchronising knowledge supply and demand. This requires a broad understanding of knowledge disciplines and sources and of how they can contribute to problem-solving.








Examples of boundary spanners fulfilling all three roles between innovation and strengthening projects are both the members of the Innovation Accelerator and the advisory teams of the DFPP organisation. To further enhance the knowledge transfer and uptake of the gained knowledge in the innovation portfolio, the DFPP organisation started to monitor the innovation projects in the Innovation portfolio in 2018.




3.2. Monitoring Knowledge and Innovation


Before turning to the monitoring of knowledge and innovations, we will start by giving an overview of the knowledge and innovation projects that took place since 2012 in the DFPP. Please note that the focus slowly shifted over the years to other aspects as society also changed over time. The focus of the first DFPP knowledge and innovation projects (Piping, Central Holland) was on gaining a better understanding of the implications of the flood protection standards [2]. A clearer understanding of the behaviour of flood defences was necessary for an effective approach to reinforcement. The slope instability project developed a step-by-step plan for the detailed modelling of the strength of a flood defence. This involved using specific soil investigation and monitoring and advanced calculation techniques, including probabilistic failure probability analyses and failure probability updating, to estimate the actual current strength for the slope-instability failure mechanism as closely as possible [33,34,35,36,37]. Applying the step-by-step plan reduced the need for reinforcement on many projects, and at some locations, reinforcement proved to no longer be necessary. Various studies have also been carried out on piping [38,39] and the deterioration of revetments [40,41] (see also Figure 7b), making safety factors explicit, so that the need for reinforcement can be determined more accurately. Furthering the knowledge uptake will limit the scope of the programme



In addition, enhancing knowledge uptake paves the way to optimise product innovations. Traditionally, for instance, resistance to piping is reduced by constructing verges or, when there is not enough space, with sheet piling. Various alternative measures that are more economical and sustainable have been developed in the DFPP, e.g., the vertically inserted geotextile. These experiences led to a modified technique, namely the coarse sand barrier [42,43]. This involves introducing a vertical trench with coarse sand at the transition between the clay layer and the sand substrate that replaces the original finer sand. The coarse sand acts as a filter that lets the water through and keeps the sand grains in place, preventing piping. After a successful series of tests, the Rivierenland Regional Water Authority applied a coarse sand barrier for the first time in the summer of 2021 in the Waalban dike in Gameren (Figure 7a). A better understanding of the behaviour of the defences will thereby lead to a further downscaling of the measures to be taken and, therefore, to the optimisation of the budget, the planning and the impact.



From 2016 onwards, the innovation portfolio increasingly included innovations that help to improve the quality of the living environment (slowly moving up the Pyramid of Flood Risk Management). In the Vechtstromen project [44], a system approach was developed that allows measures that retain water upstream to be combined with dike reinforcements downstream. The Forelands project [45] studied how forelands could be used to reduce flood risks. In this project, they not only examined ‘physical’ measures, but also looked at the opportunities for, and impediments to, legislation and regulations. These two projects led the DFPP organisation to realise that non-technical themes are equally important, resulting in new types of projects: projects with (1) an emphasis on learning and cooperation, such as organising asset management, and (2) reinforcing dikes in areas covered by legislation on nature and biodiversity. In 2020, a roadmap was drawn up to examine a range of sustainability issues in conjunction with each other in the years ahead [46]. The roadmap also opened up the road to the further investigation and use of the potential of nature-based solutions [47,48,49], as society calls for.



To determine whether the current innovation portfolio will allow the DFPP to meet the overall programme objectives (more economical and faster upgrades), the DFPP organisation engages in monitoring activities. The aim is to evaluate the knowledge and innovation approach and the annual expenditure on, and commitment to, knowledge and innovation in the DFPP programme. In addition, the DFPP organisation wants to determine what is going well, the trends in place and where improvement is possible. Monitoring took place in 2018, 2019 and 2021.



Monitoring has taken the form of a survey since 2018. In the initial years, innovation projects and dike redesign projects with innovations were asked to complete the survey. In 2021, the survey was sent to stakeholders from governmental organisations, research institutes and contractors and engineering companies. This change in the target group led to a higher response rate and a doubling of the number of respondents from dike redesign projects [31].



In 2018, the respondents stated that working across organisations (56%) and putting innovation at the centre (48%) helps to achieve the goals of the DFPP [29]. In 2019, it was concluded that the development of innovations was accelerating [30]. The first successes work like a flywheel: projects and organisations feel more and more responsible for using and further developing the new knowledge from the innovation projects. The mindset is changing: the ever-smarter implementation of dike redesign projects has now become part of the regular activities. The assessment of opportunities is currently a standard component of the dike redesign process by the following regional water authorities: Rivierenland, Aa en Maas, Vallei en Veluwe, Zuiderzeeland and Stichtse Rijnlanden. Moreover, knowledge is being actively disclosed both in- and outside the alliance through reports, articles, contributions to training courses and presentations in the DFPP communities of practice, consisting of representatives from the regional water authorities, engineering companies and research institutes.



On the basis of the monitoring in 2021, it was concluded that innovations are becoming more widely known and being applied more often: approximately 95% of the respondents were familiar with one or more innovations from the Innovation portfolio. On average, current redesign projects are considering nine innovations, developing three and applying four. In 2018 and 2019, innovations were considered and applied less often, and the emphasis was on contributing to the development of knowledge and innovations. In 2021, fewer barriers were identified: if innovations are not applied, it is often because traditional solutions suffice or because time and capacity are lacking.



It was concluded from the 2021 monitoring that innovation continues to have a positive image and is yielding benefits. Over 50% of the respondents in 2021 reported that the knowledge and innovation projects led to a reduction of the amount of upgrade work needed, better integration, more support and savings and an impact on emissions and circularity. Still, innovation takes time: many innovations are known and considered but not yet applied by everyone. This shows that there is potential for the future, but it also demonstrates the importance of the comply or explain instrument. However, half of the respondents are unaware that comply or explain and the Innovation Accelerator contribute to innovation. Furthering these instruments is required, especially as other instruments, such as 100% subsidies, the use of advisory teams and the risk safety net, are already seen by some 70% as supportive.



The investment in knowledge development and innovations is yielding results. The total investment in the innovation portfolio was €139 million for 2014 to 2021, inclusive. The direct savings reported for 2020 and 2021 amounted to over €200 million. These are in addition to the savings reported in 2019 for the period of 2014 to 2019 of €170 million, and they bring the total of quantitative savings reported to approximately €370 million. However, not all projects report the benefits of innovations for reasons such as not being able to unambiguously attribute the savings to innovation, uncertainty about whether the savings will be realised or the difficulty of quantifying the savings (which are often avoidable costs). Given the actual and planned expenditure of €4.3 billion until 2030, a saving of 20% is expected from the currently known innovations [31]. Continuous emphasis on knowledge transfer and uptake is essential to monetise it.





4. Discussion and Conclusions


In the decades to come, the Dutch regional water authorities and the Ministry face a challenging task to reinforce about 1500 km of dikes and 500 civil-engineering structures. Especially given the recent insights [50] that climate change is accelerating at a higher rate than thought, low-lying populated areas are exposed to an even higher risk than initially believed [51]. The Netherlands, like many other countries, is facing uncertain challenges relating to housing, biodiversity and the energy and agricultural transitions. These challenges, which include climate change, will undoubtedly have an impact on the implementation of the Dutch Flood Protection programme (DFPP). Society’s norms and values will also change over the next three decades. The learning-by-doing knowledge and innovation strategy adopted by the DFPP will allow it to be adaptive and flexible. As knowledge is situated and socially constructed, this knowledge must be actively shared and restated after each change in the group of participants. At the same time, a constant awareness of the impact of change on the programme’s implementation will be required, as well as additional knowledge. This could also affect how knowledge is shared and absorbed in the future.



Literature shows that various forms of participatory water management [52] have been developed to better handle the wide variety of problem perceptions, values and knowledge. Their effectiveness has been researched from different perspectives, notably social interaction [53,54] and uncertainty [55]. In this paper, we used a knowledge management perspective. Our observations showed that the FODIKI framework helps in detecting and diagnosing social mechanisms in a variety of settings, thus encouraging knowledge uptake within the DFPP, specifically in the knowledge and innovation strategy.



If we interpret our observations on knowledge development, transfer and uptake in terms of team learning and organisational learning [56], we see a lot of substantive team learning and boundary spanning. In recent years, the role of the DFPP as a boundary organisation became apparent, given its links with the regional water authorities and their projects and with policy and practice. Working practices at the DFPP have changed, and knowledge management is being developed further. The role of boundary spanners is being taken more seriously to ensure that the institutional knowledge and information about precedents in dike redesign projects are kept within the DFPP organisation in order to achieve the programme goals. The role of the advisory teams as boundary spanners is still in its infancy: they are still learning on the job, and knowledge sharing between advisory teams is limited. Ongoing attention is needed to further encourage this sharing and help the teams grow into their role. At the same time, the DFPP organisation is encouraging interorganisational learning between the projects and regional water authorities involved. The question arises of how knowledge uptake can be secured for the long term. Staff turnover in a knowledge-intensive process often has a demoralising effect on others. Given the fact that most regional water authorities will work on projects for the next three decades, the question arises of how is the current and future available knowledge being secured for this task, both at the regional water authorities and at the DFPP organisation? This is because like the DFPP organisation, a specific department at a regional water authority carries out the dike redesign projects and also acts as a boundary organisation. This means that regional water authorities need to devote attention to encouraging both organisational and interorganisational learning. The different organisations therefore need to maintain a focus on the role of boundary spanners. Efforts must be made to ensure that the parties involved have the knowledge-uptake capacity that is required. However, earlier research [7] has shown that sharing knowledge between several projects at one regional water authority is already difficult.



In this paper, we have described how the Dutch Flood Protection Programme has adopted a Pyramid of Flood Risk Management, a stage-gate system and a framework for critical success factors. Our study has shown that, given the current time frame, the pyramid of flood risk management and the critical success factors framework are helpful in terms of the observations, diagnosis and interventions for the strategy. However, these concepts have been loosely adopted with no methodological rigour. Further research on the validity and reliability of these concepts is required to use them for the long term.



To conclude, the new knowledge and innovation strategy appears to be working given the increased levels of knowledge uptake. Nevertheless, the DFPP organisation has been monitoring knowledge uptake for only three years, and it has made interventions based on the results. This period is relatively short as a basis for concluding that the current knowledge and innovation strategy is working and that knowledge uptake is sufficient to meet the programme goals, particularly because the pilot paradox [57,58] is still hanging over the DFPP: previous research showed that a successful pilot project (which delivers useful knowledge and results in more knowledgeable participants) is anything but a recipe for successful knowledge uptake and upscaling. To bridge this gap, the DFPP needs to involve future users in early phases of the project, and it should start communicating some of the successes and obstacles to a wider public early in the innovation projects.







Author Contributions


Conceptualization, E.T. and H.K.; methodology, E.T. and H.K.; validation, E.T., H.K. and A.t.N.; resources, E.T., H.K. and A.t.N.; data curation, E.T., H.K. and A.t.N.; writing—original draft preparation, E.T. and H.K.; writing—review and editing, H.K. and A.t.N.; visualization, E.T.; supervision, A.t.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


The authors would like to thank the reviewers and editors for their critical and targeted comments.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Most, H.; van der Tánczos, I.; Bruijn, K.M.; de Wagenaar, D. New Risk-based standards for flood protection in the Netherlands. In Proceedings of the 6th International Conference on Flood Management, Sao Paulo, Brazil, 16–18 September 2014. [Google Scholar]

	



Jorissen, R.; Kraaij, E.; Tromp, E. Dutch flood protection policy and measures based on risk assessment. In Proceedings of the 3rd European Conference on Flood Risk Management (FLOODrisk 2016), Lyon, France, 17–21 October 2016. [Google Scholar] [CrossRef]

	



DFPP. 1st Knowledge and Innovation Strategy (Kennis en Innovatiestrategie HWBP); Report; DFPP: Copenhagen, The Netherlands, December 2012. (In Dutch) [Google Scholar]

	



Ackoff, R.L. The future of operational research is past. J. Oper. Res. Soc. 1979, 30, 93–104. [Google Scholar] [CrossRef]

	



Rittel, H.W.; Webber, M.M. Dilemmas in a general theory of planning. Policy Sci. 1973, 4, 155–169. [Google Scholar] [CrossRef]

	



Tromp, E. Enhancing Knowledge Transfer and Uptake in the Design Processes of Flood Defences. Ph.D. Thesis, Delft University of Technology, Delft, The Netherlands, 11 November 2019. [Google Scholar]

	



Bloemen, P.J.T.M.; Hammer, F.; van der Vlist, M.J.; Grinwis, P.; van Alphen, J. DMDU into Practice: Adaptive Delta Management in The Netherlands. In Decision Making under Deep Uncertainty: From Theory to Practice, 1st ed.; Marchau, V.A.W.J., Walker, W.E., Bloemen, P.T.J.M., Popper, S.W., Eds.; Springer: Cham, Switzerland, 2019; pp. 321–355. [Google Scholar]

	



Taskforce Ten Heuvelhof. Een Dijk Van een Programma, Naar Een Nieuwe Aanpak Van Het Hoogwaterbeschermingsprogramma; Report; Ministerie van Verkeer en Waterstaat: Copenhagen, The Netherlands, 16 December 2010. (In Dutch) [Google Scholar]

	



DFPP. Knowledge and Innovation Agenda (Kennis en Innovatieagenda HWBP); Report; DFPP: Copenhagen, The Netherlands, November 2019. (In Dutch) [Google Scholar]

	



Van Buuren, M.W.; Edelenbos, J. Kennis en kunde voor participatie. In Jaarboek Kennissamenleving ‘Burger in Uitvoering’; University Press: Amsterdam, The Netherlands, 2008; Chapter 10. [Google Scholar]

	



Van Herk, S. Delivering Integrated Flood Risk Management; Governance of Collaboration, Learning and Adaptation. Ph.D. Thesis, Delft University of Technology, Delft, The Netherlands, 14 February 2014. [Google Scholar]

	



Tidd, J.; Bissant, J.R. Managing Innovations: Integrating Technological, Market and Organizational Change; John Wiley & Sons: West Sussex, UK, 2013. [Google Scholar]

	



Cooper, R. Perspective: The Stage-Gate® Idea-to-Launch Process—Update, What’s New, and NexGen Systems. J. Prod. Innov. Manag. 2008, 25, 213–232. [Google Scholar] [CrossRef]

	



Knoeff, J.G.; Van Der Meer, M.; Van Nieuwenhuizen, L.; Tromp, E.; Woning, M.; Leeuwdrent, W.; Bizzarri, A. Guidance on Innovations in Flood Defences Green Version (Handreiking Innovaties Waterkeringen, Groene Versie); Hoogwaterbeschermingsprogramma Report; Rijkswaterstaat: Copenhagen, The Netherlands, May 2013. (In Dutch) [Google Scholar]

	



Tromp, E.; Knoeff, J.G.; Tanis, H.; Heijn, K.; Leung, N. Guidance on Innovations in Flood Defences (Handreiking Innovaties Waterkeringen); Hoogwaterbeschermingsprogramma Report; Rijkswaterstaat: Copenhagen, The Netherlands, 1 November 2016. (In Dutch) [Google Scholar]

	



Shrivastava, P.; Mitroff, I.I.; Miller, D.; Miglani, A. Understanding industrial crises. J. Manag. Stud. 1988, 25, 283–303. [Google Scholar] [CrossRef]

	



Van Staveren, M. Uncertainty and Ground Conditions, A Risk Management Approach, 1st ed.; Butterworth-Heinemann Elsevier Ltd.: Oxford, UK, 2006. [Google Scholar]

	



DFPP. Assessment of Opportunities (Kansenscan); Report; DFPP: Copenhagen, The Netherlands, 2013. (In Dutch) [Google Scholar]

	



Vlachos, E. A conceptual model of the knowledge transfer process. In Proceedings of the Second International Conference on Water Resources Knowledge, Fort Collins, CO, USA, 29 June 1977. [Google Scholar]

	



Knott, J.; Wildavsky, A. If dissemination is the solution, what is the problem? Knowl. Creat. Diffus. Util. 1980, 4, 537–578. [Google Scholar] [CrossRef]

	



McKay, J.; Marshall, P. The dual imperatives of action research. Inf. Technol. People 2001, 14, 46–59. [Google Scholar] [CrossRef]

	



Kemmis, S. Exploring the relevance of critical theory for action research: Emancipatory action research in the footsteps of Jurgen Habermas. In Handbook of Action Research: Participative Inquiry and Practice; Reason, P., Bradbury, H., Eds.; Sage: London, UK, 2001; pp. 91–102. [Google Scholar]

	



Carr, W.; Kemmis, S. Becoming Critical: Education, Knowledge and Action Research; RoutledgeFalmer: London, UK, 1986. [Google Scholar]

	



Kemmis, S.; Taggart, R. Participatory action research. Communicative action and the public sphere. In Handbook of Qualitative Research; Denzin, N.K., Lincoln, Y.S., Eds.; Sage: Thousand Oaks, CA, USA, 2005. [Google Scholar]

	



Duijn, M.; Vreugdenhil, H.; Janssen, S.; Tromp, E.; Ellen, G.J. Organising knowledge generation and dissemination in the Dutch high-water protection programme—A sender-receiver approach. Knowl. Manag. Res. Pract. 2021. [Google Scholar] [CrossRef]

	



DFPP. Innovation Next Level (Innovatie Next Level); Report; DFPP: Copenhagen, The Netherlands, 2016. (In Dutch) [Google Scholar]

	



DFPP. Update Knowledge and Innovation Approach-Executive Level (Process); Report; DFPP: Copenhagen, The Netherlands, 2018. (In Dutch) [Google Scholar]

	



Twynstra Gudde. Evaluatie POV’s, Een Overzicht van Geleerde Lessen; Report; DFPP: Copenhagen, The Netherlands, 17 December 2019. (In Dutch) [Google Scholar]

	



DFPP. Dashboard v0.1 Monitoring of Innovations 2018 (Dashboard Monitoring van Innovaties 2018); Report; DFPP: Copenhagen, The Netherlands, January 2018. (In Dutch) [Google Scholar]

	



DFPP. Dashboard v0.1 Monitoring of Innovations 2019, (Dashboard Monitoring van Innovaties 2019); Report; DFPP: Copenhagen, The Netherlands, 23 January 2019. (In Dutch) [Google Scholar]

	



Panteia. Monitor HWBP Kennis en Innovatie—Report Panteia Zoetermeer; DFPP: Copenhagen, The Netherlands, 4 February 2022. (In Dutch) [Google Scholar]

	



Van Meerkerk, I.; Edelenbos, J. Boundary Spanners in Public Management and Governance: An Interdisciplinary Assessment; Edward Elgar Publishing: Cheltenham, UK, 2018. [Google Scholar]

	



Konstadinou, M.; Zwanenburg, C. A critical review of membrane and filter paper correction formulas for the triaxial testing of soft soils. Geotech. Test. J. 2019, 43, 19. [Google Scholar] [CrossRef]

	



Taccari, M.L.; Zwanenburg, C. Large scale triaxial compression tests on three peat samples from Eemdijk, The Netherlands. In Proceedings of the XVII ECSMGE-2019, Reykjavik, Iceland, 1–6 September 2019; ISBN 978-9935-9436-1-3. [Google Scholar] [CrossRef]

	



Breedeveld, J.; Zwanenburg, C.; Van, M.; Langkeek, H.J. Impact of the Eemdijk full-scale test programme. In Proceedings of the XVII ECSMGE-2019, Reykjavik, Iceland, 1–6 September 2019. [Google Scholar] [CrossRef]

	



Van der Krogt, M.G.; Schweckendiek, T.; Kok, M. Do all dike instabilities cause flooding? In Proceedings of the 13th International Conference on Applications of Statistics and Probability in Civil Engineering (ICASP13), Seoul, Korea, 26–30 May 2019. [Google Scholar] [CrossRef]

	



Van der Krogt, M.G.; Klerk, W.J.; Kanning, W.; Schweckendiek, T.; Kok, M. Value of Information of combinations of proof loading and pore pressure monitoring for flood defences. J. Struct. Infrastruct. Eng. 2022, 18, 505–520. [Google Scholar] [CrossRef]

	



Van Beek, V.M.; Van Essen, H.M.; Vandenboer, K.; Bezuijen, A. Developments in modelling of backward erosion piping. Géotechnique 2015, 65, 740–754. [Google Scholar] [CrossRef]

	



Robbins, B.A.; Van Beek, V.M.; López-Soto, J.F.; Montalvo-Bartolomei, A.M.; Murphy, J. A novel laboratory test for backward erosion piping. Int. J. Phys. Model. Geotech. 2018, 18, 266–279. [Google Scholar] [CrossRef]

	



Van Steeg, P.; Klein Breteler, M.; Provoost, Y. Large-scale physical model tests to determine influence factor of roughness for wave run-up of channel shaped block revetments. In Proceedings of the 6th International Conference on the Application of Physical Modelling in Coastal and Port Engineering and Science (Coastlab 2016), Ottawa, ON, Canada, 10–13 May 2016. [Google Scholar]

	



Klein Breteler, M.; Provoost, Y.; Van Steeg, P.; Wolters, G.; Kaste, D.; Mourik, G. Stability Comparison of 9 Modern Placed Block Revetment types for Slope Protections. J. Coast. Eng. 2018, 36, 75. [Google Scholar] [CrossRef]

	



Rosenbrand, E.; Van Beek, V.M.; Bezuijen Akrami, S.; Terwindt, J.; Koelewijn, A.; Förster, U. Multi-scale experiments for a coarse sand barrier against backward erosion piping. Géotechnique 2022, 72, 216–226. [Google Scholar] [CrossRef]

	



Rosenbrand, E.; Van Beek, V.M.; Bezuijen, A. Numerical Modelling of the resistance of the coarse sand barrier against backward erosion piping. Géotechnique 2021, 1–10, ahead to print. [Google Scholar] [CrossRef]

	



Waterschap Vechtstromen, De Vecht, een Grenzeloze, Halfnatuurlijke Rivier, Grensoverschrijdende Vechtvisie, Report (In Dutch Only). Available online: https://devecht.eu/publish/pages/29934/nl_vechtvisie_internet_1.pdf (accessed on 24 January 2022).

	



Hoogheemraadschap Schieland en de Krimpenerwaard, Guidance document Foreland (Handreiking Voorland), Report (Dutch Only). 2019. Available online: https://povvoorlanden.nl/wp-content/uploads/2019/03/Voorland_lowres_spreads_KL02.pdf (accessed on 24 January 2022).

	



DFPP. Programmatic Approach to Support Sustainability and Spatial Quality Dutch Flood Protection Programme, Report, Dutch Only. Available online: https://www.hwbp.nl/binaries/hoogwaterbeschermingsprogramma/documenten/rapporten/2020/03/24/programmatische-aanpak-duurzaamheid/Programmatische+aanpak+Duurzaamheid+en+Ruimtelijke+kwaliteit.pdf (accessed on 24 January 2022).

	



Faivre, N.; Fritz, M.; Freitas, T.; de Boissezon, B.; Vandewoestijne, S. Nature-Based Solutions in the EU: Innovating with nature to address social, economic and environmental challenges. Environ. Res. 2017, 159, 509–518. [Google Scholar] [CrossRef] [PubMed]

	



Bouw, M.; Van Eekelen, E. Building with Nature—Creating, Implementing and Upscaling Nature-Based Solutions, 1st ed.; NAi Publishers: Rotterdam, The Netherlands, 2020; ISBN 978-94-6208-582-4. [Google Scholar]

	



Vreugdenhil, H.; Frantzeskaki, N.; Taljaard, S.; Ker Rault, P.; Slinger, J. Next step in policy transitions: Diffusion of pilot projects. In Proceedings of the 13th Annual Conference of the International Research Society for Public Management (IRSPM XIII), Copenhagen, Denmark, 6–8 April 2009. [Google Scholar]

	



IPCC Climate Change 2021: The Physical Science Basis, the Working Group I contribution to the Sixth Assessment Report. 2021. Available online: https://www.ipcc.ch/report/ar6/wg1/ (accessed on 24 January 2022).

	



IPCC. The Ocean and Cryosphere in a Changing Climate. A Special Report of the Intergovernmental Panel on Climate Change. Intergovernmental Panel on Climate Change. 2019. Available online: https://www.ipcc.ch/srocc/chapter/summary-for-policymakers/ (accessed on 24 January 2022).

	



Korff, Y.; von Daniell, K.A.; Moellenkamp, S.; Bots, P.W.G.; Bijlsma, R.M. Implementing participatory water management: Recent advances in theory, practice, and evaluation. Ecol. Soc. 2012, 17, 30. [Google Scholar]

	



Pahl-Wostl, C.; Tàbara, D.; Bouwen, R.; Craps, M.; Dewulf, A.; Mostert, E.; Ridder, D.; Taillieu, T. Managing change towards adaptive water management through social learning. Ecol. Soc. 2007, 12, 30. [Google Scholar] [CrossRef]

	



Edelenbos, J.; van Buuren, A.; van Schie, N. Co-producing knowledge: Joint knowledge production between experts, bureaucrats and stakeholders In Dutch water management projects. Environ. Sci. Policy 2011, 14, 675–684. [Google Scholar] [CrossRef]

	



Koppenjan, J.F.M.; Klijn, E.H. Managing Uncertainties in Networks; Routledge: London, UK, 2004. [Google Scholar]

	



Easterby-Smith, M.; Lyles, M.A. (Eds.) Handbook of Organizational Learning and Knowledge Management; John Wiley & Sons: West Sussex, UK, 2011. [Google Scholar]

	



Vreugdenhil, H.; Rault, P.K. Pilot Projects for evidence-based policy-making: Three pilot projects in the Rhine Basin. Ger. Policy Stud. 2010, 6, 115–151. [Google Scholar]

	



Van Buuren, A.; Vreugdenhil, H.; Van Popering-Verkerk, J.; Ellen, G.J.; van Leeuwen, C.; Breman, B. The Pilot Paradox: Exploring tensions between internal and external success factors In Dutch climate adaptation projects. In Innovating Climate Governance: Moving Beyond Experiments; Cambridge University Press: Cambridge, UK, 2018; p. 145. [Google Scholar]








[image: Water 14 01460 g001 550] 





Figure 1. Current scope of projects in the Dutch Flood Protection Programme until the year 2027. The expected scope until 2050 is about 1500 km of dikes and about 500 civil-engineering structures. 
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Figure 2. The Pyramid of Flood Risk Management. 
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Figure 3. The six critical success factors adopted from [15]. 
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Figure 4. A sender–receiver framework for knowledge transfer and uptake [6]. 
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Figure 5. Consecutive action research cycles, based on [24]. 
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Figure 6. Adaptive ongoing development of knowledge and innovations and encouragement of the use of knowledge and innovation in the Dutch Flood Protection Programme. 
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Figure 7. Examples of innovations in the Dutch Flood Protection Programme. (a) Implementation of the Coarse Sand Barrier in the Waalban dike in Gameren (photo credit E. Tromp); (b) testing in the Delta Flume at Deltares for new type of dike revetment in the northern part of the Netherlands (photo credit: Deltares). 
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