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Summary

Amsterdam's extensive network of canals, comprising 1,800 bridges and 600 kilometres of
quay walls, plays a vital role in the city's infrastructure and heritage. However, many of these
structures require renovation due to their lifespan, increased traffic, and evolving city
conditions. To address these issues, the municipality launched the “Programma Bruggen en
Kademuren (PBK)” in 2019, focusing on the safety and renovation of 830 bridges and 200
kilometres of quay walls.

This study identifies the municipality's challenges in renovating these structures through the
PBK, particularly when implementing interventions for quay walls in poor structural
conditions. The complexity of these quay walls introduces various uncertainties that impact the
decision-making process of determining such interventions and affect interactions between the
municipality and the users of the quay walls. Therefore, the research explores the uncertainties
surrounding the decision-making process for interventions on urban quay walls in Amsterdam.
It focuses on their impact on risk management and stakeholder participation, especially the
communication of risks and the interactions between asset users and the asset owner.

The research adopts a case study approach, analysing the Waalseilandsgracht canal in
Amsterdam's city centre, where interventions on the Binnenkant and Oude Waal quay walls led
to conflicts between the municipality and the users living along the canal. This study examines
how incomplete knowledge, unpredictability, and ambiguity affected these interactions in the
case study and how the municipality can improve its risk communication and stakeholder
engagement. Resulting in the importance of developing a systematic approach for interacting
with stakeholders in uncertain scenarios.

Data were collected through documents exchanged during the case study and interviews with
stakeholders involved in the project. The analysis was structured around three phases of the
decision-making process for quay wall interventions: (1) the monitoring phase, when gathering
and analysing data; (2) the decision-making phase, when determining the type of interventions
needed; and (3) the implementation phase, where interventions are carried out.

The study resulted in the effects of incomplete knowledge and unpredictability on assessing
the structural condition of quay walls, the effectiveness of interventions, and the users'
willingness to support such interventions. The results also reveal the importance of early
engagement with stakeholders, effective risk communication through the perception of the
experts assessing the risk and those affected by it, and structured stakeholder participation that
includes flexibility to adapt to uncertain scenarios.

In conclusion, the study emphasises the need to avoid ambiguity between asset owners and
users during decision-making processes for quay wall interventions. It proposes a three-step
flexible approach for interacting with asset users, showing the importance of taking into
consideration the input of the stakeholders and the early and ongoing stakeholder participation,
particularly in urban projects.
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1 Introduction

1.1. Background

Amsterdam is a city worldwide known for its intricate canal system, which comprises two
primary structural components: quay walls and bridges. Quay walls act as retaining structures
along the canals, while bridges are built to link, support, and facilitate passage across these
waterways (Voortman, 2021). The municipality of Amsterdam features 1,800 bridges and 600
kilometres of quay walls, making these structures part of an extensive asset network that
significantly contributes to Amsterdam's vibrancy by offering scenic views and UNESCO
heritage values while also playing a role in the dynamics of the city's tourist attractions through
sightseeing cruises and boat tours (Amsterdam, n.d.; Gemeente Amsterdam, 2023; Sasidharan
etal., 2022).

However, a considerable amount of these structures demand renovation due to their structural
conditions as a consequence of their lifespan, increased traffic loads from heavy vehicles and
evolving city conditions (Gemeente Amsterdam, 2023). To address this need, the municipality
of Amsterdam launched in 2019 the “Programma Bruggen en Kademuren (PBK)”, which in
English translates to “Program Bridges and Quay Walls ”. The PBK aims to ensure the safety
of 830 bridges and 200 kilometres of quay walls. Therefore, the PBK focus is on the renovation,
innovation, development, and life-span extensions of the “urban bridges and quay walls
(UBQs)” of Amsterdam (Gemeente Amsterdam, 2023).

Within the 200 km of quay walls, the PBK has identified certain quay walls that can remain
in use without the need for interventions, while other quay walls need urgent renovation due to
their poor structural state. However, renovating all the structures simultaneously is impractical
and almost impossible due to the large number of structures and budget constraints. For this
matter, the PBK has to implement temporary interventions to quay walls that cannot be
renovated but are determined to be in poor condition to ensure their safety and reduce the
possibility of a quay wall collapse until future renovation can be achieved. To this date, several
quay walls are still being monitored and assessed due to their evolving condition. This means
that some quay walls, which were initially deemed to be in good structural condition, can start
to deform as time goes by, making them in need of temporary interventions (Gemeente
Amsterdam, 2021).

Ensuring the safety of all structures within the PBK is expected to take approximately 20 years
to complete. For this reason, the PBK also aims to prioritise the accessibility and quality of life
of users of the UBQs, such as citizens, tourists, businesses, etc., allowing them to maintain their
daily activities and lifestyles throughout the renovation process and implementation of
temporary interventions. The municipality does this by monitoring the structures, conducting
technical assessments to determine the risk of a collapse, re-evaluating the function of the
structures, determining when to implement interventions and interacting with the users of the
UBQs, while trying to accelerate production by standardising and innovating more efficient
working methods (Gemeente Amsterdam, 2023).



The monumental number of structures within the scope of the PBK and the complexities of a
major European tourist destination like Amsterdam, including factors such as tourism, historical
and cultural values, annual events, etc., make the task of renovating and/or implementing
temporary interventions without compromising the accessibility and the quality of life of users
of the UBQs a significant challenge for the PBK (Kavaratzis & Ashworth, 2007).

1.2. Problem context

For now, the PBK must rely mostly on temporary interventions for UBQs identified as being
in poor condition and unable to undergo immediate renovation. These interventions are thought
to be necessary to ensure the safety of users until future renovations can occur. However, the
interventions can create conflicts between the municipality of Amsterdam, who is the owner
and manager of the UBQs, and the citizens of Amsterdam, who are one of the primary users of
the UBQs (Antonisse, 2021; Miltenburg, 2021).

For example, in 2020, the municipality of Amsterdam determined that the
“Waalseilandsgracht” quay walls in Amsterdam’s city centre were in poor structural condition
due to cracks and deformations. The municipality of Amsterdam decided through the PBK to
start monitoring the quay walls. When the risk of a collapse was becoming significant, the
decision to implement interventions in the form of sheet piles was taken (Gemeente Amsterdam,
2021). While the municipality determined the sheet piles as a “temporary” intervention and the
safest measure to protect the users of the quay wall from a possible collapse, the users saw the
sheet piles as an intrusive and “long-term” intervention that would affect their quality of life
and accessibility until the final renovation of the quay wall, which is scheduled for 2027
(Gemeente Amsterdam, 2024; Miltenburg, 2021).

The differing views from the users of the UBQs and the municipality of Amsterdam regarding
the use of quay wall interventions led the users to look for alternatives that would not jeopardise
their life quality and to seek legal assistance to raise their voices against the temporary measures
used by the PBK on the quay walls. The different points of view created a conflict between the
municipality of Amsterdam and the UBQ users who lived in the Waalseilandsgracht that
delayed the implementation of quay wall interventions for almost half a year (Antonisse, 2021;
Miltenburg, 2021).

In order to avoid conflicts like the ones mentioned in the Waalseilandsgracht, the municipality
of Amsterdam now seeks to collaborate with the users of the UBQs, e.g., Amsterdam’s citizens,
businesses, entrepreneurs, etc., to achieve the best possible outcome that benefits the parties
involved when implementing interventions. This collaboration aims to achieve the goals set by
the PBK: to ensure the safety of quay wall users while also prioritising their accessibility and
quality of life (Gemeente Amsterdam, 2023a, 2023b).

However, to understand where problems originate when renovating or determining
interventions for quay walls, it is important to understand the complexity of these structures.
The design and construction of a quay wall depends on various factors, such as soil and subsoil
conditions, water levels, load-bearing capacity, construction materials, and functional
requirements (De Gijt, 2010). These factors make determining the structural condition of the
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quay walls an enormous challenge, especially when gathering information from the quay walls
of a historic city like Amsterdam, which has changed over the years (Voortman, 2021).

The complexity of gathering information regarding the various elements that compose a quay
wall, combined with their long lifespan and the large number of quay wall structures in
Amsterdam, can create significant uncertainties for the PBK as owner and manager of these
structures (Chiffi & Chiodo, 2020). Especially when the PBK has to make decisions regarding
the structural state of the quay walls and the interventions used to protect the users of such quay
walls from a possible risk of collapse (Ward & Chapman, 2003).

1.3. State of the art

While no studies specifically focus on the uncertainties surrounding the UBQs, the associated
risks, and the interactions between the owners and users of these structures, some studies have
already addressed how to categorise and manage uncertainties in various contexts (Konter,
2023; Kwadijk et al., 2010; Warmink et al., 2017). Other studies have highlighted the
importance of effective risk communication in the risk management process to minimise
conflicts between experts assessing a specific risk and the people affected by such a risk (Aven,
2016; Frewer, 2004; Hampel, 2006; Olsson, 2007). Additionally, some studies have emphasised
the effects of uncertain and risky problems in interactions between decision-makers and
stakeholders, especially in construction projects (Bohle et al., 2016; Frewer, 2004).

1.4. Problem statement

Currently, the PBK is investing in developing more efficient working methods to increase the
rate of renovations of quay walls or extend their life span until final renovations (Gemeente
Amsterdam, 2023b). However, due to the large number of structures and the complexity of
addressing the quay walls’ condition—due to their structural characteristics and life cycle —
there are still many unknown uncertainties the PBK has to face as a decision-maker when
determining interventions for quay walls that cannot be renovated (Gemeente Amsterdam,
2023b; Awad, 2023; Ruggeri et al., 2019).

These unknown uncertainties have yet to be identified in the decision-making process for
selecting interventions for the UBQs. Additionally, it is unclear whether there is a relationship
between these uncertainties and the PBK’s interactions between the municipality and the users
of the UBQs (Korff et al., 2022).

1.5. Research aim and questions

This research aims to understand the role of uncertainties influencing decision-making
processes regarding quay wall interventions and to provide recommendations to the PBK for
improving its interactions with stakeholder and their communication of risks associated with
the UBQs. To this end, the main research question is: How do uncertainties affect the interaction
between the municipality of Amsterdam and the users of the UBQs when making decisions to
implement quay wall interventions?



To help answer the main research question, some sub-questions are formulated:

eWhat uncertainties are present in the decision-making process for determining quay wall
interventions?

eHow do the municipality and the users of the UBQs perceive and manage quay walls'
uncertainties and risks?

¢ What improvements should the municipality of Amsterdam make in their engagement with
stakeholders, particularly in their risk communication?

1.6. Scope

This research makes use of asset management terms described by van der Velde et al. (2013)
to identify the main structures and actors involved in this study. It specifically focuses on quay
wall structures, which are the assets within the UBQ. It analyses the “interactions” between two
main actors: (1) the asset owner and, in this case, also the manager, which is the municipality
of Amsterdam through the PBK, and (2) the asset users of the quay walls, which this study takes
as the people living along the canal; this means houseboat residents and house residents.
Furthermore, any external company subcontracted by the municipality to aid in the PBK is
considered a “service provider”.

The term “interactions” is taken as any exchange of information between the two main actors
that fits in the three categories described by Butt et al. (2016): sending information, retrieving
information, and interactively exchanging information. Other terms used in this research are
described in Section 2 of this report.

Additionally, within this research, the PBK’s “decision-making process” considers only the
implementation (or not) of interventions for quay walls; decision-making regarding the final
renovation of quay walls and other decision-making processes done by the PBK falls outside
this research's scope. Interventions will be considered for this study to be any form of
construction (e.g., sheet piles) or limitation applied (e.g., load restrictions) to the quay walls.

To address the decision-making process of quay wall interventions, this study considers three
phases taken from planning processes in decision-making systems described by Ning et al.
(2011), Song et al. (2017), and Waly & Thabet. The phases for this study are described as (1)
the “Input stage”, which involves gathering data or information; (2) the “Design stage”, which
focuses on manipulating these inputs for the design of the project; and (3) the "Output stage”,
which deals with implementing the project.

Moreover, this research follows a case study approach as described by Cousin, (2005). A
specific location within the PBK network was selected for analysis, with data collection focused
on documents and actors (asset owners, asset users, and service providers) deemed as relevant
by the researcher for the specific case study.



1.7. Reading Guide

The outline of this report is as follows: Section 2 presents the main concepts and elements
necessary for decision-making processes regarding uncertainties, risk management, and
stakeholder participation. Section 3 describes the research approach used for this study, delving
into the specific case study, the data collection tools, and the data analysis process. Section 4
presents the main findings of the case study. Furthermore, Section 5 discusses the main research
question of this study using literature and the case study's findings. Finally, section 6 provides
the study's conclusion, synthesising the research findings, their significance to the PBK, and
further recommendations for future research.

2 Theory

This section outlines the key concepts identified as relevant to this study. The three main
concepts explored (based on the introduction) are uncertainty, due to the complexity of
assessing the structural condition of the quay walls; risk management, due to the potential risk
of quay wall collapse and the PBK's efforts to mitigate it; and stakeholder participation, due to
the social concerns surrounding the implementation of quay wall interventions. The key
concepts were used to carry out a literature review that focused on how the key concepts have
any effect on decision-making processes and or social conflicts between stakeholders.
Explaining each concept provides a clearer understanding and facilitates comprehension of the
conceptual model (section 2.4) used to analyse the case study.

2.1. Uncertainty in decision-making processes

Uncertainty commonly refers to the lack of knowledge of a situation in which the
consequences are known, but the probability of occurrence is not known (Chiffi & Chiodo,
2020). Decision-makers often face uncertainties and risks when executing project activities,
which may result in unknown consequences. Specifically, many uncertainties can arise from
decision-making processes that exist in interconnected and complex systems such as cities
(Chiffi & Chiodo, 2020).

In the field of engineering, uncertainty is often categorised into two types: epistemic
uncertainty and ontological uncertainty (Warmink et al., 2017). Epistemic uncertainty presents
itself from the lack of information or what is not known at the moment and is commonly reduced
by gathering and analysing more information. On the other hand, ontological uncertainty is
present in random and chaotic behaviour such as the weather, river systems, and other natural
processes; it refers to uncertainty that cannot be known and cannot be reduced (van den Hoek
et al., 2014; Warmink et al., 2017). However, when considering social environments and
institutional contexts, there is a third type of uncertainty known as ambiguity. Unlike
uncertainty about what can or cannot be known, ambiguity originates from different knowledge
or perspectives from a specific situation. (van den Hoek et al., 2014).

The three types of uncertainties are commonly identified and treated in specific scenarios (van
den Hoek et al., 2014). For example, there is incomplete knowledge in decision-making for
flood protection due to the limitations of the models used for weather forecasting (Boelee et al.,



2019). Additionally, there is unpredictability due to the numerous factors affecting the
atmosphere and weather, e.g. climate change (Biswas et al., 2014). Finally, depending on the
model used, there can be ambiguity in how people interpret results from these models, e.g., in
determining safety levels (Palmer, 2000).

Drawing from the list of Konter (2023), several methods can be used to decrease the level of
uncertainty depending on the type. Incomplete knowledge can be decreased by enhancing
information, e.g. research by experts, and estimating possible effects that could occur on a
specific event, e.g. confidence intervals (Brugnach et al., 2008; Kwadijk et al., 2010).
Unpredictability can be decreased by using strategies like scenario planning, which forecasts
future events by analysing historical trends, and the implementation of measures to adapt to an
unpredictable event (Haasnoot et al., 2013; Kwadijk et al., 2010; Pahl-Wostl, 2006). Moreover,
communication and negotiation have been validated as effective means to mitigate ambiguity
in uncertain situations (Brugnach et al., 2008; Dewulf & Biesbroek, 2018).

In addition, there is a fourth type of uncertainty that is identified but cannot always be
accounted for; it relates to events that are not known to happen and cannot be known. This is
known as fundamental uncertainty, “deep uncertainty”, or “unknown unknowns”(Chiffi &
Chiodo, 2020; Kandlikar et al., 2005; Logan, 2009). This fourth type of uncertainty differs
from ontological uncertainty as it does not necessarily relate to random behaviours but rather
scenarios that cannot be predicted or considered. Some theories that rely on imagining
hypothetical future scenarios to develop policies can help deal with fundamental uncertainty,
especially in decision-making. However, this uncertainty is generally not addressed until it
occurs, such as in the case of a global pandemic (Chiffi & Pietarinen, 2017).

When decision-makers face uncertain scenarios, conflicts often arise from assuming that these
scenarios are isolated and not considering the surrounding factors. This is highlighted, for
example, in large-scale projects where multiple points of view from technical, social, and
cultural standpoints can provide different inputs and outputs regarding the project at hand
(Bohle et al., 2016). These conflicts typically emerge because uncertainty is most of the times
related to technological factors, which decision-makers often prioritise, but uncertainty also
involves social aspects, which are frequently overlooked until conflicts arise (Bohle et al.,
2016).

However, Van den Hoek et al., (2014) proposed an approach to supporting decision-makers
when facing uncertainty, especially when considering social variables. The approach (Figure 1)
distinguishes between three systems: the natural system, which relates to random behaviours
such as the climate or nature; the technical system, which involves the limitation to gathering
information from the artefacts or tools used; and the social system, which involves different
points of view from economic, cultural, political, and organisational aspects. In addition, the
approach highlights the relationships that exist between these systems. It is suggested that
identifying critical uncertainties and their relationships with each other can lead to flexible and
adaptive approaches for implementing successful policies or infrastructure when facing future
uncertainties (van den Hoek et al., 2014; Warmink et al., 2017).
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Figure 1, Schematization of systems and its uncertainties according to van de Hoek et al. (2014)

For this research, uncertainty is defined as the lack of knowledge about a situation or possible
future events and the different interpretations of knowledge from the same situation. In this
definition, three categories (i.e., incomplete knowledge, unpredictability and ambiguity) are
used to identify the uncertainties directly involved in the decision-making process of quay walls
(see Figure 1). “Deep uncertainties” are considered to be factors that indirectly affect the
project, e.g. COVID-19. (Bohle et al., 2016; Chiffi & Chiodo, 2020; Chiffi & Pietarinen, 2017
van den Hoek et al., 2014; Warmink et al., 2017).

2.2. Combining Technical Assessment and Risk Communication in Risk Management

Uncertain knowledge about future events that cannot be fully known in any decision-making
process impacts how decision-makers assess and manage risks associated with such future
events (Ericson, 2006). Assessing and managing risks is known as risk management. This
process often involves identifying risks and taking steps to reduce or avoid them as much as
possible (Olsson, 2007). However, it is also crucial to communicate these risks to the people
affected to avoid possible conflicts (Frewer, 2004; Hampel, 2006).

Risk can be understood as the likelihood of an uncertain event occurring and the magnitude
of its consequences (Sjoberg et al., 2004). Therefore, the focus of risk management is on
reducing possible risks related to a specific event (Olsson, 2007). Two primary objectives
regarding risk management within decision-making processes are (1) to study and treat the risks
of an event through a technical assessment. This assessment examines the environment
surrounding the event to quantify the probability of certain risks occurring in order to develop
methods to reduce these risks (Aven, 2016); And (2) to achieve a common understanding of
risks between those affected by the risk and the experts determining its probability. If this
common understanding is not achieved, conflicts may arise, potentially undermining the
methods used to reduce the risks (Hampel, 2006).
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An approach proposed by Frewer (2004) focused on approaching and interacting with people
affected by the risk rather than assuming their reactions to risk information to reduce social
issues within the risk management process. However, this approach is often neglected, with risk
management typically driven by technical assessments, while interactions with the people
affected by the risk are frequently overlooked (Frewer, 2004). Furthermore, one of the main
problems in the interactions with people affected by the risk is the assumption that “expert
knowledge” is always correct and that “local knowledge”, e.g., knowledge from citizens, might
be considered “wrong” or insufficiently informed (Hampel, 2006).

This research considers risk as the possibility of an event occurring, e.g., quay wall collapse,
and its consequences, e.g., injury, death, and damage to infrastructure. Moreover, it focuses on
the success of reducing this risk through a risk management approach that considers the
technical assessment of the event, how the risks are communicated, and how people perceive
these risks (Aven, 2016; Hampel, 2006; Sjtéberg et al., 2004; Olsson, 2007).

2.2.1. On Risk Communication and Risk Perception

Risk communication seeks to align public perception with the expert assessment of a particular
hazard; this alignment depends on how information is interpreted and reacted to within the
social environment surrounding the hazard (Frewer, 2004). How risks are being communicated
often depends on the audience's characteristics, the message's source, and the content.
Additionally, factors such as trust in the information source, the provision of unbiased and
transparent information, and straightforward interpretation must be considered when
determining methods to communicate risks (Breakwell, 2000).

Risk perception refers to the varying ways individuals perceive the probability and
consequences of a hazard; this is influenced by individual characteristics, the duration of the
hazard, and communication routines (Siegrist & Arvai, 2020). Hampel, (2006) further explains
that risk perception is shaped by an individual’s cognition and motivation, which are influenced
by the social, political, and cultural environment. Furthermore, perceived risks of hazards are
formed depending on the assessment of the risk and the knowledge of those exposed to it
(Breakwell, 2000).

In this sense, risk perception depends on how information about risks is communicated, while
risk communication relies on how people perceive those risks. Thus, risk perception and risk
communication are interdependent, both essential for achieving a successful common
understanding of risks between the experts assessing them and the people affected by them
(Sj6berg et al., 2004).

2.3. Stakeholder Participation as a Tool for Decision-makers within Urban Projects

In a decision-making process related to projects that can impact an urban environment, a
stakeholder is anyone whose interests are affected by the project's outcomes; these interests
often lead to a level of influence on the project’s objectives and results (Buertey, 2016).
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Therefore, stakeholder participation in urbanisation projects seeks to incorporate local
perspectives and knowledge through interactions with the stakeholders (Reed, 2008).

Stakeholder participation has become a primary focus and a valuable tool for decision-makers
to gather input (Glicken, 2000; Newig et al., 2023). This is particularly important for
urbanisation projects, which often depend on meeting stakeholder expectations throughout the
project lifecycle. Failures or conflicts often arise when these concerns are not addressed (Atkin
& Skitmore, 2008). Various forms of stakeholder participation include public consultations,
workshops, focus groups, surveys, interviews, public hearings, advisory committees,
participatory mapping, online feedback platforms, and collaborative decision-making processes
(Buertey, 2016; Luyet et al., 2012; Reed, 2008a; Reed et al., 2018b).

However, in reality, significant limitations affect stakeholder participation, particularly the
concerns from stakeholders feeling that their input has little impact on the project, resulting
from a sense of powerlessness to contribute to technical discussions (Reed, 2008). Other
challenges come from the stakeholders having the time to participate and the support and
commitment from decision-makers to ensure an efficient participation process (Vazquez et al.,
2024). In addition to the limitations and challenges previously discussed, there is no one-size-
fits-all approach to stakeholder participation, as the participation procedure varies depending
on the project's context, the surrounding environment, and the level of stakeholder interest:

For example, Buertey (2016) highlights the importance of involving stakeholders early,
recognising their input, providing technical support and information, and tailoring
communication approaches. Luyet et al. (2012) suggest identifying stakeholders based on their
concerns, characterising them by their interests, implementing suitable participation techniques,
and evaluating these techniques. Reed (2008) recommends empowering participants through
early involvement, establishing clear objectives, maintaining a positive dynamic, and
combining scientific and local knowledge. Moreover, Newig et al. (2023) discuss aspects of
stakeholder representation, communication procedures, and power delegation dimensions.

Finally, Butt et al. (2016) link effective stakeholder participation to communication routines,
which include push communication (sending information), pull communication (stakeholders
retrieving information), and interactive communication (multidirectional information
exchange). Vazquez et al. (2024) expand on this by noting that communication methods often
depend on the number of stakeholders involved and how organisations can adjust their
communication strategies based on the stakeholders and the context of the project or decision.

All the authors previously mentioned address various aspects of a “stakeholder participation”
process. However, their studies do not provide a step-by-step approach, making it challenging
for decision-makers to manage participation in specific projects effectively.

Therefore, this research focuses on stakeholder participation as a process for directly
(meetings and face-to-face) interacting with and gathering input from the asset users of the quay
walls, which are the stakeholders of the PBK. The input gathered from the stakeholder
participation should reflect the stakeholders' general concerns regarding implementing
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interventions for quay walls. Additionally, efficient stakeholder participation will be taken as a
process that follows the elements explained by Buertey, (2016), Luyet et al. (2012), Newig et
al. (2023), and Reed (2008). These elements are interacting with stakeholders in the early
stages, identifying their needs and concerns, tailoring communication channels according to
their needs and evaluating participation.

As explained by Vazquez et al. (2024) and Butt et al. (2016), communication routines such
as sending printed mail or emails can be utilised as participation tools, including the “risk
communication” concept, as discussed in section 2.2. However, in this study, the distinction
between “risk communication” and “stakeholder participation” will be defined by their
objectives: risk communication will focus only on communicating risk information between
asset owners and stakeholders. In contrast, stakeholder participation will aim to gather
significant “local knowledge” from stakeholders for the project's success.

2.4 Conceptual Model

To illustrate how the previously mentioned concepts could affect the decision-making process
of implementing interventions for quay walls, a conceptual model has been developed (Figure
3).

The decision-making process within the scope of this research is described using three phases
(Figure 2). The phases are outlined to aid the understanding of the conceptual model within the
decision-making process for quay wall interventions. The three phases in the context of the
UBQs are described as:

e The monitoring phase: The asset owner sub-contracts a service provider to collect
and analyse data on the quay walls to assess their condition.

e The decision-making phase: The asset owner interprets and manipulates the data
provided to decide to intervene and implement a quay wall intervention. If there is a
decision not to intervene, there is a loop back to the monitoring phase.

e The implementation phase: Once there is a decision to intervene, the asset owner (if
necessary) sub-contracts another service provider to start implementing the quay wall
intervention according to the decision made in the previous phase.

_[ Planning processes in decision-making of the UBQs

No implementation

v I

Monitoring
Phase

Decision-making Phase — Implementation

Figure 2, Decision-making process diagram used for this research
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When considering the concepts of uncertainty, risk management, and stakeholder
participation, it becomes clear that the decision to implement (or not) interventions (Figure 3)
can be influenced by various factors. The conceptual model is further described below.

________ Uncertainties

Decision To
Risk (2) Implement Stakeholder

Management

Interventions To The Participation
Asset

Figure 3, Conceptual Model on how uncertainties, risk management and stakeholder participation affect the decision-
making of implementing interventions

The structural condition of quay walls can change over time, which means the decision-
making process must be done each time an assessment for a quay wall is needed. According to
Gemeente Amsterdam (2023b), a quay wall assessment changes every time new data is
gathered. This means that the decision to implement interventions is an iterative process that
happens until an intervention is implemented or renovation of the quay wall is achieved.

The first influence (1) on the decision-making process comes from the uncertainties
surrounding the technical assessment of quay walls. These uncertainties vary depending on the
methods, tools, or information used (Gemeente Amsterdam, 2023b). Due to the complexity of
quay wall structures, technical assessments carry a level of “incomplete knowledge” from the
lack of information from the quay walls and “unpredictability” from the deformation behaviour
of the quay walls (van den Hoek et al., 2014; Warmink et al., 2017).

The second influence (2) is related to risk management, specifically regarding the potential
collapse of a quay wall (Gemeente Amsterdam, 2023b). Risk management influences the
decision-making process due to the technical assessment of the quay wall's condition and the
asset owner's risk perception. This means that the asset owner will respond to their perception
of risk and the technical assessment through the decision of implementing the interventions to
reduce the risk of a quay wall collapse (Breakwell, 2000; Frewer, 2004; Gemeente Amsterdam,
2023b).
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The third influence (3) comes from stakeholder participation, which starts through the
interactions between the asset owner and the asset users through risk communication channels
such as printed mail, emails, websites, and stakeholder participation procedures like meetings
and face-to-face interactions (Butt et al., 2016; Frewer, 2004; Hampel, 2006; Reed, 2008).
Stakeholders, as asset users of the quay walls, express concerns about how interventions might
affect them, and these concerns can impact the decision-making process (Reed, 2008). In
addition, stakeholders will form their risk perceptions regarding the quay wall collapse (Siegrist
& Arvai, 2020). The risk perceptions from the asset users might differ from the perception of
the asset owners, leading to “ambiguity”, another type of uncertainty that can influence the
decision-making process (van den Hoek et al., 2014).

3 Method

Since the research questions focus on “how” certain aspects of decision-making processes
occur, and the study's objective is to provide recommendations to the municipality of
Amsterdam regarding PBK’s activities, studying a scenario from a previously resolved conflict
is the best approach to achieve the objectives of this research. Analysing a specific scenario
will help explore uncertainties decision-makers faced in determining quay wall interventions
and their impact on stakeholders. Therefore, a case study approach as described by Yin (2023),
will be adopted for this research.

Studying the interpretations and interactions that occur in the case study between users of the
quay walls and the municipality of Amsterdam can highlight potential gaps in communication
and help understand the impacts the PBK’s activities have on the users of the quay walls, e.g.,
determining quay wall interventions (Butt et al., 2016; Sj6berg et al., 2004; van den Hoek et
al., 2014; Warmink et al., 2017).

Furthermore, understanding the origins and outcomes of the decision-making process of
determining quay wall interventions can contribute to better management of quay walls that
resemble the characteristics described in the case study, especially in the interaction with users
of the quay walls (Frewer, 2004). Additionally, this study's data collection and analysis allow
for deeper insights into the decision-making processes regarding quay walls in poor structural
conditions, specifically when determining interventions. The following section describes the
selected case study and the data collection and analysis used for this research.

3.1 Case study: The Waalseilandsgracht

It was suggested by the municipality of Amsterdam to use the Waalseilandsgracht as a case
study due to the intense conflicts between the municipality and the asset users residing along
the quay walls. These conflicts caused a significant delay in the implementation of quay wall
interventions for almost six months. Additionally, the municipality faced various uncertainties
when assessing the condition of the quay walls at different points in time. The outcome of this
case study is significant because it effectively addressed the concerns of the stakeholders,
resulting in a conflict that turned into a positive outcome for both the municipality and the users
of the quay walls. Furthermore, the case study took place within the PBK’s scope and near the
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city centre of Amsterdam, making it an interesting case for understanding potential future
problems in similar environments for the municipality.

The history of the case is as follows. In December 2020, the municipality of Amsterdam
determined that the “Oude Waal” and “Binnenkant” quay walls from the Waalseilandsgracht
(see Figure 4) were in poor structural conditions (Gemeente Amsterdam, 2024b). Due to the
condition of the quay walls, monitoring methods were increased, and interventions, i.e., safety
measures, were implemented to ensure the safety of the users of the quay wall. Initially, load
restrictions were enforced by removing car access and parking spaces. However, when the
deformation of the quay wall continued, the municipality introduced another safety measure
known as “sheet piles”, i.e., sheet steel driven into the ground to support and stop the
deformation of the quay walls (Gemeente Amsterdam, 2024b).
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Figure 4, Location of the Waalseilandsgracht Canal (MapQuest, 2024)

Since the complete renovation of the Waalseilandgracht quay walls is planned for 2027 and
2029, the safety measures will remain in place until then (Gemeente Amsterdam, 2024b). For
this matter, the users of the quay walls who were living along the Waalseilandsgracht expressed
concerns about the effects of the sheet piles on accessibility and quality of life (Antonisse, 2021,
Miltenburg, 2021).

At first, the users felt the municipality did not take their concerns seriously. Consequently,
they saw the need to organise into groups like “De Goede Wal” and “Waalseilandsgracht
Groep” to address specific concerns and seek alternatives that would be more visually appealing
and less intrusive while ensuring adequate safety (Antonisse, 2021; Miltenburg, 2021).
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The conflict escalated into a legal dispute, with users urging the municipality to consider other
alternatives or agreements that could minimise the impact on their lifestyle. Although the court
ruled in favour of the municipality of Amsterdam, the concerns from the users of the quay walls
delayed the installation of sheet piles by almost six months (Antonisse, 2021; Miltenburg,
2021).

Recognising its responsibility for the impact of the sheet piles on users living nearby or in
front of the canal, the municipality worked with the users to find a mutually satisfactory
solution. This involved allocating funds for activities not initially considered in the original plan
to address users' needs. The conflict ended when the users living in the Waalselainsgracht and
the municipality agreed to the terms surrounding the installation of the sheet piles, resolving
the situation until further renovation activities take place (Gemeente Amsterdam, 2024b).

3.2. Data Collection

Data were collected from sources provided by the municipality of Amsterdam at the start of
this research and by interviewing asset owners, asset users, and service providers involved in
the case study. Following the document analysis described by Sankofa (2023), a total of 58
documents were found in these sources. The documents comprised meeting reports, printed
mail, news articles, and emails exchanged during the case study period. Additionally, interviews
followed the method described by Bearman (2019), a total of 18 interviews were done. Of the
18 interviews, 9 were done with asset owners, 6 with service providers, and 3 with asset users.
The interviews were conducted to explore specific aspects of the case study relevant to the key
concepts of this research, such as events that occur, causes and consequences of such events,
procedures for decisions or actions, etc. The instruments for data collection, including the
document analysis and the guide used for the interviews, can be found in Appendix A.

The quantity and type of documents found in this research can be seen in Table 1. The sources
provided by the Municipality of Amsterdam are the following:

e Waalseilandsgracht website: A site where asset users of the Waalseilandsgracht
shared concerns and information about Waalseilandsgracht.

e Gemeente Amsterdam website: The official municipal website that publishes
information on news, projects, and other activities in Amsterdam.

e BouwApp: An app for communicating specific details to citizens during the
preparation and implementation of a construction project.

e Het Parool: An influential Dutch daily newspaper in Amsterdam.
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Source Type of source/interview Amount of documents/interviews
found or done

Discussion Meeting Reports 22

Printed Mail/Email 16
Waalseilandgracht Newsletters 4
website

Social Media Posts 4
BouwApp Digital Tool Posts 6
Gemeente Amsterdam  Websites 1
Het Parool News Articles 5

Asset Owners 9
Interviews Asset Users 3

Service Providers 6

Table 1, Data collection material
3.3. Data Analysis

To analyse the collected data, this research follows the procedures described in Appendix A
by Bearman (2019), Buchbinder (2011), Mezmir (2020), and Sankofa (2023). The data analysis
involved three steps: organising the data chronologically, categorising and reducing the data
using codes and “Atlas.ti” (a software to analyse qualitative data), and validating the
information through interviews with asset owners and users. The detailed description of the
steps is as follows.

The first step involved chronologically organising all the collected data and identifying where
key decision-making points occurred during the case study. This process helped in building a
timeline for the case study. The key events found were the basis for identifying the three phases
within the decision-making process explained in Section 2 (Figure 2) of this report. The timeline
also displayed these phases to give more sense of their presence in reality. Furthermore, the
“decision-making phase” was divided into two sections: the first section is called the “conflict
period”, and the second section is called the “resolution period”. The “conflict period”
highlights the events that created conflicts between asset owners and users, while the
“resolution period” highlights the events that occur to resolve the conflict.

The second step of the data analysis involved coding the collected data. These codes were
developed based on the concepts explained in Section 2. The breakdown and relationships
between the codes and the concepts can be found in Figure 14, Figure 15, and Figure 16 from
Appendix A of this report. The codes used for Atlas.ti can be seen in Table 2.
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Using Atlas.ti, the codes were applied to the 58 documents found; each relevant section was
coded according to its link to the key concepts. Once all the documents were coded, the
researcher accessed the specific codes to determine the findings regarding the key concepts of
this research.

Key Concepts of this research Codes used in Atlas.ti
Uncertainty Incomplete knowledge
Ambiguity

Unpredictability
Methods to enhance information
Possible effects
Technological variables
Technological system
Communication
Negotiation
Social system
Future Events
Adaptable measures
Natural system
Risk Management Risk communication
Risk perception
Social Concerns
Likelihood of consequences
Engaging citizens
Expert knowledge
Lay knowledge
Trust information
Magnitude of consequences
Social environment
Personal experiences
Stakeholder Participation Identify stakeholders
Group stakeholders
Participatory techniques
Push communication
Pull communication
Interactive communication
Evaluation of participation

Table 2, Codes used to analyse the data

Finally, in the third step, interviews from the data collection phase were used to validate the
research findings. These interviews involved the same asset owners, service providers, and asset
users who participated in the initial data collection. A storytelling approach was employed,
utilising the timeline developed from document analysis to confirm the events identified during
data collection. Since these interviews were conducted at various times, the validation process
was ongoing throughout the data collection and analysis, culminating in the final interview.

All information about the interviewees had to be anonymised for this research following the
consent form they signed before participating. The consent form can be found in Appendix C.
However, Table 3 shows the type of interviewees, their status in the PBK, the type of actor they
are and the objectives of the interviews done to them.
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Type of Description Asset  Asset  Service Objective of
Interviewees Users Owners Provider Interviews
Municipal Currently involved in the X Data collection and
Employee #1 PBK validation
Municipal Retired but involved in the X Data collection and
Employee #2 PBK during the case study validation
Municipal Currently involved in the X Data collection and
Employee #3 PBK validation
Municipal Currently involved in the X Only data collection
Employee #4 PBK
Municipal Currently involved in the X Only data collection
Employee #5 PBK
Municipal Currently involved in the X Only data collection
Employee #6 PBK
Independent Involved in the PBK X Data collection and
Consultant #1 during the case study validation
Independent Involved in the PBK X Data collection and
Consultant #2 during the case study validation
Sub-Contractor Currently involved in the X Data collection
technical assessment of the
PBK
Citizen #1 Houseboat resident in the X Data collection
Waalseilandsgracht
Citizen #2 Houseboat resident in the X Data collection
Waalseilandsgracht
Citizen #3 Houseboat resident in the X Data collection

Waalseilandsgracht

Table 3 Interviews done with asset owners and users

4  Results

The results in the following section address the main concepts related to this study's research
objectives and questions within the specific case of the Waalseilandsgracht. The results are
presented by describing the three phases (monitoring, decision-making and implementation) in
the timeline of the case study. All the references from the interviews and documents used for
the results can be found in Appendix B.

4.1. Waalseilandsgracht Timeline

The following timeline (Figure 5) represents the events that occurred during the case study of
the Waalseilandsgracht. In the context of the case study, the phases previously developed are
described as:

In the monitoring phase (from June 2019 to December 2020), the asset owner hired a service
provider to conduct a technical assessment of the quay walls by collecting and analysing data
(specifically deformations) to evaluate their condition. During the technical assessment of the
quay wall, no significant interaction was observed between the parties. The phase ends with the
technical assessment indicating that the quay wall was posing a risk of collapse and the
municipality deciding if there is a need to implement interventions, such as installing sheet piles
or imposing load restrictions.
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In the decision-making phase (from December 2020 to September 2021), the asset owner had
to decide how and when to implement interventions for the quay wall; the decision is based on
the technical assessment indicating a potential risk of collapse. This decision is the origin of the
interaction between asset owners and users, centring on communicating the risk of collapse and
the interventions planned to reduce the risk. Within this phase, two sub-periods are identified:
the “conflict period,” where disagreements arise between asset users and owners regarding the
proposed interventions, and the “resolution period,” where parties work towards finding a
solution to implement the necessary interventions. This phase concludes when agreements are
reached, and construction work begins.

In the implementation phase (from September 2021 to August 2024), the asset owner and
users agree on an outcome that benefits both parties regarding quay wall intervention.
Following these agreements, the asset owner starts the construction work while communicating
with the asset users to address any additional concerns related to the quay walls.
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Figure 5, Key Events of the Waalseilandsgracht Timeline

The timeline shows that the monitoring phase had no interactions between the asset owner
and user compared to the decision-making and implementation phase. Additionally, monitoring
the Oude Waal quay wall and the decision to implement load restrictions occurred suddenly.
During the decision-making phase, interactions between the asset owners and users began,
particularly after the decision to implement sheet piles. Conflicts arose when the asset owner
introduced the idea of sheet piles, but these conflicts were reduced when the “Sounding Board
Group” was established and agreements were reached. In the implementation phase,
construction started, but some interventions changed to other alternatives. This decision-
making process took nearly eight months, including five months of conflict and a three-month
resolution period. The planning and construction of quay wall interventions continued until the
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summer of 2024, with interventions on the Waalseilandsgracht quay walls spanning from
September 2021 to July 2024.

The following sections provide a more detailed explanation of each phase. References in these
sections are abbreviated according to the type of document or interview done, such as “PM” for
printed mail and “NA” for news articles; this is described in Appendix B.

4.2. The Monitoring Phase

The monitoring of the Waalseilandsgracht started with monitoring at the Binnenkant quay
wall, which began almost one year before the monitoring at the Oude Waal [PM12]. This was
initiated because, at the start of the PBK in 2019, 80 quay walls out of the total 200 km within
the scope of the PBK were considered critical due to their physical condition and deformations
[I-NG6.2]. However, the municipality of Amsterdam was uncertain about the total number of
critical quay walls that required prioritisation [I-NG6.2, I-G1]. Consequently, monitoring at the
Binnenkant started due to physical damage, which was used as the first sign of quay walls that
needed prioritisation.

Initially, the Binnenkant quay wall was not considered at immediate risk of collapse, although
it showed signs of deformation [I-G2]. However, the risk of collapse was the primary concern
due to a “lack of knowledge” about the quay wall's structural condition prior to monitoring and
the "unpredictability” of its deformation behaviour [I-G4.5]. Additionally, to manage the risk
of a quay wall collapse, the municipality had established specific criteria within the technical
assessment carried out by the service providers; if these criteria were met, interventions would
be implemented to reduce the likelihood of collapse [I-NG6.3]. Consequently, the municipality
increased the monitoring frequency to improve the accuracy of the technical assessments and
determine if the Binnenkant quay wall needed interventions. This is one reason why monitoring
began at the Oude Waal [I-G2, PM12].

Even though the risk of a collapse was uncertain and monitoring had increased for a more
accurate assessment, there was little evidence that there was an interaction between the asset
owners and the asset users living along the canal or that the municipality was carrying some
form of interactive participation [1-G3.1]. However, some users had already expressed concerns
regarding the state of the quay wall to the municipality due to the physical damage [I-G4.1].
Furthermore, news articles reported that the PBK’s method for restoring quay walls was flawed
and that maintenance had been neglected for years [NA1, NA2]. The collapse of one quay wall
in front of the University of Amsterdam also caught significant public attention [NA3].

While there is no concrete evidence that these news articles influenced how the municipality
or the users reacted to the case of the Waalseilandsgracht, they suggested a negative image of
how the municipality implemented specific quay wall interventions and their management of
the quay walls. This negative image could have influenced how people perceived certain
implementations, such as the sheet piles that would be later implemented in this case [I-NG5,
I-NG6, I-G5, I-G6].
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A decision-tree diagram (Figure 6), following the example from (Bert Enserink et al., 2022,
p. 31) is used to represent the decisions made by the asset owner, i.e., the municipality of
Amsterdam, regarding the quay walls in the monitoring phase. The description of the figure is
as follows.

Renovation of quay
walls wihtin the
scope of the PBK

Start renovation
process

No > F’hysical’) No » | Continue using the
W quay wall as normal

Yes

Monitoring Phase
Technical Assessment Determines
No Ajo\ Ye Start Decision-making
collapse? Phase

Figure 6, Decision tree representing the decisions made by the asset owner in the monitoring phase

Is renovation
possible?

»

The municipality of Amsterdam determined that renovating the quay walls in the
Waalseilandsgracht was not possible. This led to a technical assessment of the Binnenkant and
Oude Waal quay walls. These assessments were challenged by incomplete knowledge and
unpredictability, making it difficult to accurately evaluate the risk of collapse [PM2].

After monitoring the quay walls, there was insufficient evidence to determine a risk of
collapse, which only led the municipality to increase their monitoring methods to reduce
uncertainties in their technical assessment [I-G2, PM12]. The technical assessment relied
heavily on the frequency of monitoring [I-G2]. However, it was still affected by the lack of
knowledge and unpredictability due to limited information and extended intervals between
monitoring data, leaving the deformation behaviour between monitoring periods unknown [I-
NG4]. This is one of the reasons why the load restrictions took effect in the decision-making
phase.

As shown in Figure 6, the case study suggests that when a technical assessment indicates no
risk of collapse, the decision-making process enters a loop of continued monitoring until a
potential risk is identified or renovation is achieved. Without the risk of collapse, quay wall
interventions are unnecessary, resulting in no interaction with asset users during the monitoring
phase. In the case of the Waalseilandsgracht, this monitoring loop persisted from June 2019 to
December 2020.
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4.3. The Decision-Making Phase
Conflict Period

Once the technical assessment indicated that deformations exceeded the criteria for
establishing a risk of collapse, the municipality decided to implement the first interventions.
However, the assessment revealed that these critical deformations were only present in certain
sections of the quay wall rather than along its entire length [PM3.2]. The municipality
perceived this as a risk that could lead to deformation along the entire quay wall if interventions
were not applied to the entire length. This perception was driven by the asset owner’s
commitment to prioritising the safety of the asset users [I-G2.3, I-G4.4].

The first quay wall intervention was load restrictions which did not pose a conflict between
the asset owner and users [PM3.2]. However, conflicts arose when deformations persisted
despite the load restrictions, leading the municipality to decide to implement sheet piles. At this
point, uncertainties originating from incomplete knowledge and unpredictability still
challenged the technical assessment as deformations kept increasing [PM3.2]. This risk
perception led the municipality to decide to implement sheet piles as quickly as possible [I-
G4.4,1-G2.3].

Installing sheet piles in a quay wall involved moving all the houseboats away from the quay
wall (temporarily), installing the sheet pile, moving the houseboats back to their place and
waiting until the final renovation of the quay wall (which, according to some reports, would be
until 2027) [R2].

While the municipality viewed the installation of sheet piles as an urgent and necessary
measure to reduce the risk of collapse, the asset users living along the canal perceived this
intervention as sudden, unannounced, and unnecessary. To them, it was not a way to reduce the
risk of a quay wall collapse but rather an intervention that would risk their view of the canal,
quality of life, accessibility, and property values for the following years [DM18, I-NG1, E1-
E4, 1-G6.1, I-G5.1, 1-G6.2].

At this point, the municipality of Amsterdam lacked experience in handling scenarios
involving relocating houseboats and postponed the installation of the sheet piles for four months
to address residents' concerns [I-NG2, PM4]. However, the interaction between the asset owner
and the asset users was mishandled, as individual meetings with users created unfulfilled
expectations [1-G2]. Additionally, small mistakes in the proposed design drawings made by the
municipality made the asset users feel they were not being taken seriously [DM3, I-G2]. Delays
in sharing documents or addressing users' concerns further affected the trust in the
municipality’s decisions [I-NG3, E5]. This was confirmed by interviewed asset users [1-G5.2].

Furthermore, the municipality was challenged by a new uncertainty (in March 2021) involving
not knowing what intervention to use in the last 50 meters of the Binnenkant (see Figure 7).
Installing sheet piles in this section would increase the risk of boat collisions near the bridge; it
was unknown what safety measures were the best suited for this section [PM4]. This challenge
made it difficult for the municipality to justify the urgency of installing the sheet piles while

24



also taking the time to find a suitable measure for the final 50 meters [PM7, E3]. These issues
caused a further two-month delay in the installation of the sheet piles. [PMG].

Sheet Piles

50 mts (Cannot
use sheet piles)

Figure 7, Sketch of the proposed implementation of sheet piles except for the 50 Mts in March 2021

The asset users started to organise communication procedures and group themselves to raise
their voices and have more influence after feeling that the asset owner was not taking their
concerns seriously [I-G5.3, 1-G6.3]. For example, in searching for less intrusive alternatives,
the users with a technical background formed a group called “De Goede Wal” to propose a new
alternative that would satisfy their demands [E2]. Additionally, the users living in houseboats
formed the “Waalseilandsgracht Groep” to advocate for communication, planning, and
settlement agreements to ensure confidence in relocating their houseboats [E5, 1-G1].

Public involvement in specific details regarding safety measures of the quay walls was
unprecedented for the PBK before the Waalseilandsgracht [I1-G4.2, I-NG3]. As the
municipality realised the situation's complexity, they began organising meetings to address
users’ concerns [R3]. However, these meetings were ineffective in reducing conflicts due to a
lack of trust of the asset users towards the asset owner and the slow responses from the
municipality to specific concerns; this was confirmed by interviewed municipal employees and
service providers involved in the case study [I-NG2.1]. The conflict escalated to a legal dispute,
with asset users urging for better alternatives and better management of their concerns while
the municipality was urging the users to agree to terms to avoid an “evacuation scenario”, where
users living in the houseboats would be legally obliged to move if the municipality deemed the
situation unsafe [I-NG5.2, I-NG2.2]. The “evacuation scenario” risked losing the asset users'
support, jeopardising the PBK's activities. Thus, the municipality wanted to avoid this scenario
[I-G2.1].

Expanding on the decision tree used in the monitoring phase, the decisions made in the conflict
period can be seen in Figure 8. The description of the figure is as follows.
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Figure 8, Decision tree representing the decisions made by the asset owner in the decision-making phase

The municipality quickly determined and communicated the necessary interventions based on
the technical assessment of the quay walls. Initially, they implemented load restrictions to
reduce the risk, which did not impact the asset users' lives [PM3.2]. However, as deformations
continued to increase, the municipality determined the need to install sheet piles, a more
effective intervention for reducing the risk of collapse [PM3.2].

Although sheet piles effectively reduced the risk of a collapse, this measure raised concerns
among asset users about how the intervention would affect their daily lives [I-NG2.1, E2, I-
G1]. Additionally, the concerns and risk perception from the users, the mistakes made by the
asset owner in addressing such concerns, and the limited communication led to a misalignment
of interests between the two parties [I-G5.3, 1-G6.3]. This misalignment of interest caused a
delay in implementing the sheet piles [PM6]; by not implementing sheet piles, the risk of a
collapse is not reduced, leading to a loop in the decision-making phase that does not end until
the interests are aligned.

Resolution Period

Realising the conflict was escalating instead of decreasing; the municipality had to reevaluate
its risk perception and assessment to determine if the urgency of the quay wall interventions
could be postponed sufficiently to address the users' concerns properly [I-G1.4]. The
reevaluation of the risk was possible due to the increase of information (due to the monitoring)
on the quay walls.
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Additionally, the municipality of Amsterdam offered the asset users to participate and
communicate their concerns in a “Sounding Board Group (SBG)”, a group of representatives
of the asset users and representatives of the municipality handled by a public mediator. The
initiation of the SBG aimed to understand the perceptions of the asset owners and users, address
each other's concerns, and offer solutions to such concerns by understanding the surrounding
environment of the quay wall interventions [PM10, I-NG2.1]. It is suggested that the
municipality could not do this before due to COVID-19 measures [DM3.1, I-G1.2, PM10].

Communication and participation routines between the asset owner and the asset users were
constantly followed in an unbiased environment within the SBG led by a public mediator® in
order to gain the trust of the asset users [I-NG3.1]. During the meetings, residents could express
their concerns regarding the relocation agreements directly and express discontent about the
municipality's lack of answers and the unrealistic planning and implementation of the sheet
piles [DM3].

The participation of the asset users in the SBG was more structured and followed a procedure
that worked for both parties in comparison to the individual meetings and sudden
communication done in the previous phases, which created mistrust and stress [DM3-DM20].
Additionally, the municipality made use of expert consultation by inviting several experts from
universities and private companies who could answer and analyse the questions from asset users
regarding the alternatives proposed by De Goede Wal and other technical concerns the asset
users could have, therefore reducing the ambiguity of the situation and aligning the interest of
both parties [DM4, DM11, 1-G1.3]. The municipality of Amsterdam also hired a lawyer to
support the asset users who lived in houseboats in addressing the legal concerns regarding the
relocation agreements [I-NG2.3].

The outcome of the SBG meetings led to relocation and settlement agreements (September
2021). Additionally, social concerns were addressed, leading to a design proposal where the
asset users and the asset owner collaborated, which led to the final installation of the sheet piles
[I-G5.4, 1-G6.4]. The agreements and the design proposal ensured that investments would be
made to make the sheet piles more aesthetically appealing and less intrusive to the users.
Additionally, the agreements ensured that the municipality would cover any damages (during
the implementation of the sheet piles) that would affect the houseboats [R2, R1]. Despite some
users not approving the installation of the sheet piles, there seemed to be a mutual understanding
of perceptions and the complexity of the situation at hand from the asset users and the asset
owner, making the conflict less intense and more collaborative [R1, R2, 1-G3.2]. The
agreements led to the construction of the sheet piles.

According to Figure 8, when the interests of both parties align, quay wall interventions are no
longer seen as a threat or a concern by the asset users and can be used by the asset owner to
reduce the risk of a collapse. This alignment leads to the acceptance of the intervention,
allowing the start of the implementation phase (construction of sheet piles).

1 Public Mediation is a company that dedicates itself to solving social issues of complex situations (Public
Mediation, 2024).
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4.4. The Implementation Phase

Once agreements were made, the municipality began the construction of the sheet piles
[DM9]. At this point, the asset users felt comfortable enough to accept the changes to their
living environment for the next ten years [DT1]. Communication between parties continued
during the SBG meetings, with the BouwApp also used to update asset users living along the
canal on the construction progress [DM10, DT1-DT3].

Communication and participation routines continued through the SBG but were less frequent
(once per month instead of weekly) due to the common ground achieved during the “decision-
making phase”. The SBG meetings in the “implementation phase” aimed to identify unforeseen
issues, address concerns about the maintenance of the final design of the sheet piles, and discuss
the future renovation of the quay walls in line with PBK objectives [DM12]. The SBG was later
dissolved, but meetings with asset users continued to discuss construction progress and address
concerns [DM18.1, DM19].

About 4 to 5 months after construction began on the Binnenkant, the municipality conducted
a new assessment for the Oude Waal (January 2022). Deformations had stopped almost a year
after implementing load restrictions (January 2021), indicating that the quay wall could remain
stable without sheet piles and only with load restrictions [DM13]. Despite previously signed
agreements, asset users living along the Oude Waal preferred not to install sheet piles if the
municipality deemed the quay walls safe [DM13.1].

The new assessment confirmed the safety of the quay wall without sheet piles, considering
both technical evaluations and residents' requests. However, the technical assessment
recommended installing mooring posts so that houseboats could be attached to them instead of
the quay wall, thereby reducing horizontal loads on the structure. It was also agreed, through
the SBG, that if deformations were to increase in the future, the houseboats would have to be
quickly relocated following the agreements made during the “decision-making phase” [DM13,
DM13.1].

While construction at the Binnenkant and the Oude Waal were ongoing, the last 50 meters of
the Binnenkant were still being assessed to determine an effective method to secure the quay
wall. Almost a year after agreements were signed, the decision was made (November 2022) to
use grout injections, i.e., injecting cement under pressure to stabilise the soil to extend the life
span of the quay wall [DM18.1, DM19.1]. The grout injections are planned to be completed in
the summer of 2024, marking the end of the construction of quay wall interventions for the
Waalseilandsgracht until the final renovation (presumably from 2027-2029) [DM11.1].

Thus, three different interventions (Figure 9) were used to ensure the stability of the quay
walls and the asset users' satisfaction: (1) the Binnenkant was reinforced with sheet piles (lasting
10-20 years), except for the 50 meters, which used (2) grout injections as a method to extend
the life span of the quay wall (+30 years), and the Oude Waal is currently being monitored with
houseboats now secured to (3) mooring posts (it is expected that the quay wall can hold 2-5
years depending on deformations) [I-NG3.2, I-NG8]. The complexity of the different
interventions and life extensions used on the different sections of the canal’s quay walls and

28



other factors like rising prices and limitations in investment pose uncertainty in determining the
exact period or method for the final renovation of the Waalseilandsgracht quay walls [DM19.2
DM19.2, I-NG3.2, I-NG8].

Grout
Injections

Mooring
posts and
load
restrictions

Figure 9, Sketch of the interventions used in the Waalseilandsgracht (July 2024)

Expanding on the decision tree used in the monitoring phase and the decision-making phase,
the decisions made in the implementation phase can be seen in Figure 10. The description of
the figure is as follows.
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Figure 10, Decision tree representing the decisions made by the asset owner in the implementation phase

Once quay wall interventions are accepted and implemented, the process returns to the initial
condition of assessing if there is a risk of collapse even with the intervention implemented; if
there is no risk, the quay wall can be used with the intervention. For example, the municipality
decided to reevaluate the intervention of the Oude Waal, which caused a loop back from the
implementation phase to the decision-making phase when deciding if load restrictions were a
sufficient intervention, which, in this case, it was. At the end of the Waalseilandsgracht case,
the two quay walls are used with their respective interventions and waiting for renovations.
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5 Analysis and Discussion

This section analyses and discusses the results to answer the main research questions and
addresses the limitations of this research.

5.1. The presence of uncertainties in the Waalseilandsgracht case

The Waalseilandsgracht case study highlighted various uncertainties, especially in the
technical assessment of the structural condition of the quay walls. When conducting a technical
assessment of a quay wall, there is insufficient information from the quay walls before
monitoring starts, which cannot be reduced quickly [I-G2]. According to van den Hoek et al.
(2014), this is “incomplete knowledge”. However, these knowledge gaps decreased by
gathering more data through underwater research, foundation sampling, historical data analysis,
and continuous monitoring [I-G2.3, 1-G4.3, I-NG4], leading to greater accuracy in the technical
assessments as time went on. This is further demonstrated by Kwadijk et al. (2010), who note
that increasing the availability of information is an effective way to reduce incomplete
knowledge.

This case study addressed the incomplete knowledge of the quay walls by intensifying
monitoring efforts and collecting data over time [I-G2, PM12]. However, during the monitoring
and decision-making phase, this uncertainty initially led to a perceived need for rapid quay wall
interventions [I1-G2.3, 1-G4.4]. While in the implementation phase, the municipality had
gathered sufficient information (from December 2020 to January 2022) from the Oude Waal to
make a more accurate technical assessment and concluded that the quay wall could remain
stable without the need for sheet piles [DM13.1].

Due to the incomplete knowledge of the quay walls at the start of the monitoring, the
municipality based its technical assessments primarily on the deformation of the quay walls,
which was considered the most reliable indicator of the risk of collapse [PM3]. However, De
Gijt (2010) points out that quay wall structures are complex and influenced by soil conditions,
water levels, loads, and lifespan. This complexity can cause the deformation behaviour of the
quay walls to be random [I-NG4].Warmink et al. (2017) categories such chaotic or random
behaviour as a form of uncertainty known as “unpredictability”. In the case study, the
municipality coped with this type of uncertainty by establishing criteria regarding the
deformation, e.g., if deformation exceeded a specific value, load restrictions would be
implemented, and if deformations continued, sheet piles would be implemented [I-G2.4].

Both types of uncertainties, incomplete knowledge and unpredictability, caused other forms
of uncertainties in other systems. This is shown in Figure 11 by using the schematisation of
uncertainties adapted from van den Hoek et al. (2014).
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Figure 11, Schematisation of uncertainties present for the decision-making process for quay walls that cannot be
renovated within the PBK, adapted from van de Hoek et al. (2014)

Other forms of uncertainty include quay walls not deforming along their entire length;
deformation sometimes appears only in specific sections. This variability poses a challenge for
technical assessments, as it complicates the effectiveness of the interventions for the affected
areas of the quay wall [PM12.1]. For example, at the Binnenkant, only two locations in the
whole length of the quay wall showed critical deformations, but their effects on the rest of the
quay walls were uncertain [I-G3]. This uncertainty led to installing sheet piles along the entire
length of the Binnenkant quay wall rather than only at the two critical locations [PM1].

Moreover, as seen in the Waalseilandsgracht case, there was uncertainty about how asset users
(stakeholders) would react to the interventions and the effects of the interventions on them
[NA4]. If the asset users' concerns are not considered, it can lead to conflicts due to “ambiguity”
between the asset owner and the asset users on the desired quay wall intervention. Conflicts
that relate to ambiguity are also mentioned by Béhle et al., (2016). Furthermore, as seen in the
50 meters of the Binnenkant, the installation of sheet piles was impractical due to the canal
navigation of boats, leading to another uncertainty regarding which interventions can be
implemented and which ones cannot depending on the physical location [PM4]. According to
van den Hoek et al. (2014), the uncertainty in determining the type of intervention used in
specific scenarios (e.g., the 50 mts of the Binnenkant) can be considered an interconnection of
“incomplete knowledge” in a technological system and “ambiguity” in the social system (see
Figure 11), further adding to the complexity of decision-making processes in the PBK.
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Finally, given that the PBK's planning is thought to be over the next 20 years, there is a level
of “deep uncertainty” about future scenarios that could impose restrictions or affect the
planning of the renovation of the UBQs (Chiffi & Pietarinen, 2017). This uncertainty could
impact how decisions are made in the future regarding selecting quay wall interventions. For
instance, in the case of the Waalseilandsgracht, COVID-19 or the collapse of Grimburgwal
might have had an influence in the municipality's decision to implement safety measures driven
by a level of uncertainties in the technical assessment with limited communication with
residents [NA3, PM10]. According to Bojorquez-Tapia et al. (2022), large infrastructures, e.g.,
dams, urban water systems or energy grids that occur in complex systems are usually affected
by external factors such as globalisation, urbanisation, climate change, and socio-political
aspects related to “deep uncertainty”. External factors like pandemics are not typically
considered within a project like the PBK. However, it is important to acknowledge uncertain
future scenarios in Amsterdam, e.g. pandemics, international events (e.g., Olympic Games or
wars), changes in political administrations, etc., that could arise in the next two decades [I-
G1.5], that could potentially affect significant aspects like the budget or planning for
renovations of the UBQs.

5.2. Management and Perception of Risks in the Waalseilandgracht case

This subsection discusses two elements of effective risk management (1) the technical
assessment used to determine and reduce the risks of a particular scenario and (2) the method
used to communicate those risks to the affected people.

Technical Assessment

The case study shows that the municipality of Amsterdam developed various methods to
assess the structural condition of the quays more accurately (this also helped reduce the
uncertainties previously mentioned) [I-G2.4, 1-G1.3, I-NG4]. Consequently, the technical
assessments done by the municipality went from assessing the condition of the quay walls due
to physical damages to analysing the deformation behaviour of the quay wall to become more
accurate (Gemeente Amsterdam, 2023b). However, uncertainties (which at some point are
unavoidable) continued to influence the assessment of the quay wall's structural condition,
particularly when interventions were required; this was seen in the Oude Waal when the
assessment changed from an urgency to install sheet piles in the “Decision-making phase” to
only apply load reduction in the “Implementation Phase”. These uncertainties can impact the
technical assessment, impacting the timing of communication and stakeholder interaction
regarding the risk of collapse [I-G2.4].

Risk Communication

As Frewer (2004) explains that the communication of risks must consider the perception of
those affected by the risks to reduce social concerns and conflicts that could occur in relation
to the risk at hand. These conflicts affect the project's acceptability (e.g., quay wall
interventions) and the methods used to reduce the risk.
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In the case of the Waalseilandsgracht, during the “conflict period”, asset users living along
the canal acknowledged the risk of a potential quay wall collapse. However, they did not
prioritise it to the same extent as the municipality. This was because they perceived the
consequences of the quay wall interventions to have a higher impact on their life quality than
the possibility of a quay wall collapse [E1-E5]. The concerns of the asset users included:
indirect costs from moving houseboats, the aesthetic impact on the canal, the final location of
their houseboats for the next ten years, accessibility issues, and water quality [R1, R2]. These
concerns were more significant for the asset users than the perceived risk of a collapse, and
vice-versa, the risk of a collapse was more significant to the municipality as the asset owner
than the ones perceived by the asset user. As a result, even if the municipality tried to
communicate through various channels or meetings all the data and methods used to assess the
quays, the asset users would not accept the installation of sheet piles until their concerns were
addressed [I-NG2, E4].

An excellent example of effective risk communication in the case study was in the “Resolution
period” and the “Implementation phase”, where the concerns and perceptions of the asset users
were considered through the SBG. In the implementation phase, interventions changed due to
better accuracy in the assessments; the change in interventions (on not implementing sheet piles
or using grout injections) did not pose a conflict between the asset users and the municipality
because communication was done effectively, leading to an understanding of perceptions from
both parties. This corresponds with Sjoberg et al. (2004), where clear communication of risks
and understanding different perceptions can significantly reduce conflicts between experts
assessing the risks and those affected by them.

On the other hand, a bad example was demonstrated in the “conflict period”, where the case
study showed the conflicts that originated from individual meetings and failure to address
individual concerns and differing perceptions of the impact of quay wall interventions, causing
stress, mistrust, anger, and anxiety from the asset users towards the asset owner [DM18, I-NG1,
E1-E4, 1-G6.1, 1-G5.1, 1-G6.2]. The difference in perceptions between the municipality of
Amsterdam and the asset users affected the communication about the risks associated with the
quay walls due to the mistrust that had been created at the start of the conflict. Hampel (2006)
and Breakwell (2000) expand on this idea by explaining that the social and political
environment often influences risk communication. Moreover, factors such as trust in
information sources, unbiased and transparent information, and how information is interpreted
all play a significant role in shaping how risks are communicated and perceived.

5.3. Stakeholder Participation in the Waalselandsgracht case

The Waalseilandsgracht case study highlighted conflicts from underestimating stakeholders'
(asset users) influence on quay wall interventions, particularly the users living in houseboats [I-
NG3, I-G2]. Stakeholder participation began in the “decision-making phase” when the
municipality sent information regarding load restrictions via printed mail, allowing the
stakeholders to reach out if they had questions; this did not create an immediate conflict [PM1].
However, stakeholders began expressing their concerns when the municipality decided to
proceed with more drastic quay wall interventions without improving communication. This led
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to a more interactive but conflicting interaction between the stakeholders and the municipality
[I-NG2.1].

The participation process in the Waalseilandsgracht was complex due to the diverse concerns
of the stakeholders, which came from the type of homes they lived in and their locations—some
lived in offshore houses, others in houseboats that could not sail, others in houseboats that could
sail. Each group of stakeholders had varying degrees of concern regarding the quay wall
interventions [I-G4.6]. These differing concerns became a challenge for the municipality,
leading to individual meetings that created misunderstandings and confusion, further affecting
the relationship between both parties. This contributed to the five-month “conflict period” [I-
G2].

Eventually, stakeholder participation became more systematic and formalised, with the
municipality tailoring its approach to address specific concerns in the “resolution period”. In
the Waalseilandsgracht case, the most effective approach was the “Sounding Board Group” [I-
NG3.1], which was confirmed by the asset owner, service providers and the users involved in
the case [I-G5.4]. [I-G5.4].

Using the correct participation technique to address stakeholders' concerns led to agreements
that resolved issues for both parties and enabled the quay wall interventions to proceed. It also
empowered stakeholders and resulted in outcomes that were generally more beneficial for the
citizens [1-G3.2, DM3.2]. This solution aligns with the findings from Atkin & Skitmore (2008)
and Reed (2008). Which revolves around tailoring stakeholder participation procedures to the
project context and the stakeholders' interests.

5.4 Relation between uncertainties and interactions between stakeholders for quay wall
interventions

Analysing the uncertainties surrounding the Waalseilandsgracht case study revealed that the
municipality of Amsterdam faces significant challenges in interacting with asset users under
uncertain conditions. The uncertainties identified as “incomplete knowledge” and
“unpredictability”, particularly in assessing the condition of the quay walls, affected how the
municipality perceived the risk of a quay wall collapse, leading to challenges of “when” and
“how” to interact with asset users. In the case study, the interactions played a role in how the
asset user perceived the risk associated with the quay wall interventions and the possibility of
a quay wall collapse that created a level of “ambiguity” between the parties involved [I-G2.5].
This ambiguity of the interventions led to conflicts between the asset owner and the asset users.

The literature suggests that to avoid this ambiguity and other social conflicts, interaction
should start in the early stages of the project (Buertey, 2016; Luyet et al., 2012; Reed, 2008a).
This was not the case for the Waalseilandsgracht, where stakeholder engagement started only
when a decision on quay wall interventions had already been made.

Additionally, the three previously mentioned uncertainties (incomplete knowledge,
unpredictability and ambiguity) were found to be significant in the case study when determining
the type of intervention needed for each quay wall, the potential effects interventions have on

35



the asset users, and the desirability from the asset users to implement such interventions. This
observation is supported by Chiffi & Chiodo (2020), who highlight that decision-makers
frequently encounter various uncertainties and risks when managing projects within complex
systems, such as urban environments.

Furthermore, the challenges for the decision-makers to interact with asset users in uncertain
scenarios become increasingly complex when the project aims to renovate 200 km of quay walls
in a complex system such as Amsterdam, where each quay wall has specific physical, social,
and economic characteristics.

Therefore, predicting stakeholders' reactions and interacting with them is challenging. For
instance, while some quay wall interventions may not present conflicts with specific asset users,
others (as observed in the case study with the houseboat users) could involve conflicts with
stakeholders that were initially overlooked, such as businesses, tourists, and emergency
services, each with different concerns and perceptions [I-G3.3]. As demonstrated by Atkin &
Skitmore (2008), failures or conflicts arise when these concerns are not addressed. Such
conflicts can lead to legal disputes and delays in quay wall interventions, as with the
Waalseilandsgracht case. Additionally, asset users who are unwilling to accept quay wall
interventions due to perceived risks to their daily lives can force the municipality to spend
additional time addressing these conflicts. This, in turn, delays the ability to mitigate the risks
and uncertainties of a possible quay wall collapse for the asset owner until the conflicts are
resolved [I-G1.4].

Therefore, efficient interactions between the municipality and asset users regarding quay walls
that need intervention are crucial to ensure the smooth implementation of quay wall
interventions and to avoid as much as possible conflicts that could delay such implementations,
posing a significant obstacle to the PBK’s planning.

5.5 Limitations of the study

The first limitation of the study is the specific case of the Waalseilandsgracht. The findings
are based on the mistakes and knowledge gaps identified in this particular case. While literature
was used to generalise the findings, other conflicts that could occur in other PBK locations
might involve issues unrelated to the ones seen in the Waalseilandsgracht.

Additionally, the study relies on the technical assessments conducted by the municipality of
Amsterdam to assess the risk of a quay wall collapse. Interviews revealed that the technical
assessment involves multiple stakeholders, including subcontractors and private companies,
who conduct their own assessments to support the municipality. Due to the complexity of
analysing the complete technical assessment of the quay walls, this study did not delve into the
assessment details. But rather generalised it into two outcomes: risk of collapse and no risk of
collapse. Other factors that play a role in the technical assessment can be significant to the
conclusions and recommendations from this study.

Furthermore, the data collected for this study was based on documents exchanged between
the parties involved in the case study, meaning the findings are limited to the available
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documents and the researcher's interpretation of them. The interviews were also restricted to
the stakeholders willing to participate and reflect on their perceptions of events unfolding. Other
significant stakeholders not addressed in this research might hold other insights that are not
reflected in this study.

Finally, the municipality of Amsterdam has internal stakeholders and departments that may
have other aspects and interactions with each other (e.g., the communication department with
the safety department) regarding the PBK's activities, adding further complexity to the decision
tree developed in this study. This research did not consider the internal interactions between the
municipality's departments or other factors that influence the decision taken in the PBK.
Furthermore, other municipalities dealing with UBQs were not considered for this study; only
the municipality of Amsterdam and its process of implementing quay wall interventions were
considered.

6 Conclusions and recommendations

This section will address the conclusions by presenting the main findings, recommendations
and future research for this study.

6.1 Recommendations

The Waalseilandsgracht case study demonstrated the conflicts that can arise when the
influence of stakeholders is underestimated in risky and uncertain scenarios, especially when
implementing quay wall interventions [I-NG3, 1-G2]. The municipality of Amsterdam already
uses various methods of participation to gather input from the asset users. However, there is no
one-size-fits-all approach to effectively engaging with the users, as the method and the approach
depend on the context (Reed, 2008; Reed et al., 2018). This study demonstrates that each quay
wall has its own unique environment, context, and stakeholders. Therefore, a stakeholder
participation approach should be flexible enough to adapt to different scenarios while still
maintaining a structured framework.

To provide a step-by-step process for improving interactions with users while considering the
uncertainties surrounding the quay walls, this research proposes the following steps taken from
the studies of Buertey (2016), Luyet et al. (2012), Newig et al. (2023), Reed (2008), and Reed
et al. (2018):

1. Identifying and Characterizing Stakeholders: In the early stages of any project,
stakeholders should be identified and categorised based on their concerns (Buertey, 2016;
Luyet et al., 2012). For example, in the Waalseilandsgracht case study, it was crucial to
distinguish between stakeholders, such as those living in offshore houses, non-navigable
houseboats, and navigable houseboats. After identifying the stakeholders, the municipality
should group them according to their concerns. In order to do this, a first approach to the
stakeholder must be made. However, because the condition of the quay wall is mostly
unknown and it might be impossible to map out all the stakeholders involved in the PBK at
once, the recommendation is to propose a criterion within the technical assessment that can
let the municipality know when is best to identify the stakeholders of a specific quay wall
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before there is any risk of collapse and any implementation is done. For example, when the
deformations exceed a specific value (a value less than that used by the municipality to
determine quay wall interventions), the municipality must interact directly with
stakeholders, allowing for proactive rather than reactive interaction.

Selecting and Implementing Tailored Participatory Techniques: The choice of
participatory technique should be guided by stakeholder characterisation and project
objectives (Reed, 2008; Reed et al., 2018). In the Waalseilandsgracht case, initial individual
meetings during the “conflict period” led to mistrust and frustration, while the later
implementation of the Sounding Board Group (SBG) during the “resolution period” proved
more effective. The SBG was successful because it helped to align the stakeholders'
concerns and the municipality's objectives. In addition, the participatory technique can
make use of expert consultation in cases where the stakeholders need to understand
technical information that might be outside of their expertise. The municipality's objectives
should be clear from the start of the participation technique; for example, if the goal is to
ensure the users' safety without compromising their quality of life, then the participatory
technique should focus on addressing stakeholder concerns and the impact of quay wall
interventions on their lives. Additionally, the technique should be tailored to the
stakeholders' degree of concern, meaning there should be different ways of participating
rather than just one. After the initial engagement, the level of stakeholder interest should
determine whether a more interactive participation technique or simply providing
information is most appropriate for the situation.

Evaluating and Maintaining Engagement: After making decisions regarding quay wall
interventions, it is important to evaluate the effectiveness of the participatory techniques
and continue interacting with stakeholders (Luyet et al., 2012). The evaluation will help
improve future participating techniques for future scenarios because interactions with
stakeholders would have to be done until the competition of the PBK (+20 years). In
addition, the ongoing interaction ensures that stakeholders' concerns are addressed and
helps prevent conflicts, especially if unexpected challenges arise during the implementation
of the quay wall interventions. Once the quay wall interventions have been installed, the
interaction and participation can be reduced until the final renovation of the quay wall is
needed.

How these three steps work within the decision tree developed in this study is shown in

Figure 12.

Following the proposed decision tree (Figure 12), the municipality can get insight into the

stakeholders' concerns and perceptions of the risks regarding the quay wall interventions. By
gaining insights into the perception of risk and concerns, the municipality can tailor specific
risk communication channels or use the same participation process to ensure that the interests
of the municipality and the stakeholders are aligned with each other.

Additionally, the municipality can use external experts to ensure information is perceived as

unbiased, be transparent about the challenges the municipality faces, and respond to stakeholder
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concerns promptly and concretely. As demonstrated by the SBG during the “resolution period,”
this approach builds trust, confidence, and cooperation among stakeholders, which is crucial
when communicating risk (Breakwell, 2000; Hampel, 2006; Sjoberg et al., 2004). This can help
reduce the ambiguity between parties and unforeseen conflicts with citizens, leading to quay
wall interventions that benefit both parties if the risk of a collapse comes into play.

These recommendations were already effectively applied during the “resolution period” of the
Waalseilandsgracht case study, leading to restored trust and a cooperative process for
implementing safety structures [I-NG3.1].
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6.2 Conclusion and Main Findings

This research examined the uncertainties surrounding the decision-making process for quay
wall interventions within the PBK in Amsterdam, mainly focusing on how these uncertainties
influenced the interactions between asset owners and users. By analysing the
Waalseilandsgracht case study, the research identified critical uncertainties, such as the lack of
information on the quay walls and the unpredictability of their deformation behaviour. These
uncertainties played a significant role in shaping the municipality's decisions regarding the
interventions used to reduce the risk of quay wall collapse and their interactions with users
living along the quay walls.

The findings highlighted the pressure these uncertainties place on the municipality of
Amsterdam. As decision-makers and asset owners, the municipality must determine and
implement necessary interventions within a limited timeframe to protect specific quay walls
until their complete renovation. However, the study also revealed that these interventions
significantly impact the quay wall users, who are concerned about the quay wall structural
condition and the consequences of the interventions used to keep them safe. For these users, the
quay walls are a part of their daily environment, and long-term changes, such as the installation
of sheet piles, can influence their perception of the PBK's actions.

Moreover, the study demonstrated how incomplete knowledge and unpredictability influence
the perception of risks among experts assessing the situation and those affected by it,
highlighting the importance of effective risk communication that considers the perception of
both parties. This study also emphasised the need for decision-makers to involve stakeholders
more closely in the early stages of assessing the condition of the quay walls to avoid conflicts
and develop outcomes that benefit all the parties involved.

Although the municipality has made progress in reducing uncertainties regarding the
structural condition of the quay walls, unpredictability still exists, especially when a quay wall
is at risk of collapse. This ongoing unpredictability forces the municipality to act quickly, often
prioritising the safest option, which can sometimes overlook the concerns of stakeholders,
potentially leading to conflicts.

The case study further illustrated that the reaction from stakeholders can impact the PBK's
objectives and delay the implementation of necessary interventions, particularly if they pose
risks to the users' life quality. Given the 200 km of quay walls within the scope of the PBK,
significant uncertainties remain regarding how stakeholders will react in each situation,
complicating the planning of interventions and the timing of stakeholder participation. The PBK
needs to create a flexible and adaptable approach to interacting with stakeholders and taking
their concerns seriously and systematically when implementing quay wall interventions.

The research also found that a collaborative approach between asset owners and users leads
to more favourable outcomes for both parties. The positive outcome of the Waalseilandsgracht
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case, where asset users were satisfied with the changes to the sheet piles, provided the
municipality with greater flexibility. Consequently, if renovation plans for the quay walls of the
Waalseilandsgracht change or are delayed, the positive outcome from the situation allows for
extended use of the current interventions if necessary. It is essential to combine expert
knowledge with insights from stakeholders to develop interventions for quay walls that can
provide structural safety and enhance the surrounding urban environment instead of decreasing
it while renovation procedures are planned for the future.

In conclusion, the study emphasises avoiding ambiguity between asset owners and users
during decision-making processes regarding quay wall interventions. It is important to address
this ambiguity to avoid unforeseen conflicts when implementing such interventions. Thus, early
and ongoing stakeholder participation is important, particularly in urban projects. Involving
stakeholders from the beginning can prevent conflicts and ensure that their input contributes to
the success of significant projects like the PBK, leading to better outcomes for the renovation
efforts and the urban areas they impact.

6.3 Future Research

Future research from this study could focus on investigating whether an approach
incorporating flexibility, such as "Adaptive Policymaking” and "Adaptive Pathways"
(Haasnoot et al., 2013), might help build a systematic process in an uncertain scenario for
determining how and when to engage stakeholders by using past experiences and hypotheses
derived from potential future scenarios. Additionally, research on approaches from Elias (2017)
and Locatelli et al. (2014) on "Stakeholder Management" combined with "Systems
Engineering” can help address the requests of various stakeholders and improve communication
channels. This method can further improve the approaches done by the municipality in
determining quay wall interventions and potentially help in the final renovation of the quays.
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Appendix A: More on Data collection and analysis

A.1 Instrument used for data collection and analysis

The instruments used for this research can be seen in Table 4 and Table 5. Data collected from
the document analysis and the interviews was organised in textual form in an Excel spreadsheet.
Within the spreadsheet, codes (see Appendix B) were created to highlight the essential topics
relevant to this research, e.g. uncertainty, incomplete knowledge, ambiguity, stakeholder
participation, risk communication, etc. Furthermore, with the help of “atlas.ti” software, data
was analysed using the previously mentioned codes. The interviews were tape-recorded for later
transcription. The recollection of this data was also analysed using the codes.

Table 4, Instruments for data collection

Method Description Source
Document The municipality of Amsterdam will give access to  (Sankofa,
Analysis electronic documents regarding the case study 2023)

through the online portal. The data from these
documents will be analysed, examined and
interpreted to gain an understanding of the
information presented. The documents analysed
were personal documents (e.g. emails, incident
reports, newspapers, etc.) and public records (e.g.
mission statements and strategic plans).

Semi-structured The municipality of Amsterdam will assist in (Bearman,
Interviews arranging informal interviews with canal residents 2019)
and municipal workers directly involved in the case
study. These interviews will take place in casual
settings such as lunch or coffee. The primary
objective of these interviews is to gain insights into
the various perspectives on the case study and the
chronological sequence of events surrounding it.

Observations Data will be collected by physically visiting the (Walshe et al.,
location of the case study and observing the different 2012)
elements employed to address the issues, such as
preventive measures, aesthetic improvements, and
relocation areas. These observations will be focused
on understanding the actions taken by the
municipality and their impact on the residents living
along the canals

42



Table 5, Instruments for data analysis

Method
Validation
Interviews

Data Reduction

Data
Display/Timelines

Verification

Description

Validation interviews will be conducted to verify
the findings obtained from the data collection
process. These interviews will involve presenting
the results to the interviewees to elicit their reactions
and feedback. This feedback will enable adjustments
to any methods outlined in section 3.2 if the
objectives were not achieved or any unforeseen
factors were overlooked.

Quialitative data will be reduced and transformed to
be more readily accessible and understandable and
can be used to draw themes and patterns. Data
reduction will aim to summarise, develop, and
identify themes from the audio recordings and
transcriptions.

Data display aims to present information in a
structured manner to facilitate conclusions. These
displays assist in identifying patterns within the data.
In this case, timelines will be used to determine the
sequence and significant events of the case study
from the perspective of the Amsterdam municipality
and the residents. The timeline's objective is to
visually represent qualitative data and the
chronological order in which it unfolds (this will be
done in an Excel spreadsheet). This method
facilitates linking events, identifying explanations,
and drawing conclusions. Further analysis will be
done using “atlas.ti” software.

Upon deriving initial conclusions from the patterns
identified in the data analysis, verifying these
conclusions to ensure their validity and objectivity
becomes crucial. This verification process will
involve reviewing the steps leading to the findings,
conducting reliability checks involving another
researcher, and ensuring the procedures are clearly
articulated and thoroughly documented. This
process will be done by explaining the findings to a
government practitioner from the municipality of
Amsterdam to verify if the data obtained is coherent.
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A.2 Interview Forms

Interviews were conducted to gather insights from municipal employees involved in the
Waalseilandsgracht case and residents living along the canal. These interviews followed a
specific guide outlined in Table 6, with topics designed to address the research objectives
developed from the theory section of this study. The topics were structured for open-ended
responses, providing an understanding of the perspectives of the municipal employees and the
asset users.

Semi-structured Interview Forms
Asset Owner

Asset User

Background information

Age Range (young adults, middle age adults, old age
adults)

Time living near quay walls

Position at the Gemeente Amsterdam

Role within the Waalseilandsgracht works regarding
the UBQ

Period of involvement within the Waalseilandsgracht
Professional Background

Owner or Tenant
Professional Background (What do you do?)

Uncertainties
Description of uncertainties in the timeline's different | Level of knowledge of the UBQ program (Gemeente
phases of the Waalseilandsgracht. Amsterdam programma bruggen en kademuren,
PBK)
Level of understanding of the reasoning behind the
use of the safety measures used by the municipality
of Amsterdam and its consequences

Description of methods to deal with the previously
mentioned uncertainties

Elements that play a role in the origins of such
uncertainties and their effect in determining safety
measures

Information sources regarding information of the
PBK and level of understanding of such information

Risk Management
Factors that play a role in determining safety measures | Past positive or negative experiences with the
municipality
Concerns regarding the state of the quay wall/Willing
to risk a possible collapse (before and after safety
measures)
Influences regarding residents' perspectives (news,
neighbourhood behaviour, etc./Negative or positive)

Municipality’s risk perception when assessing quay
walls and determining safety measures.

Possible risks that were not considered but should be
taken into account in the future

- Possible risks that were not considered but should be
paid attention to in the future

Stakeholder Participation
Description of the participation process on the Involvement in the different phases of the project

different phases of the Waalseilandsgracht timeline.

Management/Significance of the input given by the
stakeholders.

Evaluation or validation of participation processes.

Table 6, Semi-structured Interviews Guide
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Overview of the process of receiving or sending
information to the municipality (before and after)

Sense of being heard by the municipality regarding
the project and addressing social concerns



A.3 Data Display

The data collected is displayed in a timeline to help the researcher understand this research's
case study. Using the software “Timeline”, the data was displayed in chronological order to
give a sense of how events unfolded during the total time of the case study. This can be seen in
Figure 13 and Table 7.

Creation of
the
“Sounding
Load
rest:;ions Board .
Group” Relocation Installation
Menitoring at and of sheet piles Grout
the Residents Settlement at injections for
Binnenkant Deformation express Agreements Binnenkant 50 mts
start to occur concerns
2019 2024
2020 2021 Ll H 2022 2023
Interactions Interacti Construction
Monitoring at {municipality nteractions
the Qude and residents) (municipality p\l:: ::‘gztde works.for
Waal and residents) mooring
Waal posts and
grout
injections
Use of “De Goede
sheet piles Wal”
alternative
Figure 13, Waalseilandsgracth Timeline
Date Event Description
January 2019 Start of the UBQ The Municipality of Amsterdam starts a program with the main
program focus of renovating the city's Bridges and Quay Walls.
June 2019 Monitor at the Monitoring methods started on one of the two Quay walls of the
Binnenkant Waalseilandsgracht.
September Collapse of the The Quay wall in front of the University of Amsterdam collapsed.
2020 Grimburgwal Quay wall
December Monitor at the Oude Monitoring methods started on the other Quay wall of the
2020 Wal Waalseilandsgracht.
December Reduce Loads Due to the condition of the quay walls, the Municipality decides to
2020 restrict loads by removing parking spaces and limiting the passage
of heavy trucks.
February 2021 | Implement Sheet Piles Given that the condition of the Quay Walls is worse than expected,
at the Binnenkant and the Municipality has decided to implement sheet piles to ensure the
Oude Wal safety of the residents.
February 2021 | Residents express their | The residents form a document called “Plan B” where they express
concerns to the their concerns as to the use of sheet piles as a safety measure.
Municipality of
Amsterdam
March 2021 Uncertainty regarding The Municipality of Amsterdam cannot install a sheet pile on 50 mts
50 mts of the of the Binnenkant because it will affect boat passage. However, what
Binnenkant safety measures they can use for this section is uncertain.
March 2021 - Interactions between During this time, both parties (residents and municipality)
July 2021 Residents and communicated their concerns about the safety measures, possible

Municipality
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outcomes, their attachment to the quality of life, and the different
options for further development.

In this process, few meetings were held, and the main forms of
communication were mail, emails, reports, and individual
interactive communication with residents. There is no evidence of
consistent follow-ups on residents' concerns, objectives,
negotiations, etc.

July 2021 The decision to form The Municipality of Amsterdam decided to organize a consistent
the “Sounding Board meeting with an independent mediator to stop escalating the
Group” situation and recover the residents' trust in the municipality.
July 2021 - Interactions between During this time, there was constant communication between both
September Residents and parties, and there were structured meetings with follow-ups on the
2021 Municipality previous and future meetings.
Objectives were set, and negotiation and communication were the
main tools in this period.
September Residents sign Both parties reach agreements to start the works on the safety
2021 agreements measures
September Construction process Initiation of preparatory works for the installation of sheet piles
2021 started started
January 2022 New assessment on the | After a new assessment of the Oude Wal, the Municipality of
Oude Wal Amsterdam decided not to install sheet piles on it; there is no more
movement, and load restrictions are sufficient to ensure safety.
November The decision for safety The Municipality of Amsterdam decided to install mooring posts on
2022 measures on Oude Wal | the Oude Wal so that houseboats do not pull from the quay wall, and

and the 50 Mts. grout injections will be used to reinforce the 50 mts of the

Binnenkant where sheet piles could not be installed.
Table 7, Description of Events of the Timeline

A.3 Data Reduction

The software “Atlas.ti” was used to reduce the information from the documents recollected.
The reduction was done by developing “codes” that can help pinpoint specific elements of the
documents that address the three key concepts of this research, i.e. uncertainty, risk
management, and stakeholder participation. The codes were developed based on the concepts
explored in this research. The description of the development of the codes can be found below:

In Figure 14, uncertainty is divided into three categories. The first type, unpredictability,
comes from chaotic behaviour that cannot be reduced, though there are strategies to manage it,
such as forecasting future events and implementing adaptable measures. The second type,
ambiguity, arises from the understanding of different perspectives influenced by the social
system, i.e. economic, cultural, social, or political backgrounds. This type of uncertainty can be
mitigated through communication and negotiation. Lastly, incomplete knowledge is primarily
related to the technological variables or tools used to assess the quay walls and can be reduced
by enhancing information or better estimating future events.
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Forecasting Future Events
Unpredictability

Incomplete knowledge Technological system

Metl

Figure 14, Code Breakdown Regarding Uncertainty

In Figure 15, effective risk management in the UBQ project requires addressing risk
perception and communication to tackle social concerns and reduce risks. As defined in section
2.2.1, risk communication aims to combine expert knowledge and public understanding. This
analysis included key factors for successful communication in the code breakdown, such as
building trust in the information source and actively engaging with citizens. Additionally, as
explained in section 2.2.1, risk perception involves understanding the communicated risks,
which means that factors such as an individual's social environment and background must be
considered in the coding for this analysis.

Magnitud of consequences

Lay knowledge Expert knowledge

N/ -

s 0 Risk Communication
Trust in information source Likelihood of consequences

Risk Management

Figure 15, Code breakdown regarding Risk Management

In Figure 16, the various elements found from the literature review in section 2.3 for effective
stakeholder management are illustrated. Key components derived from the literature review.
These include identifying and grouping stakeholders, employing and evaluating participatory
techniques, and implementing decisions. Additionally, following up on the implementation of
decisions and ensuring effective communication, which combines interactive, push, and pull
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communication methods, plays a significant role in stakeholder participation in public space

projects.

&> Identify stakeholders

(> Group stakeholders

> Implement decisions

> Interactive
communication

1S PART OF

NEEDS TO CONSIDER

¢{> Communication

IS PART OF

(> Stakeholder
participation

5 BART OF

IS PART OF

— NEEDSTOCONSIDER —b| _

> Push Communication

NEEDS TO CONSIDER

P
e m— 15 PART OF

(> Evaluation of
participation

> Participatory
techniques

Figure 16, Code breakdown regarding Stakeholder Participation

Appendix B: References of interviews and documentation

In the following section, all the references used for the findings of the case study can be found

in Table 8 and Table 9.

B.1 References from documents found

N\

¢> Pull Communication

PM1 The quay walls in the Binnenkant are in poor condition Printed Mail #1
PM2 We cannot renovate the quay walls in the short term. That is why we are | Printed Mail#2
taking temporary measures to keep the quays safe and extend their
lifespan.
PM3 The quay walls in the Binnenkant and Oude Waal are in poor condition. | Printed Mail#3
PM3.1 Safety construction will start at the beginning of March. Printed Mail #3
PM3.2 To protect weak quay walls, we must limit the weight of the quays and | Printed Mail #3
strengthen them on both sides of the canal with sheet piling.
PM4 We will be developing the finishing safety structures with ideas from the | Printed Mail #4
residents
PM4 Stat moving houseboats in July at the earliest Printed Mail #4
PM4 We decided not to implement a sheet pile on the quay wall at Binnenkant. | Printed Mail #4
We are investigating how we can strengthen that 50-meter quay
differently.
PM6 Strengthening of the quay walls will begin in August 2021 Printed Mail #6
PM7 An approach of doing the safety measures in one go is the best approach | Printed Mail #7
to limit inconvenience to residents in the coming years
PM10 “We would prefer to have consulted all residents every week. This is not | Printed Mail #10
possible for practical reasons, such as COVID-19 measures. We propose
a “Sounding Board Group” to better understand the situation's questions,
concerns, progress, etc.. “
PM12 Since the monitoring was carried out (Binnenkant from the end of June | Printed Mail #12

2019 and Oude Waal from the beginning of December 2020).
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PM12.1

Structural collapse of the quay cannot be excluded, deformations are not
linear

Printed Mail #12

NA1

Restauration experts proposed a more subtle approach compared to the
municipality’s current destructive method

News Articles

NA2

The maintenance of Amsterdam’s quay walls has been neglected for
years

News Articles

NA3

The recent collapse of the 10-meter section of the quay wall at
Grimburgwal has underscored the neglect of Amsterdam’s quay walls.

News Articles

NA3.1

Council members expressed their concerns that similar incidents could
occur elsewhere.

News Articles

NA4

Residents, including Jochem Bakker and Marc Krone, have submitted a
counterproposal to councillor Egbert de Vries, aiming for a more livable
and aesthetically pleasing solution.

News Articles

DM3

Residents indicate that the proportions and dimensions in the current
drawing are not correct.

Discussion Meeting #3

DM3.1

The municipality has not communicated sufficiently with residents; the
SBG aims to unlock local knowledge and deal with uncertainties and
doubts.

Discussion Meeting #3

DM3.2

Residents expressed their concerns to the SBG

Discussion Meetings #3

DM4

De Goede Wal alternative will be calculated to see if it can be used in the
50 mts of the Binnenkant

Discussion Meetings #4

DM9

The members of the SBG indicate that almost all residents are satisfied
with the agreement

Discussion Meeting #9

DM10

Residents of the Waalseilandsgracht SBG met to discuss the work and
temporary designs to secure the Waalseilandsgracht quay walls

Discussion Meeting #10

DM11

The Witteven+Bos report shows that the De Goede Wal solution is
unlikely to be used.

Discussion Meetings #11

DM11.1

Final repair of the quays of Oude Waal and Binnenkant is planned for
2027-2029

Discussion Meetings #11

DM12

Discussions will be held regarding monitoring data, drawings, the
progress of work, planters on decking, and water holes on sheet piles.

Discussion Meetings #12

DM13

The Municipality of Amsterdam has decided not to strengthen the Oude
Waal quay. Monitoring shows that the quay is not moving. The integrated
advice is based on knowledge that is now available but was not before
when the initial decision was made. And the accessibility and livability of
the residents who have expressed their requests not to implement sheet
piles until necessary.

Discussion Meetings #13

DM13.1

The technical specialists of the municipality do not rule out
reinforcement, but this is uncertain. If the movement exceeds the signal
values, safety construction will start within 4 months to guarantee safety.
In this case, all permits, plans, and agreements are already ready.

Discussion Meetings #13

DM18

Members of the Sounding Board Group indicated they were shocked by
the letter at the end of 2020; this caused stress and unrest.

Discussion Meeting #18

DM18.1

Every few weeks, residents and the municipality of Amsterdam meet in
the SBG to discuss the progress of the work

Discussion Meeting #18

DM18.2

50-Mts: All kinds of investigations have been started. Grout injections
seem to be the most feasible option.

Discussion Meeting #18

DM19

Update the SBG (retired) about developments, agree to meet in the
following months

Discussion Meeting #19

DM19.1

The signals are positive and the method with grout injections can be
applied.

Discussion Meeting #19

DM19.2

“We are faced with rising prices and limited investment space. But we
have gained a lot of knowledge and methods to improve. We rely on
lifespan extension for partial renovation and replacements of the quay
only if necessary.”

Discussion Meeting #19

DM3-
DM20

All meeting reports have a structure for addressing issues for past and
future meetings

Discussion Meetings from
#3 to #20

DT1

“Today, the preparatory work to strengthen the quay walls starts. The
contractor first builds a temporary scaffolding in the canal. This is
intended for the ships and barges that must be moved for the work in the
coming months.”

Digital Tools #1

DT2

“A new assessment has been made for the quay on the Oude Waal. The
advice is: do not strengthen the quay now but continue to limit the load
on the quay.”

Digital Tools #2
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DT3 “We are installing mooring posts for the quay of the Oude Waal. At the | Digital Tools #3
Inside, we place collision protection in the water.”
E1l “Our quays were judged unsafe based on personal interpretation of | Email #1
safety standards by municipal engineers”
E2 “The ever-advancing sheet piling accumulates dirt and trash” Email #2
E2 “Tubular piles are beautiful and multifunctional” Email #2
E3 “After consultation with experts, there appears to be no acute threat | Email #3
according to the norm NEN 8700”
E3 “One of the worst parts of the Binnenkant (50 mts) will remain without | Email #3
interventions. This is not being treated equally in the rest of the quay”
E4 “An independent engineering team should do an assessment” Email #4
E5 The delays and lack of information create concern among residents for | Email #5
less time for the promised participation
E5 That is why the joint boar and ark residents have drawn a list of points | Email #5
themselves.
R1 All agreements for ships and barges relating to movements up to and | Report #1
including return to the safety structure
R2 Agreements for all boat residents from start of the work until the end | Report #2
(10+ years)
R3 Carefully and in consultation with the residents we realize its impact on | Report #3
you. We will provide preparations for this.
Table 8, References to findings from documents
B.2 References from the answers given in the interviews
I-NG2 “Residents felt like the municipality did not take them into account” Interview without
guide #2
I-NG2.1 “The municipality proposed to have meetings between stakeholders | Interview without
and the municipality, underestimated the resilience of the residents, | guide #2
didn't see value in their input... This is a technical project; look from the
expertise, not the stakeholders' viewpoint. It escalated before the
sounding boards; it was getting out of hand”
I-NG2.2 “Boat residents have a permit, and the municipality can move them | Interview without
without asking them... looking for an agreement for the resident's lot of | guide #2
emotions, distrust, difficult in agreeing”
I-NG2.3 Arrange to give a lawyer for negotiation (payed from the municipality) | Interview without
guide #2
I-NG3 No experience handling boat residents, underestimating the impact that | Interview without
it would have on the residents (top-down approach). guide #3
I-NG3.1 “Very strict meeting with the sounding board, public mediation is a | Interview without
company who arranges the meetings, one wanted to leave the canal, the | guide #3
negotiation was important to solve the problem, the key is in
negotiation
Do not underestimate the repair of the relationship”
I-NG3.2 Important to understand the new assessment of the Oude Wal, Interview without
Guide #3
50 mts for 100 years
binnenkant 10 yrs
oude wal 2-5 years
I-NG3.3 “Very low level of trust Interview without
In the end a lot level of trust.” guide #3
I-NG4 Multiple methods were employed to gather data, including: Interview without
guide #4

Checking deformations at multiple points.

Taking numerous pictures and comparing them with previous images.
Using satellite information through tree cover sometimes obstructed
accurate data.

Two data sets were used: the most certain data was validated with
another set. Divers took wood samples to determine the foundation's
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state, assessed the construction's age, and made necessary
assumptions.

I-NG5 The start was very weird, maybe influenced by Grimburgwal Interview without
guide #5
I-NG5 “While deciding on the construction, the 50 mts were identified, and | Interview without
boats could not pass under the bridge guide #5
Grout injections were better but were more expensive. We did not have
enough knowledge at that moment, but now it is known”
[-NG5.2 There is a need for a private company to be neutral on the municipality. | Interview without
“We do not trust you", residents said to the municipality guide #5
I-NG6 There is no connection to the collapse of the Grimburgwal. Interview without
guide #6
I-NG6.1 At the start of the PBK, there was no data; the only recollection of | Interview without
information was by asking maintenance workers for information and | guide #6
being reactive to the situation.
[-NG6.2 From the 80 quay walls considered critical, it was not sure exactly | Interview without
where to start, so started with the most critical from the workers’ | guide #6
perspectives.
I-NG6.3 The dashboard includes safety measures based on the condition of the | Interview without
quay walls. Since the program’s inception. guide #6
As the program progressed, more critical elements were identified,
leading to establishing criteria for interventions.
I-NG8 Only 10 yr for temporary solutions but they can last 20 yr. Interview without
50 mts are calculated for 30 yr. Guide #8
Mooring poles are for 50 yr.
I-G1 “The municipality hasn't invested enough in its assets, such as bridges | Interview with Guide
and quay walls, for 20 to 40 years. This underinvestment led to a lack of | #1
knowledge about the condition of these assets. Therefore, the program's
first task in 2019 was to research and assess their stability”
I-G1 “Yeah, and when they started asking questions, the answers weren't | Interview with Guide
precise or unclear. So, [ was very critical of the responses we had given | #1
them up until April 20. I reviewed them and thought, 'This is not OK.”
I-G1.2 “The main tool we relied on was the sounding board. They provided | Interview with Guide
direct feedback on our behaviour and responses, including individuals | #1
we engaged with from the group, which was crucial. Of course, we also
contacted residents outside the sounding board group, but they were
secondary. I distinctly recall when they told us, "Your answers are
inadequate." 1 meticulously reviewed all meeting transcripts,
categorising questions and actions and compiling a comprehensive list.
I presented this to my team, acknowledging our shortcomings and
committing to improvement. We worked tirelessly for two weeks, day
and night. I vividly remember the moment we presented the revised
answers. They were pleasantly surprised by the thoroughness and
responsiveness of our response.”
I-G1.3 “We hired external experts, including professors from Delft University, | Interview with Guide
to validate our data and judgments. This helped restore trust with the | #1
houseboat residents, who were sceptical of us. We held sessions where
residents could participate with external experts, raising questions.
This collaborative process improved our understanding and response
to their concerns.”
[-G1.4 “There were still uncertainties because the installation of the sheet piles | Interview with Guide
kept getting postponed. This delay posed a risk of sudden collapse. We | #1
continuously assessed whether we could afford the time,
acknowledging that it wasn't 100% certain. The risk was always
present, which kept the problem active until we finally reached an
agreement.”
I-G1.5 This group included a representative from the Department of Justice | Interview with Guide

and a manager responsible for assets in the eastern part of the country,
among others. A senior official tasked them to evaluate the risks and
needs concerning Amsterdam's assets.

In January 2019, they released a report highlighting the severity of the
problem. They warned that addressing it would require significant time

#1
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and money, and it couldn't be fixed within a year. They emphasised the
importance of taking the issue seriously, securing substantial funding,
and gathering experts for a long-term solution. They also advised
against changing plans in two years.

Their report provided us with a strong mandate, which was accepted by
the municipality and supported by politicians. This support allowed us
to secure the necessary resources and build an organization to tackle
the issue.

[-G2

“I would say uncertainty begins right when we start monitoring. During
inspections, we often spot issues like cracks in quay walls, displaced
stones on roads, or other types of damage. Figuring out what causes
these problems and their seriousness isn't immediately clear. That's
why we monitor— to gather data and understand better.”

Interview
#2

with Guide

[-G2.1

“However, managing Amsterdam's environment and infrastructure is a
strategic issue. Losing the city's and the municipality's support for our
actions would jeopardize the entire project.”

Interview
#2

with Guide

[-G2

“So I think that the environment manager I was talking about just
dismissed all the residents’ worries and didn't give them any room to
give input on the process. So there was no sending like, we're going to
do this. This is the situation. We are going to move you. This is how your
boat looks. This is what we're going to do, and the resident said hey, but
the drawings of my boat don't match, and the situation is not correct”

Interview
#2

with Guide

I-G2.3

“We always prioritise the technical condition of the quay walls when
deciding on actions because it's challenging to intervene preventively.”

Interview
#2

with Guide

I-G2.4

“We focus on monitoring and inspections. Sometimes, we increase the
number and frequency of inspections to improve certainty. For
example, at da Costa where we urgently moved four houseboats in
December, we inspected the quay wall twice a week, which is very
frequent. This helps ensure safety and can be seen as a form of
monitoring.

Currently, our goal is to establish a consistent approach. We want a
clear, step-by-step process instead of the current approach based more
on expert opinions than a structured process.

Here's how it typically unfolds: when we notice a concerning situation,
we begin monitoring it. We might increase the frequency or scope of
inspections. Next, we might restrict parking and traffic over certain
weights, like 7.5 tonnes. Some areas of Amsterdam's city centre have
exceptions for heavy traffic, but we could introduce stricter rules,
reducing the limit to 3.5 tonnes. Ultimately, we may completely restrict
traffic and parking to address the issue. If these steps don't solve the
problem, we consider building a safety structure, renovating, replacing
soil, or combining these measures.”

Interview
#2

with Guide

I-G2.5

“Meanwhile, the department responsible for the measures might claim
they lack the manpower or don't see the urgency. Another city
department also says they can't enforce rules effectively due to staffing
shortages. For instance, if we restrict traffic, we need enough staff to
ensure compliance. Implementing such measures might not be a good
idea if we can't monitor it properly.

This leads to debates about what actions to take and when. In December,
this situation reached a critical point. Even after receiving integrated
advice from experts, decisions were made, but the discussions would
start anew. People would say, "We can't implement this in two weeks,"
or "It'll take four weeks," all because of our discussed uncertainties.
When you're dealing with a potentially serious issue and uncertain
about when it might occur, these discussions become very intense and
critical.”

Interview
#2

with Guide

I-G3

“Yeah, in the first part of the monitoring phase, there was some
uncertainty about how bad the situation was because there were three
problematic areas at the Binnenkant, but between them, it wasn't so
bad.”

Interview
#3

with Guide
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[-G3.1

“Here's what happened. We sent out the letter because we knew there
was a problem, but we hadn't figured out what to do yet. Unfortunately,
we didn't start coordinating with everyone until probably around April,
which was too late”

Interview with Guide
#3

[-G3.2

“Additionally, to formalise our agreements, we had to draft contracts
with all the boat residents. Initially, they were sceptical about the terms,
fearing we might relocate them arbitrarily after a few months. To
address their concerns, we offered to cover the cost of a lawyer who
could review the contracts independently. This assurance helped build
trust because they felt secure knowing a lawyer had scrutinised the
terms on their behalf, ensuring fairness.

Ultimately, this approach reassured them that despite the project's
requirements, we were committed to fair treatment and transparency.”

Interview with Guide
#3

[-G3.3

“Yeah, in Amsterdam, many people in similar positions as mine are
cautious about engaging with residents. They tend to be reactive rather
than proactive, only visiting when they have something specific to
discuss. I encourage a different approach—I believe in building
relationships first. I try to connect and listen even if [ don't have all the
answers or plans.

Seeing others in government roles wait to figure everything out before
engaging is frustrating. A year might pass by then, and people feel
neglected and frustrated. I prefer to establish trust and communication
early on, even if it means starting without all the details.”

Interview with Guide
#3

1-G4

It was concluded that the same measures would be taken on both quay
walls of the Waalseilandsgracht

Interview with Guide
#4

1-G4.1

Some houseboat residents, though not all, were worried about the
stability of the canal wall.

Interview with Guide
#4

1-G4.2

Many individuals who are not typically involved in these types of issues
participated. This level of public involvement, especially concerning
safety measures, was unprecedented for us, even though it may occur in
other projects.

Interview with Guide
#4

1-G4.3

Information was gathered through various methods, including
monitoring, diving inspections, and conversations with houseboat
residents and nearby citizens.

Interview with Guide
#4

1-G4.4

Technical information has always been collected since the start of the
program and the implementation of safety measures over the past
years. This information has been crucial in assessing the likelihood of
failure, a key aspect of ensuring safety.

Interview with Guide
#4

1-G4.5

You never have full information. You start without information and
gather more during the process, but you never have complete
information. In 2019, we began gathering data; throughout this period,
we continually received new information. Each time new data came in,
we had to decide whether to act on it or do nothing. This ongoing
information gathering included technical data like monitoring, diving
inspections, and irregularities in the pavement, as well as input from
citizens and houseboat residents. Each time we received new
information, we had to react, make decisions based on what we had, and
reconsider our previous decisions if necessary.

Interview with Guide
#4

I-G4.6

There were varied reactions to the situation. Some individuals and
groups remained concerned, while others initially expressed concern
but later became reassured. Additionally, some were well-informed and
actively engaged in discussing the decision-making process. The
situation involved a mix of conflicting perspectives and genuine
concerns among the various parties involved.

Interview with Guide
#4

I-G5

“I didn't see anything initially. Then I saw it clearly on the other side.
Yes, it was evident. Other locations in the city also collapsed, so it was
possible that it could happen here, too.”

Interview with Guide
#5

I-G5.1

“There was a risk that we might have to leave the canal for two years.
It's not a physical risk but a mental one, which is significant. Some
people, particularly older individuals, were planning to sell their boats
and retire, but they couldn't sell their houseboats in this uncertain
situation. This added to the stress.”

Interview with Guide
#5
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1-G5.2 “I requested drawings several times but didn’t receive them. Now, we | Interview with Guide
see where problems cannot be fixed, which is frustrating.” #5

I-G5.3 “We had formed a club with the person I showed you, with black sailing | Interview with Guide
boats and stars. We originally started this club to organise ourselves and | #5
to invite the municipality to explain things. That worked very well.
Within a few months, we met with a high-ranking official, not the mayor,
but someone else. We were well organised in gathering our information
and expressing our opinions.”

[-G5.4 “The municipality did a good job in the settlement agreement by funding | Interview with Guide
a lawyer to help us with our concerns, which was a positive aspect.” #5

I-G5.5 “Yeah, I don’t have any problems now because I'm off the wall. I'm | Interview with Guide
prepared, and if needed, I can just float away.” #5

I-G6 “Then the Grimburgwal wall collapsed, which made the news. Following | Interview with Guide
that, we received information indicating that they were monitoring | #6
these areas.”

[-G6.1 “Yeah, I think there was a lot of uncertainty and stress at the start. We | Interview with Guide
had many questions and were unsure about many things we didn't like. | #6
During this first phase, we started to communicate with each other,
which was beneficial because it made us feel like we were part of a
group, not just isolated individuals. This gave us more power and
influence.
They mentioned some measures, but there weren't many details—like
how long it would take or if we would be relocated. Initially, they
thought we would have to move out of the canal, but eventually, they
decided we could stay. So there was a lot of uncertainty.”

[-G6.2 “The implication was that the value of my houseboat, both financially | Interview with Guide
and in terms of enjoyment, decreased significantly.” #6

I-G6.3 “As houseboat owners, we also had our app to communicate. Due to our | Interview with Guide
unique collective concerns, we had a separate app for the houseboats | #6
here.”

I-G6.4 “Yeah, maybe it has improved a little bit already, but for me, the big | Interview with Guide
difference was being part of this group. I felt much more control and | #6
influence and received much more information. We sent all the written
reports of the meetings to all the stakeholders, which was probably
appreciated by those who were not members of the group as well”

I-G6.5 “No, I knew there was arisk, but I thought, well, I will not die if the walls | Interview with Guide
collapse. It wasn't very likely because it became clear quite soon that | #6

there were only a few places where the risk was highest, and it was not
here. So, I slept well, unlike the woman over there. She was a bit scared
after hearing about the weak spots in the walls.”

Table 9, References for the interview responses
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Appendix C: Consent form for interviews

Consent Form for Waalseilandsgracht case study
YOU WILL BE GIVEN A COPY OF THIS INFORMED CONSENT FORM

Please tick the appropriate boxes

Taking part in the study

— | have read and understood the study information dated or it has been read to
me. | have been able to ask questions about the study and my questions have been answered
to my satisfaction.

— | consent voluntarily to be a participant in this study and understand that | can refuse to
answer questions and | can withdraw from the study at any time, without having to give a
reason.

— lunderstand that taking part in the study involves an audio-recorded interview and the
elaboration of written notes of the interview. The purpose of the audio recording is to support
the field notes observations, this will be transcribed as text, and later on the recording will be
destroyed/deleted.

Use of the information in the study

— lunderstand that information | provide will be used for academic reports, publications and
online content, using the same terms as you used in the study information sheet.

— lunderstand that personal information collected about me that can identify me, such as [e.g.
my name, address, geolocation], will not be shared beyond the study team.

— | agree that my information can be quoted in research outputs

— lagree to be audio/video recorded. Yes/no

Future use and reuse of the information by others

| give permission for the data collected that | provide to be archived and published in DANS repository
so it can be used for future research and learning.

| understand that the anonymized information | will provide can be shared with, and potentially used
by the partners of the Livequay project.

| give the researchers permission to keep my contact information and to contact me for future research
projects.

Signatures

Name of participant Signature Date

| have accurately read out the information sheet to the potential participant and, to the best of my ability, ensured
that the participant understands to what they are freely consenting.

Daniel Alejandro Bejarano Macias

Researcher Signature Date
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