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Summary

In the Eems-Dollard estuary of the northern Netherlands, urgent issues like excessive sediment, ecological de-
cline, and the pressures of climate change have spurred the search for innovative, nature-based approaches to
flood protection and land management. Several pilot projects – including the Brede Groene Dijk (Broad Green
Dike), Dubbele Dijk (Double Dike), Kleirijperij (a clay ripening initiative), and a smaller offshoot called Rijpdijk
– were launched to explore ways of reinforcing dikes and restoring habitats using natural processes. These pi-
lots were motivated by the idea that sediment, traditionally seen as a problem in the turbid Eems-Dollard
waters, could become a resource for building stronger, greener flood defenses. Each project tested alternative
methods of dike construction, sediment reuse, or tidal habitat creation in an effort to improve climate adap-
tation and ecological resilience in the region. While early results from these experiments were promising, the
challenge remained: how to translate one-off successes into standard practice for regional water management.

This research investigates how these nature-based pilot projects came into existence, how they evolved over
time, and what obstacles they face in being scaled up or replicated elsewhere. The central question is how
small, experimental projects can grow into long-term, structural solutions. To answer this, the study adopts
a case study approach focusing on the four pilots in the Eems-Dollard area. A combination of qualitative
methods was used: analysis of policy documents and technical reports, a review of relevant literature, semi-
structured interviews with key stakeholders (such as project leaders, engineers, government officials, and local
participants), and field visits to the pilot sites. Through these methods, the research pieces together a narrative
of each pilot’s development and the factors that influenced their trajectory.

Analytically, the study is framed by the concept of the “Pilot Paradox.” This concept highlights a fundamental
tension in innovation pilots: they are intended to be experimental and temporary, yet their value often lies in
their potential to shape permanent policies and infrastructure. In practice, pilots can become victims of their
context – successful on their own terms but difficult to generalize or institutionalize. By applying this frame-
work, the research examines the gap between what each pilot achieved in its local setting and the changes
needed for such innovations to be adopted more broadly. In other words, it explores the contrast between
short-term experimental success and long-term integration into established systems.

The findings reveal that each pilot project was shaped by a mix of technical, institutional, spatial, legal, and
logistical factors. On the one hand, certain conditions enabled these projects to get off the ground. Technical
creativity and flexibility in design (for example, adjusting dike designs to use locally sourced clay) proved cru-
cial. Strong coalitions of actors – including water boards, provincial authorities, engineers, and environmental
organizations – provided leadership and secured the flexible funding needed to take risks. This collaborative
spirit and local enthusiasm lent legitimacy to the pilots and allowed them to proceed despite uncertainties. On
the other hand, the projects encountered significant constraints. Regulatory frameworks often lagged behind
the experimental approaches, meaning permits and legal approvals became complex and time-consuming.
Land ownership and spatial limitations emerged as practical hurdles: for instance, identifying suitable land
for sediment drying or for constructing new dike layouts required delicate negotiations with private landown-
ers. Some pilots faced logistical challenges in handling large volumes of sediment and transporting materials,
which raised questions about their feasibility at a larger scale. These technical and logistical bottlenecks, cou-
pled with rigid standards for dike safety and environmental protection, limited how far the pilots could go
under existing conditions. In short, what enabled each project – innovative engineering, committed partners,
and special funding – was often matched by barriers like strict rules, space constraints, and organizational
complexity.

A significant observation from the case studies is that the pilots did not follow a fixed plan but evolved through
adaptive learning. Each project underwent adjustments as it confronted real-world challenges. For example,
the Brede Groene Dijk project initially depended on the Kleirijperij pilot to supply clay from estuarine mud.
When acquiring enough land for large-scale clay ripening proved difficult due to fragmented private ownership
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and farmer concerns, the project team adapted by initiating the smaller “Rijpdijk” pilot. This sub-pilot experi-
mented with ripening and testing clay directly on an existing dike section (land already under public manage-
ment), thereby reducing the need for external farmland. Such moments of adaptation demonstrate how pilot
teams responded creatively to obstacles: rather than halting the project when problems arose, they found
new pathways to keep the innovation alive. These iterative changes provided additional insights and helped
maintain momentum, but they also underline how context-dependent each solution was. What worked in one
location or moment – like using a dike itself as a test bed – might not easily transfer elsewhere without similar
special arrangements.

Despite the successes within the pilots themselves, scaling up these nature-based solutions into regular prac-
tice remains an uphill battle. The research identified several factors that make it hard for pilots to “gradu-
ate” into full-scale programs. Land ownership issues can hinder expansion; when pilot projects need more
space (for instance, to extend a green foreshore or double-dike system), negotiations must reconcile public
goals with private rights, often slowing down progress. Regulatory rigidity is another major barrier: environ-
mental and safety regulations, while important for safeguarding standards, are often inflexible in the face of
novel approaches. Participants found that existing laws and approval processes were not designed for hybrid
infrastructure like tidal wetlands behind dikes or the reuse of dredged material in flood defenses. Securing
exemptions or new guidelines required considerable effort and high-level support. Logistical and operational
complexities also scale up with project size – moving thousands of cubic meters of sediment or coordinating
multiple agencies across a region introduces costs and coordination challenges that were less acute in the con-
tained pilot setting. Furthermore, the continuity of stakeholder coalitions comes into play. Pilots often benefit
from a small group of champions and a project-based funding stream. To become a permanent program,
these projects need long-term institutional homes, stable financing, and broader buy-in across government
and community. If key supporters retire or short-term funding dries up, the transition to full scale can stall.
In the cases studied, some pilots managed to secure follow-up funding and policy attention, while others re-
mained isolated showcases with uncertain futures. A clear pattern is that scaling succeeds when there is an
alignment of interests among a wide network of actors – from local farmers to national policymakers – and
when there is a shared vision to integrate the pilot’s principles into mainstream policy.

In conclusion, this thesis sheds light on the delicate balance between experimentation and implementation
in climate adaptation and water management. The “pilot paradox” is evident in the Eems-Dollard region:
small-scale projects have demonstrated how working with nature can enhance flood protection and ecosys-
tem health, yet bringing these innovations into the mainstream has proven difficult under existing conditions.
The research shows that moving from isolated pilots to structural, long-term solutions requires more than
proving a technical concept – it demands changes in institutions, regulations, and mindsets. Successful up-
scaling is facilitated by flexible governance that can accommodate new ideas, adaptive legal frameworks that
recognize the value of nature-based approaches, and persistent advocacy to maintain momentum beyond the
initial excitement of an experiment. Ultimately, the study provides a comprehensive look at why promising
pilots sometimes remain one-off successes and what can be done to bridge the gap between innovation and
integration. These insights are not only relevant for the Eems-Dollard region but also offer lessons for other
areas seeking to turn experimental projects into standard practice in environmental management.
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1
Introduction

The Netherlands faces a dual challenge: safeguarding water security while enhancing ecological value in a
highly spatially constrained environment. Annual public investments in �ood protection and nature develop-
ment are substantial, ranging from " 0.6 to " 1.0 billion, yet they are often planned and implemented in isola-
tion (Sweco, 2021). This fragmented approach results in missed opportunities for spatial coordination, cost-
effectiveness, and long-term environmental resilience. In recent years, nature-based solutions (NbS) have
gained traction as integrative strategies that work with, rather than against, natural processes to address so-
cietal challenges such as climate adaptation, biodiversity loss, and �ood risk Knegt et al. (2024); Seddon et
al. (2020). These solutions focus on the protection, sustainable management, and restoration of ecosystems
to deliver a wide range of bene�ts, from improved resilience to environmental hazards to enhanced human
well-being(IUCN, 2020). Although widely promoted, NbS are not stand-alone answers; instead, they function
best when embedded in broader environmental and policy frameworks. Their strength lies in their ability to
integrate ecological restoration with infrastructural, regulatory, and socio-economic components (Knegt et al.,
2024). In practice, the implementation of NbS often starts with pilot projects that serve as real-world laborato-
ries. These pilots test the feasibility of theoretical concepts, support long-term monitoring, and help identify
pathways for upscaling (Dunlop et al., 2024). However, moving from pilot to practice at scale remains com-
plex. Barriers, including regulatory passivity, fragmented governance, and uncertainty about long-term effec-
tiveness, hinder widespread adoption (Dunlop et al., 2024; Knegt et al., 2024; Vreugdenhil, Slinger, Thissen, &
Rault, 2010).

This thesis examines the development and governance of NbS pilot projects in the Eems-Dollard estuary, fo-
cusing on the Dubbele Dijk and Brede Groene Dijk. These initiatives aim to address sediment management,
�ood protection, and ecological restoration. The research examines the factors that enable or hinder the tran-
sition from experimental pilots to mainstream environmental policy and planning, to enhance the integration
of NbS into future regional strategies.

1.1. Study Area
The Eems-Dollard estuary, located in the northeastern Netherlands along the German border, is a historically
dynamic estuarine system shaped by centuries of natural forces and human intervention. Once a peatland
gradually cultivated from the 10 th century onward, the region suffered increasing vulnerability to �ooding due
to soil subsidence and coastal erosion. By the 13 th and 14th centuries, frequent inundations led to the aban-
donment of villages. While early narratives described the Dollard's formation as the result of catastrophic
storm surges, recent research suggests a more gradual expansion driven by both natural disasters and anthro-
pogenic factors (Knottnerus, 2013). A turning point occurred in the early 15 th century when political rivalries
prompted the deliberate destruction of dikes and sluices. These actions exacerbated �ooding and perma-
nently altered the landscape (Knottnerus, 2013). This history re�ects a recurring theme: while environmental
change is often framed as an external force, human agency plays a critical role. In earlier centuries, �oods
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