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Preface
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this research derived from my interests for the phenomena of land subsidence. During a school project
in Indonesia, I experienced that these local people suffer from major problems as a result of the rapid
land subsidence. After doing a comprehensive literature study, I became aware of the devastating
problems and challenges which comes with this phenomenon. I was shocked by the enormous
challenges which urban areas in several parts of the world are facing as they are coping with land
subsidence. I learned that the Netherlands as well has to cope with this phenomenon, which increased
my interest in researching this subject. My study contributed to the knowledge on this topic by giving
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saw the potential of my master thesis and encouraged during the process and gave critical feedback.
Third, many thanks to my respondents. Without your collaboration I would not have been able to
conduct this research. Fourth, I would like to thank Robert Fulford-Brown who has supported while
writing this master thesis research in English. Finally, I would like to thank my beloved partner Esmée
Grootjans, who always supported me in finishing this master thesis.
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Now I only have to say, enjoy reading.
Thijs Weststrate
Middelburg, July 2018
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Summary
Introduction
Land subsidence is an underrated problem which is causing worldwide devastating effects in urban
areas. The rate of land subsidence is strongly affected by multiple factors. In the Netherlands, land
subsidence is caused by the effect of shrinkage and consolidation of land. Shrinkage mainly occurs in
rural peat land areas, where it causes volume reduction. The effect of consolidation occurs mainly in
urban areas where the soil is affected by the weight of infrastructure and buildings. The Randstad is
an important economic area with some of the largest cities in the Netherlands. Large parts of the
Randstad are occupied by peat land. Being such an important area of the Netherlands, the effects of
land subsidence can cause high economical costs. It is expected that the costs of land subsidence could
rise to more than 20 billons euro’s by the year 2050. Municipalities within the Randstad should
therefore be able to adapt to the effects of land subsidence. Although much research has been done
on the effects of land subsidence in rural areas, research of land subsidence in urban areas remains
limited. Therefore, this research is aimed to assess the adaptive capacity of the cities of Rotterdam,
Gouda and Kanis in relation to land subsidence.

Theoretical framework
Literature on adaptive management, the adaptive capacity wheel and the triple bottom line theory is
discussed in the theoretical framework. In order to get a deeper understanding of the adaptive capacity
of the municipalities of Rotterdam, Gouda and Woerden (Kanis) in relation to land subsidence, the
adaptive capacity wheel is used. This framework uses six dimensions that can be assessed using scores.
The scores are based on interviews with respondents of the three case studies and additional
knowledge of expert interviews. In addition to the adaptive capacity wheel, the triple bottom line
theory is used which emphasizes the components of people, planet and profit.

Methods
A qualitative research design was adopted using individual semi-structed interviews in combination
with a literature study. Twelve respondents divided among the three case studies were interviewed.
In addition, seven experts of land subsidence were interviewed. All interviews were audio-recorded,
transcribed verbatim and open, axial and selective coded.

Results & conclusions
Within the case studies multiple determining factors of the adaptive capacity were found. First of all,
it was found that the size of a city potentially effects the commitment between governance an
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residents. Within the case studies of Gouda and Kanis, residents were often involved in collaborations
or other land subsidence related project teams. The involvement of residents within collaboration
were experienced to be more difficult in Rotterdam. For example, various collaborations were found
within the cities Gouda and Kanis. Both cities were adjoined within local as well as national
collaboration programs which were focussed on land subsidence. Within these local collaboration,
residents were often found as an important actor. Another noticeable conclusion is that the smaller
municipalities of Gouda and Woerden payed more attention to personal communication with
residents than the larger municipality of Rotterdam. However due to the larger size of the city of
Rotterdam it was found that the city had extended knowledge and information about land subsidence
as a result of its larger number of employees
The assessment of the adaptive capacity wheel led in the end to the conclusion that the city of Kanis
had the highest adaptive capacity score in comparison with the other two case studies areas. This could
be related to the high scores on the dimensions of fair governance, variety and learning capacity.
The added value of this research is an in-depth case study research at the current adaptive capacity of
cities in relation to land subsidence. This is important in order to add knowledge to the understanding
if cities are capable to deal with the effects of land subsidence as well contemporary as in the near
future.
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Chapter 1. Introduction
1.1 Motive
Globally, land subsidence is an underrated problem which causes more damage every year. The
problems which are related to land subsidence are increasingly apparent in peatlands and coastal cities
throughout the world. Land subsidence even exceeds absolute sea level rise, up to a factor of ten, in
many coastal and delta cities throughout the world (Deltares, 2013). This can lead to increased flooding
and other infrastructural problems which each year results in billions of costs globally. Hu et al. (2014)
defined land subsidence as: ‘ the differential sinking of the ground surface with respect to surrounding
terrain or sea level.’
Land subsidence can be the effect of both natural as well as anthropogenic causes. Natural causes of
land subsidence often include the tectonic motion, consolidation related to sediment loading,
evaporating of minerals, volcanism and dissolution of relatively soluble carbonate. While man-induced
land subsidence can be the result of compression of shallow layers in the ground by loading it with
heavy infrastructure and buildings and withdrawing deep ground water (Galloway, Erkens, Kuniansky
& Rowland, 2016). The rate of land subsidence is strongly effected by multiple factors (Wösten, et al.,
1997). The climate of an area, land use history, density and thickness of peat layers and rate of
decomposition are examples of these factors (Schothorst, 1977). The result of the globally wide
pressure for land is that peat swaps are used as reclamation of substantial areas. The drainage of
waterlogged peat lands effects the rate of land subsidence. According to Wösten et al. (1997) total
subsidence as result of the drainage of peat soils can be separated into three components:
-

Consolidation: the use of mechanical compression of permanently saturated peat layers below
the groundwater level.

-

Oxidation: the reduction of peat land volume above the groundwater level which results in a
loss of organic matter as biochemical processes which cause decomposition.

-

Shrinkage: the reduction of peat land volume above to groundwater level as a result to
desiccation. Water management is the main component which effects the intensity of this
process as each type of land use has specific requirements for the water management which
causes difficult ground- and surface water regimes.

Land subsidence in The Netherlands
In the Netherlands there are two types of areas in which land subsidence is causing problems (Groene
hart nationaal landschap, n.d.). Firstly, in rural peat areas in which grassland is often used for dairy
farms. Land subsidence in rural peat invested areas is mainly effected by shrinkage, causing volume
9

reduction (Schothorst, 1976). Secondly, in the urban area’s which are effected by land subsidence
because of the weight of building and other infrastructure which causes consolidation.
In 2016, the Planbureau voor de Leefomgeving published the report ‘Dalende bodems, stijgende
kosten’ (Subsiding soils, increasing costs). In this study it was stated that land subsidence in the
Netherlands is a growing problem and may result in very costly damages in the near future. Moreover,
findings of study predicts that if no measures are taken to mitigate against the effects of land
subsidence, then the costs of dealing with the related problems could rise to more than 20 billion euros
in the Netherlands by the year of 2050 (Platform slappe bodem, 2016 ; van den Born et al., 2016).
The territory of the Netherlands exist of on average nine percentage of peat soil of which much is
located within the Randstad (van den Born et al., 2016). The geographic area of the Randstad which is
located in the west of the Netherlands is an important economic and highly populated area. Several
larger cities such as Rotterdam, Den Haag and Utrecht are located here. However, due to the fact that
large parts of this area consists of peat, land subsidence continues in these parts of the Randstad as a
result of consolidation, oxidation and shrinkage. Rotterdam, Gouda and Kanis are one of the urban
areas in the Randstad that are currently sinking. These cities were built on weak peat soil (Kennislink,
2014).
Case study areas
The Netherlands is divided into twelve
provinces. As can be seen in figure 1, a large
number of provinces that are located in the
west of the Netherlands are vulnerable to
land subsidence due to the percentage of
peat land. There are multiple provinces,
such as Groningen and Friesland, that are
highly vulnerable to land subsidence in the
near future. The province of Zuid-Holland is
also one of these provinces where ground
levels are expected to decrease in the
upcoming 30 years. In some parts this could
even amount to more than 60 centimetres
of land subsidence. The province of ZuidHolland is located in the Randstad in an area
that also includes the provinces of Noord-

Figure 1.1 Land subsidence in The Netherlands (Parcdesign, n.d.)
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Holland and Utrecht and is, as mentioned earlier, one of the most important economic areas of the
Netherlands. Land subsidence could therefore create major problems, because of the high economic
value of this area. This is one of the main reasons why this research will focus on the province of ZuidHolland. Secondly, researchers have mainly studied land subsidence in rural areas, less research has
been conducted in urban areas. As the urban areas are more important from the economic
perspective, it is interesting to investigate what the consequences of land subsidence in these urban
areas are and how urban cities can adapt to the effects of land subsidence.

1.2 Problem outline
Several areas in the province of Zuid-Holland are vulnerable to land subsidence. However, if land
subsidence increases in the future, infrastructural damage is likely to increase with the consequence
that the economic value of the Randstad will decrease. The quality of living environments will also
decrease as well as the economic value of housing which may cause financial problems for residents.
The province of Zuid-Holland is already involved in research into land subsidence in rural areas (L.
Hamerlinck, personal communication, February 10, 2017). However, no research had been done in
major cities which are the areas with the highest economic value. Additionally, in the literature
consensus about what the adaptive capacity of these urban areas is and how these urban areas can
adapt to the effects of land subsidence is lacking.

1.3 Research aim and questions
The following step in this research is to formulate an adequate research aim. An adequate research
aim can consist of a realistic, within set time reasonable, clear, useful and informative formulation of
the aim (Verschuren, Doorewaard & Mellion, 2010). Because this research will be conducted at the
province of Zuid-Holland, the main aim of this research is define the adaptive capacity of the cities of
Rotterdam, Gouda and Kanis (Woerden) in relation to land subsidence. The municipalities that are
selected for this research are positioned in peat land areas within the Randstad and are effected by
land subsidence. Besides that, the municipalities differ in size with Rotterdam being a large city in the
Netherlands, Gouda a medium sized city and Kanis a small village within the municipality of Woerden.
In this research the focus was only on the village of Kanis within the municipality of Woerden. This
choice was made because in this village new developments, regarding land subsidence, are taking
place which are interesting for this research. An important part of this research is also to find out how
citizens are involved in the adaptive strategies of their municipalities as land subsidence can have a
great influence on this group. By using the adaptive capacity wheel theory in combination with the
triple bottom line theory, an analysis of the adaptive capacity of the three municipalities can be made
which also sketches a general overview of the adaptive capacity of the province of Zuid-Holland (Gupta
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et al., 2010). The adaptive capacity wheel is a method for analysing the adaptive capacity of an
institution, whilst the triple bottom line theory focuses on profit, people and planet within institutions.
Strong and weak aspects of the adaptive capacity of the municipalities can be analysed by using the
adaptive capacity wheel. By acquiring this knowledge, recommendations for improvements of the
adaptive capacity of the municipalities can be made. These recommendations can be used to increase
the adaptive capacity and consequently decrease financial losses.
In order to fully maximise the abilities of the adaptive capacity theory, all six dimensions of the theory
will be used to analyse the adaptive capacity. Three of the dimensions will be combined with the triple
bottom line theory to increase the validity of the adaptive capacity scores and this research in general.
Summarise of research aim
The aim of this research is to analyse the adaptive capacity of the municipalities of Rotterdam, Gouda
and Kanis (Woerden) in relation to the effects of land subsidence. By analysing the adaptive capacity
of the three municipalities, strengths and weaknesses can be made clear by using the adaptive capacity
wheel and the triple bottom line theory. With this knowledge, recommendations for the involved
municipalities can be made.
Research questions
The main question of this research is as follows:
-

What is the current adaptive capacity of the municipalities of Rotterdam, Gouda and Kanis
(Woerden) in relation to land subsidence, and how can the adaptive capacity of these
municipalities be improved?

Several sub questions are formed to support and split the main research question into several smaller
and easier to answer questions.
-

How can the province of Zuid-Holland contribute to the adaptive capacity of the municipalities
of Rotterdam and Gouda?

-

How do the municipalities score on the six dimensions of the adaptive capacity wheel?

-

How are residents involved in the policymaking process of land subsidence in the involved
municipalities?
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1.4 Research model
In this research, several steps are taken in order to answer the main research question of this study.
Therefore, a research model is used which describes the major steps that are taken in this research
and can be seen in figure 1.2. (A) In the first part of this research, literature studies of the phenomena
of land subsidence in general and specific in the Netherlands were researched. This study had been
conducted in order to acquire a better view on the effects and problems of land subsidence. Moreover,
literature study was conducted on potentially relevant theories for this research, which resulted in
two theories that were used in this research, namely the adaptive capacity wheel and the triple
bottom line theory. Based on information which is gathered from these studies, the second step within
this research was taken (B). During this step an interview guide was made. The interview guide was
then used for conducting interviews with the stakeholders of the three municipalities. The following
step is the analysis of these interviews (C). Information gathered from the interviews was used to
determine the adaptive capacity of the municipalities by using the adaptive capacity wheel and the
triple bottom line theory. (D) With the last step, conclusions were made based on the results of this
research. Additionally, several recommendations were formulated to the municipalities of Rotterdam,
Gouda and Kanis (Woerden) and the province of Zuid-Holland have been written.

Figure 1.2 Research model (Personal editing)

1.5 Scientific and societal relevance
The research is relevant from a societal perspective as well as a scientific perspective. The scientific
relevance of a research is related to the fact if the research contributes to the current scientific
knowledge (Boeije & Hart, 2009). The societal study is aimed to contribute to solutions of societal
issues.
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Societal relevance
Land subsidence in the Netherlands is an increasing problem. Studies as ‘Dalende bodems, stijgende
kosten’ from van den Born et al. (2016), showed the potential threats of the effect of land subsidence.
In cities like Gouda and Delft, the consequences of land subsidence are already clearly visible in the
public space (Kennislink, 2014). Restorations to infrastructure causing land subsidence to even
increase due to the increased weight of the structure. As the region around Zuid-Holland is expected
to further subside, the problem is expected to increase even further. This problem will also affects
residents as it leads to damage to their homes which could end up in unsafe situations. It is therefore
of great importance to gain an insight into the adaptive capacity of urban areas of Zuid-Holland. This
research will provide a comprehensive insight into this capacity by analysing the municipalities of
Rotterdam, Gouda and Kanis (Woerden). Additionally, an important aspect of this research is to
investigate how residents are involved in the decision-making processes of municipalities within the
context of land subsidence as this is an important target group.
As the problems of land subsidence are expected to increase in the upcoming years, it is of great
importance for the province of Zuid-Holland to obtain an comprehensive insight into its adaptive
capacity. Urban areas need to adapt to land subsidence (van den Born et al., 2016). Currently,
knowledge about the adaptive capacity of cities in Zuid-Holland and it surroundings is limited, because
this has not been researched before (L. Hamerlinck, personal communication, February 10, 2017). The
province conducted several research projects into land subsidence in its rural areas, but none into its
urban areas. This research gap has to be filled as the urban areas have the most economic value and it
is therefore of great importance to gain knowledge into this topic so that these areas will able to adapt
to land subsidence. As adaptive measures for land subsidence are technical and expensive, it is
important to first research the current adaptive capacity in order to identify the weaknesses so that
improvements can be made in the future.
Scientific relevance
It can be difficult to assess the adaptive capacity of an municipality in relation to land subsidence,
because a great number of variables play a role in this. Municipalities can for example differ in size and
in the amount of residents. The location of a city and the amount of peat land is another factor which
influences the need to adapt to the effects of land subsidence. There are also several factors which
influence to ability of a municipality to deal with the effects of land subsidence. This can for example
be the available amount of financial resources or the number of employees which are able to work at
a problem. Because of the large number of variables, it is important to perform this research in an
controlled environment.
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Until today, no research is conducted at the adaptive capacity of cities in relation to the land
subsidence. This causes a gap in the literature. By researching the connection between the aspects of
the adaptive capacity of a city in relation to land subsidence in an controlled environment, a
contribution can be made to the scientific knowledge of cities which are effected by land subsidence.
Working in an controlled environment is important because within this study three case studies will
be performed. When comparing the case studies, a consistent assessment method is needed to
minimize errors. A appropriate tool for this is the adaptive capacity wheel, which includes six
dimensions that can be used to assess each municipality. In this study, the assessment of the adaptive
capacity of the municipalities will not be done by just using the adaptive capacity wheel. The triple
bottom line theory is used to analyse the factors of people, planet and profit to gain more in-depth
findings (Elkington, 1997). While these factors are part of the adaptive capacity wheel, they represent
only a small part of the dimensions which are used in the wheel. As these factors are seen as important
for the adaptive capacity of a city, the triple bottom line theory is used to combine with the dimensions
of the adaptive capacity wheel.
The adaptive capacity wheel is a concept which is relative new, but already applied in several studies
(Gupta et al., 2010). It is for example used for assessing institutional capacities to adapt to climate
change (Grothmann et al., 2013). Another example is a research on the adaptive capacity of institutions
in multiple sectors in the Netherlands (Gupta et al., 2016). However, the adaptive capacity when had
not been used to analyse the adaptive capacity of cities and institutions in relation to land subsidence.
Although the concept has already shown its potential and added value for science in the studies that
have been done before, empirical testing of the adaptive capacity wheel in relation to institutions
within land subsidence can add major knowledge to the scientific value of the concept.

1.6 Reading guide
Seven chapters make up this research. In the second chapter, the relevant theories for the research,
used theoretical framework and operationalisation of the theories are further explained. In the third
chapter, the methodology is explained in paragraphs which go into more detail about the research
strategy and methods that were used during this research project. The analyse of this researched is
written in chapter four, five and six. The city of Rotterdam is discussed in chapter four, the city of
Gouda in chapter five and the village of Kanis in chapter six. The conclusions of this research are
elaborated in the seventh and final chapter of the thesis.
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Chapter 2. Theoretical framework
In this chapter the relevant theoretical background for this research will be described. In the first
paragraph, multiple theories that contribute to the assessment of the adaptive capacity of the
municipalities are briefly explained. In the second paragraph, the used theories within this research as
well as the adaptive capacity wheel itself are further elaborated. An operationalisation of the theories
is made in paragraph 2.3. In the last paragraph, the conceptual model is demonstrated.

2.1 Critical review
It is expected that land subsidence in the Netherland will continue in the coming years. As a result, the
negative effects of land subsidence will sustain or even increase further (van den Born et al., 2016).
Climate changes are likely to cause the increase of land subsidence in urban areas. This additionally
will cause land subsidence related problems in cities (Deltares, 2013). As a result of the increasing
problems and uncertainty about the effects of climate changes, it is important that the theory that is
used within this study is able to deal with increasing uncertainty. By this way, this study will keep its
value and usability for the future.
Adaptive management
The adaptive management meets the requirement of being a theory which is able to deal with
increasing uncertainty. Adaptive management theories have been used for decades and within
multiple fields of research (Williams, 2011). According the National Research Council (2004), adaptive
management can be defined as:
“…ﬂexible decision making that can be adjusted in the face of uncertainties as outcomes from
management actions and other events become better understood. Careful monitoring of these
outcomes both advances scientiﬁc understanding and helps adjust policies or operations as
part of an iterative learning process.”
In general, adaptive management can be seen as a learning-based process which involves fundamental
features of learning and adaptation (Williams, 2011). Learning itself can be seen as the accumulation
of understanding and new data trough time. Adaptation is related to the adjustment of management
through time based learning. When learning and adaptation are interactively applied, a few
consequences occur. First of all, it is needed to enhance the understanding of the resource system that
is used. Secondly, improvements on management that need to be taken should be based on the new
understandings.
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Feedback between learning and decision making is an important aspect of adaptive management. With
learning, new information can be gathered which then can be used to contribute to the management.
The management is, as result of the new contributions of information, able to improve their decision
making.
Adaptive management can differ by the use of structures and frameworks that is used in adaptive
decision making (National Research Council, 2004). Although adaptive management itself can also be
seen as a structure, according to Walliams et al. (2007), there are multiple structures and frameworks
which can be used in adaptive management. Within adaptive water management, one goal is to
increase the adaptive capacity of water management (Pahl-Wostl, 2007). Within the complication of
land subsidence, municipalities need to, as institutions, adapt to the effects of land subsidence. These
effects, are as mentioned earlier, are partly caused due to climate change. As the adaptive capacity of
an institution is determined by the extent of characteristics of the institution which is capable of
adapting to climate change, a structure is needed to analyse the adaptive capacity of the municipalities
which are effected by land subsidence.
Adaptive capacity frameworks
The

Local

Adaptive

Capacity

Framework is used for analysing
adaptive capacity at a local level
(Jones, Ludi & Levine, 2010). The
framework

identifies

five

characteristics which are used to
strengthen the adaptive capacity.
The five characteristics are: asset
base, flexible forward-thinking
decesion-making,

innovation,

knowledge and information and
institutions

and

entitlements.

These characteristics determine
and

influence

the

adaptive

Figure 2.1 Local Adaptive Capacity Framework (Jones, Ludi & Levine, 2010)

capacity of a local systems.
This framework is developed as part of the Africa Climate Change Resilience Allience programme. This
framework is potentially seen as a framework which is focussed to much on countries in Africa and will
therefore not be usefull in the Netherlands. As land subsidence being a potential local problem in some
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areas of the Netherlands, the framework could be used well to analyse the adaptive capacity locally.
The framework can be used to analyse for example residents within a municipality. However, a
framework with a broader view on the adapative capacity of the whole municipality would be
preferable. Beside this factor, a system which enables to score the adaptive capacity is also missing.
Therefore, this framework appropriate to use into this study.
Another structure is the adaptive capacity wheel. The adaptive capacity wheel is used to assess the
adaptive capacity of institutions by identifying six dimensions of adaptive capacity (Gupta et al., 2015).
By making use of the six dimensions, along with 22 criteria, an analyse of the adaptive capacity of an
institution can be made which contributes to the aspect of learning within adaptive management. With
the knowledge that can be acquired with the adaptive capacity wheel, the management is able to
improve their decision-making. A score system is used to assess the six dimensions of the adaptive
capacity wheel. The adaptive capacity wheel is used into this study and elaborated in paragraph 2.2.
Variants on the adaptive capacity wheel
The adaptive capacity wheel does have its limitations. It has been discussed if the dimensions that are
used can be seen as equally the same when using it to analyse adaptive capacity. It can be said that
some elements of the adaptive capacity wheel are more important than others when analysing the
adaptive capacity of a municipality. Another limitation is the subjectivity of the scores which are
awarded to a dimension of the wheel. The assessment of the dimensions and criteria of the wheel are
subjective, because it is based on personal findings from the researcher. In order to decrease the
subjectivity of the wheel, the assessment of the dimensions should be based on data from several
experts. Besides that, data which is used to assess the wheel is also interpreted by researcher itself.
This also increases the subjectivity of the study. However, the subjectivity can be decreased by sharing
the results of the assessment with the experts from who the raw data was acquired. By using feedback
of the experts, the validity of the assessment of the adaptive capacity can increase which will
contribute to the objectivity of this study. Due to the fact that some limitations does exist, different
variants of the adaptive capacity wheel had been developed. Two of these frameworks are briefly
mentioned in the following section of this paragraph.
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The first variant on the adaptive
capacity wheel was developed
by Grothmann et al. (2013). In
this framework the adaptive
capacity

wheel

is

largely

preserved. The main difference
in comparison to the adaptive
capacity wheel are the two
dimensions which are added to
the wheel. This is showed in
figure

2.2.

The

first

new

dimension

is

adaptation

motivation.

This

dimension

assesses the motivation of the
Figure 2.2 Adaptive capacity wheel expanded with psychological dimensions

applicable adaptive policies. The (Grothmann et al, 2013)

second dimension is adaptation belief. Within this dimension, the believe of applying adaptive policies
is assessed. Both of the two dimensions can be described as psychological. According to Grothmann
Figure 0.3 Adaptive capacity wheel expanded with psychological dimensions

et al. (2013), the adaptive capacity (Grothmann
wheel wasetmissing
al, 2013).a psychological assessment criteria. The variant
of Grothmann et al. adds value to the adaptive capacity wheel by including psychological dimensions.
When using this framework, extended knowledge about adaptive capacity is needed. As the experts,
residents and policy officers that will be interviewed during this research, are not all familiar with this
expertise, it will be difficult assess the dimensions of adaptation motivation and belief. Therefore, this
framework is not used for this
study.
Mees

and

developed
capacity

Driessen
the

(2011)

governance

framework.

This

framework is based on the
adaptive capacity wheel from
Gupta et al. (2010) and the
concept

of

administrative

capacity by Nelissen (2002). The
framework is used to assess the
adaptive governance capacity of

Figure 2.3 Framework for analysing governance adaptive capacity (Mees &
Driessen, 2011)
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Figure 2.0.4 The adpative capacity wheel (Gupta et al., 2010)Figure 0.5 Framework
for analysing governance adaptive capacity (Mees & Driessen, 2011)

cities in relation to climate change. Several dimensions of the adaptive capacity wheel are included in
this framework to assess the adaptive capacity of governance. These dimensions are partly used in
the framework which is in itself based on the JEP triangle from Van Gestel et al. (2010). The framework,
which is shown in figure 2.3, includes five dimensions: learning capacity, legal capacity, managerial
capacity, political capacity and resource capacity. Moreover, the framework includes two or three
criteria for each dimension. In order to assess the adaptive capacity, scores can be applied to the
framework. Whereas the adaptive capacity wheel uses five different scores from -2 to +2, Mees &
Driessen (2011) are only using three scores. The dimensions are assessed with the scores weak,
average and strong. Many of the dimensions of the framework of Mees & Driesen could have been
useful for this research, however the framework has a major focus on green space and planning.
Additionally, the assessment of the adaptive capacity by using only three different scores has been
considered as too general for this research.
Triple bottom line
In the beginning of this paragraph, the limitations of the adaptive capacity wheel were indicated. In
order to cope with some with these limitations, additional theories will be used. The triple bottom line
theory is mostly used to measure the sustainability of companies and non-profit organisations (Hall,
2011). It can also be used as a framework to measure sustainability of governance institutions. The
theory uses three components, namely people, planet and profit (Elkington, 1997). The theory can
serve as an addition to the dimensions in the adaptive capacity wheel, while in land subsidence
effected cities, the topics of people, planet and profit are three important components. Although the
components of the theory are largely part of the dimensions of the adaptive capacity wheel, some of
the elements are divided among various criteria of the capacity wheel. The risk here is that these
components disappear on the background when used in the wheel. Additional attention to important
components for the adaptive capacity of a city can be justified.

2.2 Used theoretical frameworks
As mentioned in the first section of this chapter, the adaptive capacity wheel and the triple bottom
line theory are combined in this research. These frameworks are further elaborated in this paragraph.
First of all the framework of the adaptive capacity wheel is explained followed by a description of the
triple bottom line theory. Some authors argue that these frameworks can be seen as tools instead of
theories. A theory is characterised by a causality between two variables. In case of the Adaptive
Capacity Wheel in combination with the triple bottom line theory, there is a causality between
(variable A) the dimensions of the adaptive capacity and the dimensions of the triple line theory which
leads to (variable B) the adaptive capacity of a municipality (Creswell, 2013). By combining both
frameworks, improvements to this research are made.
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Adaptive capacity wheel
In this research the adaptive capacity of the cities of Rotterdam, Gouda and Kanis are assessed in order
to see whether these cities are able to adapt to the effects of land subsidence. By assessing these three
different sized cities, an overview of the adaptive capacity of the province of Zuid-Holland can be given.
Gupta defines adaptive capacity as “the inherent characteristics of institutions that empower social
actors to respond to short and long-term impacts either through planned measures or through allowing
and encouraging creative responses from society both ex ante and ex post“ (Gupta et al., 2010, p. 461).
The adaptive capacity determines the ability of the society to cope with climate changes. So, a high
adaptive capacity means that an organisation is able to cope with negative consequences of climate
change, as explained by the Intergovernmental Panel on Climate Change (Parry, 2007). This is the
opposite of a low adaptive capacity in which an organisation is not able to cope with the consequences
of climate change.

Figure 2.4 The adpative capacity wheel (Gupta et al., 2010)

In the case of this research, the adaptive capacity will mainly focus on the adaptive capacity of these
three municipalities on land subsidence. The adaptive capacity wheel uses six different dimensions, as
shown in 2.4, These dimensions are used to analyse the adaptive capacity of a system. Each dimension
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gets a score based on several criteria that are related to the specific dimension. The wide range of
criteria of the adaptive capacity wheel contributes to the adaptation to decrease uncertainties. By
using this framework, a great range of uncertainties within land subsidence effected areas can be
assessed. Due to the comprehensiveness of this framework and the ability to assess the adaptive
capacity by using scores in the adaptive capacity wheel, this framework fits well with this study.
Triple bottom line theory
The triple bottom line theory (TBLT) was designed by Elkington (1997). In this model, the authors
stated that companies should not only aim for profit, but also for three dimensions, namely profit,
people, planet. Today many companies as well as the Dutch government make use of this theory within
their policies. This model is often used to measure the success of a company in economic growth, social
equity and environmental stewardship.

Figure 2.5 Triple bottom line model (Bailey, 2012) (New Leaf, n.d.)
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The TBLT is based on the fact that the dimensions of the theory are interwoven with each other as a
result of social cultural basis. This relates to the fact that the social culture of a society determines the
economic well-being, social interactions as well as the interaction with nature (Price, 2008). Making a
company more sustainable requires a change in the mindset of its employees. This change of mindset
can also be applied at the governmental level such as a municipality.
The dimension of profit focuses on the value that is created by the manufacture of products, because
companies cannot exist without making profit. Therefore, this is an important value of the theory. The
second dimension is people which focuses more on the social aspect. The most important value within
this dimension is the social policy within a company. It is important that employees are able to evolve
themselves within a company and that the company makes sure that they offer good working
conditions. The third dimension is planet, which focuses on the impact of companies on the climate.
Companies should invest in measures that reduce the emission of greenhouse gases. Important
conditions for successfully integrating the concept of the triple bottom line theory is, according to
Elkington (1997), the external pressure of stakeholders, financial resources and advantages that can
be gained in the market.

2.3 Operationalisation of theoretical concept
In this section, the theories so far explained will be operationalised. This is essential because the
operationalisation helps to relate the theory to the case study in this research (Verschuren,
Doorewaard & Mellion, 2010). The dimensions of the adaptive capacity wheel and the triple bottom
line theory are further explained in this section.
Adaptive capacity wheel
The adaptive capacity wheel consists of six dimensions. These dimensions are: fair governance, variety,
learning capacity, room for autonomous change, leadership and resources. Each of these dimensions
have several criteria which are used to further specify the dimensions.
The dimension of leadership is important for the implementation of change as well as motivation and
direction for others to follow. As leadership influences policies and developments, it is an important
criterion for adaptive capacity (Gupta et al., 2010). There are multiple criteria related to this dimension
which are: collaborative, entrepreneurial and visionary. Collaborative leadership is defined by Gupta
as the space for a leader in which he tries to collaborate actors with each other. This can be seen as
successful when a leader has brought multiple actors together, all with the same shared purpose
(Rubin, 2009). Entrepreneurial leadership mobilizes actors and other participants who became
committed to the visionary scenarios that were formed by their leaders. When a municipality is able
to convince other actors to join, the adaptive capacity will be higher. The third criterion is visionary
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leadership which means that a leader (the municipality) has possible strategies and visions for the long
term.
The next dimension is Resources which is an important part of the adaptive capacity as the
effectiveness of institutions often depend on their ability to generate resources (Gupta, et al., 2010).
The municipalities that are researched should be able to generate resources in order to cope with land
subsidence. The criteria are authority, human and financial. Authority resources are a form of accepted
legitimate power, which is often combined with a set of rules and laws (Gupta, et al., 2010). The
following criteria is human resources which is the availability of expertise. In the case of land
subsidence this is important as this phenomena requires experts to understand the underlying
problems and possible solutions for it. The financial resources criteria is the availability of financial
resources, which in the case of this study is had by the municipality in order to support policy measures
and interventions for problems (Gupta, et al., 2010).
Fair governance is the next dimension and is based on the assumption that institutions, such as the
municipality, support their adaptive capacity when they have fair governance criteria (Gupta et al.,
2010). It is important that a good balance is found between effectiveness and efficiency because
innovation process are often inefficient. When dealing with land subsidence, new innovative processes
are required because few solutions are available today. Great efficiency is only possible when there is
a stable and certain environment to work in. Legitimate governance policy-making is accepted by
members of the society is an important factor within this dimension (Haddad, 2005). So, the
municipalities should make policies that are accepted by the members of the society in order to have
a high adaptive capacity. Equity responsiveness relates to whether or not institutional rules are fair
and if patterns show response to society (Gupta, et al., 2010).
The dimension of variety is important for the adaptive capacity of an organisation as unstructured
problems like climate changes only can be solved if a framework with multiple solutions is available
which is conducted by multiple actors on multiple levels of governance (Gupta et al., 2010). As climate
change is an unpredictable phenomena, there is no optimal solution to cope with the effects of it. The
first criteria comprises problem frames and solutions that focus on the space that is made available for
multiple problem definitions, opinions and references. Multi-actor, level and sector variety indicates
that there are multiple actors from several layers in sectors that should be involved in the process of
formulating solutions. The criteria of diversity focuses more on the range of multiple policy measures
that are available at the municipalities in order to deal with the effects of land subsidence. As climate
related problems like land subsidence can be unpredictable, it is important to have a wide arrangement
of options to deal with these effects (Alley et al., 2003).
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Last is the criteria of redundancy which is related to whether or not an organisation has a back-up plan
to their current measures. This is important as climate change and the effects of it are unpredictable
(Weick & Sutcliffe, 2001).
The dimension of learning capacity means that an organisation can adapt to a new situation through
experiences from the past (Gunderson, 2001). The first criteria is trust and this is important because
when actors trust each other in a collaboration, it has a positive effect on the adaptive capacity of an
organisation (Giddens, 1990). The next criteria are single-loop and double-loop learning. Single-loop
learning is defined by Argyris as learning which occurs when errors are corrected without altering the
underlying governing values. Double-loop learning occurs when errors are corrected by changing the
governing values and then the actions (Argyris, 2002, p. 206). Single-loop learning focusses on
institutional patterns that have been learnt from past experiences and improve these in new routines
(Gupta, et al., 2010). Double-loop learning happens when evidence of assumptions about underlying
institutional patterns change. In practice, this means that municipalities should change their current
routines. The criteria of discussion of doubts focusses on institutional openness toward uncertainties
(Gupta, et al. 2010). The last criteria is institutional memory which is the monitoring and evaluation
processes of policy experiences (Gupta, et al., 2010). This is important because experiences of the past
can be related to new future experiences and then be improved.
The last dimension is that which focuses on room for autonomous change. “Autonomous change is the
ability of an institution to permit social actors to autonomously adjust their behaviour in response to
environmental change” (Gupta, et al., 2010). Institutions such as municipalities should enable social
actors to anticipate possible future problems and take preventive measures to deal with them.
Municipalities should provide citizens with information and the necessary means. That is also the first
criteria, where there should be access to institutional memory and also to early warning systems for
residents and individuals so that they can prepare themselves for problems (Polsky et al., 2007). Acting
according to a plan depends on criteria that focus on the provision of plans and scripts for action. It is
therefore important that the municipality provides these types of plans in order to achieve a high
adaptive capacity. The last criterion is the important capacity to improvise where individuals can selforganize and be innovative (Gupta, et al., 2010). This can also release some pressure from institutions,
such as the municipality, that have the responsibility for taking care of these individuals.
Triple bottom line theory
The triple bottom line was designed by Elkington, and consists of three dimensions; profit, people and
planet (Elkington, 1997). The following section briefly explains how these dimensions are used in
practice.
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As mentioned earlier, the profit dimension mainly focuses on value created through the manufacture
of products. In case of municipalities research indicates that this can also relate to taxes and other
means of income. Municipalities can implement taxation of residents in order to, for example,
maintain the infrastructure in a city. Other ways municipalities can profit is by active land policy and
indirect value capturing (Van der Krabben, 2016).
The dimension of people focuses more on the social dimension. This can be separated between
internal and external aspect. The internal social aspect is aimed at providing good employment
conditions for the civil servants of a municipality. However more important in this study is the indirect
social aspect which is related more to the interaction with residents, living conditions and the rights of
residents within a municipality (Elkington, 1997). These are important aspects as land subsidence can
harm, for example, the living environment of residents.
The last dimension is planet which stimulates institutions to try to be as ecological as possible when
producing products. This is done in order to limit the amount of greenhouse emissions and so reduce
the effects on climate. In this research this can relate to the handling of the municipalities within policy
making and the implementation of measures.

2.4 Conceptual model
A conceptual model has been used as this is a helpful tool for researchers to formulate an appropriate
set of research questions (Verschuren, Doorewaard & Mellion, 2010). The model consists of assumed
causal relations between concepts of the research project. For this research the causal relations
between the concepts of the adaptive capacity wheel, triple bottom line theory and land subsidence
are combined.
The conceptual model that is shown in figure 2.7 represents the causal relations between the concepts
that are used in this research. As mentioned earlier, the triple bottom line theory helps to assess the
adaptive capacity of the municipalities by using the three components of the theory. The dimension
fair governance can be connected to people as the criteria of the dimension of fair governance
influences residents in municipalities. The dimension of resources is related to profit as the resources
that a municipality has to invest in the adaptive capacity of a municipality is directly related to the
amount of profit a municipality makes. Finally, variety is connected to planet as a municipality has to
apply multiple measures in order to deal with land subsidence in a green and ecologically friendly way.
The three dimensions of learning, change and leadership are used in its current way. The concepts of
the two theories are combined with literature about land subsidence to then be translated into
questions for the stakeholders. As new information from the interviews is gathered, the adaptive
capacity of the three municipalities can be determined as well as an overall adaptive capacity of the
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province of Zuid-Holland. Conclusions are then produced as well as several recommendations for the
improvement of the adaptive capacity.

Figure 2.6 Conceptual model (Personal editing)
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Chapter 3 Methodology
The methodology chapter focusses on the strategy of this research en the specific methods that have
been used in order to obtain data. The choice of a qualitative research is further elaborated in this
chapter. First of all, the used research philosophy within this study has been discussed.

3.1 Research philosophy
In order to create structure in this research, research onion of Saunders has been used (Saunders et
al., 2011). This framework represents the layers that should be used while developing a research
strategy. Saunders et al., divided the framework in six different layers which can be seen in figure 3.1.

Figure 3.1 Research Onion (Saunders et al., 2011)

The outer layer of the research onion is focussed on the philosophy. It refers to the development of
knowledge and how it is understood against reality. The philosophy that is being used in this research
is interpretivism. It is important as a researcher to understand the differences between humans in
different social roles and responsibilities. Based on these interpretations, actions of people can be
better understood (Saunders et al,. 2011). The other layers of the onion are further elaborated in
paragraph 3.2.
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3.2 Research strategy
Creswell describes that there a several strategies which focus on data collection, analysing and writing
(Creswell, 2013). This research made use of three real case studies as land subsidence is a present-day
problem and therefore the context plays an important role (Saunders et al., 2011). The usage of case
studies is suitable for empirical research with multiple organisations and is therefore the used strategy
for this research. By performing this study, aspects of decision making as well as the organisation
within the three cities could be researched and analysed using the adaptive capacity wheel and the
triple bottom line theory. As in this research several existing theories have been used, the research
approach can be seen as deductive according to the research onion (Saunders et al., 2011).
The three cases of Rotterdam, Gouda and Kanis (Woerden) were selected as they represent large,
middle and small municipalities which are affected by the problems of land subsidence. This research
is qualitative oriented as detailed information and data about perspectives, emotions and feelings
were required to obtain usable information for the adaptive capacity wheel. With the qualitative
research method, this kind of information is obtained more easily (Saldaña, 2011).
This research is focussed on the provinces of Zuid-Holland and Utrecht within the Netherlands. This
seems like a wide approach to the research, however only three cities within these two provinces were
researched. As a result of this, the study is more of a cavity research which specifically focus on a
particular case study than a width research were a great number of cases are compared. As in this
research only a limited period of time was available, a choice was made for a more in depth research.
In this way the reliability of this research could be higher. The research can therefore, according to the
research onion of Saunders et al. (2011), be seen as cross-sectional.

3.3 Research methods
As Gupta et al. (2010) describes, there is a five step approach for the usage of the adaptive capacity
wheel. As this instrument is the main basis of the thesis, Gupta’s Five steps approach gives a great
guideline for the following steps that were needed to be taken in order to fully benefit from the value
of the wheel itself. The following steps can be seen as the inner layer of the research onion of Saunders
et al. (2011).
1.

Preparing for research

The first step within the application of the adaptive capacity wheel was the preparation by the
researcher itself. In this research this has been done by performing a literature study in order to collect
necessary data about land subsidence. Also, exploratory conversations were held between the
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researcher and his supervisors from the province of Zuid-Holland. This led to the demarcation of the
research field causing the study to be more manageable.
In this research the adaptive capacity wheel has been used for analysing the adaptive capacity of the
Rotterdam, Gouda and Kanis. A literature study about this theory has been performed in order to fully
understand the framework and it is application. In this study, literature of Gupta et al. (2010) is used
which gave a better understanding of the dimensions and the criteria which are used in the framework.
In addition scientific literature has been gathered in which the adaptive capacity wheel framework is
applied. This gave insight into the applicability of the framework within multiple institutions. These
steps were also applied with the triple bottom line theory.
2.

Collecting the data

The research strategy that was chosen for this research did affect the research methods that were
used. As this research focusses on a case study of three different cities, interviews with involved
stakeholders within the three cities were performed in order to acquire the information that was
needed for the assessment of the adaptive capacity wheel. By conducting interviews face to face,
multiple perspectives of the interviewees are obtained such as body language, intonations and voices.
These perspectives increase the quality of the data (Opdenakker, 2006)(Creswell, 2013). An interview
guide has been used to perform the interviews with the related actors of the three case study areas.
These interviews have been providing the necessary data which have been assessed with the adaptive
capacity wheel and the triple bottom line theory.
Validity is related to the accuracy of the findings by employing certain procedures. The reliability of the
research indicates if a researcher is consistent across different projects (Gibbs, 2007). As suggested by
Yin (2003) the procedures of the case studies have been documented in this research to increase the
validity of the findings within each of the three municipalities. By acquiring background information,
an interview guide has been made. This guide can be found in appendix one. The interview guide
helped to apply structure to the interviews that have been held during this research. In order to
approach each municipality in the same way, the guide has been used with all interviews (Creswell,
2013)(Yin, 2003).
It was aimed to include approximately fifteen interviews with important actors who have been affected
by land subsidence. The main purpose of these interviews was to acquire local information about land
subsidence in the municipalities of Rotterdam, Gouda and the village of Kanis. These cities were chosen
specifically because they each have a different sizes. The largest municipality is Rotterdam with
616,000 residents. The middle-sized city is Gouda with 71,000 residents. And the smallest village is
Kanis with 500 residents which is located in the municipality of Woerden. By choosing cities of three
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sizes it was thought that differences in the adaptive capacity would appear as it was suggested that
larger cities would have superior financial capacities and therefore would be able to invest in measures
against land subsidence. The village of Kanis lies in the municipality of Woerden which is located on
the border of the province of Zuid-Holland, but is actually in the province of Utrecht. As the village of
Kanis was likely to be representative for this study, it was suggested by the province of Zuid-Holland,
to use this village instead of another one within the province.
Interviews were in the end held with stakeholders from the each of the three municipalities, the local
water authorities and the local community. As this data was planned to be applied within the adaptive
capacity wheels, it should involve perspectives from several sides. By gathering data from multiple
stakeholders, perspectives from multiple sides are highlighted which has improved the quality and
reliability of the data. Additionally, several interviews were held with experts of land subsidence as
well with the province of Zuid-Holland and Utrecht. The data was collected by using two audio
recording devices in order to prevent any failures with the recording. The list of interviewees can be
found in appendix two.
The primary data has been collected during interviews that were held in 2017. Because this study is
finished in 2018, some data which is used to assess the adaptive capacity of the municipalities could
have become outdated. In order to prevent this from happening, the results of the assessments, based
on the data of 2017, were shared with the municipalities within each case study area in 2018. The
feedback from these municipalities was then used to actualise the data and assessment of the adaptive
capacity of the three case studies which increased the validity of this research.
3.

Analysing the data

The third step consist of analysing the data. The data that has been gathered throughout the interviews
is transcribed verbatim by using the software package Atlas Ti. In order to be able to correctly analyse
the data from the interviews that were held, the interviews have been coded. By coding the interviews,
data from the conversations with stakeholders were bundled together. By doing so, the data from the
interviews have been processed easier. This enabled a more structured and better processing from the
data with the adaptive capacity wheel in combination with the triple bottom line theory (Creswell,
2013). The data was coded following the coding phases: open, axial and selective (Mortelmans, 2013,
p. 406). During the open coding phase, the raw data was coded based on relevance. As a result of this
step, a diversity of codes were created which were subsequently used for categorizing the themes in
the axial phase of the coding process. In the last selective phase, the multiple categories were used to
build a theory. The final results were bundled and used along the theory as found in the literature
study.
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4.

Interpreting the data

The fourth step was to translate the data into a understandable analyses which communicates all
strengths and weaknesses of the three case studies. The assessment of the dimensions of the adaptive
capacity wheel needed to represent the strength and weaknesses of a case study area. In order to do
so, the traditional scoring scheme from Gupta et al. (2010) could have been used. This scheme rated a
positive effect from institutions on adaptive capacity from +1,01 to 2,0. A slightly positive effect from
0,01 to 1,00. A neutral effect is assessed with a score of 0. A slightly negative effect from -0,01 to -1,00.
And a negative effect from -1,01 to -2,00. Some adjustment have however been made to the traditional
scoring scheme. This has done because it was found that the traditional used scores did not represent
the adaptive capacity of an institution well. In this research the scores, as can be seen in table 3.1,
were used. The main difference is that the range for a neutral effect is widened as a score under 0,49
or -0,50 is not considered positive. Another change can be seen at the range of slightly positive and
negatives scores. It was considered that these ranges had to be widened as well.
Table 3.1 Scores of the adaptive capacity wheel

Colour

Effect of institution on Score

Aggregated scores for dimensions

adaptive capacity

and adaptive capacity as a whole

Green

Positive effect

Score of 2

1,50 to 2,00

Light Green

Slightly positive effect

Score of 1

0,50 to 1,49

Light Yellow

Neutral or no effect

Score of 0

-0,50 to 0,49

Orange

Slightly negative effect

Score of -1

−0,50 to –1,49

Red

Negative effect

Score of -2

−1,50 to –2,00

5.

Presenting and communicating the data

The final part of the five step approach is to clearly present and communicate the data that has been
collected during the research. In this research this is done by working with multiple colours green and
red which indicates a positive or negative score of a certain criteria and dimensions of the adaptive
capacity wheel. Gupat et al. (2010) prefers working without colours because they can be judgemental.
However for the clarity of this study and the presentation of the assessment of the adaptive capacity,
colours were used to identify a certain score. The average score of the assessment of the dimensions
within the adaptive capacity wheel are, as prescribed by Gupta et al. (2010), discussed in each of the
case study conclusions. The scores of the dimensions are based up on the information gathered by the
interviewees and literature.
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In the following chapters, the analyses of the three urban areas are presented. The assessment of the
each of the six dimensions will consecutively be described. In the last chapter of the research, the main
conclusions of the assessment of the case studies as well as recommendations on possible
improvements on the adaptive capacity of the urban areas of Rotterdam, Gouda and Kanis are
presented.
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Chapter 4. Rotterdam
Rotterdam represents the largest city within this research. Rotterdam has a population of about
630,000 people and is the second largest city in the Netherlands (Centraal bureau voor de statistiek,
n.d.). The region of Rotterdam can also been seen as being one of the most important infrastructural
and economic areas of the Netherlands and Europe (Nijhuis, 2013). This can largely be explained by
the fact that Europe’s largest port is located in Rotterdam. This creates an extensive economic value
for the city due to numerous jobs and companies. With an added value of €20 billion, which represents
3 percent Gross Domestic Product, this also represents extensive economic value to the Netherlands
itself (Havenbedrijf Rotterdam, n.d.). As Rotterdam is the second fastest growing city in the
Netherlands, it is necessary to have a trustworthy infrastructural network as well as a safe living
environment (Centraal bureau voor de statistiek, 2017).
The city of Rotterdam is located in the west of the Netherlands. The city is partly built on peat and clay
ground. As mentioned earlier, clay and peat are more sensitive to subsidence than, for example, sand.
The subsidence of these soils can cause major infrastructural problems to the city due to the fact that
Rotterdam has underground metro lines, a great number of gas pipelines and more than 2,800
kilometre of sewerage pipelines (T. Do & J. de Ruiter, personal communication, May 5, 2017). When
subsidence occurs, these elements of infrastructure can suffer major damage. For example, in the
Netherlands a municipal sewer pipe will tend to last for an average of 60 years (GWW kosten, 2010).
However, many factors can increase or decrease the average lifespan of a sewer pipe. Due to land
subsidence in the municipality of Rotterdam, sewer pipes tend to last much shorter than the average
of 60 years. Thuy Do (Personal communication, May 5, 2017) of the municipality of Rotterdam, states
that sewer pipes in Rotterdam sometimes last for less than 40 years and this increases the overall
infrastructural costs for the municipality.
The city of Rotterdam will have
several major problems to deal
with

in

the

future.

Land

subsidence is one of them. The
main

problems

associated

that

with

are
land

subsidence are infrastructural
damage and foundation failure.
Foundation failures are mostly
the consequence of failing

Figure 4.1 The effect of broken sewers to groundwater levels. (KCAF, n.d.)
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wooden pole foundations. In cases where the wooden poles are not covered by ground water, they
may be weakened. The combination of weakened foundation poles and land subsidence can cause
damage to the foundations of buildings. In Rotterdam the cause of low groundwater can be related to
the petrifaction of the city itself and broken sewer pipes. The increasing population of Rotterdam is
causing a higher density of population and buildings in the city which in turn leaves less space for
greening. As a result of this, rainwater has more trouble infiltrating into the ground which results in a
lower levels of groundwater and therefore a higher change of damaged wooden pole foundations
(Scalenghe & Marsan, 2009). Figure 4.1 shows the effect of damaged sewers. The low groundwater is
the result of broken sewers that then function as a drain into which ground water runs. For this reason,
wooden pole foundations can become dry and start to rot. This problem is strongly related to land
subsidence as sewers systems tend to break sooner due to transformation in the soil.

Figure 4.2 Foundation risk map Rotterdam (Het funderingshuis, n.d.)

In figure 4.2 shows a foundation risk map of Rotterdam. This map displays the amount of foundation
problems with wooden poles in the city. Up to 30 percent of the buildings in the areas marked in red
have foundations problems.
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In the remaining part of this chapter the six dimensions of the adaptive capacity wheel and the triple
bottom line theory will be further analysed. As was explained in the previous chapter, the three
empirical elements will be divided and structured following the criteria of the adaptive capacity wheel
and the triple bottom line theory. The following sections are structured by the dimensions that are
used in the adaptive capacity wheel and the triple bottom line theory. These sections comprise the
most important and relevant findings of the interviews and literature. At the end of the chapter the
assessment score of the involved actors can be found. The chapter is concluded by the adaptive
capacity wheel combined with the triple bottom line theory based on the findings within the
dimensions of variety, learning capacity, room for autonomous change, leadership, resources and fair
governance and people, planet and profit.

4.1 Variety
The first dimension of the adaptive capacity wheel that will be analysed is variety. This dimension
focuses on a varied approach of problem definition, measurement and solution in order to deal with
land subsidence. This dimension is divided into four different representative criteria. The first criteria
is variety of problem frames. During the interview with Thuy Do and John de Ruiter from the
municipality of Rotterdam one of the major problems that was outlined by them was infrastructure.
As the city of Rotterdam is the second largest city in the Netherlands and highly populated with more
than 3,000 citizens per square kilometre, it is essential to have a properly functioning infrastructural
network (Centraal bureau voor de statistiek, 2017). Looking at the centre of the city, this number
increases to more than 7,000 citizens per square kilometre which only increases the importance of the
infrastructure (de Bruijn, 2011). Another problem that is outlined by the municipality as well as the
water board is the damage to wooden pole foundations due to low ground water levels (T. Do & J. de
Ruiter, personal communication, May 5, 2017) (J. Bals, personal communication, June 12, 2017). The
municipality has in collaboration with the water board of Schieland en de Krimpenerwaard and
multiple other parties, developed an adaptation strategy for the region of Rotterdam. In this
document, multiple problems are outlined and defined, including the infrastructure and foundations
of buildings (Nijhuis, 2013). As these problems are framed well, a score of plus two is designated.
Multi-actor, level & sector is the second criteria of the dimension variety. This part of the dimension
focuses on the collaboration between multiple actors and sectors. An actor which is collaboration with
multiple sectors can be seen as more adaptive (Gupta et al., 2010). The municipality of Rotterdam is a
municipality with one of the largest number of employees in the Netherlands. The 10,000 employees
provide the municipality with an enormous amount of knowledge and labour (T. Do & J. de Ruiter,
personal communication, May 5, 2017). Due to the fact that the municipality has this amount of
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knowledge, collaborations with other actors is not as important as with smaller municipalities which
have a limited amount of knowledge. However, as responsibilities in the city are divided among
multiple parties, collaboration is essential to ensure that the city is able to adapt to land subsidence.
The water board of Schieland en de Krimpenerwaard are among the most important actors as they
control the surface water in and around the city (T. Do & J. de Ruiter, personal communication, May 5,
2017). As the level of surface water influences the groundwater level, which in turn influences wooden
pole foundations, the collaboration between these actors is relevant to both actors. This can be
determined from the following quote:
“What I just said, the area consultation can be seen as an advantage in the last years. The actors are
finding each other easier than before. The municipality is better organised and knows which tasks need
to be tackled within multiple departments” (J. Bals, personal communication, June 12, 2017).

This quote highlights the fact that there is collaboration between the municipality and the water board.
The municipality is also collaborating with the KCAF within multiple pilots in order to deal with
problems in buildings with wooden pole foundations (D. de Jong, personal communication, June 16,
2017). KCAF is an organisation which is set up in order to collect data about the prevention of
foundation problems. As the multiple actors are involved among each other, a plus 2 score can be
given.
Third is the diversity criteria. This section of the wheel focuses on the policy options and measures that
can be taken in order to adapt to land subsidence. Beside this, another part of this type of criteria is
how multiple problems are related and connected to each other (Gupta et al., 2010). In the case of
problems that are related to subsidence of infrastructure, the raising of streets with sand is an option
that is done by the municipality if it provides the right solution. However, raising infrastructure by
adding sand increases the overall weight of the land and accelerates subsidence. As the municipality
is aware of this problem, it tends to search for new options in order to reduce the weight of the overall
infrastructure. According to the municipality this can be achieved by using lighter materials. However,
as these tend to bring other problems with them such as higher costs and lower flexibility.
Consequently the municipality is not using these materials very much (J. Bals, personal communication,
June 12, 2017). Another possibility is improving the permeability of the infrastructure in order to raise
the ground water level. The municipality is however not actively using these measures all, which result
in a score of 0.
Lastly, the criteria redundancy. The aspect of redundancy is related to the presence of overlapping and
backup measures to cope with the possible failure of other measures (Gupta et al., 2010). Currently
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the municipality of Rotterdam is only using a limited variety of measures to cope with land subsidence.
Because of this, the redundancy cannot be seen as great and is therefore rated with a -1.

4.2 Learning capacity
Trust is the first criteria within the dimension of learning capacity. It is defined as a presence of
institutional patterns that promote mutual respect and trust (Pelling & High, 2005). It is necessary to
have a good relationship between actors for them to collaborate with each other. The municipality of
Rotterdam is working with multiple actors in order to adapt to the problems of land subsidence in the
city. In order to be able to work toward a solution to a problem, the problem should be defined and
agreed by both parties. In the case of the municipality of Rotterdam, the municipality is working
together with citizens from the pilot in Hillegersberg. According to Filippus van Leeuwen the
neighbourhood and the municipality agreed on several problems in the area which provided the
residents with a certain amount of trust and confidence (F. van Leeuwen, personal communication,
Jun 29, 2017). Trust is also achieved through joint search for solutions and the quality of collaboration
between parties. In Hillegersberg the municipality worked together with residents and the
funderingsloket in order to find the right solutions for the area and this resulted in the action group
Goed Gefundeerd. According to Filuppus van Leeuwen, this gave the residents in the area more
confidence in the partnership with the municipality of Rotterdam. In collaboration with the three
regional water authorities in Rotterdam, the municipality has a common vision to which these parties
align (J. Bals, personal communication, June 12, 2017). A score of plus 1 is given.
Single loop learning is the ability to improve routines by learning from past experience. The
municipality is improving on this criteria as it is changing routines in collaboration with the water board
and within projects with residents (J. Bals, personal communication, June 12, 2017). With more than
10,000 employees within the municipality of Rotterdam, there are multiple departments. These
departments do not always work together, and this leads to different ways of working. The
funderingsloket of the municipality is doing its best to learn from the past and is adapting to the new
insights that are obtained from collaboration with residents. However the water department is less
keen on learning from the past. As the department do not work together flawless, a score of zero is
given.
While single loop learning focusses on improving routines, with double loop learning new goals are
made based on new insights from the past. New goals can only be accomplished if challenges are
accepted. Within the administrative dialogue (named Water and Climate) between the municipality
and Rotterdam’s the three water boards, the challenges of water and climate are discussed and
accepted (J. Bals, personal communication, June 12, 2017). Waterplan 2 is a joint vision between these
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actors which describes the approach to dealing with several related challenges (Gemeente Rotterdam,
2007). However, as land subsidence is within this vision only mentioned briefly it appears that it is not
seen as one of the most important issues in the city. As a result, fewer challenges are related to land
subsidence. The municipality is however, also involved in projects that are related to ground
subsidence such as that in Hillegersberg. As this pilot was successful in the end, the municipality has
learnt some lessons and adapted their new knowledge in new research within other areas of the city
(F. van Leeuwen, personal communication, Jun 29, 2017).A positive score of 1 can be given.
The fourth criteria within this dimension is discuss doubts. This focuses on open discussions between
actors and whether there is doubt about the collaboration between actors. As mentioned earlier, the
municipality of Rotterdam collaborated with the water boards of Rotterdam and also its citizens. Open
discussion takes place during the administrative dialogues between the municipality and the water
boards. The municipality is also involved in the program Platform Slappe Bodem. This platform
comprises multiple organisations that are involved with the dilemma of land subsidence. Within this
platform, consultation between the actors took place with a community of practice. In this community
of practice, experience and knowledge is shared between the community’s actors (Platform slappe
bodem, n.d.). The Funderloket of the municipality was also involved in discussions between residents
within the Hillegersberg pilot. As the municipality became increasingly actively involved in this case,
communication between these actors improved. The municipality also organised residents’ nights
during which residents and the municipality discuss the doubts that exist in the areas affected by land
subsidence (T. Do & J. de Ruiter, personal communication, May 5, 2017). As there are multiple ways to
discuss doubts, a score of one is given.
The fifth criteria is institutional memory which records any monitoring and evaluation of policy
experiences. As described by the municipality itself, Rotterdam is a city which is very progressive and
wishing to be ‘best in class’. While trying to be the best, a continuous development of knowledge and
experience is necessary. Thanks to extensive satellite monitoring of several projects, the city of
Rotterdam has one of the largest databases in the Netherlands (T. Do & J. de Ruiter, personal
communication, May 5, 2017). As a result of this research, there is a tremendous amount of knowledge
that can be used to tackle ground subsidence issues within the city. However, as the city constantly
want to move forward, there is limited evaluation of previous policies and measures that could be
learnt from (J. Bals, personal communication, June 12, 2017). Although there exist great amount of
knowledge due to the extensive monitoring, evaluations are less common which results in a plus 1.
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4.3 Room for autonomous change
The first criteria in the dimension of room for autonomous change is continues access to information.
Self-acting becomes available for citizens if there is a continues access to the necessary information
(Gemeente Rotterdam, n.d.) (T. Do & J. de Ruiter, personal communication, May 5, 2017). As the
municipality of Rotterdam makes data from the city available to its citizens, self-acting can be realised.
This could be useful, for example, when buying a house. The municipality is, besides providing open
data, collaborating with KCAF in order to provide its citizens with more accurate information about the
foundations of buildings in the city. The aim of this collaboration is to provide citizens with accurate
information so that they can make better decisions about, for example, the housing market (D. de
Jong, personal communication, June 16, 2017). This results in a plus 2 in the adaptive capacity wheel.
Act according to the plan is the second criteria within this dimension. It emphasizes the availability of
a plan which can be followed. According to Rotterdam’s water board, the policy of the municipality of
Rotterdam is mainly focussed on climate change and water. Although land subsidence is briefly
mentioned in policy documents, there is no specific policy on the subject itself (J. Bals, personal
communication, June 12, 2017). Land subsidence in the city is however described in an adaptation of
the municipality’s strategy document in collaboration with many other organisations in the province
of Zuid-Holland. This document describes land subsidence as a problem and the consequence of
drought in the city. This drought is caused by current climate change (Nijhuis, 2013). Within the
adaptation strategy of Rotterdam land subsidence is further described as a risk to buildings and
infrastructure. In addition, several measures are mentioned that could lead to a decrease in land
subsidence in the city. For example, water squares retain rainwater that can then be used to maintain
the ground water levels and decrease land subsidence (Rotterdam Climate Proof, 2013). It cannot
really be seen that the municipality is following its plan which results in an average score of 0.
Capacity to improvise focuses on the ability of individuals to improvise and innovate. In addition, it
describes the ability to change measures during the planning process. In the Hillegersberg case study,
residents took matters in own hands by researching into whether residents suffered from the effects
of ground subsidence and foundation problems. As mentioned by van Leeuwen, the municipality does
not actively encourage self-organisation by residents but when he asked the municipality for support
they told van Leeuwen that he should organise something by himself “the advice is to research yourself
if your neighbours have the same problems”. So, it is possibile to take the initiative in the city of
Rotterdam. The municipality is however not really keen on citizens taking matters in their own hands
as the subject of land subsidence is still very sensitive. “The municipality wants to take action quickly
but is also trying to make provision for citizen participation in this process with minimal interference”
(D. de Jong, personal communication, June 16, 2017). This shows that the municipality has reservations
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about letting citizens participate in planning procedures or taking matters into their own hands which
results in a score of 0.

4.4 Leadership
The dimension of leadership is divided into three criteria. The type visionary leadership focuses on the
availability of using a long term vision. Land subsidence in Rotterdam is a very difficult problem to solve
because of the size of the city and the challenges that lie beneath the ground such as metro lines and
a very large infrastructure network. As stated by the municipality “Because our problem is so huge, we
have to plan with long term vision if we are to minimise the problem for the city”. The municipality of
Rotterdam envisions many decades ahead and applies it to many subjects such as water and soil. In
the Rotterdamse adaptatiestrategie policy document several of these subjects are combined in one
large strategy for the future. Adapting the city to new circumstances is one of the old traditions of
Rotterdam and is evidenced by building water squares and green roofs (Rotterdam Climate Proof,
2013). The city is adapting to new circumstances with many parties as new urban projects will always
be aimed at being climate-proof urban developments. The visions that are available nowadays are
focused on several aspects of climate change such as urban heat stress, increased precipitation, rising
sea levels etc. Although land subsidence is a problem that will only increase in future decades, it is not
one of the main issues mentioned in the vision. Also according to Bals, “The theme is connected to
other projects. It is not a theme which has a specific policy.”. This relates to the fact that in the
adaptation strategy of the municipality, land subsidence is only mentioned a couple of times under the
drought theme. However, more factors influence land subsidence in the city like the weight on the soil
and intensity of the infrastructure. The importance of lightweight materials is not mentioned in this
vision while that is according to van der Ven important “An important role is to keep the water levels
as high as possible and keep buildings materials as lightweight as possible.” (F. van der Ven, Personal
communication, June 22, 2017). Although there is a long term vision, it has not specifically focussed
on ground subsidence which results in a 1.
Entrepreneurial leadership indicates that there is room for leaders that stimulate actions. It looks like
the municipality of Rotterdam is open to innovation and ideas. The municipality of Rotterdam is
collaborating with the KCAF in order to develop an public register which gives insight into the quality
of the foundation of houses (D. de Jong, personal communication, June 16, 2017). This register will
stimulate residents to look after the foundations of their houses (T. Do & J. de Ruiter, personal
communication, May 5, 2017). The Goed Gefundeerd pilot is the result of an initiative by a group of
residents that then became a collaboration with the municipality and other previously mentioned
parties. A score of plus 1 is therefore given.
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Collaborative leadership is related to the stimulation of collaboration between multiple actors. Within
the city of Rotterdam there is multiple collaboration. On a strategic level, the municipality is in
collaboration with the province of Zuid-Holland, water boards, Rijkswaterstaat and also the
municipalities of Schiedam and Barendrecht. This collaboration led to a report which gave insight into
the steps to be taken in order to develop an adaptation strategy for the region of Rotterdam (Nijhuis,
2013). Platform Slappe Bodem is more than the previous collaboration, focusing on collecting data and
experiences of multiple municipalities, water boards and public parties. This collaboration pleads for a
national approach on land subsidence by combining the knowledge of multiple organisations (Platform
Slappe Bodem, 2016). Although the municipality of Rotterdam is now involved in this program, it was
not involved at the beginning. The reason was that the municipality did not see the full potential of the
program. However, when asked by the platform itself Rotterdam did eventually participate (T. Do & J.
de Ruiter, personal communication, May 5, 2017). This can be related to the fact that within the
municipality of Rotterdam there is a lot of knowledge and as a consequence, the municipality does not
readily collaborate with other organisations. When looking at the case study of Hilligersberg, the
municipality was involved in the Goed Gefundeerd pilot. In this collaboration with the KCAF, the
Ministry of Internal Affairs, residents and the municipality, recovery works on foundations and
infrastructure was done (KCAF, 2016). As the municipality is starting to come forward and work
together with more municipalities, a score of 0 can be given.

4.5 Resources
The number of available resources effect the adaptive capacity of an area. Exercising authority is the
first criteria which depends on instruments and rules that are maintained. Water boards are an
important counterpart of the municipality as it manages surface water and the purification of waste
water (T. Do & J. de Ruiter, personal communication, May 5, 2017). As water boards have authority
over water level decisions, collaboration between these actors is crucial. The municipality itself also
has many ways to exercise authority with a for example a zoning plan. Rules in the zoning plan can
determine material use, height of buildings etc. (Gemeente Rotterdam, n.d.). It is expected that by
2019 this bestemmingsplan will be implemented into the new Omgevingswet. This new law bundles
multiple rules which make it easier to start new urban projects (Ministerie van Infrastructuur en Milieu,
2014). As current rules sometimes block sustainable development, the Omgevingswet introduces new
rules that are adapted to sustainable development. For now a score of 1 is given.
Human resource is affected by the availability of human labour and knowledge. The city of Rotterdam
is one of the largest cities in the Netherlands and has more than 10,000 employees. These employees
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all have their own special skills that can be used in the city. The municipality even has its own municipal
engineering firm with a great amount of knowledge (T. Do & J. de Ruiter, personal communication,
May 5, 2017). The municipality’s department of city development has more than 1,000 urban planners,
traffic experts etc. The municipality is also involved in multiple collaboration with knowledgeable
parties such as Deltares and KCAF (F. Hooimeijer, personal communication, July 7, 2017). As mentioned
earlier in this chapter, the municipality also collaborate with the three water boards in the city.
Knowledge for the municipality is further acquired through the attendance of meetings with Platform
Slappe Bodem. Communication between employees within the municipality does however merit some
improvement as mentioned by Bals “ It has happened a few times that we as water board within a
different department said your colleague is working on this”. As communication often requires
improvement it proves that the size of the municipality can sometimes also be an disadvantage. The
score will however be a plus 2, due to the enormous amount of knowledge available.
The availability of financial resources is important in order to implement measures against the effects
of land subsidence in the city of Rotterdam. As Rotterdam attempts to be one of the most progressive
cities to adapt to climate change a large budget is therefore set apart. Water squares are one of these
innovative measures for which money has been spent. The municipality is recovering money by levies
on the sewerage. Besides their own earnings the municipality receives a financial contribution from
the national municipal fund based on the size, citizens, surface etc (Ministerie van Binnenlandse Zaken
en Koninkrijksrelaties, 2017). Although the municipality takes care of infrastructural costs in the city,
restoration work to the foundations of a house is the responsibility of the house owner (D. de Jong,
personal communication, June 16, 2017). Still the municipality is able to deal with the costs and is
therefore been given a plus 2.

4.6 Fair governance
Legitimacy is the first criteria of the fair governance dimension. This is related to whether there is
public support for a specific institution (Gupta et al., 2010). The overall image of the legitimacy of
Rotterdam’s municipality is positive. The water board of HSK is positive about the policy of the
municipality. For residents, land subsidence can be a very large problem and the policy of the
municipality is to provide citizens with as much data and information as possible in order to make them
aware of the problem (T. Do & J. de Ruiter, personal communication, May 5, 2017). This results in a
greater awareness and a score of plus 1 in the adaptive capacity wheel.
Equity is determined if institutional rules are fair to all parties. As mentioned earlier, land subsidence
is a very sensitive problem as citizens may suffer very high costs with work on their houses’
foundations. Beside high costs it is also possible that the value of a house may drop dramatically if it
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becomes clear that the building has weak foundations. In order to prevent this information becoming
public, the municipality does not publish the information online (T. Do & J. de Ruiter, personal
communication, May 5, 2017). While this might prevent possible lowering of house values, it is
debateable if this is fair to future house owners who might buy a house without knowledge about the
state of its foundations. A positive note comes from the citizens involved in the Hillegersberg pilot.
During the pilot, collaboration between the residents and the municipality was positive because no
residents suffered loss. In this case, the funderingsloket of the municipality in particular had a positive
attitude while the water department which is focused on ground water levels was more conservative
and unyielding. Although some departments of the municipality can be a bit conservative, the
municipality can be seen as fair in collaboration with parties (F. van Leeuwen, personal communication,
Jun 29, 2017). Therefore a score of zero is given.
Responsiveness is the third criteria and focuses on whether or not the public has the opportunity to
respond to institutional policy. The municipality organises multiple residents’ nights where the two
parties are able to discuss new developments and policies amongst each other. These nights are often
organised by the municipality and the residents’ organization of a particular neighbourhood. The
Hillegersberg residents’ organization was involved in the nights that were organised to discuss land
subsidence and foundation problems in the neighbourhood (InHillegersberg, 2017). Residents of
Hillegersberg were also involved in consultation on several researches that were done in the
neighbourhood. “And indeed, residents were also involved in that kind of advisory group with the
drafting of the report.” (J. Bals, personal communication, June 12, 2017). It did however took great
effort by the residents itself in order to collaborate with the municipality. Therefore a score of -1 is
related to the responsiveness.
Institutional patterns need to have accountable procedures so that there is a democratic process. The
municipality of Rotterdam gives residents and companies the opportunity to request sight of policy
documents and rules (Gemeente Rotterdam, n.d.). There are however also times when the
municipality is not so transparent in their communication towards the residents. This is again in
situations when information is so sensitive that publication of it can expose residents to high financial
damage (T. Do & J. de Ruiter, personal communication, May 5, 2017). As a result of this, a negative
score of -1 is been given here.

4.7 People, planet, profit
The triple bottom line has from the beginning been a framework to measure the performance of
sustainability in an origination (T.F. Slaper, 2011). As this is currently missing in the adaptive capacity
wheel, it forms as a good addition to this research. By analysing the performance of people, planet and
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profit of the city of Rotterdam, additional scores are given to the adaptive capacity wheel. Although
the triple bottom line does not have a common unity of measure, the score has been based on the
interviews and available documents. The adaptive capacity wheel does not include criteria which
focuses on local residents. By using the triple bottom line, this can be further clarified in this paragraph.
Looking at the variable of people within the Hillegersberg case study, it can be seen that the overall
welfare of the residents, living in the area affected by ground subsidence and foundation problems,
has improved since the municipality and residents began investing in the area. One of the main reasons
for that is the increase in local community self-awareness in the Hillegersberg neighbourhood. In the
city of Rotterdam, large groups of residents have a low self-awareness regarding the phenomena of
land subsidence and the possible effects it can have for the residents of the city itself. This has also
been the case in Hillegersberg, however after the project was initiated, the neighbourhood was
actively involved in multiple meetings with the municipality and professional knowledge parties as the
KCAF. As the entire neighbourhood was affected by land subsidence, a whole new community spirit
within the neighbourhood appeared which increased the overall welfare of the neighbourhood. The
new community spirit and solidarity that arose has the additional benefit of increasing the
sustainability of the city as residents are more involved in the neighbourhood and it stimulates a
participative society.
Planet is related to environmental variables within the city of Rotterdam. Rotterdam is a city which is,
as said earlier, focusing on being a leader in climate change adaptation. Innovations are being
implemented in the city such as water squares to collect redundant precipitation in order to keep the
city dry. During the renovations that took place in HIlligersberg, the municipality invested in water
permeable streets. This resulted in water being able to drain into the ground which raises the ground
water levels. As these levels rise, the ground is less affected by land subsidence this will increase the
durability and the sustainability of the infrastructure in the neighbourhood.
Profit is related to the economic variables of Rotterdam. As the city is willing to invest in the quality of
the infrastructure in the city, the level of liveability will only increase. In Hillegersberg, the municipality
invested in high quality materials for the infrastructure in the neighbourhood. Not only will this
increase house prices, the municipality will benefit from the positive effects that are related to this
change. Some benefits could include more highly educated people.

4.8 Conclusion
Till now, in this chapter an appreciation of the criteria of the adaptive capacity wheel related to city of
Rotterdam is given. In the following paragraph, a conclusion is given of all six dimensions of the
adaptive capacity wheel. The scores of the criteria which are given in the previous paragraphs give an
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average score of a dimension. These scores are however in sometimes up-or downgraded depending
on a positive or negative appreciation of the triple bottom line theory.
The dimension of variety has overall been assessed as good. Within Rotterdam, a number of actors
related to ground subsidence are working together. Multiple collaborations in which these actors are
able to share information to each other does help to increase the adaptive capacity of the city itself.
The problems in the city are framed by multiple actors and are outlined in municipal documents. While
these two types of criteria were rated as very good, diversity an redundancy are criteria which scored
lower. This is mainly the result of the limited amount of measures that are used within the municipality
to deal with the effects of ground subsidence. Although the low scored criteria, the dimension is variety
can still be seen as good with an combined average score of 0,75.
Learning capacity has scored overall positive with an average score of 0,8. Learning capacity is based
out of five types of criteria. Trust among the actors has been a problem in some cases, however the
municipality mostly managed to gain the trust of residents and other parties which resulted in a
positive score. While researching single loop learning, it has been found that the enormous size of the
municipality itself led to some problems which have resulted in a lower score for this criteria. The
following three criteria have a positive score. This is the result of the municipality which is focussing
on new goals based on insights of the past. Discussions take place in collaborations with residents and
institutions and there is some form of evaluation in the city. These types of criteria all result in a
positive score of 0,8 for this dimension.
With room for autonomous change, the focus is on access to information, act according to plan and
the capacity to improvise. The city of Rotterdam showed that it has a very good ability to access
information. Due to the enormous amount of information that the city has acquired throughout
monitoring and the fact that a large part of this is available for the public, residents are able to selfact. While Rotterdam has a great strategy on climate change, land subsidence is only briefly mentioned
in policy documents. Consequently it cannot be seen that the municipality is acting by a plan which
results in an average score of 0. Although residents are able to access information, improvisation by
residents is not stimulated on a large scale. Overall the adaptive capacity of this dimension can be
seen, with a score of 0,7, positive.
The city of Rotterdam has develop a long term vision which gives the city handhold for the future. The
Rotterdam adaptatiestrategie combines several subjects into one large vision which result in a positive
score one the adaptive capacity wheel. By using the triple bottom line theory, the score of this
dimension is increased as the municipality is investing a lot in being a leader in climate change
adaptation which is related to planet. Therefore the score is upgraded to very good. As the city of
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Rotterdam stands open to innovation and ideas, it looks to have an positive entrepreneurial leadership.
Collaborative leadership is less positive as the municipality is less focussed on building coalitions which
is partly caused due to the fact that the municipality has a great capacity of resources by itself.
Combining all scores, the dimension of leadership can still be seen positive with an average score of 1.
It can be concluded that the city of Rotterdam is rich in its resources as this dimensions has scored very
good. The municipality has a positive capacity on authority as the municipality itself is using zoning
plans and in the future the Omgevingswet. As the municipality has more than 10,000 employees, it has
a very positive human capacity of resources. The city itself has also great economic resources with a
large budget in order to adapt to climate change which does incorporate land subsidence. As a result,
the dimension of resources can be seen as very positive with a score of 1,7.
The dimension which has scored the lowest is Fair governance. The criteria of legitimacy of the
municipality of Rotterdam has been positive according to involved actors. Equity is however less fair,
as not all available information is shared with residents. Responsiveness of the municipality is likewise
not the best score. Although the municipality is collaborating with multiple actors as residents, the

Figure 4.3 The adaptive capacity wheel applied on the city of Rotterdam
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responsiveness can be increased. In some cases it took much effort of residents in order to ensure that
the municipality would collaborate with them. As this effects people, the dimension of people in the
triple bottom line theory is affected negatively. Therefore this score is decreased to minus 2. The
municipality should also invest at being more accountable as the current score is weak. As a result of
this negative score, the total score for this dimension is negative with -0,5.
In figure 4.3 the final version of the adaptive capacity for the city of Rotterdam is shown. In this wheel,
the scores of all the criteria and dimensions are shown with the use of multiple colours as explained in
research methods section in chapter three. The adaptive capacity of Rotterdam has been assessed
with an average score of 0,68.
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Chapter 5 Gouda.

With a population of 72.000 citizens, Gouda is medium sized city in the Netherlands (Gemeente Gouda,
2017). Gouda is located in the middle of the green heart which is a low populated peatland area in the
middle of the Randstad. The city has a historical old city centre which is rich of monumental buildings.
The city has some famous sights which are popular among tourists as the cheese market and the old
town hall. These tourist are an important economic factor within the budget of the municipality
(Gemeente Gouda, n.d.).
As the city of Gouda is built on weak peat soil, the city is gradually subsiding. Due to the constant
decline of the surface, roads and other infrastructural works tend to last shorter than in an average
municipality. The extra infrastructural costs incurred led to an infrastructural shortfall within the
municipal budget. Therefore in 1967 Gouda became an article-12 municipality (Overheid, 1998). To be
eligible for this additional fund, the municipality must meet several requirements. When designated
an article 12 municipality, the municipality is able to receive additional financial support from the
national municipal fund (Rijksoverheid, n.d).

Figure 5.1 Gouda (Personal collection)
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The entire city of Gouda has to deal with land subsidence. Whilst many new housing projects outside
the centre are built on meadows in the peatland (Middendorp, 2015), the municipality pays more
attention to land subsidence in the old historical centre of the city because of its many historical
buildings and monuments, cultural heritage and tourism. A coalition has been started between several
organisation in search of solutions to futureproof the city centre.
As done in the last chapter, the six dimensions of the adaptive capacity wheel and the triple bottom
line theory will be further analysed within the following sections. The following sections are structured
by the dimensions and criteria that are used in the adaptive capacity wheel and the triple bottom line
theory. At the end of the chapter the assessment score of the involved actors based on their case can
be found. The chapter is concluded by the adaptive capacity wheel combined with the triple bottom
line theory based on the findings within the dimensions of variety, learning capacity, room for
autonomous change, leadership, resources and fair governance and people, planet and profit.

5.1 Variety
It can be said that the municipality of Gouda has encompassed the problem of land subsidence in the
city well. In the city suburbs, the main land subsidence problems are those relating to its infrastructure.
While newer buildings are built on concrete pole foundations, older buildings are built either on
wooden pole foundations or no foundations at all. This is the main issue that the municipality and
residents are facing, particularly in the centre of this historical city. As stated by Fijan, about 90 percent
of the historical houses in the city centre have no foundations (A. Fijan, personal communication, May
31, 2017). Other parties such as the Rijnland water board, share the same perspectives of the problem.
Another common problem is related to the fact that wooden pole foundations need to be under water
to maintain their structural integrity (D. de Jong, personal communication, June 16, 2017). A high level
of ground water can be obtained when the surface water is also at a high level. The water board is not
willing to raise the surface water level even more in the centre of Gouda, as some streets are almost
at flood level already so any damage caused by floods will be attributed to the water board itself. The
municipality and water board are however also aware that if nothing is done about this situation, then
wooden pole foundations will become dry and rot (van den Born et al., 2016). As the problem has been
framed, a score of 2 is given for the criteria problem frames & solutions.
In Gouda, the municipality is in collaboration with several parties in order to gain knowledge about
these problems in the search for a solution. Successful collaboration between multiple parties is
necessary as any new policy is dependent on agreement between parties. While new strategies and
policies are being developed, the municipality is in discussion with many parties so that common
agreement can be established. In Gouda there are partnerships among numerous actors such between
50

the municipality and Deltares, and the municipality and the water board. However there is also a larger
collaboration named Coalitie stevige stad op slappe bodem, between multiple parties such as Deltares,
Rijkswaterstaat, the water board, the province of Zuid-Holland, citizens, municipality and external
companies (Kennisprogramma klimaat water & bodem, n.d.). The partners in this coalition are at this
moment still researching into what kind of approach will be the most successful in the city centre. As
the municipality is focussing on collaborating with other actors and stimulating this, as good score of
plus 2 is given.
There are several solutions to the problem of land subsidence in the city. Within the larger
collaboration there are currently several approaches that are being developed further. The first is to
keep water levels in the city high in order to prevent wooden pole rot. Another approach is based on
maintaining low water levels in the city but his will however, result in wooden pole rot in several houses
in the city. A further option would be to raise water levels in some areas of the city centre whilst
lowering it in other parts (A. Fijan, personal communication, May 31, 2017). However the latter is the
most expensive solution for the water board as they would then need to create a split in a water area
and implement a sluice within the city centre. The main policy of the water board is against the splitting
of a water area because of the associated increase in cost. As a diversity of solutions does exist but it
is still unclear which one will be chosen. As score of plus 1 is assigned.
The municipality has several possible measures to deal with land subsidence in the city but the city is
trying to develop a single policy. This policy will be the product of several measures that could be
implemented within the city. However, as stated by Fijan, “We have the high and low scenario. And
we have one in between of them and that is splitting the two measures, that is probably how it is going
to end”. Here the municipality explains that it is difficult to follow one specific scenario by applying
certain measures. Therefore, the policy that is developed will probably end up as a mixture of the two
scenarios and as a result of that also a mixture of measures. Although not specifically adopted by the
municipality, it is likely that there will be some overlap of measures that will increase the redundancy
of the city. The overall redundancy of the municipality is rated as average and therefore with a score
of 0.

5.2 Learning capacity
Trust among parties involved in the collaboration on land subsidence in Gouda can be seen as generally
very good. The coalition in which multiple parties are involved has the purpose of building a futureproof plan for the Gouda city centre (Hommes, 2017). Within this coalition there is mutual trust among
the involved parties. As mentioned by Cleef, “Learning capacity is a good point. All parties have an
open attitude and try everything”. This relates to the fact that all parties involved in the coalition do
51

their best to make the coalition a success. The involved parties are all very positive because
communication amongst them is good. An external company, led by Robert Cleef, was hired by the
municipality to ensure that communication within the coalition runs smoothly and independently (A.
Fijan, personal communication, May 31, 2017). The interdependency of the collaboration contributes
to the shared trust among the involved parties. The municipality has also invited local residents to have
discussions with other parties during the meetings. Another positive point is that the municipality is
targeting a joint search for the right policy among all involved parties (D. Kern, personal
communication, June 2, 2017). All parties should benefit from the new policy in one way or another.
Robert Cleef was also hired to make sure this would happen. A score of plus 2 is therefore assigned.
The suburbs of the City of Gouda have years of experience of land subsidence. In these neighbourhoods
land subsidence is mostly managed by raising the infrastructure. Less attention has been given to land
subsidence in the city centre. In previous years, this has however changed and consequently resulted
in the current coalition. However, as land subsidence has only recently become a hot issue for
municipalities, there is not a lot of previous experience, especially of historical city centres. Single loop
learning is focussed on the ability of learning from the past, however as said, this is difficult as there is
very little previous experience of this specific subject. The municipality has been studying the approach
to the issue by other cities like Delft and Woerden. However, this has until today not led to new insights
or improvements to routines (R. Cleef, personal communication, June 1, 2017). As a result of this, a
score of -1 is given.
The municipality has however, in collaboration with the water board, changed some of its policies as
a consequence of new insights. In the past, the municipality and the water board often disagreed about
the surface water level in the city. The water board wanted lower levels and the municipality high
levels of water. Within the coalition Stevige stad op slappe bodem, there are multiple knowledge
parties such as the KCAF and Deltares that are researching the current condition of buildings and the
infrastructure within the city centre. This project is named Living Lab. It was agreed by all parties within
the coalition, that this research has to be done first in order to finalise a strategy for the city centre (F.
van der Ven, Personal communication, June 22, 2017). From this research, new insights can be learned
which can subsequently be applied to new policies for the city centre (Kennisprogramma klimaat water
& bodem, n.d.). For now the score that is given is -1.
During the coalition of Stevige stad op slappe bodem, many meetings took place. During these
meetings there was open discussion of doubts about the process. The fourth criteria within this
dimension is to discuss doubts. This focuses on open discussion between actors and if doubts within
the collaboration between actors is being discussed. Cleef explains “I constantly try to make sure that

52

the involved parties say what they really want.”. While doing so, consultation between the parties
takes place within the coalition. As the various parties have their own agendas, this sometimes makes
discussion difficult. However, as discussion takes place, any doubts that may be present will slowly
disperse and the likelihood of success of the collaboration increased (A. Fijan, personal
communication, May 31, 2017). Although multiple discussions take place between involved actors,
residents are often not fully involved and therefore a score of 1 is been given while the city is planning
to increase the involvement of residents into the policy making process.
As mentioned earlier in this section, the Stevige stad op slappe bodem collaboration conducts research
in the city centre under the name of Living Lab. Monitoring takes place at certain points in the centre
of the city. The Living lab has several goals such as providing insight into the vulnerability of the sewage
system relative to land subsidence. Ground water levels will also be monitored as well was land
subsidence itself (Kennisprogramma klimaat water & bodem, n.d.). As there is a constant monitoring
in the city, data is gathered by multiple institutions which increase the ability to adapt. Therefore a
positive score of plus 2 is awarded.

5.3 Room for autonomous change
Continuous access to information is divided between multiple parties in Gouda. While professional
organisations such as the water board and municipality have continuous access to information, the
residents in the city only have a limited access to information. Within the coalition of Stevige stad op
slappe bodem(SSOSB), continuous access to information is crucial to correct decision-making with
regards to future strategy for the city. The parties from the coalition do have access to information via
the monitoring that is being done within the Living Lab. Not only is this important for professional
organisations, but also for the residents of Gouda. Residents should be able access information as this
makes it possible to self-act (Gupta et al., 2010). As stated by Cleef, “That is currently one of our
weaknesses in the coalition, that there is insufficient communication towards the residents”. As a
result of this, residents are less aware of the problem and are not able to self-act. A score of negative
-1 is awarded.
Currently no vision or strategy exists with regards to land subsidence in Gouda city centre. As the
municipality was willing to change this, the previously mentioned SSOSB coalition was set up. As Cleef
said: “ According to a plan and continuous access to information is really bad. We are trying to work in
a structured way, however we lack having a good plan or agenda.” This makes clear that at the moment
there is no plan which can be followed and this results in a negative score of -2.
Due to the lack of available information, the citizens of Gouda have little chance to self-organise.
Besides the lack of information is there also a lack of local community awareness in the centre of Gouda
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(A. Fijan, personal communication, May 31, 2017). Consequently, the residents themselves are capable
of initiating only few improvements. Currently the municipality is mainly working from a top-down
approach. This approach includes little influence from the residents of the centre of Gouda itself. In
the new strategy for the city there can however be more room for the implementation of selfmanagement by residents. Currently, self-management by the residents has been confined to
managing the effects of land subsidence and not adapting to it. Some residents have installed water
pumps in order to lower the water level in their gardens. Other residents have installed small water
locks in front of their doors, to prevent high water from entering their houses (A. Fijan, personal
communication, May 31, 2017). A score of plus 0 is given as currently institutions and residents have
little not no information to self-manage with, however in the future this may change as there is some
for some initiatives.

5.4 Leadership
The Gouda municipality has shown some qualities of visionary leadership. The municipality is not
focussed on creating new policies for land subsidence in the city. However, it does want to develop a
vision about how to deal with the effects of land subsidence. The aim of the municipality is to develop
this vision that is agreed by the many involved parties.
“The best thing would be a joint vision with all parties, including the residents’ representatives.
A really solid representation, so not what we are doing now. And that you make some kind of
vison which is supported by the municipality, the water board, the national government and
the province”. (A. Fijan, personal communication, May 31, 2017).
It shows that the municipality shows some visionary leadership. However, although the municipality is
willing to develop a vision for the future centre of Gouda, so far any form of vision is still missing. This
is further explained by Robert Cleef who says that the current strategy is not clear. This results in
average score of 0 on visionary leadership.
Collaborative leadership is relative to the stimulation of collaboration between multiple actors. The
municipality of Gouda is collaborating with multiple parties. As previously explained, the municipality
has limited human resource, therefore it is important for coalitions to collaborate in order to gain
knowledge and experience. The collaborative leadership that the municipality shows can be judged as
being very good. Although the municipality is working with numerous parties that support by delivering
knowledge, the municipality itself is pushing and encouraging actors like Deltares and provinces to
collaborate with them (A. Fijan, personal communication, May 31, 2017). This is endorsed by Dolf Kern
from the water board. “ The municipality has been the real leader of the coalition”. As a real leader
which stimulates other actors, a score of plus 2 is given.
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Entrepreneurial leadership of the municipality of Gouda can be seen as good. As the municipality does
lack human resources, they are doing well in collaborations with other parties. By co-operating with
parties such as Deltares, KCAF and STOWA, a great amount of knowledge is gained which can
subsequently be used by the city of Gouda. The municipality is trying to stimulate innovation by
working together with residents and public companies in an innovative way (A. Fijan, personal
communication, May 31, 2017). The company Toekomst Sterk wants to involve residents in the
renovation of streets. The ultimate goal is to organise more citizen participation and a collective
cooperation of residents and the municipality. In this way, not only is the municipality involved in the
renovation of a street, but the residents as well. This leads to great opportunities to implement new
adaptive innovations and measures in the houses of the residents as well. In this way the municipality
is trying to involve the local residents more into a bottom-up process. A score of plus 1 fits this criteria
well.

5.5 Resources
The amount of resources that are available to tackle the problems in Gouda effects the adaptive
capacity of the city itself. Exercising authority is in Gouda mainly done by using current resources that
are already available to the municipality. A zoning plan makes it possible for the municipality to have
some authority over urban regulations in an area. In the near future, the Omgevingsvisie, will be
implemented as in Rotterdam which will give the municipality more authority as it combines multiple
subjects and policies (Rijksoverheid, n.d.). A score of plus 1 is given as the municipality does have some
resources to exercise authority.
Human resources are necessary to make sure work is being executed. Gouda is one of the cities in the
Netherlands that is hit hard by the effects of land subsidence. In order to cope with these effects it is
crucial to have the required human resources which can take measures in order to deal with the
problem. Currently the municipality is collaborating with multiple partners and this results in the
acquisition of a great amount of knowledge (A. Fijan, personal communication, May 31, 2017). This
knowledge can subsequently be used to make a vision for the city and to take measures. As the
municipality is involved in multiple coalitions, the need for human available resources can be seen as
great. However, the Gouda municipality itself has very limited human resources. “Human resources
have been a problem from the beginning of the project and is slowly beginning to improve.” (R. Cleef,
personal communication, June 1, 2017). As the human resources are slowly improving a score of minus
1 is designated.
As the city of Gouda is built on a large peat area, land subsidence is effecting the whole city. This causes
many problems for the infrastructure of the city. The decline of streets creates unsafe conditions that
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causes to the municipality to have to renovate the infrastructure. However as the soil is subsiding by a
couple of millimetres every year, renovations to the infrastructure has to be done frequently and this
is expensive for the municipality. This led to an Article 12 status for the municipality. Although the
municipality is no longer under the supervision of the national government, its financial resources are
still very limited (R. Cleef, personal communication, June 1, 2017). No other score than minus 2 can be
given due to the bad financial status of the city.

5.6 Fair governance
Legitimacy is related to whether there is public support for a specific institution or policy. The
municipality of Gouda is currently still in development of a vision for the future of the centre of the
city. As explained by Fijan, the municipality is willing to incorporate the desires of residents (A. Fijan,
personal communication, May 31, 2017). However as in this case, the municipality was in 2017 still
developing a vision in which the public is not really involved. As a result of this, the score that would
have been given to this criteria was 0. However, by feedback of the municipality in 2018 it was learned
that the city of Gouda has started personal conversations with about 120 households in the city centre.
The assessment of the legitimacy criteria is therefore awarded with a score of plus 1.
Equity defines if institutional rules are fair for all parties. The municipality scores quite positive as the
municipality is, in its coalitions, involving professional parties as well as residents. By making sure
residents are also involved in the developing of the vision for the city centre, all parties are involved
and nobody is being subordinated. Within 2017, the municipality is however only partly involving
residents which lowers the score from a plus 2 to a plus 1 (R. Cleef, personal communication, June 1,
2017). The feedback which is collected from the municipality in 2018 did not influence this score as it
is unsure if the residents are all treated equally.
As said, although some residents are involved in the developing of the vision, this is only a very small
percentage of the residents in the centre of Gouda. Besides this, not all residents are aware of the fact
that land subsidence is also a problem in the centre of the city. The purpose of a high responsiveness
is to raise the public support. The municipality is willing to involve more residents into the development
process by using an external company which organises initiatives with the neighbourhood. However
as currently only a small percentage of the residents of the centre are involved, the public support is
not increased. Although feedback of the municipality learned that personal communication with local
households is being held, it cannot be said that the responsiveness of the municipality has been
increased. Therefore a score of 0 is in its place.
New policies and visions of the institutions in Gouda are always possible to be seen by residents or
other parties. The institutions as the municipality have the duty to adopt a transparent attitude
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towards residents and other public parties by presenting their visions and policies. The purpose of the
main coalition in the centre of Gouda is to active involve residents in order to accommodate wishes
from the society (R. Cleef, personal communication, June 1, 2017). However as the involvement of the
society still need to be increased, the accountability of the city of Gouda is presently at a level which
can be still increased. Therefore the current score is 0.

5.7 People, planet, profit
People in Gouda are involved with the problem with the Living Lab. With this program, residents are
able to buy small and cheap systems which are able to measure the level of their groundwater as told
by residents Tom van de Linden (T. van de Linden, personal communication, Juli 31, 2017). Currently
there are however not a great number of citizens’ initiatives as for multiple reasons. First of al the
citizens of the centre of Gouda are not all aware of the fact that land subsidence is an issue (R. Cleef,
personal communication, June 1, 2017). The fact that residents are not provided with information
about the current situation in the city does lower the awareness the city. Consequently, residents will
not self-act or involve themselves into land subsidence related projects. This is partly caused due to
the fact that there is a limited amount of human resources available in the municipality of Gouda which
can actively inform citizens (A. Fijan, personal communication, May 31, 2017). And second, it is
officially not always allowed to self-act in every situation. As for example ground water pump are
installed by some residents to lower the groundwater, however those are officially forbidden (T. van
de Linden, personal communication, Juli 31, 2017). By feedback of the municipality in 2018 is however
learned that the municipality has started conversations with multiple households.
The city of Gouda is investing in a sustainable measure for the city. The policy which should provide a
long term solution for the effects of ground subsidence in the city is however being made at this
moment (A. Fijan, personal communication, May 31, 2017). At this moment, measures that are being
used in the city consist mainly out of raising streets with sand which is not sustainable for the city as it
only increases the weight of the infrastructure and therefore increases the speed of land subsidence
(F. van der Ven, Personal communication, June 22, 2017).
As known, the municipality of Gouda has been an article 12 municipality for a long period of time
(Overheid, 1998). As a result of the high costs of the investments that the municipality has to take in
order to repair broken infrastructure which is affected by the ground subsidence, the municipality has
limited financial funds to invest in the city. As explained by Fijan “There are some innovations yes, but
we do not have any more many for the quality of the public space”. In order to prevent the municipality
from becoming an article 12 municipality again, high sewer charging costs are imposed by the
municipality to the residents (D. Kern, personal communication, June 2, 2017).
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5.8 Conclusion
As in the previous chapter, a conclusion is given about the multiple types of criteria and the six
dimensions of the adaptive capacity wheel. All scores which are assigned to the criteria and dimensions
in this chapter are displayed in figure 5.2. Some scores may be up-or downgraded depending on a
positive or negative appreciation of the triple bottom line theory.
The city of Gouda has framed it problems well. The municipality and other related institutions like the
water board are well aware of the problems that the city is facing which results in a very positive score.
Within the city, there are multiple actors collaborating with each other. Parties as Deltares, the water
board and province are involved to ensure an agreed approach to the problem. This results in a positive
score of 2 for this criteria. The diversity of the presented measures is good as the city has multiple
possibilities to deal with the effect of ground subsidence in the centre. The future measures that are
being researched will probably have a high level of sustainability. However as the measures which are
currently being applied cannot be seen as redundant and have a low level of sustainability, the score
of 0 will be demoted to a -1. Although this negative score, the average score for this dimension can
still be seen as positive.
It can be concluded that a high level of trust exist among the actors which are involved within the
collaborations in Gouda. As monitoring is also being done through multiple ways of monitoring as with
living labs and drillings, a positive institutional memory can be designated to the city. Although the city
is doing well on these types of criteria, it can be focussing more on single- and double loop learning
while these methods are not being used to their full capacity. Within the collaboration it can be seen
that discussions take place on a regular base which increases the adaptive capacity. However residents
should be more involved to increase the capacity of this type of criteria. In 2018 it has been learned by
feedback of the municipality, that the municipality of Gouda has started with increased involvement
of residents.
A weak element of adaptive capacity of the city is the room for autonomous change. It can be
concluded that information about land subsidence in the city does exist due to the monitoring however
it is not displayed at any form. This decreases the ability for residents to improvise as no information
is available and low level of awareness exists. The municipality is also still in the process of developing
a vision for the city which currently results in a lack of a clear plan for it.
Especially the municipality of Gouda has shown great qualities of leadership by stimulating
collaboration with institutions. Although the municipality has a limited amount of human resources, it
has set up collaborations with public and private parties in order to solve the problem of ground
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subsidence in the city. The city could however focus more on visionary leadership, as the strategy for
the city is currently not clear and still in development.
The city of Gouda is weak in its resources. While public institutions like the municipality still have some
authority by the use of zoning plans, financial and human resources are fairly low. Especially within the
municipality as there is a lack of available employees and financial resources.
Fair governance can be concluded as a mix of positive and negative aspects. The city has equal rules
for all involved parties which can be seen as positive. As only a few residents are involved into the
process of forming new visions and the public awareness is low, responsiveness cannot be seen as a
positive aspect of the city. The score will even be decreased to minus 1 as the triple bottom line theory
has shown that there is a severe lack of public awareness. Feedback of the municipality in 2018 did
caused the assessment of the criteria of legitimacy to increase to a positive score of plus 1. The
adaptive capacity of Gouda has been assessed with an average score of 0,11.

Figure 5.2 The adaptive capacity wheel applied on the city of Gouda
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Chapter 6 Kanis.

De Kanis is a very small village within the municipality of Woerden. With only 175 householders, this
urban area represents the smallest case study area of the research. Whilst the municipality of Woerden
has more than 50.000 residents, de Kanis has a population of only 425 citizens. This village is located
on a string development road in the middle of a peatland area. The small village is built alongside a
large church. No companies are based in the village except for a restaurant. Some farmers have
agricultural companies that are located around the village. Therefore the area is not financially very
important to the municipality of Woerden.

Figure 6.1 The effect of land subsidence in Kanis (Personal collection)
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As more than 80 percent of acreage of the municipality of Woerden consists of clay and peat ground
which is highly sensitive for land subsidence, land subsidence is an important issue within the vision of
the municipality (Gemeente Woerden, 2017). As the climate is changing, it is expected that problems
related to land subsidence will only increase during the next few decades. Currently, residents are
mainly affected by flooding and damage to cables and pipelines connected to their homes. The
municipality dealings with great amount of damage to the infrastructure such as roads, bridges and
the sewerage system. As the village of de Kanis is located in the middle of several argricultural areas
a solution needs to be found upon which all involved parties agree.
As in the previous two chapters, the six dimensions and the three P’s (people, planet, profit) of the
adaptive capacity wheel and the triple bottom line theory are analysed within the following sections.
The following sections are structured by the dimensions and criteria that are used in the adaptive
capacity wheel and the triple bottom line theory. At the end of the chapter the assessment score of
the involved actors based on their case can be found. The chapter is concluded by the adaptive capacity
wheel combined with the triple bottom line theory based on the findings within the dimensions of
variety, learning capacity, room for autonomous change, leadership, resources and fair governance
and people, planet and profit.

6.1 Variety
The problem of land subsidence within the urban area of Kanis is framed well by the multiple involved
actors. Although this is only a small urban area within the municipality of Woerden, a lot of attention
is paid to it. Within the vision ‘Actieplan Bodemdaling 2050’ an overview of the firmness of the soil
within the municipality of Woerden is given. This displays that the area of Kanis is highly sensitive for
land subsidence due to the consistency of the earth layers which consist of peat ground (Gemeente
Woerden, 2017). This policy documents shows that the municipality has great amount of knowledge
in the area and is aware of the problem. This is confirmed by Wilco van Bodegraven by the municipality
of Woerden which acknowledged that there is a great sense of awareness among organisations and
residents (W. van Bodegraven, personal communication, May 24, 2017). The land subsidence in the
area is, by the municipality, framed into multiple frames as public space, cultural-historical areas and
the outer area. The score that will be given to this criteria within the dimension of variety is 1,5 out of
the maximum of 2.
The municipality of Woerden is responsible for the infrastructure of kanis and therefore the most
important actor within the reconstruction project of Kanis. The municipality is working together with
multiple governmental actors as the water board and the province of Utrecht. However, the
municipality is also collaborating with residents of the Kanis, knowledge institutions as Deltares and
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private companies such as Grontmij. Explained by Wilco van Bodegraven; “For Kanis we started with a
design which involved ten local residents, the water boarder, province of Utrecht and the village
platform of Kamerik.”. This explains that multiple organisations were involved which can be confirmed
by the water board of De Stichtse Rijnlanden. The water board explains that their responsibilities and
assignments are mostly focussed on the rural area. However, they have been actively involved within
the project of Kanis by delivering knowledge and financial support (A, Mulder & M. Holtman, personal
communication, June 22, 2017). Although Bodegraven mentioned that the province of Utrecht is
involved in the reconstruction project of Kanis, Gerard Agterbergen of the province said that the his
organisation has no significant role and therefore is not very much involved. Ed Hilgeman, which is a
residents of Kanis itself, confirmed the active involvement and collaboration between residents and
other actors (E. Hilgeman, personal communication, August 3, 2017). As a good collaboration between
multiple actors does exist, a score of 2 is been given to this criteria.
Woerden has, as a municipality, covered multiple measures in order deal with the effects of ground
subsidence in urban and rural areas. In the policy document Actieplan Bodemdaling 2050, multiple
scenarios for the future are presented (Gemeente Woerden, 2017). As mentioned earlier, the main
issue within the village of Kanis is the infrastructure which is subsiding as it is not built on any
foundation. There are multiple measures in order to deal with this as for example raising the
infrastructure by adding sand. However, this cannot be considered a long term solution. Other
solutions are implementing EPS which are Styrofoam blocks which are very lightweight and as a result
of that decrease the momentum of the ground subsiding (van den Born et al., 2016). Another option
is the application of BIMS, which is a Vulcanic and light weight material which has the same benefits
as EPS. However, there are also several disadvantages of this system. Therefore the municipality has
decided to implement a foundation under the infrastructure. This foundation consist of concrete poles
on which the infrastructure will be built (E. Hilgeman, personal communication, August 3, 2017). The
water board has also presented multiple policy options as the implementation of drainage systems. As
mentioned by Holtman and Mulder;
“You can see that with a underwater drainage system, water can be hold in place on the same
height as the ground water levels. Then the ground will be as wet as the water level of the ditch.
What Mulder is telling you is that you can reduce ground subsidence with this measure.”
Underwater drainage may also be a solution for the area of Kanis. As multiple policy options to tackle
the problem are present, the score is this criteria is good. A score of 2 is given to this criteria.
The last criteria of variety that is mentioned is redundancy. Hilgeman is, as a resident, positive about
the overlapping measures that the municipality has been presenting along the progress of the
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reconstruction project in Kanis. According to Hilgeman, multiple solutions have been presented by the
municipality to the residents. Subsequently the residents were able to vote between multiple solutions
for urban area. Judging of the opinion of the residents, it appears that redundancy can be seen as good.
However, as the municipality has developed a plan for the upcoming 100 years, it will be difficult to
make changes in the infrastructure when the plan is executed. Especially as great amount of financial
funds are spend to realise this project with the intention that the infrastructure will last a hundred
years and does not need to be changed. Therefore a score of 0 will be given to this criteria.

6.2 Learning capacity
Trust is an essential element within a collaboration. A good sense of trust is among the actors in the
reconstruction project of Kanis is present. There are multiple elements within the project that confirm
this. One of these elements is collaboration among the involved actors. Hilgeman is very positive about
this collaboration as residents were able to discuss among the other actors about solutions for the
problem. According to Hilgeman, it was a joint search for solutions. “Yes, we were able to deliver much
contribution. First there were small sessions with 5 local residents, people of the waterboard, province
and some more technicians with experience in ground subsidence. There were multiple sessions in
which we could say our wishes for the infrastructure within the project. (E. Hilgeman, personal
communication, August 3, 2017). This is also being mentioned by the municipality itself. Bodegraven
explains that residential night have been organised to inform and involve residents into the project.
The municipality itself is also involved in Platform Slappe Bodem, in which knowledges is shared
between multiple other municipalities. Due to the fact that multiple actors are positive about the
collaboration and a great amount of trust has been built between the actors, a score of 1,5 is given to
the adaptive capacity wheel.
In the past couple of years knowledge has constantly been growing during multiple executed projects.
The municipality has already learned several things from the current reconstruction project in Kanis
which is being used for new project within the municipality itself. As a life cycle analysis for a hundred
years for Kanis has been made, it has been clear that it is important to accurate calculate the costs. For
the project within Kanis, only rough sketches of the possible solutions and costs were made. Based on
these sketches and calculations a final solution and measures were selected and is being designed and
executed in these days. However as mentioned by the municipality, in the future more accurate and
elaborated designs and calculations will be made so that the best solutions can be well thought-out
chosen (W. van Bodegraven, personal communication, May 24, 2017). With the introduction of a new
standard protocol on life cycle analysis, it can be confirmed that the municipality is focussed on single
loop learning by changing their measures and routines. The municipality has also learned the react
earlier to complaints from residents as it have been taken some while in Kanis until the municipality
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did react on problems with ground subsidence (Gemeente Woerden, 2017). As the municipality has
learned from the by changing multiple routines, a score of 2 can be given.
While the municipality has learned from the current reconstruction project by performing single loop
learning, double loop learning has been taken place before the project of Kanis. The municipality has,
for the life cycle approach of Kanis, been researching other projects as in Gouwerak (Gemeente
Krimpenerwaard, 2016). Within the municipality of Krimpenerwaard, the infrastructure of the village
of Gouwerak has been placed on a concrete pole foundation (E. Hilgeman, personal communication,
August 3, 2017). This projects has also been presented within Platform Slappe Bodem in which both
municipalities are represented. This shows the strength of this platform as both municipalities were
able to share knowledge, from which consequently Kanis has designed it plans (R. Cleef, personal
communication, June 1, 2017). The score for double loop learning is therefore 2.
In order to openly discuss doubts, meetings have to be arranged with involved actors in which
discussions take place. Residents of Kanis have, as mentioned earlier, been able to discuss with the
municipality and other involved actors about the measures that were need to be taken. According to
Hilgeman, the municipality did take their comments very seriously (E. Hilgeman, personal
communication, August 3, 2017). The municipality is publicly announcing new informative meetings
by addressing residents by means of informative letters (Gemeente Woerden, 2017). As open
discussions are present, a score of 2 is being given.
Institutional memory focusses on monitoring and evaluations. The municipality of Woerden have been
monitoring the area with the help of satellites. These satellites can determine the amount and speed
of the ground subsidence in the area. As mentioned by Bodegraven; “Every 11 days, a satellite flies
over the area which gives a signal. The signal reflects on the infrastructure, on which we then can
determine how much the ground has been subsided. Besides the use of satellites, the municipality is
testing the effect of four different kind of materials that can be used to raise the infrastructure. This is
being researched in collaboration with Delteras (W. van Bodegraven, personal communication, May
24, 2017). Evaluations are also performed done as could be seen with double loop learning. Due to the
extensive monitoring that is taken place, a score of 2 is being awarded.

6.3 Room for autonomous change
The possibility to access information at all time is part of the dimension of room for autonomous
change. As became clear by the previous paragraph, the municipality has multiple ways of monitoring
and collecting data. This data is being used by the municipality for policies and to take measures in
order to deal with ground subsidence. The data is however not accessible for residents within the
municipality. Although the municipality is providing residents with newsletters about projects, there
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are no online websites available at which information about ground subsidence is provided (W. van
Bodegraven, personal communication, May 24, 2017). Although the municipality is providing citizens
with information about their projects, this information make it not able to self-act. Therefore a
negative score of 0 is given to this criteria.
The municipality of Woerden has in its policy document Actieplan bodemdaling 2050 covered their
plan for the future years of the municipality and Kanis itself (Gemeente Woerden, 2017). This
document covers multiple aims which are set for 2022, 2030 and 2050. But also concrete plans of the
municipality until the year 2022. This policy document makes it possible for residents to act according
to the plans of the municipality. As the municipality provides residents and other actors with their
plans for the future, although they are only concise, a score of plus 1 is given.
With the capacity to improvise a closer look is given to the self-management possibilities by individuals
is given. As now mentioned earlier, the municipality has organised multiple meetings with
organisations as the water board, knowledge institutions and residents of Kanis. During these meetings
the municipality has listened with great attention to the local community of Kanis. Changes have been
made in the design of the area as result of ideas by the residents (E. Hilgeman, personal
communication, August 3, 2017). However, as the new infrastructure is expected to last for a hundred
years, it limits the possibilities of improvisation. Although there are in the planning phase multiple
ways to improvise. After the construction of the infrastructure, improvisation will probably be limited
and therefore a score of 0 is designated to this criteria.

6.4 Leadership
Within the municipality of Woerden, an integral challenge is set on the horizon named sustainable
society. In order to accomplish this integral challenge, five visions are made for the future of the
municipality. The visions Actieplan Klimaatbestendig 2050 and Actieplan Bodemdaling 2050 are
representative for action plan climate proof and action plan ground subsidence. In these two policy
documents, the municipality presents their visions and actions that will be taken in the upcoming years
toward the year of 2050 (Gemeente Woerden, 2017). According to Bodegraven, these action plans
represent the multiple routes that are taken by the municipality in order to fulfil the challenge of a
sustainable society (W. van Bodegraven, personal communication, May 24, 2017). It has become clear
that the municipality has one overall goal for the future of the municipality including multiple subjects
which are dived into 5 action programs. As this fully shows the vision for the long term of the
municipality of Woerden, it is scored with 2 points on the adaptive capacity wheel.
Collaborative leadership is shown by stimulating collaborations between actors and by linking policy
to social developments and national concerns. The municipality has first of all organised multiple
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meetings with involved actors within the project of Kanis. This shows that the municipality is willing to
invest time in a well built and structured collaboration instead of deciding things by itself . Sustainable
society is the main challenge for the municipality of Woerden, this can be linked to social developments
as sustainability has become an more and more important challenges for the future. The municipality
is focussed on sustainability and does promote collaborations. A score of 1 is given in the adaptive
capacity wheel.
Entrepreneurial leadership is the last criteria and relates to the stimulation of public/ private
collaborations and innovation. Bodegraven from the municipality of Woerden mentioned that the
municipality is open for innovations in order to develop a greater future proof municipality (W. van
Bodegraven, personal communication, May 24, 2017). The municipality also offering residents
possibilities to undertake actions in their own hand by collaborating with the company that will place
the new infrastructure. Hilgeman said that was maybe going to collaborate with the contractor of the
infrastructure of Kanis in order to extend the foundation to this driveway. Although the municipality
facilitates these kind of collaboration, it does not actively stimulates them. Consequently a score of 0
is been given.

6.5 Resources
The municipality of Woerden is a fairly small municipality of the Netherlands. Although the size of the
municipality, ground subsidence is an important issue in this area. Therefore great amount of residents
are aware of the problems and more resources are made free in order to tackle any problems. For now
it has not been an issue and the municipality is able to make use of their standard authority tools which
are mentioned earlier in chapter 4 and 5. Although no further special authority has been mentioned
by the municipality a score of 1 can be given.
The amount of human authorities which are involved in this project can affect the effectiveness of the
project. The municipality itself has the knowledge by gaining access to their radar system. Besides that,
Deltares is working together with the municipality to increase the knowledge about the effect of
multiples measures that can be taken to increase the buoyancy of the infrastructure. As said by
Bodegraven “The University of Utrecht has made some enormous deep drillings into the ground”. So
also universities are involved in the project as it has gotten great attention with the program peat area.
As multiple organisations are involved within the project, a good score of 1 is given. A higher score
cannot be given as the organisations of the municipality of Woerden is still fairly small and lakes more
manpower.
Financial needs are for a municipality crucial in order to attack a problem in an urban area. At the
moment, there are no financial shortcomings. However, as the reconstruction plan of Kanis will be fully
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executed, finances for 75 years will be spend which leaves the municipality with a big gap to fill. It is a
risky undertaking as large parts of the financial budget for the upcoming 75 years will be spend ad
ones. If it turns out that more financial funds are needed, a great gap in the financial portfolio of the
municipality may will appear (W. van Bodegraven, personal communication, May 24, 2017). As the
uncertainty of financial funds play a negative role, a score of 0 is given to the adaptive capacity wheel.

6.6 Fair governance
The last dimension is fair governance which first focusses on legitimacy. As the policy of a municipality
is decisive for the future of the village of Kanis, it is important that local residents does support the
policies which are made. As the municipality of Woerden has involved their residents in multiple
meetings, a great bond between the two organizations was able to build. According to the municipality,
these meetings were positive for the residents as well as the municipality (W. van Bodegraven,
personal communication, May 24, 2017). Hilgeman confirms this as he says, “We got a letter that there
was an information evening about Kanis and that a project would likely show up in the village. Then
they interviewed multiple residents and asked about their opinions and needs.” . As the municipality
has formed an approach for the problem in Kanis along with the residents, a great number of residents
agrees with the plan of the municipality. Therefore a score of 2 is given to the adaptive capacity wheel.
As the municipality has involved multiple residents into the informational evenings of Kanis, no groups
have been subordinated in the process. Voting rounds have been taken place in which the residents
were able to democratic choose for example more parking spaces or one way traffic. In this way the
process has done fair and honestly. It will therefore be rewarded with 2 points. A good score does also
count for responsiveness as the municipality have held multiple evenings for residents and other
actors. During these meetings, residents were able to react on new discuss and react among new
policies and measures for the municipality and Kanis. As there does lack a bit of information digital, en
score of plus 1 can be given. Accountability relates to the creation of democratic decisions. As
mentioned, the decisions that were made during the project were mad democratic between residents
and the municipality. A positive score plus 2 can be given.

6.7 People, planet, profit
The residents of the village of Kanis are deeply involved into the project. During the planning phase of
the project, multiple residents meetings where planned. During these meetings, residents were able
to discuss with the municipality, water board and other involved parties. The residents were able to
acquire information about the project throughout these meetings. In addition to these meetings,
informative letters were spread among the residents of the village (E. Hilgeman, personal
communication, August 3, 2017). Initiatives of residents are well received by the involved institutions.
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This allows residents to think creative about problems and solutions which stimulates the rate of
success and ability to adapt to land subsidence (W. van Bodegraven, personal communication, May
24, 2017).
There are multiple, sustainable related, advantages and disadvantages of a long term project like in
Kanis. The great advantage of the reconstruction project in Kanis is the long expected lifetime of the
intervention that is being executed. As said earlier, it is expected that it takes about a hundred years
before new investments in the public space have to be done. This should be an sustainable measure
for the future. However there are also multiple disadvantages to a project which is built to last a
hundred years. New technology may increase the sustainability of public infrastructure. However as
the project is built to last this long period of time, no money will be available to invest in newer
sustainable measures. Great amount of financial funds are already needed to make the investment for
the project. This leads to a gap in the municipal finances for the coming 80 years. As only then will the
investment that is now made be paid back.

6.8 Conclusion
Throughout this chapter, multiple parts of the adaptive capacity wheel and triple bottom line theory
are assigned with a score. In this last paragraph a conclusion of the analyse of Kanis is made. The
adaptive capacity wheel is filled in with the knowledge that is acquired with this analyse. Scores that
are initially assigned to a specific criteria of criteria may be up-or downgraded depending on a positive
or negative appreciation of the triple bottom line theory.
All institutions which are involved in the reconstruction project of Kanis have their problems and
solutions framed well. Actors of multiple originations and sectors are involved in this process which
makes it easier to work as large amount of knowledge is accessible. The knowledge from these actors
has also conducted to the diversity of the possible solutions which are researched for the village itself.
Multiple solutions and scenarios have been thought out and presented in the action plan of the
municipality of Woerden. Although there are some overlapping measures within the project for Kanis
which should increase the redundancy score within the wheel. The fact that investments will be
executed for a hundred years decreases the possibility to make changes in the infrastructure and
therefore lower this score.
It can concluded that learning capacity is one of the great strengths of adaptive capacity of Kanis.
Among the involved actors and institutions, a band has been created which increases the trust
between the them. The informative evenings where actors where able to discuss which each other has
made a large contribution to this. Do to extensive monitoring, the municipality is well aware of the
situation causing it to anticipate better on the desires of the residents. The municipality has also been
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learning from earlier projects, which have been resulting in a different approach to the problem and
the measures which are used in Kanis.
While the involved institutions have a continues access to information about the project, residents are
only able to access information through the informative evenings and newsletter which are spread
among them. There is no data base which is open for residents and gives insight in their situation. This
becomes clear be the use of both theories. As a result of this the initial score of 0 is lowered to a -1.
This also limits the possibility of improvise. It must however been said that the institutions do take into
account and even adapt to the desires of residents. The municipality has published an action plan for
the village which can easily been followed.

Figure 6.2 The adaptive capacity wheel applied on the village of Kanis

The institutions within the project of Kanis have shown some great aspects of leadership. By the use
of their action plan and vision on climate adaptiveness, the municipality has shown great visionary
leadership. The municipality is also the party which is investing a great amount of time in building
69

collaborations. As shown when analysing the aspect of people, the municipality has put great amount
of efforts in the collaboration with residents, the score of this criteria is therefore upgraded to a plus
2. In the action group of the reconstruction project, innovations are embraced. Residents are however
not actively stimulated to take action which has lowered the score of this criteria.
The availability of the resources within the reconstruction project in Kanis can overall be seen as good.
The governmental institutions have some authority by the use of zoning plans. Numerous institutions
are involved in the project which supports the amount of human resources which are available. A large
share of municipal funds are being used for this project. As described in the profit dimension of the
triple bottom line theory, a great risk is taken. As this effects the availability of resources, the score is
decreased.
The last dimension that is used in the adaptive capacity wheel is fair governance. The analyse of this
research has shown that the municipality, water board, public actors and other institutions have
worked well together. Actors have been treated fair and equal. Democratic decisions were made
during the design of the project will all involved actors.
It can be concluded that the adaptive capacity of the village of Kanis can be seen as good while most
types of criteria of the adaptive capacity wheel and the triple bottom line theory have been positive.
The adaptive capacity of Kanis has been assessed with an average score of 1,13.
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Chapter 7 Conclusion, reflection & recommendations

In the final chapter of this thesis, the most important results and conclusions of this research will be
presented. Beside these conclusions, a reflection on the research is given as well as recommendations
for further research. In the first paragraph the main research questions will be answered. The results
of the assessment of the adaptive capacity wheel are shortly noticed as they are concluded before at
the end of the analyses. Furthermore, the most noteworthy and important results of the assessment
of the three case studies will be presented. Paragraph 7.2 presents a reflection on the theoretical and
methodical aspects of this research. In the third paragraph, the limitations of this research will be
discussed. Based on the conclusions of this research, recommendations for future research are given
in paragraph 7.4.

7.1 Conclusion
In this research, three different urban areas in the Netherlands have been researched. During the
analyses of the results, answers on the research questions have been found. The most important
results of the adaptive capacity wheel assessments will be presented. In order to answer the main and
sub research questions, first several research findings must be presented. Then the research question
is split and answered into two parts. The first part of the main research question relates to the current
adaptive capacity of the municipalities of Rotterdam, Gouda and Kanis (Woerden). The second part of
the main research question focusses on how the adaptive capacity of the municipalities can be
improved. The main research question reads:
What is the current adaptive capacity of the municipalities of Rotterdam, Gouda and Kanis
(Woerden) in relation to land subsidence, and how can the adaptive capacity of these
municipalities be improved?
In this research, the adaptive capacity of the municipalities has been reviewed by using the adaptive
capacity wheel in combination with the triple bottom line theory. Based on the scores of the adaptive
capacity wheel, it can be concluded that there are noteworthy differences between the adaptive
capacity of the three cities which are researched.
The adaptive capacity of the case study areas
Based on the results of the assessment of the adaptive capacity wheel in combination with the triple
bottom line theory it can be concluded the village of Kanis, located in the municipality of Woerden,
has the highest adaptive capacity score of the three case studies. A large reconstruction of the village
of Kanis is planned for the near future in order to cope with the effects of land subsidence. The
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institutions which are related to this project are working together in a collaboration. Within this
collaboration clear goals and visions have been made. Leadership is also being shown by multiple
institutions as collaborations are stimulated. Also the institutions in the case have good amount of
resources available. It can be concluded that, due to the good scores of the adaptive capacity, the
municipality of Woerden is able to deal with the effects of land subsidence well.
The city of Rotterdam has been assessed with the second best adaptive capacity score within this
research. The municipality distinguishes oneself by having a well-balanced and generally a positive
score on almost all dimensions of the adaptive capacity wheel. Resources can be seen as an outlier as
this can be concluded as very positive. As the municipality of Rotterdam being one of the largest of the
Netherlands, great amount of human and financial resources are available. The institutions in
Rotterdam also have access to large amount of data. The institutions within Rotterdam are however
less involved with residents. This has resulted in several lower scores within the adaptive capacity
wheel. Summarizing, the municipality has a slightly good adaptive capacity score and is therefore able
to deal with some of the effects of land subsidence. However improvements on the adaptive capacity
of the city of Rotterdam can be made.
The municipality of Gouda is assessed with the lowest adaptive capacity score of the three case studies.
This can be related to the negative scores of the dimensions of resources and room for autonomous
change within the adaptive capacity wheel. Over the last decades the municipality of Gouda is been
dealing with the effects of land subsidence. As a result, the financial resources have run low. This
greatly affected the adaptive capacity score of the municipality as little resources are still available
today. Overall, the municipality of Gouda has good intentions, however many improvements can still
be made.
Most significant results of the research
In this section, several important and remarkable results of the this research are discussed and
concluded. First of all, based on the result of this research, it can be found that land subsidence is a
problem which recently gained more attention by institutions in the Netherlands. Based on the
experiences of this research it can be concluded that institutions are still trying to frame the problems
of land subsidence within their policies. It has been noticed that within the municipality of Rotterdam
and Gouda, policies in relation to land subsidence are still in developing process. As a result, the
municipalities are not able to act according to a plan. The municipality of Woerden can be seen as an
exception as the municipality has already formed a vison for the reconstruction of Kanis in the near
future.
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Second, it has been found that data about the effects of land subsidence is very sensitive. Although
institutions as the municipalities and water authorities often possess over data about the effects of
land subsidence in an urban areas, the data is often not publicly available or delivered to actors. This
is often also related to the institutions not having clear vision and policies in order to deal with land
subsidence. Residents in all three case studies are affected by this as they found it was difficult to
access actual information about land subsidence in their city. The consequences are that residents and
others actors are not able to adapt to the effects of land subsidence which may cause damages to their
properties.
Thirdly, sustainable differences in resources were found between the three case studies. It can be
concluded that the size of the municipality makes a large difference in the amount of human resources
which are available. It was found that within the municipality of Rotterdam great amount of knowledge
about land subsidence is available. This is mainly caused by Rotterdam being such a large city and the
municipality having around 10.000 employees. Besides this, institutions within Rotterdam were found
financially healthy which ensures financial resources being available in order to deal with the effects
of land subsidence. When compared with the institutions within Gouda, it can be seen that especially
in the municipality of Gouda, financial and human resources are almost not available. It was found that
the interviewee of the municipality is almost the only person who is working on the subject on land
subsidence. As concluded before, this is caused due to the extensive costs the municipality has to take
in order to cope with the effects of land subsidence. As less resources are available within the
municipality of Gouda, the level of information and expertise about land subsidence is smaller. It was
found that the small sized village of Kanis, although being part of a substantial sized municipality as
Woerden, features good financial and human resources. Although the municipalities of Woerden and
Gouda are about the same size, when looked at the number of residents, they do not have comparable
amount of resources. Consequently, it cannot be concluded that the size of a municipality will always
effect the amount of available resources.
Fourthly, all municipalities were involved in some form of collaboration. It can be concluded that the
available resources and size difference between the cities in this research did effect the involvement
of the institutions within these collaborations. As mentioned earlier, the institutions within Rotterdam
feature great amount of resources. This cannot be said of the institutions in Gouda. As a result, the
institutions in Gouda and Kanis are much more active in their collaborations with other municipalities,
water boards, residents and experts. This can also be traced by the collaborative leadership scores of
the adaptive capacity wheel. While both Gouda and Kanis are very active in organising collaborations
and have scored well, the municipality of Rotterdam is not being so active and therefore has scored
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lower on this criteria. In case of Gouda, the municipality in particular, is trying to cope with the low
availability of resources by working in collaborations with experts as for example Deltares.
Fifthly, it has been found that the province of Zuid-Holland as well as Utrecht, are often not involved
in collaborations with institutions in relation to land subsidence. This can be the result of the fact that
the field of work of a province is traditionally more focussed on rural areas. However, as cities are
major components of a province and the effects of land subsidence will cause great amount of financial
damage, it can be concluded that provinces are currently not cooperating enough with institutions in
land subsidence effected cities.
In the end it can be concluded that all municipalities are working hard on being more adaptive to land
subsidence. Where some of the institutions are doing a very good job, others have to work harder in
order to be more adaptive. In the case of this study, all three cities had several elements which can be
improved in order to reach a higher adaptive capacity score.

7.2 Reflection
In this paragraph, a theoretical and methodological reflection on this research is presented. This
research is conducted in agreement with the province of Zuid-Holland. Over the last 15 months, this
research has been written. The feedback which has been given by my supervisors at the province and
the Radboud University led to improvements of multiple elements within this master thesis.
It was found that the qualitative research design of the study was suitable for obtaining detailed
information about the adaptive capacity of the three case study areas. A quantitative research design
would not have been useful as the gathered information would lack a certain depth. Without detailed
information, the adaptive capacity wheel could not have been used to its full potential.
Based on the results of this research, it has been found that the methods and theories that were used
in this master thesis were useful. The adaptive capacity wheel has been a useful framework for
assessing the adaptive capacity of the three case study areas. The assessment of the framework has
showed which criteria influenced the adaptive capacity score in a positive or negative way. The six
dimensions of the framework also indicate the main elements within the adaptive capacity of an
institution. By using the framework in combination with scores and colours, the strengths and
weaknesses of the adaptive capacity of and organisation have been framed well.
Although the adaptive capacity wheel is comprehensive, the addition of the triple bottom line theory
did influence the assessment of the adaptive capacity in a positive way. It was found that the elements
of people, planet and profit were used in the adaptive capacity wheel, but no sufficient enough for this
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research. The combination of both have resulted in better informed assessment of the adaptive
capacity within the three case studies of Rotterdam, Gouda and Kanis.

7.3 Limitations
This research does contain several limitations that need to be addressed. Firstly, all findings within this
research are based on the knowledge of the several interviews with experts, residents, waterboards
and municipalities. Although multiple interviews are held, the generalizability of the results of this
research can be found limited.
Secondly, the interviews were conducted in Dutch. Therefore translations had to be made from Dutch
into English in order to use quotations of the respondents. The power of some quotations decreased
by the translation into Dutch. This is seen as a disadvantage for the research.
Thirdly, not all interviews were conducted face-to-face. Two interviews were conducted by phone. By
using a phone could make it more difficult to interpret the expressions and answers of the respondents
as nonverbal behaviour cannot be seen (Mortelmans, 2013). However, these difficulties were not
experienced. One of the interviews was interfered as the room in which the interview was being held
was entered by another person. The interview had to be paused for a short moment in which the
respondent and the interviewer had to move to another room. Again, no difficulties were experienced.
Fourthly, this research was conducted over a period of approximately 15 months. The interviews were
held in 2017 while the thesis has been finished in 2018. In this period of time, situations may have
been changed which differ from the findings within this research. In order to prevent data from being
outdated, feedback of the municipalities from 2018 was used in this research to update and improve
the results of the analyses.
Lastly, the adaptive capacity wheel is an comprehensive framework which uses numerous criteria and
dimensions to assess the adaptive capacity. As it was aimed to research the adaptive capacity of three
case studies by using all the dimensions and criteria of the framework, an extended amount of data
had to be collected. Due to the usage of all elements of the adaptive capacity wheel in combination
with a limited amount of time in which this research had to be performed, the results of this research
have been considerable general and concise.

7.4 Recommendations
From the results of this research, it can be learned that the adaptive capacity of municipalities may
differ due to various reasons. Several factors within the three case studies, contributed to the score of
the adaptive capacity. In the following paragraph recommendations for future research and practice
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will be offered. These recommendations are followed by the obtained results of the assessment of the
adaptive capacity of the three case studies.
Recommendations for practice
Based on the results of the adaptive capacity of the three case studies several recommendations for
the province of Zuid-Holland and the municipalities of Rotterdam, Gouda and Woerden are clarified in
the following section.
The province of Zuid-Holland has the opportunity to increase their collocations within municipalities.
Currently, the province of Zuid-Holland could have a significant role in improving the adaptive capacity
of land subsidence effected cities. During the research it was however often found that the province
of Zuid-Holland was not involved within the collaborations with actors like the municipality, water
boards and residents. It is thought that the province of Zuid-Holland would get a better understanding
of their potential contribution to the adaptive capacity of a city when they are involved in local
collaborations. Consequently, it is recommended that the province would invest more time in being
part of collaborations.
The Omgevingsvisie is an important and powerful tool which the province of Zuid-Holland could use in
a higher extent. The tool represents future ambitions and policy of the province. It is recommended
that the province puts effort in order to make sure land subsidence being and important element of
their policy. As land subsidence occurs in large parts of the Randstad, multiple provinces are effected
by the consequences of the phenomenon. The analyse of this research has shown that the province of
Utrecht is dealing with the same issues as Zuid-Holland. Similar to the province of Zuid-Holland, the
province of Utrecht finds it difficult to take their responsibility in relation to improving the adaptive
capacity of urban areas. Therefore, It could be useful for both provinces to collaborate with each other
in other to determine their responsibilities and improve their policies.
When looking at the assessment of the adaptive capacity of Rotterdam, it can be seen that the
dimension of fair governance has been assessed with the lowest score of the six dimensions. This is
the consequence of the fact that not actors are treated in the same way. Residents of the city of
Rotterdam do not all have access to important data about land subsidence in the city. This for example
causes residents to make careless decisions of where they want to live or buy a house without
knowledge of possible effects of land subsidence. When more data would be accessible, these kind of
choices could be better evaluated by the residents and other actors. It has been noticed that the
responsiveness of the municipality is low. In one case, it took residents great effort in order for the
municipality to respond. Therefore it is also recommended that the municipality would invest more
time in being more responsive as the effects of land subsidence and the related problems can therefore
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be solved faster. The final recommendation for the municipality of Rotterdam is to increase their
collaborations with municipalities who are facing similar issues with land subsidence. Much can be
learned from sharing experiences which could also improve the redundancy of the municipality by
learning from the applied measures in other cities.
The municipality of Gouda has been assessed with the lowest score of all three case studies. The main
issue within the city of Gouda is the lack of financial and human resources. Also the dimension of room
for autonomous change was assessed with a lower score as result of the lack of a clear vison of the
municipality and waterboard. It is recommended that the municipality and waterboard will preserve
their collaborations that were already active. Additional collaborations with for example universities
and students are also recommended as it could increase the availability of human resources without
the costs for the municipality.
The village of Kanis within the municipality of Woerden is been awarded with the highest adaptive
capacity score. Some recommendations can however be made. Firstly, the municipality is going to
invest into a large reconstruction plan which has an expected lifetime of about a 100 years. Investment
that have to be taken now will consequently be higher than the traditional methods of dealing with
land subsidence. Therefore I would be wise for the municipality to have a backup plan, should the costs
of the reconstruction exceed the calcined financial budget. The second recommendation is to ensure
that all actors have the ability to access actual information about land subsidence. Although actors are
informed well about the future reconstruction of Kanis by the use of collaborative meetings, data
about land subsidence and the reconstruction project is not accessible online.
Future research
This qualitative study was conducted within a period of approximately 15 months. The data is however
collected in a period of about two months. This makes it difficult to signify the outcomes of this
research over time. Consequently causal relationships were not observed during this research. It is
therefore recommended that future research at the adaptive capacity of urban areas is longitudinal.
By measuring the adaptive capacity of case study areas over an extended period of time, it can be
found if the adaptive capacity is improved over time. Until this day, no studies were found that
investigated the adaptive capacity of urban areas during an extended period of time.
By performing this research it has been found that the adaptive capacity wheel is a good framework
to understand and gain insight into the adaptive capacity of a city in relation to land subsidence. The
tool is however extensive by the use of 6 dimensions and 22 criteria. This has resulted in this research
being quite general. It is recommended that future research should investigate the adaptive capacity
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of cities more into depth. In order to gain more depth, it is suggested that this research would focus
on a limited amount of dimensions when using the adaptive capacity wheel.
For this research, the adaptive capacity of the cities of Rotterdam, Gouda and Kanis is researched. It
can be concluded that the findings of this research are based on the knowledge of only a selection of
experts and actors and therefore can be seen as subjective. In order to acquire more objective results,
it is recommended that future research will focus exclusively on the adaptive capacity of a single city.
By doing so, more actors within a single city can be interviewed which in the end can results in to
increased objective results.
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Appendix 1. Interview guide
1. Introductie
(Introductie: Thijs, Studie, Stage)
Bedankt dat u voor dit interview tijd heeft willen vrij maken. Momenteel studeer ik aan de Radboud
Universiteit te Nijmegen. Hier volg ik de masteropleiding Spatial Planning met de specialisatie van
Cities, Water and Climate change. Nu ik in mijn vierde jaar van de studie zit ben ik dit jaar aan mijn
masterscriptie en stage bij Provincie Zuid-Holland begonnen. Mijn scriptie gaat over Bodemdaling in
het stedelijk gebied. Hierbij ga ik kijken naar de adaptieve capaciteit van verschillende stedelijke
gebieden om zodoende te kijken waar deze gebieden zichzelf nog in kunnen verbeteren maar ook
hoe de provincie hier in kan spelen.
(Uitleg vorm interview: gesprek opnemen, geschatte duur, verwerking, vragen vernoemen naam)
Voordat ik aan het interview begin zou ik graag willen vragen aan u of u toestemming geeft om dit
interview op te nemen. De opnames van dit interview zal ik gebruiken om het gesprek te analyseren
en zodoende informatie uit het gesprek te gebruiken voor mijn onderzoek. Het gesprek zal
waarschijnlijk een uur tot anderhalf uur in beslag nemen. Daarnaast is de vraag of u naam
opgenomen mag worden in mijn onderzoek voor onderbouwing en bronvelmelding van informatie.
Spreekt u namens uzelf of vanuit uw organisatie?
(Inhoudelijk uitleg interview: Adaptive capacity, ACW, PPP)
Zoals ik aangegeven heb doe ik onderzoek naar bodemdaling. Dit doe ik door te kijken naar
verschillende cases. Hierbij kijk ik naar de adaptieve capaciteit van een gebied en dat doe ik door het
combineren van het ACW model en het PPP.
(Introductie interviewpartner: achtergrond werkveld, functie, betrokkenheid onderwerp)
Kunt u zichzelf mogelijk introduceren zodat ik een beter beeld van uw functie en de betrokkenheid
binnen het onderwerp bodemdaling krijg.
2. Actoren
2.1 Belangrijkste actoren:
(Waarom, sectoren, betrokkenheid)
- Wie zijn volgens u(uw partij) de belangrijkste actoren binnen bodemdaling in dit stedelijk
gebied?
- Waarom vind u dat?
- Hoe is de onderlinge betrokkenheid op dit probleem. Zijn alle sectoren betrokken (Overheid,
burger, bedrijven, kennisinstellingen)
- Hoe is de onderlinge samenhang en samenwerking tussen actoren?
2.2 Leiderschap van actoren:
(Getoond leiderschap, Visie, Aanpakken)
- Welke actoren hebben het meeste leiderschap aangetoond?
o Knopen gehakt bij problemen, beslissingen gemaakt etc.
- Hebben de actoren allen een visie op bodemdaling?
- Is er sprake van een Top-Down aanpak?
- Mist u momenteel leiderschap op het gebied van bodemdaling binnen uw organisatie of
binnen projecten met andere actoren?
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3. Omgang probleem bodemdaling
3.1 Framing:
(Beleid, projecten)
- Wat kunt u mij vertellen over het beleid op bodemdaling binnen uw organisatie?
- Wordt er gewerkt met verschillende projecten?
o Kan er een partij aangewezen worden met het ‘beste beleid’ binnen een project?
3.2 Diversiteit oplossingen:
(Divers beleid, toekomstbestendigheid, duurzaam)
- Is het beleid wat op bodemdaling gevoerd wordt divers?
o Wordt er gewerkt met verschillende scenario’s?
o Waarom wordt er gekozen voor bepaald beleid (Bijv. zakken of palen).
- Worden er diverse maatregelen getroffen voor het probleem?
o Worden deze maatregelen ondersteund door het beleid?
- Hoe is de implementatie van maatregelen verlopen?
- Is er bij de maatregelen gedacht aan de toekomstbestendigheid ?
3.3 Middelen:
(Financieel, publiek, geld hogere overheden)
- Wat zijn de belangrijkste kostenposten van bodemdaling
o Wie zijn de kosteneigenaren?
- Welke financiële middelen zijn voornamelijk ingezet?
- Is er sprake van subsidies?
- Wordt er veel geld door de gemeente ontvangen van hogere overheden?
- Zorgen de kosten voor een financieel probleem?
3.4 Fair governance:
(Omgang bewoners, compensatie, berichtgeving)
- Zijn bewoners op de hoogte van bodemdaling problematiek in hun omgeving?
o Is er informatie beschikbaar? Zoals Funderingsinfo. (is dit openbaar?)
- Hoe wordt omgegaan met bewoners die last hebben van bodemdaling?
- Zijn er compensaties mogelijk wanneer bewoners benadeeld worden door bodemdaling?
o Of is het een eigen probleem van bewoners?
- Hoe worden bewoners ingelicht van problematiek van bodemdaling?
o Kunnen bewoners informatieavonden en/of vergaderingen bijwonen?
- Kunnen inwoners ergens terecht voor klachten? Is er iets van een klachtenpunt?
4. Learning capacity
4.1 Casestudies
(Single loop learning, double loop learning, monitor)
- Wordt er binnen de problematiek van bodemdaling veel met casestudies gewerkt?
o Wat is de meest prominente casestudy op dit gebied geweest?
- Hebt u het idee dat er veel vanuit het eerdere casestudies geleerd wordt? Wordt er geleerd
vanuit het verleden? (Single loop → aanpassen van regels)
- Is het ook zo dat er resultaten uit het verleden geleidt hebben tot nieuwe inzichten en
vernieuwing? (Double loop → verandering van inzicht)
o Zijn er bijv. Nieuwe methodes die toegepast worden?
o Is men eerlijk over de fouten die in het verleden gemaakt zijn?
- Wordt er gemonitord door externe organisaties?
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-

Ontbreken er actoren binnen de casestudy?

4.2 Improvisatie
(Burger initiatieven, aan het plan houden, omgaan spontane problemen)
- Houden instanties zich aan de plannen die vooraf zijn afgesproken?
o Zoals het beleid?
- Zijn de maatregelen of plannen flexibel?
o Kan er omgegaan worden met onverwachtse veranderingen? (Snellere bodemdaling)
o Of zoals een flinke bui
- Is het mogelijk om als burger een initiatief te introduceren?
5. Afsluiting
5.1 Overige vragen
- Mist u nog onderwerpen binnen dit interview?
- Heeft u nog aanvullende informatie?
- Weet u nog andere contactpersonen die betrokken zijn bij bodemdaling in dit stedelijk
gebied?
5.2 Capacity wheel.
- Kunt u kort aangeven hoe dit stedelijk gebied zal scoren binnen de 6 dimensies van het
adaptive capacity wheel?
5.3 Bedankt voor dit gesprek.
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Appendix 2. Respondents
Case / person

Organisation

Data

Rotterdam
Thuy Do

Municipality of Rotterdam

Audio/transcript

John de Ruiter

Municipality of Rotterdam

Audio/transcript

Jurgen Bals

Hoogheemraadschap Schieland en de
Krimpnerwaard

Audio/transcript

Filippus van Leeuwen

Resident of Rotterdam

Audio/transcript

Arianne Fijan

Municipality of Gouda

Audio/transcript

Dolf Kern

Hoogheemraadschap van Rijnland

Audio/transcript

Tom van de Linden

Resident of Gouda

Audio/transcript

Robert van Cleef

Sterk Consulting

Audio/transcript

Wilco van Bodegraven

Municipality of Woerden

Audio/transcript

Marjan Holtman

Hoogheemraadschap de Stichtse Rijnlanden

Audio/transcript

Arjanne Mulder

Hoogheemraadschap de Stichtse Rijnlanden

Audio/transcript

Ed Hilgeman

Resident of Kanis

Audio/transcript

Jan Strijker

Province of Zuid-Holland

Audio/transcript

Gerard Agterberg

Province of Utrecht

Audio/transcript

Fransje Hooimeijer

TU Delft

Audio/transcript

Frans van der Ven

TU Delft / Deltares

Audio/transcript

Dick de Jong

Kennis Centrum Aanpak
Funderingsproblematiek

Audio/transcript

Gouda

Kanis

Provinces & Experts
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Jeroen Mekenkamp

Platform Slappe Bodem

Audio/transcript

Gert-Jan van den Born

Planbureau voor de leefomgeving

Audio/transcript

The records and transcripts of the interviews are submitted as primary data alongside the thesis.
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