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Abstract
The impact of the flooding event of July 2021 on Valkenburg, raised awareness about the
vulnerability of the city to extreme weather events, as well as the safety, environmental and financial
risks. This study explores the potential of the Water Sensitive Urban Design (WSUD) approach for
improving Valkenburg’s water sensitivity. WSUD is dedicated to the integral process of transforming
a city into a Water Sensitive City (WSC) (Brown & Clarke, 2007), through improving flexibility and
agility for coping with unpredictability and change, while delivering multifunctional benefits that
support social wellbeing, healthy ecosystems and strong economies (Rogers et al., 2020). Although
WSUD is a common approach worldwide for the transformation of metropolitan cities into WSC’s
(Fletcher et al., 2015; Rogers et al., 2020), there is still little experience regarding the implementation
of WSUD in small and midsize cities throughout the North Sea Region (NSR) (CATCH, n.d.). Therefore,
the project of CATCH was established by the European Union (2020) with the overall objective to
accelerate the redesign of these cities’ urban water management in order to become climate
resilient (CATCH, n.d.). CATCH includes a Self-Assessment, consisting of a variety of indicators
(divided over the three WSC pillars) that are specifically tailored to the characteristics and needs of
small and midsize cities in the NSR. The CATCH Self-Assessment embodies the main methodology of
this study for determining the current position of Valkenburg in the Urban Water Management
Transition Framework (UWMTF), as well as for providing insight in the city’s current weaknesses and
strengths regarding water management and the opportunities for improvement through WSUD. By
the execution of the CATCH Self-Assessment for the situation of Valkenburg, with input from a siteanalysis of the research area and stakeholder-interviews, it was determined that the overall position
of Valkenburg in the UWMTF was in the Waterways City phase. Ecosystem services was thereby
determined to be the least developed WSC pillar, with opportunities for improvement through
WSUD lying especially in the three lowest scoring indicators: (indicator 3.2;) ‘Healthy and biodiverse
habitat’, (indicator 3.3;) ‘Protection of surface water quality and flow regime’ and (indicator 3.4;)
‘Protection of groundwater quality and groundwater levels’. From the results of the CATCH SelfAssessment, it was concluded that WSUD can be a suitable approach for improving Valkenburg’s
water sensitivity to the extent that it can take on the identified weaknesses and improve on specific
aspects to move towards a more developed transition phase in the UWMTF.

Key words: Flood-risk Management, Urban Water Management, Water Sensitive Urban Design,
Water Sensitive Cities, Climate Resilience.
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1. Introduction
1.1.

Background
th

From the 13 to the 15th of July
2021, a heavy precipitation zone
gathered over parts of the
Netherlands, Belgium, Germany and
Luxemburg resulting in floodings
throughout these areas (KNMI,
2021). Although the floodings did
not take any lives in the
Netherlands, in Belgium and
Germany the floodings caused by
this extreme weather event
resulted in over two hundred
deceased (Task Force Fact Finding
hoogwater 2021, 2021).
The local amount of rainfall in South
Limburg during the period of this
extreme weather event reached 80
to 180 mm, causing water buffers
Figure 1: Catchment area of The Geul (source: Leenaers, 1989)
and streams in the area to overflow
and affect (urban) areas along the streams (Waterschap Limburg, 2021). The Geul is one of the
streams in South Limburg that had to cope with a high increase in discharge during this period. The
Geul flows, amongst others, through the city centre of Valkenburg, forming a serious risk for the
urban area when overflowing. Of all the different streams and rivers in Limburg, the Geul caused the
highest monetary flood damage (mostly to businesses and houses) during the period of the flood.
Especially urban areas along its course had to cope with damage from flooding, of which Valkenburg
was the most affected town (Task Force Fact Finding hoogwater 2021, 2021).
The mayor of Valkenburg aan de Geul estimated the total monetary value of the flooding damage
caused by the Geul in Valkenburg at around 400 million euros (NOS, 2021). 180 shops, 270 catering
facilities and 2300 houses were damaged, of which 700 severely and declared uninhabitable (NOS,
2021). An emergency ordinance even had to be put into action by the mayor of the Municipality
Valkenburg aan de Geul for the centre of Valkenburg from the 19th until the 28th of July as well as for
the outskirts of Valkenburg from the 21st until the 30th of July due to the serious safety and
environmental risks caused by the flooding event (Municipality Valkenburg aan de Geul, 2021).
Yet, flooding in the province of Limburg is not an entirely new experience. In the past, raised water
levels of the river Maas in 1993 and 1995 caused flooding and damaged several villages and cities
along its riversides. These events led to the acceleration of the extensive plans for the Maaswerken
(Rijkswaterstaat, n.d.). The goal of the Maaswerken was to substantially decrease the risk of flooding,
by interventions such as widening the river channel, lowering the flood plains and constructing
secondary channels. The Maaswerken were proven to be an effective measure during the flood of
July 2021, as the effect of the Maaswerken resulted in a decrease of water levels up to one meter
and flooding of the Maas was prevented (Rijkswaterstaat, n.d.). However, in the smaller streams that
are part of the Maas catchment (like the Geul), there haven’t been such long term and large-scale
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flood proofing intervention projects such as the Maaswerken, leaving places like Valkenburg
relatively vulnerable.
Due to climate change, extreme weather events like the rainfall in South Limburg are expected to
happen more regularly (IPCC, 2021; KNMI, 2021). The chance of a repetition of comparable rainfall
events has increased since 1900 with an average factor of approximately 5 (KNMI, 2021). Dependent
on worldwide emissions of greenhouse gases, the global average temperature is expected to further
increase over the coming decennia. The global IPCC climate projections for the SSP2-4.5 scenario
show an estimated 2 degrees Celsius increase before 2060 (IPCC, 2021). This will lead to an intensity
increase of 0.8 to 6% of comparable heavy rainfall events (80-180mm over 48 hours) as well as a
higher chance of occurrence (KNMI, 2021).
Through global climate change in combination with an increasing amount of people living in urban
areas (United Nations, 2019), it becomes more and more important that cities should become
resilient to climate change effects like flooding. Interventions are required to reduce greenhouse gas
emissions (mitigation) on the one hand, and on the other hand reduce vulnerability to climate
change through resilience-building and adaptation measures (The World Bank, 2016).
There are multiple approaches for decreasing the vulnerability to climate related risks of urban areas
and building overall urban climate resilience. One of the most common approaches is “Water
Sensitive Urban Design” (WSUD) (Fletcher et al., 2015). WSUD is focused on the integration of the
natural environment and sustainable technology in planning for urban water and plays an important
role in making cities more resilient to extreme weather events, like flooding and drought (Royal
Haskoning, 2011). Referring to the definition of water sensitivity by Rogers et al. (2020), water
sensitivity refers to improving flexibility and agility for coping with unpredictability and change, while
delivering multifunctional benefits that support social wellbeing, healthy ecosystems and strong
economies. The term “Water Sensitive Urban Design” (WSUD) is often used in parallel with the term
“Water Sensitive City” (WSC). However, there is an important distinction between these two terms;
Water Sensitive City describes the destination (the objective), while WSUD describes the process
(Brown & Clarke, 2007).
In order to apply WSUD in development strategies for transforming a city such as Valkenburg into a
WSC, it is necessary to determine the current state of the city’s water sensitivity and its particular
weaknesses and strengths. This information can be obtained through the application of a tailored
Self-Assessment tool, developed by CATCH (n.d.). CATCH (water sensitive Cities: the Answer To
CHallenges of extreme weather events) is a project within the scope of the EU Interreg North Sea
Region Programme (European Union, 2020), with a focus to assist the transformation of small and
midsize cities in the North Sea Region into more climate sensitive cities (Özerol et al., 2020; CATCH,
n.d.). The Self-Assessment can determine a city’s position in the Urban Water Management
Transition Framework (UWMTF; see Figure 4) through the scoring of indicators, divided over the
three main pillars of a WSC; (1) Cities as Water Sensitive Communities, (2) Cities as Water
Catchments, (3) Cities providing Ecosystem Services. By scoring the specific indicators and positioning
a city in the UWMTF, the Self-Assessment also provides insights in terms of the current weaknesses
of a city as well as the possible improvements in order to move from its current water management
phase towards a Water Sensitive City (CATCH, n.d.). Therefore, applying the CATCH Self-Assessment
for the situation of Valkenburg can help to explore the potential for WSUD as an integrated approach
to improve the level of water sensitivity of Valkenburg and help the city to become more resilient to
extreme weather events in the future.

2

Luuk van der Meulen

1.2.

Final (Library) Version 9-5-2022

Problem statement

The impact of the flooding event of July 2021 on Valkenburg, raises awareness about the
vulnerability of a city to extreme weather events, as well as the safety, environmental and financial
risks. According to the regional water authority in the area of Valkenburg ‘Waterschap Limburg’, it
would be almost impossible to totally protect Valkenburg from flooding by the Geul. This, because it
would require too many sacrifices from the landscape and the tourist sector (Frenken, 2021).
Deltares also emphasized that flood protection measures (like dikes and widening floodplains) that
were relatively easy to implement along the Maas River, would not be as easy for Valkenburg
(Asselman, 2021). The situation of Valkenburg would be too different for that, due to the narrowness
of the Geul and its course through the city centre of Valkenburg. Another aspect increasing the level
of difficulty regarding flood protection in Valkenburg and the Geul Valley is the geographical
situation. The landscape is very hilly, causing a rapid increase in discharge of streams in times of
heavy rainfall. Small brooks can suddenly change into large rivers that can drag along cars and flood a
city like Valkenburg by surprise (Meijer, 2021).
Additionally, due to its relatively small scale, Valkenburg has a limited number of resources and
expertise and is tightly connected with the surrounding region, thereby facing a number of specific
challenges to deal with climate change adaptation compared to large cities (CATCH, n.d.).
Furthermore, with the widespread acknowledgement of the significance and effects of climate
change, urban communities are increasingly seeking to ensure resilience to future uncertainties
regarding urban water provision and security. Yet, change seems slow, because transforming cities to
more Water Sensitive Cities requires a major overhaul of the hydro-social contract that underpins
conventional approaches (Wong & Brown, 2009).
Therefore, the main problem investigated in this thesis is the need for a suitable approach for
improving Valkenburg’s level of water sensitivity, which integrates the specific bio-physical
characteristics, institutional context and hydro-social aspects on both a regional and local scale.

1.3.

Societal & scientific relevance

As mentioned in the introduction, the changing climate in combination with growing urbanisation
increases the global vulnerability of urban areas, hence requiring adaptation strategies for urban
areas to sustain the effects of climate change (United Nations, 2019; The World Bank, 2016). The
societal relevance of this thesis mainly consists of the provision of new insights for governments,
managers and policy makers in order to increase a cities climate change resilience. Therefore, it can
help the residents, businesses, infrastructure, landscape etc. in the study area to become more
protected from environmental threats like flooding and heat stress, thereby potentially also
decreasing the financial costs due to damage.
As stated by Marlow et al. (2013) and Poustie et al. (2015), Northern countries are still in an early
process of translating academic discussions and theoretical frameworks into WSUD implementation
plans. Current action is still relatively limited (often in the form of pilot studies) and generally lacks a
systematic approach at the city scale (Marlow et al., 2013; Poustie et al., 2015). As a response to
these statements, this study will explore CATCH as a potential systematic approach for helping the
formulation of WSUD implementation plans in future actions. According to Rashetnia and colleagues
(2022), there is a need for interdisciplinary connection of WSUD concepts between different sectors
as well as greater collaboration between stakeholders. Currently, there exists a knowledge gap on
suitable methods to improve the communication amongst stakeholders including regulators, local
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government, agencies, and the community to ensure effective integrated solutions (Reshetnia et al.,
2022).
With looking into an integrated approach of WSUD for improving water sensitivity, this thesis
explores a possible solution to overcome interdisciplinary disconnection by including a variety of
stakeholders from different backgrounds, thereby providing new information for future research as
well as for existing cases struggling with this issue. Furthermore, WSC is recognised as a useful
development in academic research, with potential benefits to policy and practice, as it provides a
unifying vision and framework for integration and sustainability in urban water management (Bichai
& Flamini, 2018). With exploring Water Sensitive Urban Design (WSUD) as an integrated approach for
improving Valkenburg’s water sensitivity, as well as applying the CATCH Self-Assessment method
(that is built on the WSC pillars), this thesis also attempts to validate the statement of this previous
study by Bichai & Flamini (2018) for the local case study of Valkenburg. The scientific relevance of
this thesis contributes to filling in the existing knowledge gaps regarding the implementation of
WSUD.

1.4.

Delineation

This paragraph will elaborate on the delineation of the research, including the geographical
delineation of the case-study area.
Geographical delineation
First of all, the geographical delineation of this thesis is focused on the city of Valkenburg as a casestudy. As WSUD is an integrated approach and Valkenburg being a relatively small city, this study will
also look into areas beyond the borders of the city of Valkenburg. Throughout this study multiple
terms are used to refer to specific parts of the research area (especially in Chapter 3 regarding the
Biophysical conditions). To clarify the differences amongst them, the different terms and their
specific delineations are listed below:
-

-

The term ‘City centre of Valkenburg’ refers to the ‘neighbourhood Valkenburg’, located in
the centre of the city. The specific borders of the neighbourhood are illustrated in Figure 15.
The term ‘Valkenburg’ refers to the City of Valkenburg, as within its official urban borders
and consisting of several neighbourhoods.
The term ‘Municipality Valkenburg aan de Geul’ refers to the Municipality of Valkenburg
aan de Geul, as within its official municipal borders (see Appendix 3), including Valkenburg
and some of its neighbouring villages.
The term ‘Geul Valley’ refers to the catchment area of the Geul within the Dutch borders,
including the Municipality Valkenburg aan de Geul and thus also Valkenburg as a city.
The term ‘Catchment of the Geul’ refers to the entire catchment area of the Geul, including
the parts that are located in Germany and Belgium.

When using the general term ‘research area’, this refers to the ‘Geul Valley’ (thus also including
‘Valkenburg’).
Research delineation
Regarding the delineation of the research, this exploratory research is focused on the potential of
implementing WSUD as a suitable approach for increasing the water sensitivity of Valkenburg. To get
a better understanding of the applicable concepts, the specific characteristics, indicators and goals of
WSUD are identified, as well as for WSC and CATCH. As the water sensitivity of Valkenburg is
influenced by aspects of the city’s local and regional context (Wong, Rogers & Brown, 2020), this
4
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study applies a site-analysis to look into the biophysical conditions and the institutional context of
the entire research area (as defined in the geographical delineation). The interdisciplinary connection
of WSUD concepts between different sectors and collaboration between stakeholders plays a role in
the potential integrated implementation of WSUD (Reshetnia et al., 2022). Therefore, this study also
includes a stakeholder analysis for the research area to identify relevant stakeholders. By using the
input from the site-analysis and the interviews with the relevant stakeholders, the indicators of the
CATCH Self-Assessment are scored. The results of the Self-Assessment indicate the position of
Valkenburg in the Urban Water Management Transition Framework (UWMTF; see Figure 4) and
provide insights in current weaknesses and possible improvements regarding water sensitivity in the
research area (CATCH, n.d.).
These outcomes of this study can inspire policy makers in the formulation of (regional) climate
adaptation strategies. This study thereby excludes the provision of these climate adaptation
strategies themselves, as well as recommendations for the implementation of specific local
measures.

1.5.

Research objective and research questions

The objective of this thesis research is to explore the potential for Water Sensitive Urban Design
(WSUD), through the CATCH Self-Assessment, as a suitable integrated approach for improving the
water sensitivity of Valkenburg.
Based on this research objective, the following general research question (GRQ) is formulated:
-

“To what extent is WSUD a suitable integrated approach for improving Valkenburg’s water
sensitivity?”

Specific research questions:
1. “What are the characteristics, indicators and goals of WSUD, WSC and CATCH?”
2. “What are the current biophysical conditions and institutional context of the research area
relevant for WSUD implementation?”
3. “What are the influences and interests of relevant stakeholders in the research area
considering WSUD implementation?”
4. “What are current weaknesses and opportunities for improvement of Valkenburg’s water
sensitivity according to the results of the CATCH Self-Assessment?”

1.6.

Research Methodology

As mentioned in the research objective (Paragraph 1.5), this thesis consists of an explorative study
into the potential of Water Sensitive Urban Design (WSUD) as an integrated approach for improving
the water sensitivity of Valkenburg. The required information for this study predominantly consists of
qualitative data, collected from both primary sources (interviews) and secondary sources (literature
study, document analysis and site-analysis). This paragraph starts off with a general description of
the overall approach used per specific research question (SRQ), after which a detailed description of
specific methodologies is presented in sub-paragraphs.
Firstly, a theoretical framework was formulated with information that was only gathered through
literature study. Literature study was also used to retrieve information for answering SRQ1. For
answering the second specific research question (SRQ2), information of both the biophysical
5
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conditions and the institutional context of the research area was gathered through a site-analysis,
literature study and document analysis. Furthermore, a stakeholder analysis in combination with
literature study and document analysis was used in order to provide and answer to SRQ3. For
answering the last specific research question (SRQ4), the CATCH Self-Assessment was executed
through input from interviews in combination with data retrieved from literature study and
document analysis. Answering all SRQ’s eventually also lead to answering the general research
question (GRQ).

Methodology for answering SRQ1
Literature study was used to retrieve information about the characteristics, indicators and goals of
WSUD, WSC and CATCH from existing literature, thereby providing an answer to SRQ1 and adding to
the formulation of the theoretical framework of this study.

Methodology for answering SRQ2
SRQ2 was answered by information of the biophysical conditions and the institutional context. For
the latter, literature study and document analysis were applied. Additionally, the relevant biophysical
conditions of the research area are determined by means of a site-analysis as well as literature study.
This site-analysis is structured according to the layer approach, which is an approach that can be
applied for a (geographical) analysis. The layers approach is deemed appropriate for this study, since
Ruimtemettoekomst (2014) described it as a suitable analysis instrument for determining the
characteristics of an area as well as gaining insights in potential opportunities for spatial
development. The added value of the layer approach predominantly lies in broadening the view;
horizontally (placing a local objective in a regional perspective) as well as vertically (viewing a local
objective in a three-dimensional way). The three different layers of which the approach consists, are:
(1) the substrate layer, (2) the network layer and (3) the occupation layer (Ruimtemettoekomst,
2014). Not all the components of the three different layers according to the layer approach are
looked into, but a selection has been made of the most appropriate components that either
generally help to understand the situation of the research area or are specifically used as input for
the Self-Assessment.

Methodology for answering SRQ3
A stakeholder analysis was executed in order to determine the hydro-social aspects of the research
area and formulate an answer to SRQ3. The stakeholder analysis in this study was used in accordance
with Vogler, Macey & Sigouin (2017) as a structural method for mapping relevant involved parties
and assess their potential viewpoints towards the implementation of WSUD. In the stakeholder
analysis, a total of 17 stakeholders were identified through literature study and document analysis
(and findings of exploratory interviews during the site-visit; see Appendix 1). In order to provide a
more structured overview of the 17 stakeholders, each stakeholder was assigned a stakeholder
group based on individual characteristics and goals. This led to the following 7 stakeholder groups:
(1) Local Governments, (2) Nature & Environment, (3) Tourism & Recreation, (4) Agriculture, (5)
Water, (6) Safety and (7) Residential.
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For making a selection of the most relevant stakeholders/stakeholder groups, the identified
stakeholders were positioned in one of the four quadrants of the stakeholder matrix (Mendelow,
1981):
-

Monitor (low to moderate level of influence and low to moderate level of interest)
Keep Satisfied (moderate to high level of influence and low to moderate level of interest)
Keep Informed (low to moderate level of influence and moderate to high level of interest)
Manage Closely (moderate to high level of influence and moderate to high level of interest)

As a proposed method by Volger, Macey & Sigouin (2017), the position of each stakeholder in the
matrix was anticipated based on assumptions of a stakeholder’s level of influence and interest. the
scores for the initial stakeholder matrix have been anticipated based on the expectations of a
stakeholder’s level of influence and interest in relation to the stakeholder’s characteristics and goals
(as defined in Table 11). To determine the levels of influence and interest of a certain stakeholder,
the stakeholders were rated according to the following scores: Low (1), Low-moderate (2), Moderate
(3), Moderate-high (4), High (5). Scoring each stakeholder resulted in an overview of all stakeholders
and stakeholder groups divided over the four quadrants of the matrix. Throughout all scoring of
stakeholders, the same weighting factor of 1 was applied.

Methodology for answering SRQ4
The CATCH Self-Assessment tool was used as a method for determining the current weaknesses
regarding water (management/development) and the opportunities for improvement of
Valkenburg’s water sensitivity, thereby providing an answer to SRQ4. This Self-Assessment was
selected as an appropriate method, since it is tailored to the characteristics and needs of small and
midsize cities and can assist them in making the right strategic decisions and formulating their
climate adaptation strategies (Özerol et al., 2020; CATCH, n.d.). The Self-Assessment consists of 23
indicators (see Appendix 2), which can be scored on a scale between 1 and 6 (1 being a low score and
6 being a high sore). Each of the possible indicator scores is accommodated with a description. In
order to select the most suitable score (description) for each indicator, input is required from
interviews with the selected stakeholders (that were positioned in the ‘Manage Closely’ quadrant of
the stakeholder matrix) as well as data previously found in the site-analysis. Throughout all input for
the Self-Assessment the same weighting factor of 1 was applied.
The interviews with stakeholders consisted of semi-structured interviews to collect qualitative data
required for the Self-Assessment, which could not otherwise be gathered through the biophysical
conditions or the institutional context (site-analysis). The indicators of the Self-Assessment that could
not be scored by input from the site-analysis, were translated into interview questions and acted as a
guide for structuring the interview. The scores and corresponding score-descriptions of these
indicators were also translated per interview question into multiple choice answer options. While all
indicators of the Self-Assessment had 6 possible scores, not all the translated interview question had
6 possible answer options. It was decided to limit a selection of the interview questions to a
maximum of 5 or 4 answer options, as it was intended to prevent confusion among interviewees.
Further elaboration on this decision, as well as an overview of the interview questions and their
amount of answer options can be found in Appendix 5.
The semi-structured interview method was determined to be appropriate for this study, as it offers
the advantage of (besides asking the structured questions) also offering the opportunity to ask
follow-up questions based on participants responses and allowing space for their individual
7
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expressions (Kallio et al., 2016). This provided insight in the explanation of the selected answer
option for a specific interview question as well as the opportunity to gather more background
information via open questions. The interviewees’ provided explanations (and background
information) for the selected answer options could be used for translating the answer options back
into indicator scores of the Self-Assessment.
Due to the limited amount of time for this study, it was decided that only the stakeholder groups
with the highest levels of both influence and interest, thus positioned in the ‘Manage Closely’
quadrant, were included in the interviews. As Özerol et al. (2020) found, after applying the selfassessment to multiple pilot cities in the NSR, involving a broader range of stakeholders in future
applications of the Self-Assessment of cities would enhance the scoring process of the indicators.
Therefore, the aim was to strive for including as many of the individual stakeholders belonging to the
selected stakeholder groups as possible. The final amount of these individual stakeholder was
dependent on their accessibility, availability and willingness to co-operate.
The interviews were conducted in Dutch and took place online by means of Microsoft Teams in the
period between the 2nd of February and the 22nd of February. The estimated duration of an
interview was limited to a maximum of approximately one hour, as it was expected that a longer
duration would discourage potential respondents to participate. Furthermore, the interviews were
(with permission of the interviewee) recorded, whereafter they were transcribed (in Dutch) (see
Appendix 7). This transcription was then translated to English and its key findings for use of this study
were summarized in a separate document (see Appendix 5).
Completion of the Self-Assessment with the input of the interviews, biophysical conditions and
institutional context for the situation of Valkenburg eventually lead to the creation of a dashboard,
which provided an overview of the position of Valkenburg in the Urban Water Management
Transition Framework (UWMTF). The UWMTF was determined to be a useful benchmarking tool for
measuring the sustainability of a city’s water management approach, since it is well accepted as such
in scientific literature as well as in practice (Brown, Rogers & Werbeloff, 2016). The dashboard
divided the overall position of Valkenburg’s water management more specifically into the individual
positions of the three main Water Sentitive City (WSC) pillars (CATCH, n.d.): (1) Cities as Water
Sensitive Communities and Networks, (2) Cities as Water Catchments, (3) Cities providing Ecosystem
Services.
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2. Theoretical Framework
There are many different approaches in tackling the challenge of urban water resilience, such as
Water Sensitive Urban Design (WSUD), Best Management Practices (BMPs), Low Impact
Development (LIDs), Stormwater Control Measures (SCMs) and Sustainable Urban Drainage Systems
(SUDS). There is significant overlap between the various terms, all generally underpinning two broad
principles: (1) improvement of water quality and reduction of pollutants, (2) mitigation of changes in
quantitative hydrology and evolution towards a flow regime with natural levels or adhering to local
environmental objectives (Fletcher et al., 2015).

Figure 2: Classification of urban drainage terminology, according to their specificity and primary focus (source: Fletcher et
al., 2015)

The schematic representation in Figure 2 classifies terms according to specificity (technique vs. broad
principle) and range of application (urban storm water vs. whole of urban water cycle management),
and thereby provides a comprehensive framework for using these terms. Such a classification is not
fixed, but typically evolves over time, and therefore cannot be entirely represented in a simple
unique figure such as Figure 2 (Fletcher et al., 2015). Still, the figure provides a broad view on the
scope of each urban drainage term. Most terms have either a primary focus that is limited to urban
stormwater management (BMP’s, SCMs, SUDS, etc.) or have a wide (integrated) focus in combination
with a specificity that is limited to a broad principle (such as Integrated Urban Water Management).
WSUD is positioned centrally in Figure 2, with a wide range on specificity (X-axis), as well as with an
integral focus (on the Y-axis of the figure) that includes urban stormwater management but also
touches upon the whole-of-urban water cycle management. The central position and wide range of
9
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WSUD in Figure 2 is because it embodies all aspects of integrated urban water cycle management,
including water supply, sewerage and stormwater management (Mouritz et al., 2006; Wong, 2007).
WSUD is closely related to the term ‘Water Sensitive City’ (WSC). WSUD can be seen as the process
for working towards WSC as its objective (Brown & Clarke, 2007).
Low Impact Design (LID) covers the same specificity- and primary focus range in Figure 2 as WSUD.
The LID approach attempts to limit the costs of stormwater management by using site design to
minimise impervious areas and retain natural areas (Barlow et al., 1977; Fletcher et al., 2015). Green
infrastructure (GI), having the widest range regarding specificity and primary focus, overlaps all the
other different urban drainage terms in Figure 2, including WSUD. The GI concept attempts to
influence urban planning and layouts to maximise the inclusion of green space hubs and corridors,
while benefitting from their desired ecosystem services (Center for Neighborhood Technology, 2010).
Although LID and GI cover the same or an even bigger range in Figure 2, WSUD distinguishes itself
from LID and GI as it does not specifically focus on either stormwater management or (ecosystem
services from) green space hubs and corridors, but has a wider and more integrated focus beyond
the framework in Figure 2 (also including water quality, water conservation, water detention etc.)(
Fletcher et al., 2015).
In the following paragraphs of this chapter, the theoretical framework of this study will be further
elaborated upon. In the first paragraph (Paragraph 2.1), the characteristics and goals of Water
Sensitive Urban Design (WSUD) will be explained. Paragraph 2.2 will elaborate on the Water Sensitive
City (WSC) and its three main pillars of action. In Paragraph 2.3 the Urban Water Management
Transition Framework (UWMTF) will be described, as well as its relation to WSUD and WSC.
Furthermore, Paragraph 2.4 will explain the CATCH project and the Self-Assessment method. Lastly,
Paragraph 2.5 provides a summary of the theoretical framework and clarifies the relationships
among the different terms.

2.1.

Water Sensitive Urban Design (WSUD)

SUDS can be a key part of water sensitive urban design (WSUD), integrating the management of
surface water runoff into the urban form (Abbott et al., 2013). However, WSUD has a broader
consideration of the whole water cycle beyond surface water runoff; including wastewater, water
supply and the wider integration of development with watercourses and flood pathways as part of an
overall strategy within planning and urban design (Abbott et al., 2013; Woods Ballard et al., 2015).
Also, using surface water runoff as a resource, being one of the design criteria of SUDS, it contributes
to the water sensitive urban design (WSUD) philosophy of integrating water cycle management with
the built environment (Morgan et al., 2013).
The term water sensitive urban design (WSUD) was firstly used in Australia in the 1990s (Fletcher et
al., 2015). Being specified further in the following years, this eventually led to the following
objectives of WSUD as defined by the Victorian Stormwater Committee (1999):
-

Protection and enhancement of natural water systems in urban developments.
Integration of stormwater treatment into the landscape by incorporating multiple use
corridors that maximise the visual and recreational amenity of developments.
Protection of water quality draining from urban development.
Reduction of runoff and peak flows from urban developments by employing local detention
measures and minimising impervious areas.
Adding value while minimising drainage infrastructure development costs.
10
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Figure 3: The multiple benefits of WSUD (Source: Hoban, Wong & Breen, 2006)

As illustrated in Figure 3, the WSUD approach describes the process that promotes a greater
sensitivity to water in urban areas as an alternative to traditional water management approaches. By
promoting harmony between natural and urban processes, it seeks to restore the natural water cycle
in the urban context, give access to different water sources, protect water bodies, and reduce the
risks associated with extreme weather events such as flooding (Wong et al., 2013). Water is
recognised as an essential asset that must be valued and integrated into the urban landscape. The
creation of attractive spaces supports natural habitats and promotes biodiversity and community
well-being (Hoban, 2019). The integrated management of the urban water cycle is assured by the
integration of WSUD principles, further increasing the evapotranspiration, infiltration, and drainage
of stormwater runoff (Bawden, 2009).

2.2.

The Water Sensitive City (WSC)

Water is an essential element of place making, both in maintaining and enhancing the environmental
values of surrounding waterways and in the amenity and cultural connection of the place (Wong et
al., 2013). Referring to the definition of water sensitivity by Rogers et al. (2020), water sensitivity
refers to improving flexibility and agility for coping with unpredictability and change, while delivering
multifunctional benefits that support social wellbeing, healthy ecosystems and strong economies.
A Water Sensitive City is an ideal to aim for, regarding a city’s state of water management (Bichai &
Flamini, 2018). It combines physical infrastructure, such as blue-green infrastructure, with social
systems (e.g. governance and engagement) to create a city where the infrastructure and systems
enhance the connections people have with water and improve quality of life (CATCH, n.d.). In a
Water Sensitive City, the governance, infrastructure and ecosystems dimensions of urban resilience
are integrated under the following three pillars of action (Dolman et al., 2018):
1. Cities as water sensitive communities and networks: The implementation of integrated
solutions requires improved perception of the benefits from decision makers, businesses and
the public across multiple levels of governance. This makes collaboration a key requirement.
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2. Cities as water catchments: The urban water system is often part of a larger catchment area.
The intensive exploitation of the urban landscape resulted in the progressive decrease of
natural water system to the detriment of the surrounding region. The goal is to restore the
water balance between these regions.
3. Cities as ecosystem services providers: The same water that poses the biggest threat to
society also brings life and energy to the cities. In cities, ecosystem services are the benefits
that people derive from urban ecosystems. For instance, a river area can be used
multifunctionally for flood protection, groundwater recharge, recreation and for the
improvement of the quality of life.

2.3.

Urban Water Management Transition Framework (UWMTF)

By achieving the objectives of WSUD, the approach attempts to realize the transformation of a city
into a Water Sensitive City, taking into account the three different pillars of WSC as mentioned in
Paragraph 2.2. Brown and colleagues (2009) presented a heuristic urban water transitions framework
(Figure 4), which describes historical, current, and anticipated future urban hydro-social contracts at
the city scale.

Figure 4: Urban water management transitions framework - UWMTF (source: Brown, Keath & Wong, 2009)

Figure 4 shows that the transition in urban water management, starting from solely supplying water
to the city, has become more complex while increasingly including more functions and services to
deliver. There is now a widespread agreement that conventional water management approaches are
ill-equipped to meet the diverse and complex needs of cities (De Haan, Rogers, Frantzeskaki &
Brown, 2015). These infrastructure and governance systems remain largely influenced by twentieth
century solutions and experience, which are typically characterized by fragmentation and
technologically dominant solutions (Pahl-Wostl, 2007). The Water Sensitive City, as the aspirational
future state for water management, envisioned at the far right of Figure 4, represents a culmination
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of water supply, sanitation, flood protection, and environmental protection servicing strategies that
ensure long-term sustainability, liveability, resilience, and prosperity (Ferguson, Frantzeskaki &
Brown, 2013).

2.4.

CATCH

CATCH (water sensitive Cities: the Answer To CHallenges of extreme weather events) is a project that
has been implemented between 2014 and 2020 within the scope of the EU Interreg North Sea Region
Programme (European Union, 2020) . The main goal of the project was to develop and apply an
integrative, online decision support tool (DST), which includes a self-assessment to determine the
position of a city in the UWMTF. The DST (see Figure 5) is tailored to the characteristics and needs of
small and midsize cities and can assist them in making the right strategic decisions and formulating
their climate adaptation strategies (Özerol et al., 2020; CATCH, n.d.). The DST consists of two main
steps: (1) the Self-Assessment and (2) the Climate Adaptation Cycle.

Figure 5: The CATCH Decision Support Tool, including Self-Assessment and the Climate Adaptation Cycle (Source: CATCH,
n.d.)

The red circle at the top of Figure 5 indicates the Self-Assessment (Step 1). Besides determining the
starting position of the Climate Adaptation Cycle, the goal of this Self-Assessment is to create more
insight in the current situation of a city and where to focus on for solutions (CATCH, n.d.). The selfassessment of CATCH consists of twenty-three questions (representing different indicators) divided
over the three principles of WSC, each with a possible rating between 1 and 6 (1 being the most
13
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undesired situation and 6 being the most ideal situation). As a result of the self-assessment, an
overview will be given that shows the stage of the UWMTF each of the pillars is being rated in. For
each of these pillars, it is also possible to look into the specific indicators and check the ones that
scored relatively low in order to formulate more specific actions for future improvement. The concise
definitions of the indicators belonging to the three WSC pillars, according to CATCH (n.d.) are shown
in Table 1).
Table 1: Indicator categories of the WSC pillars according to the CATCH Self-Assessment tool (Özerol et al., 2019)

After completing the Self-Assessment, a starting position is determined for entering the Climate
Adaptation Cycle (Step 2). The Climate Adaptation Cycle is a tool for continuous improvement, which
helps to structure a cities’ steps in order to develop a workable climate change adaptation strategy
(CATCH, n.d.). The Cycle consists of 6 different steps and two supportive tools (Governance
Assessment and Ecosystem Assessment):
1.
2.
3.
4.
5.
6.

Problem definition: preparing the ground for adaptation
Problem specification: assessing risks and vulnerabilities
Generation of solutions: identifying adaptation options
Choice of solutions: assessing adaption options
Implementation of solutions: implementation of adaptation options
Monitoring and evaluation: assess the progress

When new challenges are identified after following the six steps, the cycle can be undergone again
and again. This creates a clearer view on a cities’ challenges and possibilities and can help to
formulate a long-term climate adaptation strategy for increasing a cities’ resilience and water
sensitivity (CATCH, n.d.).
Water sensitive practices are not one-size-fits-all. While the three principles of WSC (see Paragraph
2.2) provide important guidance, their application demands solutions that are tailored to the local
context. The context refers to biophysical conditions, such as a city’s geomorphology, hydrology,
urban form and microclimate, the local operating environment, and the key social and institutional
conditions that influence uptake of new water-sensitive technologies and practices (Wong, Rogers &
Brown, 2020). According to Wong, Rogers & Brown (2020), operationalizing Water Sensitive City
principles therefore requires processes that allow local stakeholders to articulate clear objectives,
understand their current situation, and develop appropriate and effective responses.
The CATCH project has had various pilot project across different countries in the North Sea region,
including the Netherlands, Belgium and Germany (Özerol et al., 2020; Dolman et al., 2018). One of
these pilot projects has been executed in the city of Herentals, Belgium. This project was aimed at
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creating space for water in the city valley, taking into account recreation, nature, heritage and water
management (Flores, Vikolainen & Crompvoets, 2021). Similar to (the city valley of) Valkenburg,
Herentals also had experienced flooding due to heavy rainfall events in July 2021 (RTV, 2021). In the
case of Herentals, with the help of the CATCH Self-Assessment, the city was assessed within the
UWMTF as being a drained city. Based on the determined weaknesses identified through the SelfAssessment, the study of Flores and colleagues (2021) proposed appropriate interventions for
transforming Herentals into a more water sensitive city.
The CATCH self-assessment tool organises its questions according to the three pillars of WSC. Specific
multiple-choice questions get scored between 1 and 6 (1 being the most undesired situation and 6
being the most ideal situation) of all selected indicators per pillar category, considering the weight of
all indicators to be equal due to the complication of justification (Özerol et al., 2020). An overview of
the focus of the three categories/ WSC pillars), including all the 23 indicators can be found in
Appendix 2.

2.5.

Characteristics, indicators and goals of WSUD, WSC and CATCH

In this paragraph, the insights from stakeholder analysis are used to provide an answer to sub
research question 1 (SRQ1):
-

“What are the characteristics, indicators and goals of WSUD, WSC and CATCH?”

To provide a clearer overview of WSUD, WSC and CATCH and to clarify their relation, a summary is
formulated for this paragraph.
The Urban Water Management Transition Framework (UWMTF) provides an overview of six possible
water management phases, from a Water Supply City being the least developed to the state of a
Water Sensitive City being the most developed.
A Water Sensitive City (WSC) is an ideal climate adaptive and water resilient city state, which can be
aimed for but in reality cannot be fully achieved. It consists of three main pillars:
1. Cities as water sensitive communities and networks
2. Cities as water catchments
3. Cities as ecosystem services providers
Water Sensitive Urban Design (WSUD) is an approach for transforming a city’s current water
management state towards a WSC. It aims for several specific objectives that are also reflected in the
three main pillars of a WSC.
CATCH is a project of the European Union with the goal to assist small and midsize cities in the North
Sea Region (NSR) in their transformation towards a WSC (through clarifying what aspects of WSUD
should be incorporated in development strategies). In order to realise this, CATCH developed a
tailored decision support tool (DST) which helps these cities in formulating climate adaption
strategies. This DST includes a Self-Assessment to determine the position of a city in the UWMTF and
to provide insights in a city’s current weaknesses and strengths based on 23 indicators divided over
the three WSC pillars (Appendix 2). The outcomes of the Self-Assessment provide an insight in the
opportunities for WSUD to improve on the identified weaknesses.
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3. Biophysical Conditions & Institutional Context
This chapter provides a better understanding of the current situation in Valkenburg and the Geul
Valley by means of a site-analysis. The site-analysis consists of two parts: (1) biophysical conditions
(Paragraph 3.1) and (2) institutional context (Paragraph 3.2). Furthermore, a summary of the
biophysical conditions and the institutional context of the research area will be provided in
Paragraph 3.3.
This chapter includes a selection of the main aspects of the site-analysis. Table 2 shows an overview
of the different paragraphs of the site-analysis and the specific goals of each paragraph. The goal of
each paragraph is divided into either increasing general understanding of the research area or using
the paragraph’s content as input for scoring the CATCH Self-Assessment indicator(s). Table 2 shows
that the site-analysis provides input for the following Self-Assessment indicators: 2.2, 2.3, 3.2, 3.3,
3.4, 3.5 and 3.6 (See Appendix 2 for an overview of the indicators). The specific goal(s) for each
paragraph are indicated by a ‘X’.
More extensive information on the biophysical conditions and the institutional context of the
research area can be found in Appendix 3 consecutively.
Table 2: Overview of the relevant components of the site-analysis, including their specific goals

Site-analysis paragraph

General
understanding

3.1.1.1 Abiotic system
- Elevation
- Geomorphology
- Soil
3.1.1.2 Water system
- Groundwater
- Surface water
3.1.2.1 Nature networks
3.1.2.2 Transportation Networks
3.1.3.1 Land use
- Green and gray in Valkenburg
3.1.3.2 Climate effects
3.2.1 Organisational structure
3.2.2.1 Water Framework Directive
- The Geul
- The Gulp
- The Eyserbeek
- The Selzerbeek
- Groundwater
3.2.2.2 Limburg Integral Water System Analysis
- Robust and climate proof water system
- Ecologically healthy water system
- Restored water system (stream valleys)
- Restored water system (plateaus)
3.2.2.3 Water Management Programme
3.2.2.4 Water in Balance

Input CATCH Self-Assessment
indicators
2.2 2.3 3.2 3.3 3.4 3.5

3.6

X
X
X
X

X
X

X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
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Biophysical Conditions

As part of the site-analysis, the biophysical conditions of the area will be analysed. The findings of
this site-analysis will help answering SRQ2 and will be used as input for the Self-Assessment (see
Chapter 5). As a method, the layer approach (Hagens, 2006; Ruimtemettoekomst, 2014) will be used
in order to perform the biophysical conditions component of the site-analysis, consisting of three
layers:
1. Substrate layer (Paragraph 3.1.1)
2. Network layer (Paragraph 3.1.2)
3. Occupation layer (Paragraph 3.1.3)
Not all the components of the three different layers according to the layer approach are looked into,
but a selection has been made of the most appropriate components. This selection is based on
components that either generally help to understand the situation of the research area or are also
specifically used as input for the Self-Assessment in Chapter 5 (see Table 2 for the specific goals per
paragraph). That being said, the substrate layer will look into the characteristics of the abiotic system
and the water system. Furthermore, in the network layer, the nature networks and the
transportation network will be analysed. Finally, the occupation layer will look into the land use and
climate effects.

3.1.1. Substrate layer
The substrate layer is the first part of the layer approach and consists in this study of two main
systems: the abiotic system (Paragraph, 3.1.1.1) and the water system (Paragraph, 3.1.1.2). Both of
these systems will be analysed and elaborated on, for the current situation of the research area.

3.1.1.1.
Abiotic system
The abiotic system is the first system of the substrate layer to be analysed. In this paragraph, the
following components of the abiotic system are included: elevation, geomorphology and soil.

Elevation
This paragraph is aimed at increasing the general understanding of the research area and its water
management related vulnerabilities, by elaborating on its specific elevation characteristics.
The research area is located in the most southern region of the province of Limburg: South Limburg.
South Limburg is geographically positioned in the northern part of the Ardennes and is known for its
un-Dutch heights, with the Vaalserberg being the highest point in the Netherlands having a height
over 300 meters (VisitZuidLimburg, n.d.). With the formation of the Pyrenees and the Alps, about 359
to 299 million years ago, the hinterland was also pushed up. This is how the current hilly landscape of
the Ardennes was created. The landscape of South Limburg is in fact a plateau in this Northern part
of the Ardennes, intersected with different river and stream valleys including the Geul Valley
(Nationaal landschap Zuid-Limburg, n.d.)
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Figure 6: Elevation map Geul Valley, including elevation profile of the Geul (AHN, n.d.)

As the legend of the elevation map in Figure 6 shows, the region of the Geul Valley has a relatively
high difference in elevation levels (ca. 250 meters). In general, the elevation of the Geul Valley is the
highest (>250m +NAP) in the South-Eastern region and gradually decreases in North-Western
direction. This general slope is also visible in the elevation profile of the Geul (as shown in the right
upper corner of Figure 6). The Geul is broadly oriented from South-East to North-West, crossing the
border between Belgium and The Netherlands at Cottessen with an elevation of ca. 123m +NAP and
eventually flowing into the Maas at an elevation of ca. 38m +NAP (AHN, n.d.).

Figure 7: Elevation map Valkenburg, including elevation profile (AHN, n.d.)
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When more specifically looking at the elevation in the area of Valkenburg (see Figure 7), it becomes
clear that the city of Valkenburg is positioned relatively low in the Geul Valley. The elevation profile
of Valkenburg, in the right upper corner of Figure 7, represents the elevation profile from South to
North in the area (the red cross in both the map and the profile shows the location of Valkenburg’s
city centre). Towards both the North and the South, there is a relatively steep slope surrounding the
city, with tens of meters of height difference over several hundred meters inland from the Geul’s
stream. This shows that Valkenburg is positioned at the bottom of a sort of gutter in the landscape.

Geomorphology
This paragraph is aimed at increasing the general understanding of the research area and its water
management related vulnerabilities regarding geomorphology. This, because climate effects such as
flooding, dehydration, and soil subsidence largely depend on the layout of a landscape and its
interaction with the underlying natural system (Maas, Kosian, & Grond, 2021).
The loess area is one of the eleven Dutch landscape types and can only be found in the southern part
of Limburg (Maas, Kosian, & Grond, 2021). This hilly landscape features a rich geographic relief and,
by Dutch standards, large differences in elevation. Within the eleven landscape-types, several
subtypes can be distinguished (sections of the landscape featuring similar soil, subsoil, geographic
relief, and elevation). In the Geul Valley, there are seven of these subtypes (see Figure 8): loess
plateau, loess slope, limestone slope, stream valley, dry valley, fluvial terrace and other deposits
(Maas, Kosian, & Grond, 2021).

Figure 8: Geomorphology of the Geul Valley (Maas, Kosian, & Grond, 2021)

Figure 8 shows that Valkenburg is located in the stream valley of the Geul, surrounded by loess and
limestone slopes. In the Geul Valley, the soil is largely composed of a thick layer of loess; loam carried
in by the wind. The loess lies on a bed of sand and gravel, deposited by the river Meuse in the past at
different terrace levels. Underneath lies limestone, which is exposed on many steep slopes. On the
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limestone slopes, as well as on the loess plateaus and slopes, the groundwater is located deep
beneath the surface level. Only some deeply entrenched brook valleys (Geul, Gulp, Selzerbeek and
Eyserbeek) are water-bearing. During periods of drought, loess soil continues to retain moisture for a
long time, but as the soil on slopes is incapable of quickly absorbing precipitation, the loess slopes
are prone to soil erosion caused by runoff of rainwater (Klimaateffectatlas, n.d.).

Soil
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on soil that will be used as input for the Self-Assessment indicator 2.3
(‘Measures to increase infiltration’) in Chapter 5.
When looking at a soil sample profile of a borehole in the centre of Valkenburg (see Figure 9),
Holocene deposits are present in the top layer of the soil with underneath a tens of metres thick
layer of limestone. The top layer has a thickness of approximately 4 meters and consists of gravelly
clay (BROloket, n.d.). When looking at the permeability (which indicates the capacity of the soil to
allow fluids to pass through it), this type of soil has a relatively low permeability with a maximum of
approximately 0,018 m/h (Geotechdata, 2013). This means that natural (rain) water infiltration in
Valkenburg takes place at a relatively slow rate.

Figure 9: Soil sample profile city centre Valkenburg (BROloket, n.d.)

The vertical soil profile of the Geul Valley in the area of Valkenburg can be seen in Figure 10. The City
of Valkenburg is situated in the low-lying area, in the middle of the profile. This is also the location
where the top layer of the soil consists of (clayey) Holocene deposits (which can also be seen in
Figure 9). Striking from the soil profile in Figure 10 is that, apart from the very middle, the geological
unit present as the top layer of the entire profile is represented by the Formation of Boxtel. This
formation in South Limburg consists predominantly of loess (and fine sands) that has been deposited
by the wind under periglacial conditions (TNO-GDN, 2021), with a maximum permeability of
approximately 1,8 m/h (Geotechdata, 2013). However, the infiltration rate on loess slopes is smaller
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compared to flat surfaces like the loess plateaus (Li & Shao, 2008). The effectiveness of certain
infiltration measures in the Geul Valley could therefore be influenced by the location-dependent soil
characteristics in the area.

Figure 10: Vertical soil profile of the Geul Valley in the area of Valkenburg (BROloket, n.d.)

3.1.1.2.
Water system
The water system is the second system of the substrate layer. In this paragraph, the following
components of the water system are included: groundwater and surface water.

Groundwater
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on groundwater that will be used as input for the Self-Assessment
indicators 2.2 (‘Areas to temporally store water in the city without expected damage’) and 3.4
(‘Protection of groundwater quality and groundwater levels’) in Chapter 5. Further information on
groundwater levels and groundwater extraction can be found in Appendix 3.
(Rain)water can be stored in many ways, including in the substrate. Figure 11 visualises the potential
maximum buffer capacity in millimetres that can be stored underground in the unsaturated zone of the
Geul Valley. This zone is determined by the difference between the groundwater levels and the current
elevation of the surface level (see elevation map in Figure 6 and groundwater level map in Appendix 3).
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Figure 11: Water buffer capacity of the substrate in the Geul Valley (Deltares, 2017)

Figure 11 shows that the buffer capacity is relatively small in the low-lying areas of the Geul Valley, where
the groundwater levels are closer to the surface level. When moving further inland from the stream of the
Geul to higher elevated areas (where the groundwater levels are lower), the buffer capacity of the
substrate clearly increases. Figure 11 simply expresses how much water can potentially be stored in the
substrate if it were to be filled to the surface level and no further assumptions have been made about
how wet is still desirable, or how much water can be stored given the current drainage structure of a
specific area (Deltares, 2017).

Surface water
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on surface water that will be used as input for the Self-Assessment
indicators 3.2 (‘Healthy and biodiverse habitat’) and 3.3 (‘Protection of surface water quality and flow
regime’) in Chapter 5.
The Geul rises from springs near Lichtenbush (Belgium), at an altitude of ca. 280 m + NAP, and flows
after a course of 56 kilometres into the Maas at Voulwammes (The Netherlands), at an altitude of ca.
38 m + NAP. The average hydraulic head is approximately 3 m/km (Op den Kamp, n.d.), making the
Geul the fastest flowing river in The Netherlands (Natuurmonumenten, n.d.; VBC Geul & zijbeken,
n.d.). The stream is mainly dependent on rainfall, resulting in varying discharge and water levels that
are related to the amount of precipitation in the catchment area. In times of heavy rainfall in the
catchment area, this is clearly reflected in the discharge and water levels of the Geul, as was also the
case during the flood of July 2021 (Waterschap Limburg, 2021). The average discharge of the Geul at
the Dutch border is 1 m3/second and increases to 3 m3/second in Meerssen, resulting in water
depths that are generally varying between three and eight decimetres. Only at watermills, where the
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water is artificially dammed, the depth can increase to approximately 2 metres (Op den Kamp, n.d.).
Because of the relatively high velocity of The Geul, it was historically attractive to build these
watermills for the provision of energy (VBC Geul & zijbeken, n.d.).
The catchment area of the Geul (visible in Figure 1) covers a total area of 350 km2, of which
approximately 180 km2 is located in The Netherlands and the remaining area is divided over Belgium
and Germany. Within this catchment area, there are dozens of tributaries, most of them being only a
few decimetres in width (VBC Geul & zijbeken, n.d.). The main tributaries of the Geul (in size) are the
Selzerbeek, Eyserbeek and the Gulp (Waterschap Roer en Overmaas, 2009).

Figure 12: Regional water system (Province of Limburg, 2016)

Figure 12 indicates the Geul (including its smaller tributaries) as being a so-called nature stream. The
major difference between a nature stream and other kinds of streams is that nature streams are
assigned an ecological and hydrological value for the natural functioning of the water system
(Province of Limburg, 2021). For these nature streams, the ecological and hydrological potential
determine the design, management and maintenance of the regional water authority, which is aimed
at the development of a water system that functions as naturally as possible (ecologically healthy
and climate-robust). Natural streams (mainly located within the Nature Network) are not assigned a
standard for regional flooding, due to the objective of permanently retaining sufficient space for
water storage in the stream valleys (Province of Limburg, 2021).
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3.1.2. Network layer
The network layer is the second part of the layer approach and consists in this study of two main
networks: the nature networks (Paragraph 3.1.2.1) and the transportation networks (Paragraph
3.1.2.2). Both of these networks will be analysed and elaborated on, for the current situation of
Valkenburg and the Geul Valley.

3.1.2.1.
Nature networks
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on nature networks that will be used as input for the Self-Assessment
indicator 3.5 (‘Activation of connected urban green and blue space’) in Chapter 5.
As presented in Figure 13, nature areas cover a substantial part of the Geul Valley (Province of
Limburg, 2021). Figure 13 shows that Valkenburg is surrounded by various types of nature areas. The
characteristics of the three main kinds of nature areas in the Geul Valley (Green-blue mantle, Nature
Network Limburg and Natura 2000) are explained in the following sections.

Figure 13: Nature areas in the Geul Valley (Province of Limburg, 2021)

Green-blue mantle
The Green-blue mantle consists of the Maas Valley, the different stream valleys (including the Geul
Valley) and hills in the rural areas of Limburg. Together, these areas form a kind of mantle between
and around the Nature Network Limburg. The focus of the Green-blue mantle is on enhancing the
climate-adaptive character (more space for the streams and Maas), the biodiversity and core
qualities of the landscape. The towns and villages that are located in the river and stream valleys
(such as Valkenburg), are not part of the Green-blue mantle themselves but are related to it
(Province of Limburg, 2020).
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Nature Network Limburg
The nature reserves in Limburg, including the Natura 2000 areas, together form the Nature Network
Limburg (NNL). The NNL is the part of the National Nature Network that is located within the borders
of the province of Limburg with the goal to ensure good quality and protection of nature. Thereby,
the main emphasis is on endangered animal and plant species in Limburg. Furthermore, NNL makes
efforts for offering opportunities to residents and tourist to experience nature (Province of Limburg,
2020). This also refers to the connection of (the residents of) Valkenburg with its surrounding nature.

Natura 2000
Natura 2000 is a network of core breeding and resting sites for rare and threatened species, and
some rare natural habitat types which are protected in their own right. It stretches across all 27 EU
countries, both on land and at sea. The aim of the network is to ensure the long-term survival of
Europe's most valuable and threatened species and habitats (European Commission, n.d.). Within the
Nature Network Limburg, approximately 17,000 ha, divided over 23 areas, consists of Natura 2000. In
these areas, the absolute emphasis is on the natural values: achieving a favourable conservation
status of the species and habitats as quickly and responsibly as possible (Province of Limburg, 2020).

3.1.2.2.
Transportation networks
The main focus of this paragraph on transportation networks is on hiking and cycling. For more
background information about the general infrastructure in the research area, see Appendix 3.
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on hiking and cycling networks that will be used as input for the SelfAssessment indicator 3.5 (‘Activation of connected urban green and blue space’) in Chapter 5.
South Limburg, including the Geul Valley and Valkenburg, is a very popular hiking and cycling region
with over 400 different facilitated routes (Visit South Limburg, n.d.). A very extensive network of
hiking and cycling routes provides people the opportunity to experience the landscape, nature,
history and culture of the Geul Valley, as well as the city centre of Valkenburg (Visit South Limburg,
n.d.; Natuurmonumenten, n.d.; Staatsbosbeheer n.d.).

3.1.3. Occupation Layer
The occupation layer is the last layer of the layer approach and consists of two main parts: Land use
and Climate effects. These two parts will be analysed and elaborated on, for the current situation of
Valkenburg and the Geul Valley. For more background information on Land use, agriculture in the
Geul Valley and the municipal borders, see Appendix 3.

3.1.3.1.
Land use
This paragraph is aimed at increasing the general understanding of the research area and its water
management related properties, by elaborating on the specific land use characteristics.
When looking at the land use map in Figure 14, it is clearly visible that agriculture is being the main
land use type in the Geul Valley. Figure 14 indicates two large built-up and industrial areas in the very
West (Maastricht) and East (Heerlen-Kerkrade) of the map. Although Valkenburg seems small in
25

Luuk van der Meulen

Final (Library) Version 9-5-2022

relation to these two areas, within the borders of the Geul Valley, Valkenburg is the major built-up
area. Besides agriculture and built-up areas, forests and recreational areas (such as parcs and
camping’s) also cover a relatively large share of the land use in the Geul Valley (CBS et al., 2020; Esri
Nederland, 2019).

Figure 14: Land use map Geul Valley (Esri Nederland, 2019)

The provincial population density of Limburg is 520/km2, which is comparable to the national average
population density of 519/km2 (Allecijfers, 2021). The region of South-Limburg houses over half the
population of the province and has a population density of approximately 940/km2, mainly
concentrated in the Western mining district (Northern part of the region, around Geleen), the
Eastern mining district (Eastern part of the region, around Heerlen-Kerkrade) and Maastricht
(Western part of the region) (CBS, 2021). Generally, the population is declining and aging in South
Limburg, especially in smaller villages and towns like Valkenburg, mainly due to the fact that the
younger people are moving towards other cities to study or work (CBS, 2020). For the municipality
Valkenburg aan de Geul the population density of 446/km2 is relatively far below both the national
and provincial average. Though, this is not the case for Valkenburg’s city centre, where the density
increases to 865/km2, almost being twice as high as the average of the municipality (Allecijfers,
2021). This high population density in the city centre of Valkenburg also increases the risk of
(physical) damage due to natural disasters (such as floods or heat stress) in comparison to less
densely populated areas. More specific information on the land use of Valkenburg can be found in
Appendix 3)
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Green and gray in Valkenburg
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on green and gray in Valkenburg that will be used as input for the SelfAssessment indicators 3.5 (‘Activation of connected urban green and blue space’) and 3.6
(‘Vegetation coverage at the city level’) in Chapter 5.
The map on the left side of Figure 15 shows the percentage of green in the neighbourhoods of
Valkenburg. ‘Green’ is defined as the combination of trees and low green space (grass, plants etc.)
(Klimaateffectatlas, n.d.). It can be deduced from this map that the percentage of green in the
majority of the neighbourhoods in Valkenburg differentiates between 40 to 60%. The surface of the
city centre of Valkenburg (neighbourhood: Valkenburg) is covered for 40-50% with green.

Figure 15 Green and grey area in Valkenburg city centre (Klimaateffectatlas, n.d.)

The pie-chart on the right side of Figure 15 shows the shares of the different land use types and the
table underneath shows the division of green and gray (‘gray’ consists of stones, pavement and bare
ground) of the three main land use types. The city centre consists slightly more of public area (44%)
than non-public area (36%). When looking at the division of green and gray in these areas, the total
percentage of green within the public area (66%) is also slightly higher than the total percentage of
green in the non-public area (61%). This means that vegetation coverage at the city level of
Valkenburg is mostly represented in the public area. When looking at the buildings, responsible for
13% of the total land use in the city centre of Valkenburg, 97% of the buildings are categorised as
gray, meaning that vegetation on roofs only make up 3% of the total surface of buildings. In order to
guarantee effective protection of urban green (including trees), the Municipality has formulated a
policy paper on trees (Dutch: Bomenbeleidsplan). This policy forms a basis for the development,
conservation and management of trees within the municipality and is essential to realise the vision of
the municipality regarding green structures (Hennekens, 2013).
Regarding the connectivity of urban green space, the distance to public green in the city centre of
Valkenburg (neighbourhood Valkenburg) is on average 0.32 km, which is relatively short compared to
the national distance of 0.50 km (Allecijfers, 2021). Assuming a walking pace of ca. 5 km/h (Mohler et
al., 2007), this means that the residents of the city centre of Valkenburg can access public green on
average within approximately 4 minutes.
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3.1.3.2.
Climate effects
This paragraph is aimed at increasing the general understanding of the research area and its climate
related vulnerabilities, by elaborating on the aspects of water nuisance and the urban heat island
effect.

Water nuisance
In July of 2021, large areas in the province of Limburg were affected by extreme rainfall and floods.
During this event, the maximum measured water levels of the Geul and other tributaries in the Geul
Valley mostly exceeded the scenario of a flooding chance of 1:100 years by several decimetres to
even up to over one meter (see Table 16). Because the flooding chance of 1:1000 is unknown for the
Geul Valley, the local flooding chances throughout the Geul Valley are estimated between 1:100 and
1:1000 (Task Force Fact-finding hoogwater 2021, 2021).
There are urban areas (such as Valkenburg, Meerssen, Schin op Geul and Gulpen) located in the Geul
Valley, where the stream is relatively narrow and water will get dammed when there is a high
increase in the stream’s discharge. This forces water levels at these urban locations become higher
compared to the rural areas. It is very costly to realise increased storage and discharge capacity of
streams in urbanised areas. Due to the cost-effectiveness, it has been decided to maintain a flooding
norm of 1:25 years for many of the urban areas in the landscape of South Limburg (including
Valkenburg; see Figure 16) (Task Force Fact-finding hoogwater 2021, 2021). 1:25 years is a relatively
modest norm in comparison to other parts of Limburg and to the rest of The Netherlands, where the
flooding norm in urban areas is 1:100 (Provinciale Staten van Limburg, 2015).

Figure 16: Flooding chance of areas in the Geul Valley (Province of Limburg, 2021)

The water levels that were present during the flooding event of July 2021 were more extreme than
the standard situation for which the water system was set up (both for the levels associated with a
flooding norm of 1:25 and 1:100). As the norms were exceeded, this event falls within the currently
accepted risk of flooding for the area (Task Force Fact-finding hoogwater 2021, 2021).
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In Figure 17, the water depths are shown in the flooded areas outside of the original stream bed.
More downstream the course of the Geul, the flooded area becomes wider, as the measured
discharge of the stream also becomes higher (because of the inflow from tributaries) (Task Force
Fact-finding hoogwater 2021, 2021). In Valkenburg the flooding depths go up to over 2 meters.

Figure 17: Flood depths Geul Valley of flooding event July 2021 (Task Force Fact-finding hoogwater 2021, 2021)

Because of the relatively high concentration built-up area in Valkenburg, especially in the city centre,
many buildings were affected by the flooding (as can be seen in Figure 18). Figure 17 and Figure 18
also show the drastic increase in the width of the Geul during the flooding event, with a width of over
a hundred meters. This, while normally the Geul is just a few meters wide (Task Force Fact-finding
hoogwater 2021, 2021).

Figure 18: Flooded area and affected buildings in Valkenburg after flooding event July 2021 (Task Force Fact-finding
hoogwater 2021, 2021)
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Just before the city centre of Valkenburg, the Geul separates into two smaller streams (See Figure
19). The Southern stream is the official main course of the Geul and the Northern stream is the ‘Mill
branch Old Mill and French Mill’ (Dutch: ‘Molentak Oude Molen en Franse Molen’). Both streams
reconnect with each other a few hundred meters downstream, just after the city centre. The
available room for both streams in the city centre of Valkenburg is very limited, there are quay walls,
houses and other (historical) buildings constructed directly along the streams (as visible on the
pictures in Figure 19). This makes the city centre area very vulnerable in times the quay walls of the
streams get flooded.

4

1

2

3

Figure 19: The Geul and the Mill branch Old Mill and French Mill, City Centre Valkenburg (map: Task Force Fact-finding
hoogwater 2021, 2021; photographs: own archive, 2021)

Urban heat island effect
Figure: 20 shows the urban heat island (UHI) effect for the year 2017 in degrees Celsius (Atlas
Natuurlijk Kapitaal, 2017). The UHI effect is defined by Yang et al. (2016) as the average difference in
air temperature between an urban area and its surrounding rural areas, caused by urban
construction and human activities. The UHI effect is strongest at night, preventing the air
temperature to drop and thereby affecting sensitive population groups (elderly, babies etc.) by
causing health effects. Figure: 20 provides a prediction of the UHI effect in the Geul Valley based on
various underlying map data: population density, wind speed, amount of green, water and pavement
(Atlas Natuurlijk Kapitaal, 2017).
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Figure: 20 Urban heat island effect Geul Valley (Atlas Natuurlijk Kapitaal, 2017)

The two red areas in Figure: 20 are the areas where the UHI effect is the strongest (>2 degrees
Celsius). These areas represent Maastricht to the West and Heerlen-Kerkrade to the East. Except for
some smaller villages and other built-up areas, the Geul Valley itself remains relatively cool and is in
general not heavily affected by the UHI effect. Specifically looking at Valkenburg, Figure 21 shows
that the city centre can get up to 1.4 degrees Celsius warmer compared to the surrounding rural
areas, due to the UHI effect (Atlas Natuurlijk Kapitaal, 2017).

Figure 21: Urban Heat Island effect Valkenburg (Atlas Natuurlijk Kapitaal, 2017)
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Elderly (65+), overweight people and people with heart or blood pressure problems are sensitive to
heat stress. During heat waves, mortality among these groups can increase by about 12% (CBS,
2016). The map in Figure 22 shows the percentage of residents per neighbourhood in Valkenburg
who are 65 years or older. The share of these elderly in the centre of Valkenburg (Neighbourhood
‘Valkenburg’) is 33%, which is relatively high compared to the national average of 20% of elderly per
neighbourhood (Allecijfers, 2021). In combination with the urban heat island effect in the city centre,
this increases the vulnerability of Valkenburg to heat stress. Green areas in the city can help to
decrease the UHI effect, since green has a cooling effect on the urban climate, due to evaporation
and shade (CBS, 2016).

Figure 22: Percentage of elderly (65+) per neighbourhood in Valkenburg (CBS, 2016)
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Institutional Context

This paragraph investigates the current institutional context, consisting of the organisational
structure (Paragraph 3.2.1) and policy (Paragraph 3.2.2.) regarding water management in the
research area. The selection of included policy was based on an expectation of the level of relevance
for either supporting general understanding of the situation of the research area or to also be used
as input for the Self-Assessment (see Table 2). Furthermore, the findings of this paragraph help
answering SRQ2.

3.2.1. Organisational structure
This paragraph will elaborate on the organisational structure of water management related
organisations in the research area. The characteristics and responsibilities of individual organisations
as well as the relationships amongst them is included.
There are 21 local water authorities in the Netherlands, of which ‘Waterschap Limburg’ is responsible
for the area within the provincial borders of Limburg (including the area of the Geul Valley). The tasks
of Waterschap Limburg are divided in four main themes: (1) sufficient water, (2) clean water, (3) safe
dikes, (4) natural water. The broad elaboration of what these themes contain for the region of the
Geul Valley, is explained below (Waterschap Limburg, n.d.):
1. Sufficient water: too much water can be a problem, as well as too little water. Waterschap
Limburg combats desiccation of agricultural and nature areas by stowing water, allowing the
streams (the Geul and tributaries) to meander and ensuring compliance with the rules for the
extraction of water.
2. Clean water: Waterschap Limburg is committed to clean water, because of its vital
importance to people, animals and plants. Wastewater treatment plants (WWTP’s) in the
Geul Valley are located in Wijlre and Simpelveld were treated water flows back into the Geul
and Eyserbeek. The water authority also regularly monitors the surface water quality.
3. Safe Dykes: Waterschap Limburg works on keeping the feet of its residents dry from flooding
threats by the Geul and tributaries. This, through building rainwater buffers and redesigning
streams so that they can store more water. Furthermore, the water authority tests whether
building plans from municipalities, companies and private individuals are 'waterproof'.
4. Natural water: the surface water, the stream bed, the banks and the groundwater in a
certain area are called the water system and are closely related. Waterschap Limburg has
important tasks in managing the water system of the Geul Valley.
Besides the water authority, there are multiple other organisations that own (shared) responsibility
towards water management in the area of the Geul Valley (Waterschap Limburg, n.d.):
-

‘Waterleiding Maatschappij Limburg’ (WML) (Water Supply Company Limburg): Responsible
for drinking water provision.
‘Provincie Limburg’ (Province of Limburg): Responsible for the frameworks of local water
policy and manages groundwater, together with Waterschap Limburg.
Municipalities: Ensure the drainage of urban areas and the transport of wastewater via
sewage pipes within the municipal borders.
‘Waterschapsbedrijf Limburg’ (WBL) (Water Authority Company Limburg): A subsidiary of
Waterschap Limburg responsible for transporting wastewater outside of the municipal
borders and treating it in WWTPs for safe discharge back into the streams of the Geul Valley.
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3.2.2. Policy
There is a wide range of policy regarding water (management) in The Netherlands. Many policies are
nation-wide or focused on a large region (multiple provinces). For the relevance of this study, it was
decided to especially look into the local policy of South Limburg, while these local policies also
incorporate the wider policies (such as the ‘Deltaprogramma ruimtelijke adaptatie’, ‘Omgevingswet’,
‘Hoogwaterbeschermingsprogramma’ and ‘Nationale Waterprogramma’).

3.2.2.1.
Water Framework Directive (WFD)
Water does not stick to national boundaries. This is why EU member states have agreed to the
European Water Framework Directive (EWFD). The goal of this directive is to ensure that the quality
of surface water and groundwater in Europe meets high standards. In order to enforce this
international policy more specifically in the Netherlands, the Water Framework Directive (WFD)
(Dutch: Kaderrichtlijn Water) was set up (Helpdesk Water, n.d.).
The WFD aims, among other things, to protect and improve aquatic ecosystems and the sustainable
use of water in the Netherlands. To realise this, a framework is provided for setting goals, monitoring
quality and taking measures. The aim is to achieve a 'good status' (Dutch: ‘goede toestand’) for all
waterbodies. A ‘good status’ is divided into a good chemical status and a good ecological status.
Good ecological status is again subdivided into a good biological status, general physical chemistry
and other discharged pollutants (STOWA, 2007; KRW, 2020). Most water bodies in the Netherlands
are not (longer) natural, but belong to the categories ‘Greatly changed’ or ‘Artificial’. The ecological
standard is then formulated as the ‘Good Ecological Potential’ (GEP) (Dutch: ‘Goed Ecologisch
Potentieel’), which is derived from the closest natural water type (STOWA, 2007).
The Geul and its three main tributaries are visible in Figure 23. Each of these streams has been
categorised by the WFD, as either R18 (Geul) or R17 (Gulp, Eyserbeek and Selzerbeek) (Waterschap
Roer en Overmaas, 2009). The definition of R18 and R17 waterbodies can be found in Appendix 3.

Figure 23: WFD water bodies within the catchment area of the Geul (Waterschap Roer en Overmaas, 2009).
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Table 3 shows the general legend for the chemical and biological assessment tables for the different
waterbodies in the following sub-paragraphs. Important to notice is that the chemical status is rated
as either ‘suffices’ or ‘does not suffice’. For the ecological assessments, the rating is generally divided
in five categories, from ‘very good’ to ‘bad’. However, when the status of a waterbody is determined
as being ‘Greatly changed’ or ‘Artificial’ (as for example in case of the Geul), the ecological rating can
no longer reach ‘very good’, but can be rated as ‘good’ at best.
Table 3: General legend of chemical and ecological assessments WFD (KRW, 2020)

It is important to notice that it is mandatory under the WFD to base the final assessment of a water
body on the ‘one-out-all-out’ principle; in other words, the poorest score for a parameter such as the
assessment of a pollutant determines the final assessment.
The WFD-assessment procedure differentiates between surface waterbodies and groundwater
bodies. For surface waterbodies the assessment consists of the two main aspects of total chemistry
and total ecology. Whereby the rating of the total chemistry is determined by the ubiquitous and
non-ubiquitous substances in the waterbody (ubiquitous substances being substances that are
universally present throughout the waterbody). Regarding the total ecology, this rating includes the
components of total biology, physical chemistry and specific pollutants.
For groundwater bodies, the assessment divided into two main components: assessment of the
entire waterbody and the regional assessment. Hereby, the assessment of the entire waterbody
consists of the water balance, intrusion and chemical situation, whereas the regional assessment
includes the components of groundwater dependent surface waterbodies, groundwater dependent
ecosystems, and drinking water sources.
In this research, the main focus for surface waterbodies is on the WFD-assessment outcomes of the
prognosis of 2021. For the groundwater bodies, the main focus is on the WFD-assessment outcomes
for the situation of 2020.

The Geul
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on the Geul that will be used as input for the Self-Assessment indicators
3.2 (‘Healthy and biodiverse habitat’) and 3.3 (‘Protection of surface water quality and flow regime’)
in Chapter 5.
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De Geul originates in Belgium and during its course in the Netherlands, the stream flows through a
varying landscape of agricultural areas, nature reserves and village centres. During the course of the
stream, free meandering is allowed in the rural area and natural flooding takes place in the stream
valley. The water of the stream is supplemented by various side source streams, but also with
effluent from the wastewater treatment plant (WWTP) in Wijlre (KRW, 2020).
The Geul is an R18 waterbody and has been given the status ‘Greatly changed’ (Dutch: 'Sterk
veranderd’). The reason for this is that, due to human interventions, the hydromorphology of the
water body has changed in such a way that a good ecological status can no longer be achieved
without significant damage to uses. The following interventions underlie the strongly changed
character of the water body: weirs, dams, reservoirs, canalisation, stabilization channels and bank
reinforcements. A transformation of the waterbody towards a natural stream is determined to be
not possible, due to the increased risk for agriculture (loss of yield, water on the land, etc.) and for
built-up area (flood risks) (KRW, 2020).
Table 4: WFD assessment ecological and chemical status of the Geul (KRW, 2020) (see Table 3 for the legend)

Table 4 shows that the chemical water quality of the Geul for the year 2021, according to the Water
Framework Directive, does not suffice. All the identified ubiquitous and non-ubiquitous substances
do exceed the norms. However, the prognosis of 2027 shows that improvements are expected and
the GEP will be met.
The total ecology is rated as moderate for the year 2021. The measured values for the total biology
(macrofauna, aquatic flora, fish and phytoplankton) meet the GEP and are therefore rated as good.
Of the eight different components for determining the status of the physical chemistry of the Geul,
only Nitrogen and Phosphorus are insufficient while the remaining components meet the GEP.
However, due to the ‘one-out-all-out’ principle, the total rating for physical chemistry is insufficient.
The status for specific pollutants (such as Zinc, Ammonium and Uranium) in the Geul is bad. When
looking at the prognosis for the year 2027, the status of the specific pollutants will not be improved
by then (KRW, 2020; Alterra/Wageningen UR & Deltares 2013).
Urban development and agriculture in the Geul Valley cause an effect on the water quality of the
Geul. Urban development in the form of sewage overflows and wastewater treatment plants cause
peak loads of pollutants to enter the stream and have impact on the chemical and physical chemical
water quality, affecting the natural hydrological regime of the Geul. Furthermore, the agricultural
activities in the Geul Valley cause increased values of Nitrogen, Phosphorus, heavy metals and
pesticides (Alterra/Wageningen UR & Deltares, 2013).
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The Gulp
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on the Gulp that will be used as input for the Self-Assessment indicators
3.2 (‘Healthy and biodiverse habitat’) and 3.3 (‘Protection of surface water quality and flow regime’)
in Chapter 5.
Like the Geul, the Gulp also originates in Belgium. The Gulp is a R17 waterbody and flows during its
course of approximately 10km in the Netherlands through a varying landscape of wooded areas,
agricultural areas and small built-up areas to eventually flow into the Geul at the village of Gulpen.
The stream is locally fed by multiple small spring streams (KRW, 2020).
The waterbody of the Gulp has been given the status ‘Natural’ (Dutch: ‘Natuurlijk’), which is rather
uncommon in the Netherlands, while most waterbodies have been greatly changed or are artificial. A
natural status of a waterbody indicates a (nearly) undisturbed condition. Major human interventions,
like weirs, dams, canalisation etc. have not taken place in the Gulp, therefore adjustments to the
natural hydromorphology of the water body have been limited (KRW, 2020).
The GEP value for R17 waterbodies is more strictly compared to R18 waterbodies (like the Geul),
therefore the assessment outcomes between R17 and R18 waterbodies cannot be equally compared.
The assessment in Table 5 shows that the chemical water quality of the Gulp for the year 2021,
according to the Water Framework Directive, does not suffice. All the identified ubiquitous and nonubiquitous substances do exceed the norms. However, the prognosis for 2027 shows that for all
aspects of the assessment (total chemistry as well as total ecology) the GEP can be achieved.
The total ecology is rated as moderate for the year 2021. For the total biology (macrofauna, aquatic
flora, fish and phytoplankton), only the measured values for fish do not meet the GEP, but are rated
as moderate. The same as for the assessment of the Geul, the insufficient rating of the physical
chemistry of the Gulp is only determined by the high values of Nitrogen and Phosphorus. For the
2021 status considering the specific pollutants (such as Zinc, Ammonium and Uranium), the Gulp is
meeting the GEP and is therefore sufficient (KRW, 2020; Alterra/Wageningen UR & Deltares 2013).
Table 5: WFD assessment ecological and chemical status of the Gulp (KRW, 2020)(see Table 3 for the legend)
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The Eyserbeek
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on the Eyserbeek that will be used as input for the Self-Assessment
indicators 3.2 (‘Healthy and biodiverse habitat’) and 3.3 (‘Protection of surface water quality and flow
regime’) in Chapter 5.
The Eyserbeek originates near the Dutch village of Bocholtz and eventually flows into the Geul near
Gulpen. During its course of approximately 10km, the Eyserbeek flows through areas with a relatively
high elevation difference and a varying landscape of wooded areas, agricultural areas and small builtup areas. After the village of Simpelveld, a discharge takes place from an WWTP. The stream is
mainly fed by deep groundwater sources (KRW, 2020)..
The Eyserbeek is an R17 waterbody and has been given the status ‘Greatly changed’. This, because of
the human interventions that strongly changed character of the water body, such as: drainage
systems, weirs, dams, canalisation and bank reinforcements. A transformation of the waterbody
towards a natural stream is determined to be not possible, due to the increased risk for agriculture
(loss of yield, water on the land, etc.) and for built-up area (flood risks) (KRW, 2020).
The assessment in Table 6 shows that the chemical water quality of the Eyserbeek for the year 2021,
according to the Water Framework Directive, does suffice. This, because there are no ubiquitous
substances and the non-ubiquitous substance of fluoranthene does not exceed the norm. The
prognosis for 2027 shows that for all aspects of the assessment (total chemistry as well as total
ecology) the GEP can be achieved.
The total ecology is rated as moderate for the year 2021. For the total biology of the Eyserbeek
(macrofauna, aquatic flora and fish), only the measured values for aquatic flora do meet the GEP,
while both macrofauna and fish are rated as moderate. In the case of physical chemistry of the
Eyserbeek, the high values of Nitrogen and Phosphorus result in a bad rating (while the other aspects
are rated as good). For the 2021 status considering the specific pollutants (such as Zinc, Ammonium
and Uranium), the Eyserbeek is not meeting the GEP and does therefore not suffice (KRW, 2020;
Alterra/Wageningen UR & Deltares 2013).
Table 6: WFD assessment ecological and chemical status of the Eyserbeek (KRW, 2020)(see Table 3 for the legend)
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The Selzerbeek
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on the Selzerbeek that will be used as input for the Self-Assessment
indicators 3.2 (‘Healthy and biodiverse habitat’) and 3.3 (‘Protection of surface water quality and flow
regime’) in Chapter 5.
The Selzerbeek originates in the city of Aachen (Germany) and eventually after approximately 12km
flows into the Geul at the village of Gulpen. The stream is largely located in an agricultural landscape,
locally interchanged by wooded areas and small built-up areas. The stream is mainly fed by deep
groundwater sources in combination with multiple small spring streams (KRW, 2020).
The Selzerbeek is an R17 waterbody and has also been given the status ‘Greatly changed’. This,
because of the human interventions that strongly changed character of the water body, such as:
drainage systems, weirs, dams, canalisation and bank reinforcements. A transformation of the
waterbody towards a natural stream is determined to be not possible, due to the increased risk for
agriculture (loss of yield, water on the land, etc.) and for built-up area (flood risks) (KRW, 2020).
According to the WFD assessment in Table 7, the Selzerbeek is the tributary of the Geul with the best
water quality. The chemical water quality of the Selzerbeek for the year 2021, according to the Water
Framework Directive, does suffice. This, because there are no ubiquitous substances and the nonubiquitous substance of fluoranthene does not exceed the norm. Looking at the assessment for the
year 2021 according to the Water Framework Directive, only the physical chemistry does not meet
the GEP. As was also the case for the other streams, the physical chemistry of the Selzerbeek is not
rated as good due to the high Nitrogen and Phosphorus levels in the water. Nevertheless, the
prognosis for 2027 shows that for all aspects of the assessment (total chemistry as well as total
ecology) the GEP can be achieved (KRW, 2020; Alterra/Wageningen UR & Deltares 2013).

Table 7: WFD assessment ecological and chemical status of the Selzerbeek (KRW, 2020)(see Table 3 for the legend)
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Groundwater
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information on groundwater that will be used as input for the Self-Assessment
indicator 3.4 (‘Protection of groundwater quality and groundwater levels’) in Chapter 5.
South Limburg practically consists of one big groundwater body, called the Krijt-Maas groundwater
body (see Figure 24 for a conceptual model of the waterbody). It generally consists of the mining
area and the Mergelland and the waterbody is managed by the Province of Limburg. In the Mining
Region, between the Feldbiss and the Heerlerheide fracture, the soil structure is a complex mixture
of sand, clay and limestone and various smaller fractures. In the Mergelland (where Valkenburg and
the Geul Valley are located), south of the Heerlerheide fracture, the subsoil consists mainly of loess
on limestone (KRW, 2021).

Figure 24: Conceptual model of the Krijt-Maas groundwater body (adapted from: (KRW, 2021))
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The thick gray layer in Figure 24 forms the geohydrological basis (GHB) of the conceptual Krijt-Maas
groundwater model. The GHB consists of a poorly permeable layer deep beneath the surface level
that blocks the water from infiltrating further into the soil (Bodemrichtlijn, n.d.). The layer between
the GHB and the surface level consists of aquifers. An aquifer is a body of porous rock or sediment
saturated with groundwater. Groundwater enters an aquifer as precipitation seeps through the soil.
It can flow through the aquifer and return to the surface through springs and wells (National
Geographic, 2019). The blue arrows in Figure 24 show the direction of these groundwater flows
through the soil. The arrows demonstrate how the streams (like the Gulp and the Geul in the bottom
right of Figure 24) are fed by groundwater springs that arise because of the pressure from infiltrated
water of higher elevated areas.
Table 8 shows the WFD assessment of the Krijt-Maas groundwater body. The results of the total
assessment are shown at the top row and are, like the surface water assessments, based on the ‘oneout-all-out’ principle. Since there are multiple aspects rated as ‘does not suffice’ the result of the
total assessment for the Krijt-Maas groundwater body does also not suffice. The results of the total
assessment are broken down into a general assessment of the entire waterbody and regional
assessments. The last column of Table 8 is an estimate of the probability that the goals for the
aspects will be achieved by the year 2027.
Table 8: WFD assessment Krijt-Maas groundwater body (KRW, 2021)(see Table 3 for the legend)

When looking at the assessment of the entire waterbody, only the chemical situation does not
suffice. Besides historical groundwater pollution, agriculture plays a major role in groundwater
pollution by causing high nutrient concentrations and contaminations with pesticides, chemicals,
heavy metals etc. Considering the water balance of the Krijt-Maas waterbody, there is no (significant)
downward trend in the hydraulic head. However, in a number of N2000 areas, the groundwater level
is insufficient. This was a result of the extremely dry years of 2018, 2019 and 2020. Surface water
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bodies dried up in these years, but not only due to the low supply of groundwater, the current
surface water system is also designed for rapid drainage instead of buffering and storage of water
(KRW, 2021).
For the Geul valley, results of groundwater assessment show that the relationship between
groundwater and terrestrial ecosystems are both qualitatively and quantitatively not in order. This is
also the case for the relationship between groundwater and surface waterbodies. For the qualitative
relations of groundwater with surface water and ecosystems, agriculture is the main threat (KRW,
2021).
Furthermore, as described in Appendix 3, groundwater extraction takes place throughout the area to
obtain (drinking) water for multiple purposes. According to the regional assessment in Table 8, the
drinking water sources in the Geul valley do suffice for the situation of 2020. Though, it is yet
uncertain if this remain sufficient by the year 2027 because the drinking water extraction in the area
is threatened by excessive concentrations of nitrate and degradation products of plant protection
products in the infiltrating groundwater (Waterschap Limburg & Province of Limburg, 2020; KRW,
2021).

3.2.2.2.
Limburg Integral Water System Analysis (LIWA)
The Limburg Integral Water System Analysis (LIWA) (Dutch: Limburgse Integrale Watersysteem
Analyse) was published by Waterschap Limburg and the Province of Limburg with the main objective
to develop a strategy to achieve a sustainable water system recovery throughout Limburg, taking into
account the consequences of climate change (Waterschap Limburg, n.d.). This objective can be
divided into the following two main purposes (Waterschap Limburg & Province of Limburg, 2020):
1. To provide insight into the current situation and impact of future developments. The water
system analysis provides insight into the (ground) water flows, water levels and water
quality, including ecology. Furthermore, the analysis examines to what extent the current
and future situation corresponds with the intended provincial policy and with the wishes of
stakeholders. This provides insight into whether goals have been achieved, whether there
are still remaining challenges and where new opportunities and bottlenecks arise.
2. To develop building blocks for new plans and a basis for implementation programs. LIWA
provides insight into where coherence and conflicts exist between functions, for example
agriculture and nature or between water storage and housing now and in the future (taking
climate effects into account).
With the implementation of LIWA, the strategy aims to eventually reach the following goals for the
water system in Limburg (Waterschap Limburg & Province of Limburg, 2020):
-

Robust and climate-proof water system
Ecologically healthy water system
Restored water system in stream valleys
Restored water system on plateaus in South Limburg

Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information of LIWA that will be used as input for the Self-Assessment indicators 2.2
(‘Areas to temporally store water in the city without expected damage’), 2.3 (‘Measures to increase
infiltration’) and 3.2 (‘Healthy and biodiverse habitat’) (see Table 2 for specific division). In the
sections below, the specific content of LIWA’s goals is elaborated.
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Robust and climate-proof water system
The vision of a robust water system is directed towards a sufficient amount of water (water
retainment), protection of wet nature areas and keeping dry feet in normal situations. For a climateproof water system, the focus is mainly on protection and the prevention of damage in case of
extreme situations, such as flooding.
In practice, a robust and climate-proof water system in the Geul Valley can be achieved by, among
others, realising an increased retainment capacity in (higher elevated and upstream) nature areas,
agricultural areas and built-up areas. This reduces the direct discharge to low-lying areas (such as
Valkenburg) during heavy rain events and ensures that more water is retained for dry periods. As a
result, such measures contribute to improving hydrological conditions for wet nature, can increase
agricultural yields and reduce the risk of flooding (Waterschap Limburg & Province of Limburg, 2020).
For agricultural areas, retaining water through the production of different crops, soil improvement
and green connections between contiguous agricultural areas can also have a positive effect on the
water system. Retaining water in urban areas can be realised through disconnection from mixed
sewers and local infiltration of rainwater into the soil where possible. For allowing this in built-up
areas, green connection zones can help to provide space for infiltration as well as stimulate the
provision of cooling (Waterschap Limburg & Province of Limburg, 2020).
The LIWA proposes a measure for the Geul Valley to convert agricultural land use into nature or
extensive grassland farming. This, with the aim of reducing the risk of flooding at high-risk areas
(such as Valkenburg), according to stress tests or based on specific knowledge of the area
(Waterschap Limburg & Province of Limburg, 2020).

Ecologically healthy water system
An ecologically healthy water system is aimed at improving ground and surface water quality and
ecology, with a focus on clean and healthy water in streams, protecting drinking water quality and
improving conditions for wet nature areas.
In addition to the WFD targets (see Paragraph 3.2.2.1), standardized and prioritized substances, such
as chemical agents and micro-pollutants must also be taken into account in streams. Overflows in
urban areas are a strong source of pollution during heavy rainfall events. Therefore, to realise an
ecologically healthy water system, the LIWA also focuses the surface water quality by disconnecting
and infiltrating rainwater as much as possible in the urban area (Waterschap Limburg & Province of
Limburg, 2020).
Besides reducing water pollution from agriculture by national policy, agricultural pollution can be
reduced by the construction of buffer zones between the agricultural plots and the streams and
waterways. Furthermore level-controlled drainage (which structurally reduces the drainage and thus
the leaching of nutrients) and local weirs on farms can be effective measures for agriculture to
increase water quality of surface water in the area of South Limburg and the Geul Valley. The inflow
of nutrients and pollution from the effluent of WWTPs to the surface water (including the WWTPs in
the drainage basin of the Geul; Wijlre and Simpelveld) can be reduced through improved treatment.
For safeguarding the quality of drinking water in the long term, expanding groundwater protection
areas can offer a solution (Waterschap Limburg & Province of Limburg, 2020).

43

Luuk van der Meulen

Final (Library) Version 9-5-2022

Restored water system in stream valleys
The restoring of the water system in stream valleys is another one of the main focus areas of LIWA,
because in many stream valleys, the intensification of drainage, change of land use (increasing areas
of agriculture and hardened surface), canalisation and dimensioning of streams have greatly reduced
the water retention capacity of stream valleys. This is also the case for the Geul valley, as provided
the status of being ‘Greatly changed’ (explained in Paragraph 3.2.2.1). As a result, water is drained
too quickly and the groundwater is insufficiently replenished. This causes high discharges of streams
like the Geul in wet periods, resulting in an increased risk of flooding in downstream areas, while on
the other hand a water shortage quickly occurs during dry periods.
The solution to these problems lies in the way the stream valleys are arranged. By bringing back
together the stream valley into the stream, space is created for water. This prevents the
consequences of heavy rainfall (flooding). Because more water is retained in the entire stream valley
and because the floor of the stream is raised, water shortages can also be prevented (Waterschap
Limburg, n.d.; Waterschap Limburg & Province of Limburg, 2018).
In Figure 25 the vision for such a restored water system in a stream valley is schematically illustrated.
The stream itself becomes narrower and the bed of the stream will be raised. The buffer zones along
the stream will be widened, to increase the retainment capacity. The buffer zones are followed by a
zone with extensive agriculture (in combination with nature), which further inland turns into a
conventional agricultural area. Realising this different layout of the stream (as shown in Figure 25)
contributes to achieving the WFD targets. With the stream valley zones robust ecological connections
of the natural areas are realized and the landscape is ecologically strengthened (Waterschap
Limburg, n.d.; Waterschap Limburg & Province of Limburg, 2018; Waterschap Limburg & Province of
Limburg, 2020).

Figure 25: Desired situation stream valley (Waterschap Limburg & Province of Limburg, 2018)

Restored water system on plateaus in South Limburg
The last aim of LIWA is focused on the recovery of the water system on the plateaus in South
Limburg. Over time, forest zones and grassland on the flanks of the plateaus and terraces have
increasingly turned into agricultural areas (as also found in Paragraph 3.1.3.1). In addition, the
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surface of paved urban areas has increased. During extreme precipitation, the water is therefore
quickly drained towards the stream valleys. Due to these drainage water flows, farmland washes
down and flooding in the urban areas at the foot of the plateaus and terraces (such as Valkenburg)
are caused. Nature areas that are adjacent to agricultural plots are negatively influenced by the influx
of nutrient-rich water, soil and crop protection products (Waterschap Limburg & Province of
Limburg, 2020).
The climate resilience of the water system on plateaus is restored by retaining and infiltrating water,
in combination with planting on the edges of the plateaus and terraces. Furthermore flow-inhibiting
measures (including grass stretches) are taken to slow down the surface drainage flow. This reduces
the leaching of nutrients, retains water as much as possible and reduces erosion (Waterschap
Limburg & Province of Limburg, 2020).
3.2.2.3.
Water Management Program (WMP)
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information that will be used as input for the Self-Assessment indicators 2.2 (‘Areas
to temporally store water in the city without expected damage’) and 3.4 (‘Protection of groundwater
quality and groundwater levels’).
Every six years, water authorities determine in their Water Management Program (WMP) (Dutch:
Waterbeheerprogramma) which approach and measures are generally necessary to bring and keep
the water system and flood protection systems in order. In the WMP 2022-2027, it is elaborated
what the planned interventions are and how they will be performed in the timescale until 2027. In
short, the four main focus areas of WMP are (Waterschap Limburg, 2021):
-

Flood protection in the Maas Valley (including the Geul Valley)
Climate adaptation (balance between water draining and water retaining)
Water quality and ecology (more natural and clean water)
Purification and water chain (purify WWTP effluent and recover materials from sewage)

The LIWA (Paragraph 3.2.2.2) has provided a lot of useful information about the bottlenecks and
opportunities in the water system of Limburg. The results of the LIWA, among other information
(including the water quality demands of the WFD), have also been incorporated in the WMP.
Table 9 shows the demands from the WMP regarding regional flooding norms. Important to notice is
the fact that the flooding norm for urban areas in stream valleys of South Limburg, such as
Valkenburg, is set at once in 25 years (1:25) while for all other urban areas in the province of Limburg
and the rest of the Netherlands it is four times as high: 1:100. This is because a norm of 1:100 in
Valkenburg and other urban areas in South Limburg is only feasible at very high costs and with a
major impact on the landscape. Therefore, the Province of Limburg and Waterschap Limburg have
decided that a norm of 1:25 is the basic standard for built-up areas in South Limburg. This with the
ambition to achieve a standard of up to 1:100, where this is feasible, without disproportionate costs
and an undesirably large impact on the environment. In addition to costs, benefits and impact on the
landscape, safety, social disruption and opportunities to make a combination with other social goals
are also considered (Waterschap Limburg, 2021).
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Table 9: Regional flooding norms WMP (Waterschap Limburg, 2021)

Where the flooding norms are not met (for instance in urban or agricultural areas), bottlenecks occur
(Figure 26). Meeting the flooding standards means that sometimes new buffers have to be built,
existing buffers have to be increased or the drainage of a stream has to be improved. In most cases,
it is more sustainable to take measures as most upstream as possible: retaining water where the rain
falls, in the villages, towns, agricultural areas and nature areas (see Figure 26).

Figure 26: Climate adaptation measures of the WMP (Waterschap Limburg, 2021)

3.2.2.4.
Water in Balance
Besides the aim of increasing the general understanding of the research area, this paragraph will also
provide specific information that will be used as input for the Self-Assessment indicators 2.2 (‘Areas
to temporally store water in the city without expected damage’), 2.3 (‘Measures to increase
infiltration’) and 3.4 (‘Protection of groundwater quality and groundwater levels’).
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Water in Balance (Dutch: ‘Water in Balans’) is a project programme by Waterschap Limburg to help
realising the plans of the WMP, specifically for South Limburg as life-threatening flooding situations
can arise there (Waterschap Limburg, 2020). The goal of Water in Balance is to work together with
partners and residents on taking targeted measures to reduce flooding of brooks and streams as a
result of climate change. Waterschap Limburg uses Water in Balance to prioritise the tackling of
flooding. The measures are designed, implemented and managed in association with local
stakeholders. If possible, Water in Balance can be combined with initiatives from other authorities or
private parties to decrease nuisance of flooding (Waterschap Limburg, n.d.).
Water in Balance is based on using the 4-button model, in which 4 buttons are simultaneously turned
in order to reduce flooding. The 4 buttons of the model and the main goals of each button are
(Waterschap Limburg, 2020):
1. The rural area: erosion prevention, increasing buffer capacity, realizing approximately 10
mm extra infiltration.
2. The urban/built-up area: taking measures like disconnecting the drainpipe from public and
private buildings and decreasing the amount of paved surface
3. The regional water system/streams and stream valleys: improving the regional water
system
4. Limiting damage to own home: taking damage-limiting measures by residents themselves

3.3.

Biophysical conditions and institutional context of the research area

The site-analysis in this chapter included both the biophysical conditions and the institutional context
of Valkenburg and the Geul valley. This in order to formulate an answer to SRQ2:
-

“What are the current biophysical conditions and institutional context of the research area
relevant for WSUD implementation?”

Both the biophysical conditions and institutional context consist of components that are either (only)
relevant for increasing general understanding of the research area, or can also be directly used in the
score selection of indicators of the CATCH Self-Assessment (Chapter 5).
The biophysical conditions of the research area were analysed in order to increase the general
understanding of the research area and to select specific components relevant for WSUD
implementation. This led to the following selection of components of the layer-approach: Abiotic
system, Water system, Nature networks, Transportation Networks, Land use and Climate effects. The
selected components of the biophysical conditions provide input for the following specific SelfAssessment indicators: 2.2, 2.3, 3.2, 3.3, 3.4, 3.5 and 3.6.
The institutional context relevant for WSUD implementation consist of the organisational structure
and policy in the research area. The organisational structure of the institutional context provided
insights in the organisations involved in water management in the research area and their specific
responsibilities and characteristics. The following organisations were identified: Waterschap Limburg,
Province of Limburg, Municipality Valkenburg aan de Geul, WML and WBL. These organisations could
act as relevant stakeholders in the potential implementation of WSUD.
The policy included in the institutional context consists of WFD, LIWA, WMP and Water in Balance
and provides input for the following specific Self-Assessment indicators: 2.2, 2.3, 3.2, 3.3 and 3.4.
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WFD:
The WFD has the aim of protecting and improving aquatic ecosystems and sustainable use of water
in the Netherlands (STOWA, 2007; KRW, 2020). The WFD has assessed the surface water bodies (the
Geul, the Gulp, the Selzerbeek and the Eyserbeek) and groundwater body (Krijt-Maas waterbody) in
the research area. The results of the WFD-assessment include both quality and quantity components,
which provide input for scoring Self-Assessment indicators: 3.2, 3.3 and 3.4.
LIWA:
The main objective of LIWA is to develop a strategy to achieve a sustainable water system recovery
throughout Limburg, taking into account the consequences of climate change. The aim thereby is to
eventually reach the following goals for the water system in Limburg (Waterschap Limburg &
Province of Limburg, 2020): (1) Robust and climate-proof water system, (2) Ecologically healthy water
system, (3) Restored water system in stream valleys and (4) Restored water system on plateaus in
South Limburg. The LIWA provides input for scoring the Self-Assessment indicators: 2.2, 2.3 and 3.2.
WMP:
The WMP includes plans for which approach and measures are generally necessary to bring and keep
the water system and flood protection systems in Limburg in order. The four main focus areas of
WMP are (Waterschap Limburg, 2021): (1) Flood protection in the Maas Valley (including the Geul
Valley), (2) Climate adaptation (balance between water draining and water retaining), (3) Water
quality and ecology (more natural and clean water) and (4) Purification and water chain (purify
WWTP effluent and recover materials from sewage). The WMP provides input for the SelfAssessment indicators 2.2 and 3.4.
Water in Balance:
Water in Balance is a project programme by Waterschap Limburg to help realising the specific plans
of the WMP in South Limburg, with the goal to work together with partners and residents on taking
targeted measures to reduce flooding of brooks and streams as a result of climate change
(Waterschap Limburg, 2020). Water in Balance is based on using the 4-button model, in which 4
buttons are simultaneously turned in order to reduce flooding (Waterschap Limburg, 2020): (1) the
rural area, (2) the urban/built-up area, (3) the regional water system and stream valleys and (4)
limiting damage to own home. Water in Balance provides input for the Self-Assessment indicators 2.2
and 3.4
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4. Stakeholder Analysis
This chapter will look into the hydro-social aspects of the research area, through identifying
stakeholders that have a certain interest or influence regarding the potential implementation of
WSUD. An overview of the stakeholders will be provided as well as a selection of the most relevant
stakeholders for further interviews (as input for the CATCH Self-Assessment; Chapter 5). Broadly
speaking, stakeholders are defined as the people and organizations who are involved in or affected
by an action or policy and can be directly or indirectly included in the decision-making process
(Freeman, 2010; Sterling et al., 2017).
According to Vogler, Macey & Sigouin (2017) a stakeholder analysis is a group of techniques used as
part of the planning process to identify and assess the relevant viewpoints of key people, groups, or
institutions on a project or proposed activity. A stakeholder analysis in this study can be helpful as a
structural method for mapping relevant involved parties and assess their potential viewpoints
towards the implementation of WSUD. This, since the analysis can provide useful insights into
stakeholder motivations and illuminate ways to facilitate a productive and successful engagement
process for all involved parties (Vogler, Macey & Sigouin, 2017).
A stakeholder-analysis can be extended by a stakeholder matrix to involve the level of influence and
interest of each stakeholder regarding a project or initiative (Vogler, Macey & Sigouin, 2017). In line
with this proposed method, Paragraph 4.1 provides an overview of the identified stakeholders and
Paragraph 4.2 elaborates on the stakeholders’ levels of influence and interest by means of the
stakeholder matrix.

4.1.

List of Stakeholders

For the implementation of WSUD in the research area, several stakeholders were identified via (a
combination of) exploratory interviews (see Appendix 1) and literature study. These stakeholders,
including their characteristics (focused on the research area) and goals are presented in an overview
in Table 11. In order to provide a more structured overview of the numerous stakeholders, each
stakeholder was assigned one of the seven stakeholder groups (Table 10), based on their individual
characteristics and goals (Table 11).
Table 10: Stakeholder Groups

Stakeholder group
Local Governments
Nature & Environment

Tourism & Recreation
Agriculture
Water
Safety
Residential

Stakeholder(s)
Province of Limburg, Waterschap Limburg, Municipality Valkenburg aan
de Geul
Staatsbosbeheer, Natuurmonumenten, Stichting Limburgs Landschap
(SLL), Nationaal landschap Zuid-Limburg (NLZL), Natuur en
Milieufederatie Limburg (NMFL), ARK Natuurontwikkeling (ARK)
Visit Zuid-Limburg, National Hospitality Organisation (KHN), HISWA
RECRON
Limburgse Land- en Tuinbouwbond (LLTB), Farmers
Waterleidingmaatschappij Limburg (WML), Waterschapsbedrijf Limburg
(WBL)
Veiligheidsregio Zuid-Limburg (VRZL)
Residents
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For the stakeholders ‘farmers’ (nr. 13) and ‘residents’ (nr. 17) in Table 11, no specific goals could be
identified through exploratory interviews and/or literature study. The colours of the stakeholder
groups in Table 10 are also reflected in the stakeholder overview in Table 11.
Table 11: Overview of the identified stakeholders for the implementation of WSUD in the research area

Stakeholder
1. Province of Limburg15

2. Waterschap Limburg

3. Municipality
Valkenburg aan de Geul14

4. Staatsbosbeheer1

Characteristics
In the field of water and
development, the Province
of Limburg is responsible for
the frameworks of local
policy and manages (deep)
groundwater bodies. The
province also deals with
accessibility and public
transport and supervises the
spatial development in the
field of the environment,
nature management and
rural areas.
The local water authority of
Limburg manages surface
water and groundwater and
is responsible for sufficient
water, clean water, safe
dikes and natural water (see
Paragraph 3.2.1).
The municipality is
responsible for forming and
maintaining local policy.
Furthermore, it manages
local projects and can
facilitate action by
promoting and providing
subsidy (e.g. disconnection
of rainwater from sewers). It
is also part of the
‘Veiligheidsregio ZuidLimburg’.
Staatsbosbeheer manages
and protects the green
heritage of the Netherlands;
273,000 hectares of nature.
In the Geul valley: 500
hectares.

50

Goal
The province aims for making the
environment, air, land and water, safe
and clean in a sustainable way.
Furthermore, it wants to provide more
employment opportunities and an
accessible and attractive living
environment for its residents.

It aims for sufficient water, clean
water, safe dikes and natural water.
For example, it is planning for realising
more natural stream valleys (also in
the Geul Valley).

The municipality of Valkenburg aan de
Geul attaches great importance to
sustainability. It strives for everyone in
the municipality of Valkenburg aan de
Geul to live in a pleasant and healthy
environment.

The realisation of national and
international nature objectives,
outdoor recreation and the
conservation of landscape
monuments. In synergy with: climate
adaptation and flood risk
management, energy transition,
housing, making agriculture more
sustainable,
production of sustainable raw
materials, health and sustainable
tourism.
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5. Natuurmonumenten2

Natuurmonumenten is
responsible for managing
over 100,000 hectares of
natural areas in the
Netherlands.

6. Stichting Limburgs
Landschap (SLL) 3

SLL is responsible for the
sustainable preservation of
characteristic landscapes in
Limburg with the associated
nature and heritage. In total:
9,100 hectares in Limburg,
of which ca. 1,200 in South
Limburg.

7. Nationaal landschap
Zuid-Limburg (NLZL)4

NLZL works on realising a
unique landscape,
biodiversity and strengthen
the cultural history of South
Limburg.

8. Natuur en milieufederatie Limburg
(NMFL)5

(NMFL) and the ca. 100
affiliated organizations are
committed to nature and
landscape, a healthy living
environment and to
achieving ecological
sustainability in Limburg and
the adjacent Euregio.

* 18. ARK
Natuurontwikkeling
(ARK)16

ARK is a national
organisation with a focus on
nature development. ARK
has many different projects,
of which also local projects
focusing on the area of the
Geul Valley.

9. Visit Zuid-Limburg6 + 7

Visit Zuid-Limburg is the
department of VVV (Dutch
tourist organisation) for the
region of South Limburg. It is
committed to contribute to
the development of
attractive destinations to
visit and stay, for both
residents and visitors.
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Safeguarding nature and cultural
history by purchasing, managing and
making areas and cultural sites
accessible. Through: walking & cycling
routes, bridleways or canoe routes
through nature areas. Also, actively
involving people in nature to show
how essential it is to preserve nature
for the future.
Protection of valuable landscapes with
the associated nature and heritage
values (including historical windmills,
castles, estates etc.) by purchasing,
developing or restoring them. This
because these landscapes and their
natural values tell the story of Limburg
and in a way also shape the identity of
Limburg.
The aim of NLZL is to combine the city
and rural area with an area-oriented
approach to create a sustainable
perspective and eventually form
economic dynamism in South
Limburg.
Realising more pleasant living,
working and recreation for everyone
in Limburg. This, through transitioning
to an energy-neutral and climateproof society. Ultimately, we want to
achieve that sustainability is a selfevident and valued consideration in
the actions of citizens, administrators
and entrepreneurs.
ARK realizes robust nature reserves
and sees nature development in the
context of social interests such as
recreation, mineral extraction and
climate adaptation, and strives for
freely accessible nature.

Through tourism; bringing a valuable
economy, restored monuments, a
maintained landscape, amenity to the
cities and villages and joy among
guests and residents. This, while
taking into account the effects of
crowds, damage to nature, landscape
pollution, environmental impact and
self-interest.
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10. National Hospitality
Organisation (KHN)8

KHN is the largest
organisation representing
hospitality businesses in the
Netherlands; more than
20,000 businesses in 16
regions, together employing
almost 250,000 people. In
the region South-Limburg
are ca. 1000 businesses.

11. HISWA RECRON9

The core task of the
association is to promote
the general collective
interests of businesses in the
field of recreation and
aquatics and to position
them well in the market.
The LLTB stands between
the agricultural businesses
and society and supports its
members in good
entrepreneurship and at the
same time is an authority
that continues to emphasize
and substantiate the general
social interest of agriculture
in Limburg (regions: North-,
Middle- and South Limburg).
Agriculture represents
42.6% of the land area,
divided over 882 individual
agricultural companies and
mainly used for crop
production and grassland
(See paragraph 3.4.1.2.). The
farmers who run these
companies, therefore have a
relatively big influence on
the way the land is used and
for what goals.
WML is responsible for
drinking water provision for
all (over 500.000)
households in Limburg and
ca. 15.000 companies.
WBL is a subsidiary of
Waterschap Limburg and is
specifically responsible for
draining wastewater and
cleaning it in WWTPs so that

12. Limburgse land- en
tuinbouwbond (LLTB)10

13. Farmers

14. Waterleidingmaatschappij Limburg
(WML)11

15. Waterschapsbedrijf
Limburg (WBL)12
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As a hospitality industry association,
KHN represents the interests of the
hospitality industry. KHN works
together with relevant authorities
(municipalities, national, EU) and
organizations with the aim of creating
an optimal business climate for the
hospitality industry. Hereby, among
others, focussing on employers,
tourism and sustainability.
The five main themes of HISWA
RECRON are: Living environment,
Durability, Laws and regulations,
Quality and Positioning.

The LLTB focuses on four themes:
Food & Health, Climate & energy,
Rural area & Surroundings and
Entrepreneurship.
The LLTB supports farmers in these
themes, make their achievements
visible to society and can also mobilize
understanding for the position of the
sector or the individual farmer. The
LLTB stands up for good agricultural
entrepreneurship.
- **

The aim of WML is to ensure reliable
drinking water (quantitively and
qualitatively) throughout Limburg.

By cleaning wastewater, WBL strives
to make the area healthier and more
sustainable. This, through retrieving as
much as possible from the water and
giving the purified water as well as the
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its effluent can be returned
to the streams.
VRZL is one of the 25 Dutch
security regions. In VRZL, the
16 municipalities, the fire
brigade, the police and the
medical organisation work
together to act as effectively
as possible in case of a
disaster or crisis. Each
municipality (including
Valkenburg) in the region is
a participant in VRZL and
therefore jointly responsible
for the organizational
management of the VRZL.
16.500 inhabitants in the
municipality Valkenburg aan
de Geul (see Appendix 3)
with a relatively large share
of elderly (Paragraph
3.1.3.2)

raw materials, nutrients and the
residue (sludge) a new destination.
The South Limburg Security Region
aims to better protect residents and
visitors of South Limburg against
(health) risks, disasters and crises.

-

**

Sources: 1: (Staatsbosbeheer, 2021), 2: (Natuurmonumenten, 2021), 3: (Stichting Limburgs Landschap, 2021), 4: (Nationaal Landschap ZuidLimburg, 2018), 5: (Natuur en Milieufederatie Limburg, n.d.), 6: (VVV, 2020), 7: (Visit Zuid-Limburg, n.d.), 8: (Koninklijke Horeca Nederland,
n.d.), 9: (Hiswa Recron, n.d.), 10: (LLTB, n.d.), 11: (WML, n.d.), 12: (WBL, n.d.), 13: (VRZL, n.d.), 14: (Gemeente Valkenburg aan de Geul,
n.d.), 15: (Provincie Limburg, n.d.), 16: (ARK Natuurontwikkeling, n.d.).
* ‘ARK Natuurontwikkeling’ (nr. 18) was identified after the final interviews and was therefore not included in the stakeholder matrix
** For ‘farmers’ (nr. 13) and ‘residents’ (nr. 17) no specific goals could be identified through exploratory interviews and/or literature study

4.2.

Stakeholder Matrix

A stakeholder matrix is a tool that can be used to visualize the influence (on one axis) and the level of
interest (on the other axis) of each of the stakeholders (Mendelow, 1981). This can be helpful during
a planning process to visualise which stakeholders might have similar goals or similar interest in the
project. Furthermore, a stakeholder matrix can identify unexpected alliances between stakeholders,
which do not regularly share an interest, but who may join efforts to advocate for a singular position
that they both share (Vogler, Macey & Sigouin, 2017).
To determine the levels of influence and interest of a certain stakeholder, the stakeholders were
rated according to the following scores: Low (1), Low-moderate (2), Moderate (3), Moderate-high (4),
High (5). Based on their anticipated influence- and interest scores (as explained in Paragraph 4.2.1),
the stakeholders were positioned in one of the four quadrants of the initial stakeholder matrix (as
visible in Figure 27). These four quadrants are listed below, each indicating the following proposed
actions in the planning process (Mendelow, 1981):
-

Monitor (low to moderate level of influence and low to moderate level of interest): these
stakeholders should be monitored, but not included in excessive communication.
Keep Satisfied (moderate to high level of influence and low to moderate level of interest):
these stakeholders should be satisfied with the decisions, but not overwhelmed by
information and communication.
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Keep Informed (low to moderate level of influence and moderate to high level of interest):
these stakeholders should be adequately informed and included to prevent the arising of
major issues.
Manage Closely (moderate to high level of influence and moderate to high level of interest):
These stakeholders should be fully engaged and greatly satisfied.

In Paragraph 4.2.1, the outcomes of the initial stakeholder matrix (Figure 27) were used to determine
the most relevant stakeholders (/stakeholder groups) with high levels of influence and interest.
These most relevant stakeholders were then contacted for interviews (See Appendix 7). After
conducting the interviews with interviewees of the selected stakeholders, the interviewees were
asked to also provide their personal opinion on the different levels of influence and interest for all
the identified stakeholders by scoring them on a scale of 1 to 5 (1 being a low score and 5 being a
high score). The outcomes of these scores (see Appendix 4) were used in Paragraph 4.2.2 as input for
the final stakeholder matrix (Figure 28) and to verify to what extent the selection of stakeholder for
the interviews based on the initial stakeholder matrix was rightful. Additionally, Paragraph 4.2.3
elaborates on the shifts in stakeholder positions between the initial and final stakeholder matrix.

4.2.1. Initial stakeholder matrix
Following the proposed method by Vogler, Macey & Sigouin (2017), the scores for the initial
stakeholder matrix have been anticipated based on the expectations of a stakeholder’s level of
influence and interest in relation to the stakeholder’s characteristics and goals (as defined in Table
11). The anticipated score regarding a stakeholder’s level of influence is based on the stakeholder’s
expected influence on the potential physical and political implementation of WSUD in the research
area. For the anticipated score regarding a stakeholder’s level of interest, this score was based on the
stakeholder’s expected interest (either positive or negative) in the potential implementation of
WSUD in the research area. An elaboration of the individual initial stakeholder scores can be found in
Appendix 4.
Figure 27 shows an overview of the initial stakeholder positions divided over the four quadrants. The
Local Government stakeholder group is entirely positioned within the ‘Manage Closely’ quadrant,
meaning that this stakeholder group is expected to have the highest levels of interest and influence.
There are also three other stakeholder groups that reach to the border of the ‘Manage Closely’
quadrant, with (one of) its stakeholders scoring at least 3 (moderate) for influence as well as interest.
These three stakeholder groups are Nature & Environment, Agriculture and Water. Since the
stakeholder groups in- or bordering to the ‘Manage Closely’ quadrant are foreseen to have the
highest levels of influence and interest, they have been selected as being most relevant to include in
the interviews.
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Figure 27: Initial stakeholder matrix (See Appendix 4 for input values)

4.2.2. Final stakeholder matrix
After conducting the interviews with the interviewees from different stakeholders that were part of
the four selected stakeholder groups (Local Governments, Nature & Environment, Agriculture and
Water), the interviewees were also asked to provide their view on the levels of influence and interest
of all the different identified stakeholders (See Appendix 4). Each interviewee has scored all 17
stakeholders on a scale of 1-5 (1 being a low score and 5 being a high score) for both interest and
influence in the research area, as had also been done for the initial stakeholder matrix. Thereafter,
the average of the provided scores (excluding the scores of interviewees for their own stakeholder
organisation) was used to create a final version of the stakeholder matrix (see Figure 28). It should be
noted that the interviewees only selected one of the five scoring options and no further explanation
of their choice of score was provided.
The final stakeholder matrix (Figure 28) shows that the Local Governments stakeholder group has the
highest level of interest and influence, with all its stakeholders within the ‘Manage Closely’ quadrant.
The Waterschap as part of this stakeholder group has overall been selected as the stakeholder with
the highest levels of interest and influence. The stakeholders that are part of the Agriculture
stakeholder group also have relatively high interest- and influence-scores, with both stakeholders
positioned within the ‘Manage Closely’ quadrant as well. Furthermore, there are also three other
stakeholder groups that reach to the border of the ‘Manage Closely’ quadrant, with (one of) its
stakeholders scoring at least 3 (moderate) for influence as well as interest. These three stakeholder
groups are Nature & Environment, Water and Residential. Additionally, the lowest scoring
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stakeholder groups in the final version of the stakeholder matrix are Tourism & Recreation and
Safety. All stakeholders of the Tourism & Recreation stakeholder group are positioned at the border
between the ‘Monitor’ quadrant and the ‘Keep Informed’ quadrant and the stakeholder of the Safety
stakeholder group is positioned within the ‘Keep Informed’ quadrant.

Figure 28: Final stakeholder matrix (See Appendix 4 for input values)

Apart from some differences in individual stakeholder positions in the matrix, the overall outcomes
of the stakeholder groups for the final stakeholder matrix were mostly comparable to the outcomes
of the initial stakeholder matrix. Noticeable is the fact that the Residential stakeholder group in the
final stakeholder matrix, on the border of the ‘Manage Closely’ quadrant, is among the highest
scoring stakeholder groups. Yet, as residents were positioned in the ‘Keep informed’ quadrant in the
initial stakeholder matrix, the Residential stakeholder group was excluded from the interviews. Still,
even when residents would have received a higher initial score and ending up in-, or bordering to the
‘Manage Closely’ quadrant, it would not have affected their exclusion from the interviews. The
reason for this is that the Residential stakeholder group only consists of residents, which are unlikely
to be represented by just one (or a few) interviewee(s). This, as it is expected that (compared to
representative interviewees of stakeholder organisations) personal levels of influence and interest
among residents, and their experiences, opinions and views on WSUD-related topics are greatly
differentiated and it would therefore most probably provide unreliable results when just including a
very limited amount of residential respondents.
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4.2.3. Shifts between initial stakeholder matrix and final stakeholder matrix
After completing the final stakeholder matrix with the incorporated input from the interviewed
stakeholders, it becomes clear that there have been shifts between the initially expected levels of
influence and interest of the stakeholders. Figure 29 provides an insight in the initial scores that have
changed position in the matrix after the feedback of interviewees. When the final scores in the
matrix differentiate from the initial scores, this is visualised in Figure 29 by a red number of the initial
stakeholder position and a red arrow towards the final position.
When generally looking at the differences between the initial and final stakeholder positions in
Figure 29, it is clear that the positions of the stakeholders in the initial matrix are more scattered
compared to the final version. The stakeholder positions in the final version are more clustered and
closer towards the average score lines (with a score of 3) of both interest and influence.
Furthermore, especially on the interest-axis, positions have generally shifted towards higher scores.
The minimal interest-scores have changed from an initial score of 1 or 2 to a final score of at least 3,
leaving no stakeholders in the left two quadrants (‘monitor’ and ‘keep satisfied’). While the range of
final interest-scores ranges from moderate (3) to high (5), the final influence-scores are spread over a
wider range; from low (1) to high (5).

Figure 29: Shifts between the initial stakeholder matrix and final stakeholder matrix

Figure 29 shows that 4 out of the 17 stakeholders in the matrix remain at the same position
compared to the initial matrix and 8 stakeholders only moved one position (either on the axis of
interest or the axis of influence). The most striking differences between the initial version and the
final version are for the following five stakeholders: SLL(6), KHN(10), Farmers(13), WML(14),
Residents(17). These stakeholders have been listed below, including the elaboration of their initial
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scores and a potential explanation for the differences in comparison with the final scores. For a full
overview of the elaboration on initial interest- and influence-scores per stakeholder, see Appendix 4.
AS THIS IS THE LIBRARY VERSION OF THIS THESIS, SOME CONFIDENTIAL INFORMATION GATHERED
THROUGH THE INTERVIEWS HAS BEEN BLACKED OUT.
SLL(6). Initial: interest 2, influence 2. Final: interest 4, influence 3. :
Both the interest-score and the influence-score of SLL differentiates between the initial and the final
version of the stakeholder matrix. For the initial version, lower scores have been selected for both
interest and influence. The initial influence-score was selected to be 2 (a low-moderate level of
influence), because of its expected limited amount of ownership and selected type of landscapes in
the Geul Valley (predominantly castles, estates and historical windmills etc.). The initial interestscore was also selected to be 2, because of the expectation that the implementation of WSUD will
just have a limited effect on the goal of SLL for protection and conservation of landscapes, nature
and heritage. However, the interviewed stakeholders have provided higher scores of interest (4) and
influence (3) for SLL. This increased scores might have to do with the fact that SLL was identified by
different stakeholders as one of the three main nature management organisations in the area (next
to Natuurmonumenten and Staatsbosbeheer).
KHN(10). Initial: interest 1, influence 1. Final: interest 3, influence 1. :
For KHN, the initial interest-score was set at 1 whereas the final interest score provided by the
interviewed stakeholders was set at 3. Both the influence-scores of the initial and the final version of
the matrix was the same, with a score of 1. The reason for initially scoring the level of interest of KHN
as 1, was that a low level of interest was expected since KHN commits to creating an optimal
business climate for the hospitality industry and WSUD has no direct effect on employment or
tourism. However, the effects of WSUD can to some extent indirectly help to provide opportunities
for making the local hospitality industry more sustainable (and climate proof) on the long term.
Although none of the interviewed stakeholders has elaborated their choice of score, this might have
played a role in their decision for not selecting a lower score than 3.
Farmers(13). Initial: interest 2, influence 4. Final: interest 5, influence 4. :
The interest-score of the farmers differs greatly between the initial and final score, while the level of
influence is the same. The initial selected interest-score was 2, as it was assumed that the level of
importance of WSUD for individual farmers in general would not be very great. This is due to the
expectation that the number of farmers who experience a lot of (water) nuisance (and would
therefore benefit greatly from a more climate-proof Geul Valley and the implementation of WSUD) is
limited. The majority of farmers would therefore have no direct interest in WSUD and in some cases
farmers might even take a negative view of the potential implementation of WSUD due to possible
sacrifices of agricultural land for the realization of water buffers, infiltration measures, anti-erosion
measures, etc. However, the interviewed stakeholders see the farmers as a stakeholder with a very
large amount of interest (resulting in a final interest-score of 5). Although none of the interviewees
specifically substantiated their choice of score, the interviewee of LLTB explained during other
interview questions that farmers themselves certainly benefit from climate adaptation measures as
well. On the long term the benefits of certain climate adaptive measures are also acknowledged by
farmers themselves for the continuity of their agricultural activities. This reasoning could potentially
also have played a role for the other interviewed stakeholders when scoring the level of interest of
farmers.
WML(14). Initial: interest 5, influence 3. Final: interest 3, influence 3. :
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Both the interest-score and the influence-score of WML differentiates between the initial and the
final version of the stakeholder matrix. For the initial version in comparison with the final version, a
higher score has been selected for the interest-score, while the influence-score remains the same. A
high level of interest (score of 5) was foreseen, because WSUD can help WML to ensure reliable
drinking water (quantitively and qualitatively) provision in the area. Though, this initial interest score
of 5 was probably overrated when looking at the effect of WSUD on sustainable drinking water
provision and, according to the final scores of the interviewed stakeholders, a score of 3 should have
been more appropriate. A slight increase in the final influence-score would also be appropriate, since
it was mentioned during the interviews that WML has quite some influence on the development and
land use of the areas that are used for water extraction throughout the Geul Valley.
Residents(17) Initial: interest 4, influence 2. Final: interest 5, influence 3. :
Both the interest-score and the influence-score of residents differentiates between the initial and the
final version of the stakeholder matrix. For the initial version, lower scores have been selected for
both interest and influence. Regarding the initial influence-score, a low-moderate level of influence
was expected because of the reasoning that residents generally only have power over their own
private property (for implementing flood/heat stress prevention measures, disconnection of paved
surface, green roofs etc.), which only represents a limited part of the total area. For the initial
interest-score, a moderate to high level of interest was expected because residents could be heavily
affected by water, like the residential areas that were flooded during the flooding event in July 2021
(Paragraph 3.1.3.2). For the initial interest score of residents, no maximal score of 5 was selected,
because it was expected that not every resident experiences the threats from extreme weather
events to the same extent (personal safety, health, connectivity (evacuation, blockage of escape
routes), ability to work, damage to private property etc.). However, WSUD can offer opportunities to
decrease the risk of flooding and at the same time also provide benefits from measures that for
instance help with the reduction of heat stress.

4.3.

Influences and interests of relevant stakeholders regarding WSUD

In this paragraph, the insights from stakeholder analysis are used to provide an answer to sub
research question 3 (SRQ3):
-

“What are the influences and interests of relevant stakeholders in the research area
considering WSUD implementation?”

Numerous stakeholders have been identified (Table 11), each having their own level of influence and
interest regarding the implementation of WSUD in the research area. Each stakeholder was assigned
one of the seven stakeholder groups (Table 10), based on their individual characteristics and goals.
The final stakeholder matrix (Figure 28) provides an overview of the positions of all individual
stakeholders divided over the four quadrants of the matrix, based on their levels of influence and
interest as scored by the interviewees.
The stakeholders that were assigned to one of the stakeholder groups positioned in (or bordering to)
the ‘Manage Closely’ quadrant of the matrix (having the highest levels of both influence and
interest), were determined as the most relevant stakeholders for the implementation of WSUD in
Valkenburg. As the stakeholders of the ‘Manage Closely’ quadrant should be fully engaged in the
decision-making process according to Mendelow (1981), their interview responses should be
considered as input for the CATCH Self-Assessment of the research area.
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The stakeholder groups in (or bordering to) the ‘Manage Closely’ quadrant, including their
stakeholders, are:
-

-

Local Governments: Province of Limburg, Waterschap Limburg, Municipality Valkenburg aan
de Geul
Nature & Environment: Staatsbosbeheer, Natuurmonumenten, Stichting Limburgs
Landschap (SLL), Nationaal landschap Zuid-Limburg (NLZL), Natuur en Milieufederatie
Limburg (NMFL), ARK Natuurontwikkeling (ARK)
Agriculture: Limburgse Land- en Tuinbouwbond (LLTB), Farmers
Water: Waterleidingmaatschappij Limburg (WML), Waterschapsbedrijf Limburg (WBL)
Residential: Residents
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5. Results
In order to determine the current position of Valkenburg in the UWMTF and to gain insights in the
current weaknesses and strengths regarding the water sensitivity of the city (SRQ4), the CATCH SelfAssessment was executed. In this chapter, the results of this Self-Assessment are presented.
Paragraph 5.1 presents the general results of the Self-Assessment and in Paragraph 5.2, the results
are further elaborated per WSC pillar.
The CATCH Self-Assessment was executed with input from the interviews as well as from the siteanalysis. This chapter includes the main results of the Self-Assessment, more elaborate information
on the specific input from interviews and the site-analysis for the Self-Assessment can be found in
Appendix 5 and Appendix 6 consecutively. After the self-assessment was completed, a dashboard
was created with an overview of the resulting scores per WSC pillar. The dashboard of the general
results is visible in Figure 30.
Table 12 presents the total overview of the division between the input of the interviews and the siteanalysis regarding each indicator. A brief explanation of the meaning of the three different pillars and
all 23 indicators can be found in Appendix 2. 15 out of the 23 indicators were scored based on the
outcomes of the interviews and another 7 indicator scores were based on the outcomes of the siteanalysis. Noteworthy is that for the remaining indicator 1.6 (about the level of flood risk awareness),
the indicator score was neither directly extracted from the site-analysis nor a selected answer option
of the interview. Indicator 1.6 was namely not translated into an interview question, but was scored
based on a combination of general information provided by interviewees, impressions of the sitevisit and own expectations (based on the recent occurrence of the flooding event).
Table 12: Total overview input division of interview/site-analysis for the indicator scores per WSC pillar (For the division of
input between the interview and site-analysis; the applicable boxes are checked with an ‘X’)
WSC pillar
Indicator
1.1
Score
4
Average score
UWMTF-phase
Interview
X
Site-analysis
Respondents

9

1. Water Sensitive Communities
1.2 1.3 1.4 1.5 1.6 1.7
4
5
5
5
6
5
4,6
Water Cycle City
X
X
X
X
X
7

8

7

6

-

6

1.8
3

2.1
4

2.2
3

X
-

X
-

X

7

4

-

2. Water Catchments
2.3 2.4 2.5 2.6 2.7
4
4
4
4
3
3,8
Waterways City
X
X
X
X
X
-

2

2

2

2

2.8
4

2.9
4

3.1
4

X
-

X
-

X
-

2

2

1

3. Ecosystem Services
3.2 3.3 3.4 3.5
3
3
2
4
3,3
Waterways City
X
X
X
X
-

-

When looking at the division between the interview and site-analysis in Table 12, it is visible that all
indicators of the first pillar (Water Sensitive Communities) (apart from indicator 1.6) were only
scored based on the outcomes of the interview. Furthermore, it shows that the interview had also
been the main source of input for scoring the indicators of the second pillar (Water Catchments),
while the indicators of the third pillar (Ecosystem Services) were predominantly scored based on the
outcomes of the site-analysis.
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General results Self-Assessment

In this paragraph, the general results of the Self-Assessment are described. For further elaboration
on the used methodology, see Paragraph 1.6 (section SRQ4). The information from interviews and
the site-analysis is used according to Table 12 as input for the CATCH Self-Assessment. The indicators
that are scored based on the input of the site-analysis are considered fixed, because the outcomes of
the site-analysis were interpreted by a single person and thus resulted in one single outcome per
indicator. However, this was not the case for the Self-Assessment indicators that were translated into
interview questions and scored based on input from the interviewees. Multiple stakeholders were
considered relevant to include in the interviews, based on their high levels of influence and interest
regarding WSUD implementation (See Paragraph 4.3). These stakeholders were part of the following
stakeholder groups: (Local) Governments, Nature & Environment, Agriculture and Water.
The individual interviewee(s) of each stakeholder was/were selected in such a way that their specific
role within the organisation was focused on the research area as much as possible (See Appendix 7).
The interview duration with each stakeholder was limited to approximately one hour, as it was
expected that a longer duration would discourage potential respondents to participate.
Consequently, not all 15 of the interview questions could be asked in one interview. As not all of the
interview questions were expected to be fully applicable to all stakeholders, a selection was made of
questions that were deemed appropriate for the field of a specific stakeholder and corresponding
interviewee in order to strive to receive helpful input for all Self-Assessment indicators. For example,
questions about the status and maintenance of drinking water or wastewater infrastructure
(regarding indicators 2.4, 2.5, 2.6, 2.7), were assumed to be not directly applicable to nature &
environmental or agricultural stakeholders, but they most likely do apply to (waste) water companies
and (some) local governments. It was therefore decided to focus in case of this example on the
Municipality, WML and WBL for receiving input on these topics. Fout! Verwijzingsbron niet
gevonden. provides an overview of the final input per stakeholder for each specific indicator. In case
an interviewee was unable to answer a question for one of the specifically selected indicators, no
answer option was selected.
Table 13: overview of input for the indicator scores per interviewed stakeholder (The answered questions per indicator are
checked with an ‘X’, the unanswered questions are checked with an ‘-‘, empty boxes indicate that no question is asked
regarding that indicator). See Appendix 7 for the summary of interview transcription.

Stakeholder

Total
ques
tions

Total
answ
ers

Unans CATCH Self-assessment indicators
wered 1.1 1.2 1.3 1.4 1.5 1.7 1.8 2.1 2.4 2.5 2.6 2.7 2.8 2.9 3.1
questi
ons

Municipality
Valkenburg
aan de Geul*
Province
Waterschap
Natuurmonu
menten
NMF
ARK
LLTB
WML
WBL
Total

15

15

0

X

X

X

X

X

X

X

X

9

7

2

X

X

X

X

-

X

X

X

11

10

1

X

X

X

X

X

X

X

X

7

6

1

X

X

X

X

X

X

-

7

5

2

X

-

-

X

X

X

X

7

5

1

X

X

X

X

X

-

X

7

6

1

X

X

X

-

X

X

X

7

7

0

X

X

X

X

X

8

5

3

X

-

X

-

-

X

78

67

11

9

7

8

7

7

4
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X
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X

X

X

X

-

X
2

X

X

-

2

2

1

X
2

X

X

2
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Per pillar
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*For Municipality Valkenburg aan de Geul, 2 different interviews were performed with 2 different interviewees (Appendix 7)

As it was attempted to include interviewees of at least two different stakeholders (which was only
not accomplished for indicator 3.1), the selected answer options of these interviewees could be
different as well. The most positive (highest score) and most negative (lowest score) outcome for
each question determine the outcome-range of a specific indicator. When using only the most
negative interview outcomes as input for scoring the applicable Self-Assessment indicators of a
specific pillar, this results in the minimal outcome for that pillar. Similarly, when using only the most
positive interview outcomes as input for scoring the applicable Self-Assessment indicators of a
specific pillar, this results in the maximal outcome for that pillar. These minimal and maximal
outcomes define the outcome-range of a specific pillar (see Figure 30).
The Self-Assessment was executed for three different scenarios: the original-scenario, the adjustedscenario and the final-scenario:
-

-

-

The original-scenario (light coloured circles): the original-scenario consists of the original
indicator scores of the interviewees as selected during the interviews. For this scenario, the
original indicator scores were directly used as input for the Self-Assessment, without
considering provided explanations.
The adjusted-scenario (neutral-coloured circles): For the adjusted-scenario, the selected
answer options of the interview were compared to the provided explanations of the
interviewees and it was checked to what extent these were corresponding. In case the
explanation was interpreted to be more suitable for one of the other answer options, the
originally selected indicator score was adjusted.
The final-scenario (dark coloured circles): different from the other two scenario’s, the finalscenario consists of only one outcome per pillar. This scenario does namely not show the two
extremes (minimal- and maximal outcomes), but only represents the final overall outcomes
that were interpreted as being the most suitable. It takes into account the average- and most
selected indicator scores within the range of the adjusted-scenario, as well as the provided
explanations.

In Figure 30, an overview of the outcomes from the self-assessment is presented. Each circle
represents an (minimal/maximal/final) outcome for one of the three different scenarios. Throughout
scoring all Self-Assessment indicators, the same weighting factor of 1 was applied.

Figure 30: Overview of Self-Assessment results for the three scenario’s

For each of the three WSC pillars, the minimal and maximal positions for the original-scenario and for
the adjusted-scenario are visualised in Figure 30. When looking at the first WSC pillar, the outcomerange of both the original-scenario and the adjusted-scenario is the widest, ranging over three
different transition phases (Waterways City, Water Cycle City and Water Sensitive City). The minimal
and maximal outcomes of this pillar are further apart than for the second pillar, which are only
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ranging within the transition phases of Waterways City and Water Cycle City. For both the first and
the second pillar, 7 of the indicators were scored based on the answers of the interview. For the third
WSC pillar, the outcomes of all three scenarios are the same. This, because of that fact that just one
of the indicators for this pillar (indicator 3.1) was scored based on the answer options of the
interview and that for this specific question, only one interviewee had responded. The score of this
indicator, as well as the other indicators of this pillar that were scored based on the site-analysis, was
therefore fixed.

Figure 31: Adjusted-scenario range of interview outcomes for the CATCH Self-assessment indicators (including the number of
respondents)

Figure 31 shows a graph of the range of the indicator scores based on the different answers of the
interviews. The Y-axis shows the indicator scores differentiating between 1-6 and on the X-axis, the
corresponding indicator is displayed. The range between the minimal and maximal scores is
visualised by the vertical line. The longer this vertical line, the larger the range between the minimal
and maximal answer. This range corresponds with the minimal and maximal positions of the
adjusted-scenario in Figure 30. The indicator score that is selected as the most suitable overall
answer (represented as the final indicator scores in the outcomes of the final-scenario), based on the
explanations of the interviewees, is visualised in the graph by a small bold horizontal line. Next to
each of these final indicator scores, the total number of interview respondents regarding that
indicator is also visible. For some of the indicators (indicators 2.4, 2.6, 3.1) the answers of the
interviewees were unanimous, therefore no range is visible. Additionally, it should be noted that (as
explained in Paragraph 1.6) although all indicators of the Self-Assessment had 6 possible scores, not
all the translated interview question had 6 possible answer options. It was namely decided to limit a
selection of the interview questions (concerning indicators 1.1, 1.3, 1.7 and 2.6) to a maximum of 5
or 4 answer options, as it was intended to prevent confusion among interviewees (see Appendix 6 for
further elaboration). After incorporating the provided explanations of interviewees and comparing
them to the score descriptions of the Self-Assessment, the answer options of the interview questions
were translated back into one of the six indicator scores. Figure 31 shows that all the final indicator
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scores originating from the interview outcomes differentiate between 3 and 5, with a final score of 4
being the most common (9 out of 15 indicators).
In Figure 31, only the indicator scores resulting from the interviews are presented. The remaining
seven indicators that were scored based on the outcomes of the site-analysis, as visible in Table 12,
received a final score differentiating between 2 to 4.

Figure 32: Dashboard final results Self-Assessment

The results of the final-scenario (Figure 32) shows the final self-assessment results (see Table 12 for
details on average scores). The results show that the first pillar was scored the highest, positioned in
the Water Cycle City phase with an average indicator score of 4,6. The first pillar was followed by the
second pillar, positioned in the Waterways City phase with an average score of 3,8. Lastly, the third
pillar was the lowest scoring pillar, also positioned in the Waterways City phase with an average
score of 3,3. When combining the average indicator scores of the three different pillars (resulting in
an average score of 3,9), the overall position of the research area in the Urban Water Management
Transition Framework (UWMTF) is in the Waterways City phase. The general definition of a
Waterways City phase differs from its specific definition in the NSR, which is applicable to the
situation of Valkenburg. Table 14 shows the definition of a Waterways City in general and the
applicable definition of Valkenburg as a Waterways City.
Table 14: The definition of the Waterways city phase in the UWMTF and its situation in the NSR.

The Waterways City phase
Definition in the UWMTF (Brown et al., 2016, p. 9)
Situation in the NSR (CATCH, n.d.)

“The environmental impacts of both water
extraction and waste processing are taken into
account. As the social and aesthetic values of
clean waterways are appreciated, urban
planning begins to integrate water as an
important consideration. The uncontrolled
extraction of freshwater is prevented, and
receiving waterways are protected by filtering
stormwater through bio-filtration systems
such as artificial wetlands.”
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“Many cities in the NSR are putting a lot
of effort into integrating water
management in their urban planning. In
the historical perspective of urbanization
the water system: (a) follows the
infrastructural network – adaptive, (b) is
co-organizing in urban network, or (c)
’daylight’ the natural waterways network
– regenerative.”
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Results per WSC pillar

For each WSC pillar, a brief elaboration on the highest and lowest scoring indicators per pillar is
provided in this paragraph. For these results, both the outcomes of the interview and the outcomes
of the site-analysis are consulted. Regarding the indicators that are scored based on the interview
outcomes, Table 13 presents an overview of which stakeholders were involved for each specific
indicator. In case there are multiple highest and/or lowest scoring indicators with the same score, a
maximum of 2 highest and/or lowest scoring indicators are presented in this paragraph. A further
extensive elaboration on each individual indicator score can be found in Appendix 5 (Interview) and
Appendix 6 (Site-analysis).

5.2.1. WSC pillar 1: Cities as Water Sensitive Communities
For the first WSC pillar, the range of individual indicator scores was the widest (as visible in Table 12).
This was caused by the fact that the highest and the lowest individual indicator scores of this pillar
were the furthest apart. A more extensive elaboration on these indicators as well as further
elaboration on the remaining indicators can be found in Appendices 5 (Interview) and 6 (Siteanalysis).
The highest scoring indicator of the first WSC pillar was indicator 1.6, with a score of 6 (see Table 12).
This indicator was focused on ‘Level of flood risk awareness of the population’. The indicator score of
6 was the highest possible score and was described as: ‘Public awareness on flood risk is very high’.
As mentioned in the introduction of Chapter 5, indicator 1.6 was (in contrast with the other
indicators) neither directly extracted from the site-analysis nor a selected answer option of the
interview. Although the level of flood risk awareness was not specifically asked as a question during
the interviews, many interviewees mentioned that that their own awareness as well as the
awareness among the local population was currently very high. This indication of a high level of
awareness regarding flood risk is in line with the impressions of observations and conversations
during the site-visit and exploratory interviews (see Appendix 1). Furthermore, the flooding event
received abundant attention in the media/news (see Paragraph 1.1) and flood risk maps are publicly
available (as also mentioned during the interviews and identified during the site-analysis; Paragraph
3.1.3.2). Therefore, this indicator received a score of 6.
The lowest scoring indicator of the first WSC was indicator 1.8, with a score of 3. This indicator was
focused on ‘Regulations to reduce potential flood damage in the city’. A score of 3 was selected as
being the most suitable answer, based on the following description: ‘Several regulations are in place
to reduce potential flood damage. They insufficiently respond to the needs of the city OR they are not
effectively implemented’. The selection of this score was based on the outcomes of the interviews.
Generally, the 7 interviewees that responded to this question mention that there currently is some
regulation in place, however the regulation is limited and insufficient to avoid serious water
problems. Therefore, this indicator received a score of 3.

5.2.2. WSC pillar 2: Cities as Water Catchments
The range of the indicator scores of the second pillar was the smallest of all three pillars, with scores
only differentiating between 3 or 4. Seven out of the nine indicators of the second pillar received the
pillar’s highest score of 4: 2.1, 2.3, 2.4, 2.5, 2.6, 2.8, 2.9. As there are various highest scoring
indicators within this pillar, it is decided to specifically highlight two of them (one based on the
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outcomes of the interview and one based on the outcomes of the site-analysis): indicators 2.1 and
2.3 (a more extensive elaboration on these indicators as well as further elaboration on the remaining
indicators can be found in Appendices 5 (Interview) and 6 (Site-analysis)).
One of the two highlighted indicators with the highest score is indicator 2.1, with a score of 4. This
indicator was focused on ‘Availability and use of both flood hazard and flood risk maps for areas at
risk’ and was scored based on the interview outcomes of 4 interviewees. A score of 4 was selected as
being most suitable, based on the following description: ‘All necessary flood hazard and risk maps
exist. They are published and used for individual decision-making processes’. The interviewees
mention that certain flood risk maps and other types of stress maps do exist for the research area.
Furthermore, it was mentioned that (some of) these maps are publicly available and that they are
updated once every few years. Organisations can individually decide whether to incorporate the
available risk maps in decision making processes or not, but there is currently no obligation for
incorporating these maps more regularly (as mentioned in the description of higher scores; 5 and 6).
Therefore, this indicator received a score of 4.
The other one of the highlighted indicators with the pillar’s highest score of 4 is indicator 2.3. This
indicator was focused on ‘Measures to increase infiltration’ and was scored based on the outcomes
of the site-analysis. For this indicator, a score of 4 was selected as being most suitable, based on the
following description: ‘Some measures are in place to increase infiltration, and there is action to
overcome political, legal or economic obstacles’. Through the site-analysis, it was found that there
currently are some infiltration measures implemented and that there are plans for the further
improvement of infiltration in the research area. Furthermore, it was determined that there are
several political visions that aim for more (climate) resilience of the area, also including suggestions
for increasing infiltration measures. Therefore, this indicator received a score of 4.

Two out of the nine indicators of the second pillar received the pillar’s lowest score of 3: indicator 2.2
and indicator 2.7.
One of the two indicators with the lowest score within the second pillar is indicator 2.2, with a score
of 3. This indicator was focused on ‘Areas to temporally store water in the city without expected
damage’ and was scored based on the outcomes of the site-analysis. A score of 3 was selected as
being most suitable, based on the following description: ‘Few options for sectoral water storage are
in use. There are plans to increase and diversify them through regulatory, economic or informational
instruments’. Through the site-analysis, the high-water channel (Appendix 3) was identified as a
currently used measure for (temporal) water storage in the area. Though the few identified storage
measures in use, plans of Water in Balance (Paragraph 3.2.2.4) were also found with the aim of
increasing the capacity of existing water buffers in the area as well as realising new water buffers.
Furthermore, it was determined that there are different political visions regarding increased water
storage, as creating space for water will be a promising solution to flooding problems (Waterschap
Limburg, n.d.; Waterschap Limburg & Province of Limburg, 2018) (see Paragraph 3.2.2). Therefore,
this indicator received a score of 3.
The second indicator with the pillar’s lowest score is indicator 2.7, also with a score of 3. This
indicator was focused on ‘Maintenance of infrastructure for wastewater’ and was scored based on
the interview outcomes of 2 interviewees. A score of 3 was selected as being most suitable, based on
the following description: ‘Infrastructure for wastewater is maintained regularly. But there are
limitations in terms of budget or personnel available. AND/OR in some areas there is need for
rehabilitation’. During the interviews, it was mentioned that the maintenance of wastewater
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infrastructure occurs regularly. Furthermore, the interviewees acknowledge that there are
sometimes limitations in terms of available personnel, occasionally resulting in delays of
maintenance. Limitations regarding budget can in some cases also arise. Therefore, this indicator
received a score of 3.

5.2.3. WSC pillar 3: Cities providing Ecosystem Services
The third pillar had the lowest average score of all three pillars. The individual indicator scores range
between 2 and 4. Three out of the six indicators received the highest score of 4 (indicator 3.1, 3.5
and 3.6), while indicator 3.4 was the only indicator with the pillar’s lowest score of 2. As there are
multiple highest scoring indicators within this pillar, it is decided to specifically highlight two of them
(one based on the outcomes of the interview and one based on the outcomes of the site-analysis):
indicator 3.1 and 3.5 (a more extensive elaboration on these indicators as well as further elaboration
on the remaining indicators can be found in Appendices 5 (Interview) and 6 (Site-analysis)).
One of the two highlighted indicators with the pillar’s highest score is indicator 3.1, with a score of 4.
This indicator was focused on ‘Attention to the needs and protection of vulnerable groups against the
negative impacts of climate change’ and was scored based on the interview outcome of one single
interviewee (from the Municipality Valkenburg aan de Geul). A score of 4 was selected as being most
suitable, based on the following description: ‘There is sufficient data about the needs and protection
of most of the vulnerable groups. This data is used regularly when designing emergency or long-term
measures’. During the interview, it was explained by the interviewee that there is a clear view on
what vulnerable groups are present (within the Municipality of Valkenburg aan de Geul) and where
these groups are located. The vulnerable groups mainly consist of elderly, (mentally) disabled people
and children. Since the flooding event of July 2021, the risk of flooding is taken in consideration more
regularly in the formulation of long-term strategies and development plans. Therefore, this indicator
received a score of 4.
The other one of the two highlighted indicators with the pillar’s highest score is indicator 3.5, with a
score of 4 as well. This indicator was focused on ‘Activation of connected urban green and blue space’
and was scored based on the outcomes of the site-analysis. A score of 4 was selected as being most
suitable, based on the following description: ‘Fair number of distributed green spaces or waterways
with active recreational infrastructures, such as bike paths and walking grounds. Most people
appreciate the blue-green assets. These places are reasonably accessible, meaning that most people
live or work within a ten-minute walk, and are mostly well-connected and maintained’. The presence
of nature networks provides distributed green spaces throughout the area. Furthermore, the siteanalysis shows that there is an extensive network of hiking and cycling routes in the area, providing
people the opportunity to experience the landscape, nature, history and culture of the Geul Valley
and Valkenburg (Paragraph 3.1.2.2). Regarding the accessibility of public green assets, the residents
of the city centre of Valkenburg can access public green on average within approximately a fourminute walk (assuming a walking pace of ca. 5 km/h; Mohler et al., 2007) (Paragraph 3.1.3.1).
Therefore, this indicator received a score of 4.
The lowest scoring indicator of the first pillar was indicator 3.4, with a score of 2. This indicator
focused on ‘Protection of groundwater quality and groundwater levels’. A score of 2 was selected as
being the most suitable answer, based on the following description: ‘Bad state in groundwater
quality and quantity, but a positive trend for groundwater quality and/or quantity’. The selection of
this score was based on the outcomes of the site-analysis, specifically the outcomes of the combined
WFD-assessment of the quantitative and qualitative status of the Krijt-Maas waterbody. Although
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some of the assessment components are sufficient, due to the ‘one-out-all-out’ principle and other
components being insufficient, the overall assessment of the waterbody results in an insufficient
rating. The insufficient components consist of the chemical situation, groundwater dependent
surface water bodies and groundwater dependent ecosystems. The sufficient components on the
other hand consist of the water balance, intrusion and drinking water sources. Despite the data of
WFD did not show a clear trend, there are positive political developments with goals for improving
the groundwater quality and quantity (Water Management Program 2022-2027 and Water in
Balance). Therefore, this indicator received a score of 2.

5.3.

Weaknesses and opportunities for improvement of water sensitivity in the
research area

In this paragraph, the insights from the results of the Self-Assessment are used to provide an answer
to sub research question 4 (SRQ4):
-

“What are the current weaknesses and the opportunities for improvement of Valkenburg’s
water sensitivity according to the results of the CATCH Self-Assessment?”

The general results of the CATCH Self-Assessment show that the first pillar was scored the highest,
positioned in the Water Cycle City phase with an average indicator score of 4,6. Subsequently, the
second pillar was positioned in the Waterways City phase with an average score of 3,8. Lastly, the
third pillar was the lowest scoring pillar, also positioned in the Waterways City phase with an average
score of 3,3. When combining the average indicator scores of the three different pillars (resulting in
an average score of 3,9), the overall position of the research area in the UWMTF is in the Waterways
City phase (Table 14).
CATCH (n.d.) recommends that the results of the Self-Assessment should be used for adaptation
strategy development in the following manner (CATCH, n.d.):
-

-

-

‘Considering the three WSC pillars as a city’s actions, a focus should be on any pillar that is in
the first three city phases. The adaptation strategy should aim for having all three pillars in
the second three city phases.’
‘Tap into the weakest pillar and any indicator should be checked that scored relatively low
(between a score of 1 and 3). These indicators can be used in order to formulate the required
actions for the improvement of this score.’
‘Similar for all indicators in all pillars, the adaptation strategy should focus on indicators that
are scored with a 1 or 2.’

Looking into the results of the Self-Assessment, none of the three WSC pillars are positioned within
one of the three first phases (Water Supply City, Sewered City or Drained City). The development of
an adaptation strategy aiming for all three pillars in the second 3 phases, as mentioned by CATCH
(n.d.) is therefore no longer required.
The third pillar (Cities providing Ecosystem Services) is identified as being the weakest pillar,
positioned in the Waterways City with an average indicator score of 3,3. Within this pillar, indicators
3.2, 3.3 and 3.4 are the lowest scoring indicators, with a score of 3 or lower. Opportunities for the
overall improvement of Valkenburg’s water sensitivity lie therefore especially in the fields of the
following three indicators:
-

Indicator 3.2 (score: 3): ‘Healthy and biodiverse habitat’
Indicator 3.3 (score: 3): ‘Protection of surface water quality and flow regime’
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Indicator 3.4 (score: 2): ‘Protection of groundwater quality and groundwater levels’

Since there are no indicators that received a score as low as 1 and the only indicator with a score of 2
(indicator 3.4) is already part of the lowest scoring pillar, there should be no specific focus on
including other indicators in the formulation of an adaptation strategy according to CATCH (n.d.).
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6. Discussion
This chapter discusses the results and methodology of this study. Firstly, Paragraph 6.1 reflects on
the suitability and limitations of the CATCH Self-Assessment method. Thereafter, in Paragraph 6.2, a
reflection on the stakeholder analysis is provided. Furthermore, Paragraph 6.3 reflects on the input
of the Self-Assessment. Lastly, a reflection on Self-Assessment results is included in Paragraph 6.4.

6.1.

Limitations of the CATCH Self-Assessment

Originally, the Self-Assessment was aimed at determining the starting position of a city in the Climate
Adaptation Cycle and to create more insight in the current situation of a city regarding the level of
development of its water management (CATCH, n.d.). As the aim of the Self-Assessment would
provide insight in the current weaknesses of Valkenburg’s water management and the opportunities
for improvement of its water sensitivity, thereby providing an answer to SRQ4, it was expected to be
a suitable method. Moreover, the fact that the CATCH Self-Assessment was specifically tailored to
the characteristics and needs of small and midsize cities in the North Sea Region (CATCH, n.d.) made
it a promising tool for the situation of Valkenburg in comparison with other identified tools. An
example of another identified self-assessment tool was the Water Sensitive City Index which was
developed for metropolitan cities (Rogers et al., 2020). As the characteristics and needs of these
metropolitan cities differentiate from smaller cities (Özerol et al., 2020), the CATCH Self-Assessment
tool was considered more suitable for Valkenburg. Nevertheless, the Self-Assessment tool of CATCH
is relatively new as it just recently (2020) finished its pilot phase, resulting in a limited availability of
guiding literature and good practice examples. Because the Self-Assessment was not carried out very
extensively yet, performing the Self-Assessment for the situation of Valkenburg was rather
experimental. Testing the Self-Assessment provided insights in its limitations regarding indicator
formulation and focus, as these were experienced during the scoring of the indicators.

Limitations of indicator formulation:
When for instance selecting an indicator score with input from the site-analysis or from interviews,
the different possible score descriptions were overlapping for the majority of the indicators: 1.1, 1.2,
1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 2.1, 2.2, 2.3, 3.1, 3.5, 3.6 (for example in case of indicator 1.5: ‘Leadership,
long-term vision and commitment by the city-level administration’). This overlap in the formulation of
score descriptions lead to confusion during the score selection about what score should be selected
in case (overlapping) aspects of different score descriptions were applicable. Additionally, as it was
impossible to select multiple scores at once for the same indicator, a choice had to be made to either
select the more optimistic or the more pessimistic score and thus resulting in a score that did not
fully represent the true situation regarding that indicator. Furthermore, the indicators and
corresponding score descriptions regarding indicators 1.1, 1.2, 1.3 and 1.5 scored by input of the
interviews, were formulated quite subjectively (for example indicator 1.1: ‘Organizational capacity
(such as knowledge and skills) for climate adaptation at the city level’). The selection in scores could
therefore differentiate dependent on the interviewee’s personal point of view or the background of
its stakeholder, thereby affecting the reliability of the Self-Assessment.
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Limitations of city-level focus:
As explained in Paragraph 2.4, the CATCH Self-Assessment indicators are based on the three WSC
pillars. The first WSC pillar is described in Paragraph 2.2 as follows (Dolman et al., 2018):
1. Cities as water sensitive communities and networks: The implementation of integrated
solutions requires improved perception of the benefits from decision makers, businesses and
the public across multiple levels of governance. This makes collaboration a key requirement.
Although the description of the WSC pillar suggest a more integrated regional view of a city’s water
sensitivity and stakeholder involvement, the indicators of the first pillar in the CATCH SelfAssessment are merely focused at the city level and its administration (see overview of SelfAssessment indicators in Appendix 2). As described by Dolman and colleagues (2018), collaboration
between various stakeholders at multiple levels of governance is a key requirement for the first WSC
pillar. Yet, 6 out of the 8 indicators of the first WSC pillar in the CATCH Self-Assessment (indicators
1.1, 1.2, 1.3, 1.4, 1.5, 1.8) are exclusively focused on the city-level (administration), as well as some of
the indicators for the second and third pillar (indicators 2.2, 3.5, 3.6). Instead of a limited focus on
the city level and its administration, a more regional approach including standardized involvement of
various stakeholders across multiple levels of governance could provide more integrated and valid
results of the Self-Assessment regarding a city’s overall level of water sensitivity.

6.2.

Reflection on Stakeholder Analysis

A stakeholder analysis was performed in order to determine which stakeholders would be relevant to
include in the interviews and for eventually scoring the indicators of the Self-Assessment. The
selection of relevant stakeholders for interviews was based on their decided position in the
stakeholder matrix. In order to position a stakeholder in the matrix, their levels of influence and
interest were anticipated based on assumptions, as proposed by Vogler, Macey & Sigouin (2017). The
stakeholders were divided into stakeholder groups, based on their interpreted characteristics and
goals found through literature study and document analysis. After assigning an assumed influence
and interest score to each stakeholder, the stakeholders were positioned in one of the four
quadrants of the stakeholder matrix. The ‘Manage Closely’ quadrant covers the right upper corner of
the stakeholder matrix, where the levels of both influence and interest are scored with 3 (moderate)
or higher. According to Mendelow (1981), stakeholders that are positioned in the ‘Manage Closely’
quadrant should be fully engaged in the planning process. Therefore, the stakeholders that were
assigned to one of the stakeholder groups positioned in (or bordering to) the ‘Manage Closely’
quadrant of the matrix, were determined by me as the most relevant stakeholders and were
contacted for interviews.
In order to verify my initial assumptions regarding the levels of influence and interest, the
interviewed stakeholders were also consulted to score each other. This method was in line with the
statement of Varvasovszky & Brugha (2000) that feedback of stakeholder respondents may help to
qualify earlier input and clarify stakeholder positions. Apart from some differences in individual
stakeholder positions in the matrix, the overall outcomes of the stakeholder groups were fairly
comparable between the initial stakeholder matrix and the final (feedback-based) matrix. However, it
is questionable whether this method of verification is very trustworthy, because the stakeholders of
the stakeholder groups that were (based on the anticipated scores) initially positioned outside of the
‘Manage Closely’ quadrant, were not given the opportunity to provide their feedback. Furthermore,
there is a possibility that the stakeholder analysis did not identify all the relevant stakeholders,
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potentially leading to different results of the Self-Assessment in case these missing stakeholders
would have scored the indicators differently.

6.3.

Reflection on Self-Assessment input

This paragraph of the discussion reflects on the WFD-assessment results and the translation of
indicator scores as input for the CATCH Self-Assessment tool.
WFD-assessment results as input for Self-Assessment indicators:
Through the site-analysis, the WFD (Paragraph 3.2.2.1) was investigated as part of the institutional
context. This provided information about the WFD-assessment results regarding the quality and
quantity of surface water and groundwater bodies in the research area. The information of the WFDassessment was used as input for the Self-Assessment indicators 3.2, 3.3 and 3.4.
In the WFD-assessment, the one-out-all-out principle was applied, meaning that the poorest score
for a parameter determines the final assessment. It can be questioned whether this principle reflects
a true situation, as the most pessimistic outcome of one of many components determines the
outcome of the entire waterbody. Regarding the questionable suitability of the WFD-assessment, the
Ministry of Infrastructure and Environment of the Netherlands (2016) advocated a different
presentation method to the European Commission, as they claim that the one-out-all-out principle
gives an inaccurate projection of the facts. The better and more frequent the measurements, the
greater the chance of a poor assessment. The assessment as a whole is insensitive to change: in the
long term, there will always be a pollutant that does not meet requirements. Moreover, this
assessment method does not show what the remaining issue is: where can and should measures still
be taken? (Ministry of Infrastructure and the Environment, 2016).
As for the indicators 3.2, 3.3 and 3.4 of the CATCH Self-Assessment it is requested to base the
indicator score on the results of the WFD-assessment for relevant water bodies in the research area,
a structural change in the methodology of the WFD-assessment would affect the outcomes of the
CATCH Self-Assessment as well.

Translation of indicator scores to interview question answer options and vice versa
As explained in the methodology description (Paragraph 1.6), the Self-Assessment indicators that
could not be (fully) scored through information of the site-analysis, were translated into interview
questions. In the Self-Assessment, all the indicators had 6 possible scores (and corresponding
descriptions). However, for 4 out of the 15 indicators that were translated into interview questions, it
was decided to reduce the amount of answer options to 5 or even 4, instead of the original 6 options.
The reason to reduce the amount of answer options for the indicators 1.1 (4), 1.3 (5), 1.7 (5) and 2.6
(5) was the intention to prevent confusion among interviewees (see Appendix 5 for further
elaboration). After the interviewees had selected the answer options for the interview questions
regarding these 4 indicators, the interviewees’ provided explanations (and background information)
for the selected answer options were used for translating the answer options back into one of the six
indicator scores of the Self-Assessment.
Although the initial goal of reducing the possible answer options was to prevent confusion among
the interviewees for increasing the credibility of the results, the translation of 6 indicator scores into
5 or 4 answer options and vice versa might have had the opposite effect. Because of the translations,
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the level of assuming and interpreting score (descriptions) as well as interviewee explanations was
increased, thus eventually decreasing the credibility of the Self-Assessment results.
Reflection on chosen interview method
For this study, it was decided to conduct semi-structured interviews with various stakeholders.
Besides direct input for the Self-Assessment, this provided insights in the different viewpoints,
opinions and responsibilities of stakeholders regarding current water management in the research
area. However, it could be questioned whether this interview method was the most effective. An
alternative method, such as the Delphi method could potentially be more effective for scoring the
indicators. The Delphi method is valued for its ability to structure and organize group
communication, as structured communication helps facilitate agreement of scores among multiple
stakeholders, while avoiding interpersonal influences (Rao et al., 2010). Different from the separate
scores per individual stakeholder in the applied semi-structured interviews, the Delphi method would
have offered the opportunity among different stakeholders to provide feedback and agree on scores
together.

6.4.

Reflection on Self-Assessment Results

The formulation and subjectivity of indicators (see Appendix 2) and corresponding answer options
per pillar could also have played a role in the difference of the outcome-ranges. The first pillar (Cities
as Water Sensitive Communities) includes indicators such as organizational capacity (indicator 1.1),
integrative arrangements (indicator 1.3) and commitment (indicator 1.5), whereas for the second
pillar (Cities as Water Catchments) the indicators are mainly focused on the status and maintenance
of wastewater infrastructure, drinking water infrastructure and flood protection infrastructure
(indicators 2.4-2.9). Compared with the indicators of the first pillar, the scoring options and
corresponding descriptions for the indicators of the second pillar can be seen as more measurable
and less subjective, therefore interviewees might be more likely to select answers that are closer
together.
The result of Valkenburg’s Self-Assessment of the third WSC pillar being the lowest scoring pillar
(Table 12), is also reflected in the outcomes of the study by Özerol et al. (2020). Özerol and
colleagues (2020) carried out a comparative study of the CATCH Self-Assessment between seven pilot
cities in the North Sea Region. In this study the indicator scores of the Self-Assessment were provided
by negotiations between at least two participants of practice partners (consisting of local and
regional authorities). Comparable to the Self-Assessment of Valkenburg, the final scoring of each
indicator could be justified by the descriptions that were provided for each score and the additional
reasoning made by the participants. In the study of Özerol et al. (2020), the overall score for each
pillar was calculated by using the average score of all seven pilot cities (also with applying the same
weighting-factor of 1 to all scores). The results of the overall pillar scores of this study are that the
second pillar (‘Cities as water Catchments’) has the highest average score (= 3,7), followed closely by
the pillar on communities and networks (= 3,4), and the pillar on ecosystem services has the lowest
average score (= 2,9) (Özerol et al., 2020). Although the study of Özerol and colleagues (2020) was
executed differently as this thesis study of Valkenburg, it is the only existing pilot study yet for the
NSR and comparing the results between both studies can lead to new insights. The CATCH SelfAssessment results for Valkenburg in comparison with the results of the study by Özerol et al. (2020)
are discussed per WSC pillar in the following three sections.
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Reflection on Self-Assessment results WSC pillar 1: Cities as Water Sensitive Communities
For the first pillar (Cities as Water Sensitive Communities) the study of Özerol et al. (2020) indicated
it to be a central scoring pillar (score: 3,4). The different outcomes between the study of Özerol et al.
(2020) and the results of Valkenburg’s Self-Assessment are clearly the biggest for the first pillar, as
Valkenburg’s score for this pillar is relatively much higher (score: 4,6). The study of Özerol et al.
(2020) found that a common weakness in this pillar is that climate change is not perceived as a high
priority issue. This could be the reason for a relatively much lower score for this pillar in comparison
with the results of Valkenburg’s Self-Assessment. Climate change is namely currently (especially after
the flooding event of July 2021) perceived as an issue with high priority for Valkenburg, as mentioned
during the interviews. This reasoning is supported by the findings of Özerol et al. (2020), as stating
that major floods occurred in the past few decades for several of the included cities in the study,
which triggered action towards climate change adaptation.

Reflection on Self-Assessment results WSC pillar 2: Cities as Water Catchments
Regarding the second pillar (Cities as Water Catchments), the average score of 3,7 as a result of the
study by Özerol and colleagues (2020) is rather close to the average score of Valkenburg’s SelfAssessment for this pillar (3,8). The fact that the second pillar was the highest pillar in the study by
Özerol et al. (2020), had mainly to do with the relatively high scoring indicators of the status and
maintenance of infrastructure (indicators 2.4-2.9). The results of Valkenburg’s Self-Assessment also
show these indicators to be relatively highly scored, as 5 out of these 6 indicators received a score of
4 (except indicator 2.7 with a score of 3). A relatively high score for these specific indicators is rather
logical, according to Özerol et al. (2020), as in the first three phases of the UWMTF a city focuses on
providing essential services (water supply, health protection and flood protection; see Figure 4) and
cities in the NSR have historically heavily invested in these systems and their maintenance. This
theory is also supported for the situation in Valkenburg by the explanations provided during the
interviews.

Reflection on Self-Assessment results WSC pillar 3: Cities providing Ecosystem Services
For the third pillar (Cities providing Ecosystem Services), the results of Özerol et al. (2020) indicate
the lowest score (score: 2,9). In accordance with the study of Özerol and colleagues (2020), the SelfAssessment of Valkenburg also identified the third WSC pillar on ecosystem services as the lowest
scoring pillar (score: 3,3). Özerol et al. (2020) explained that the results of the third pillar correspond
well with their impression that water management issues have mainly been approached through
engineering solutions across the NSR and that the concept of ecosystem services has not yet received
sufficient attention by the responsible authorities. This reason seems to be also applicable for
Valkenburg, as comparable impressions were provided during the interviews (for example by the
interviewees of ARK and NMF; see Appendix 7). Striking is that the study of Özerol et al. (2020)
identified indicator 3.4 as the highest scoring indicator and indicator 3.1 as the lowest scoring
indicator, while as a result of the Self-Assessment of Valkenburg indicator 3.4 received the lowest
score and indicator 3.1 was among the highest scoring indicators of this pillar. Regarding
Valkenburg’s higher score for indicator 3.1 compared to the study of Özerol and colleagues (2020),
the difference can possibly be explained by the increased level of awareness regarding (water)
vulnerability due to the recent flooding event of July 2021. It was namely mentioned during the
interview that this flooding event showed the locations of affected vulnerable groups and that it
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functioned as a wake-up call to include flooding more regularly in long-term strategies and
development plans. This is in contrast to the explanation by Özerol et al. (2020) for the low score of
this indicator, as it was concluded that there was relatively low awareness and data regarding the
needs of vulnerable groups.

Reflection on outcome-ranges of the Self-Assessment results
For both the first and the second pillar, 7 of the indicators are scored based on the answers of the
interviews (see Table 12). Although this implies a relatively comparable situation for the input of
these pillars (apart from slightly differences in terms of total amount of indicators per pillar (8 versus
9 consecutively) and the amount of fixed indicator scores (1 versus 2 consecutively)), the difference
in outcome-ranges of these pillars was relatively big (see Figure 30). The indicators that are scored
based on the input of the site-analysis are considered fixed in this study, because the outcomes of
the site-analysis were interpreted by a single person and thus resulted in one single outcome per
indicator. Including different perspectives on the findings of the site-analysis or including different
site-analysis methods, could have resulted in more diverging outcome-ranges as well for the
indicators that were not scored by the interviews (thus especially affecting the indicators of the third
pillar, see Table 11).
It is expected that the main reason for the different outcome-ranges between the first and second
pillar has to do with the number of answers to the interview questions. Since the amount of answers
that provided input for the indicator scores of the first pillar (50) was over three times as high as the
amount of these answers for the second pillar (16) (see Appendix 5), it is most likely that this
impacted the chance of more diverging scores. The reason for this relatively big difference in answers
to interview questions between the first and second pillar has to do with the varying number of
interviewees. For this study, it was decided to limit the estimated duration of an interview to a
maximum of approximately one hour as it was expected that a longer duration would discourage
potential respondents to participate. Because of this limited time, it was not possible to include all
the interview questions in a single interview. A selection of interview questions per stakeholder was
therefore made (visible in Table 13), based on the background of the stakeholder organisation and an
interviewee’s individual function within its stakeholder organisation (See Appendix 7 for individual
functions of interviewees). Most interviews consisted of 7 to 9 questions, except for the interviews
with the Waterschap (11 questions) and the Municipality (15 questions). However, the questions for
the Municipality were divided over two separate interviews with different interviewees (Interviewee
1, 7 questions related to the indicators: 1.1, 1.2, 1.3, 1.4, 1.5, 1.7, 3.1. Interviewee 2, 8 questions
related to the indicators: 1.8, 2.1, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9). The interviewees of almost all the
stakeholders (except the stakeholders of the Water stakeholder group) were asked all the questions
regarding indicators of the first pillar. For the interview questions related to the indicators of the
second pillar, the Nature & Environment and the Agriculture stakeholder group were excluded and
the stakeholders of the Local Government and Water stakeholder groups were asked to answer
selective questions (for instance, WML: indicators 2.4 & 2.5 regarding drinking water infrastructure,
WBL: indicators 2.6 & 2.7 regarding wastewater infrastructure, Waterschap: indicators 2.8 & 2.9
regarding flood protection infrastructure). The single indicator of the third pillar that was scored
based on the input of interviews (indicator 3.1 regarding the protection of vulnerable groups), was
only directed to the interviewees of the three stakeholders that represent the Local Government
stakeholder group (Municipality, Province and Waterschap), thereby excluding all stakeholders from
other stakeholder groups.
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7. Conclusions and Recommendations
The purpose of this research was to explore, by means of the CATCH Self-Assessment, to what extent
Water Sensitive Urban Design (WSUD) is a suitable integrated approach for improving the level of
water sensitivity of Valkenburg. Thereby providing an answer to the general research question
(GRQ):
-

“To what extent is WSUD a suitable integrated approach for improving Valkenburg’s water
sensitivity?”

To explore this, an exploratory qualitative study was carried out to determine the current situation of
Valkenburg regarding its level of water sensitivity and the opportunities of WSUD to improve this.
The CATCH Self-Assessment tool was applied as a method for positioning Valkenburg in the Urban
Water Management Transition Framework (UWMTF) and for providing insight in the city’s current
strengths and weaknesses regarding water management and resilience. Via this method, the specific
bio-physical characteristics, institutional context and hydro-social aspects on both a regional and
local scale were integrated.
Based on the results of the CATCH Self-Assessment, it can be concluded that WSUD can be a suitable
integrated approach for improving Valkenburg’s water sensitivity to the extent that it can focus on
identified weaknesses (low scoring indicators) and improve on specific aspects to move towards a
more developed transition phase in the UWMTF.
The results of the CATCH Self-Assessment provide insights in the current status of Valkenburg
regarding its water management and the focus areas of WSUD for future improvement. It was
determined that the current position of Valkenburg in the Urban Water Management Transition
Framework was in the phase of the Waterways City. The identified weaknesses of Valkenburg’s
current water management and thus the focus areas of WSUD are predominantly in the third WSC
pillar: ‘Cities providing Ecosystem Services’. Within this least developed pillar, opportunities for
improvement by the implementation of WSUD lie especially in the three lowest scoring indicators:
(indicator 3.2;) ‘Healthy and biodiverse habitat’, (indicator 3.3;) ‘Protection of surface water quality
and flow regime’ and (indicator 3.4;) ‘Protection of groundwater quality and groundwater levels’.
However, it remains uncertain whether the results of the CATCH Self-Assessment fully reflect the
true situation regarding Valkenburg’s current water management, as several aspects affect the
reliability and validity of the results. These aspects concern the focus, formulation and subjectivity of
indicators and score descriptions, as well as the questionable consistency of the Self-Assessment
results over time. Additionally, the amount and diversity of stakeholders and their interviewees
involved in the Self-Assessment also affect the reliability and validity of the results. For future
studies, as well as in the development of the CATCH Self-Assessment tool, it is worth exploring to
what extent these aspects influence the results.
This thesis study also contributed to existing scientific knowledge. As Reshetnia et al. (2022)
identified a knowledge gap on suitable methods to improve the communication amongst different
stakeholders to ensure effective integrated solutions, this thesis study contributed to filling this
knowledge gap by exploring the suitability of the CATCH Self-Assessment method as a
communication tool amongst stakeholders. As the tool includes input from all three WSC pillars (1:
Cities as Water Sensitive Communities, 2: Cities as Water Catchments, 3: Cities providing Ecosystem
Services), a wide range of different indicators is combined into one assessment method. The
dashboard of the Self-Assessment results indicates the position of all three WSC pillars in the

77

Luuk van der Meulen

Final (Library) Version 9-5-2022

UWMTF, which can be helpful in creating a unified vision amongst the different stakeholders and to
communicate points of action.
Besides recommendations for future scientific studies and the development of the CATCH SelfAssessment tool, the societal relevance of this explorative study is to support the formulation of
Valkenburg’s adaptation strategy as well as give insights in focus areas for implementation of WSUD
in order to decrease the city’s vulnerability to extreme weather events in the future, like the flooding
event of July 2021, which originally was the reason for initiating this study.

7.1.

Recommendations

In this chapter, recommendations are provided for future studies, as well as for the development of
the CATCH Self-Assessment tool.
The detected limitations of the CATCH Self-Assessment tool can be used as input for future
development of the tool in order to increase the reliability and overall effectivity of the application of
the Self-Assessment for other studies. For future development of the CATCH Self-Assessment tool, it
is recommended to adjust the formulation of certain indicators. More clearly delineated- (regarding
indicators 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 2.1, 2.2, 2.3, 3.1, 3.5, 3.6) and less subjective (regarding
indicators 1.1, 1.2, 1.3 and 1.5) indicators and score descriptions might decrease confusion in
selecting the most suitable score and might help to increase the overall reliability of the SelfAssessment results.
Additionally, it is recommended to also perform the Self-Assessment for the situation of Valkenburg
(as well as for future implementation of the Self-Assessment) with a second comparable set of
interviewees (for the same selection of stakeholders) to assess whether the outcomes of the
interviews are consistent. When the outcomes are substantially different, this can confirm that
(some) indicators are too subjective and/or confusing and should be formulated in an alternative
(perhaps a more quantitative) way in order to increase reliability of the Self-Assessment.
Furthermore, the Self-Assessment in this study can be seen as merely a snapshot of the situation at
that specific moment in time. During the interviews it was occasionally mentioned that stakeholders
are currently working on improvements so their current scores provided for certain indicators (for
instance for indicators 2.1 and 1.8; see Appendix 5) would increase in the (near) future. On the
contrary, it was also mentioned during the interviews (conducted in February 2022) that since the
flooding event of July 2021 flood protection had become more of a priority and that the selected
scores for certain indicators (for instance for indicator 3.1; see Appendix 5) would have been
probably lower if the interviews had taken place before the event. In order to provide a better insight
into the development of indicator scores over time and the potential effect of (changing) context, it
is recommended to repeatedly perform the Self-Assessment (e.g. by repeating the interviews and
scoring of the indicators of the Self-Assessment once every two years).
The number of interviewees per stakeholder in this study was mainly limited to one. For increasing
the overall validity of the Self-Assessment results, it is recommended to include a higher amount of
interviewees per stakeholder. Furthermore, the internal validity of the Self-Assessment can be
increased through including interviewees that fulfil comparable functions within their stakeholder
organisation, as the functions of interviewees in this study were quite widely dispersed (policy
makers, managers, consultants, board members etc.; see Appendix 7).
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For future development and implementation of the Self-Assessment, it is recommended to shift from
a limited focus on the city level and its administration (specifically regarding the indicators of the first
WSC pillar) towards a more regional approach, including standardized involvement of various
stakeholders across multiple levels of governance. This could provide more integrated and valid
results of the Self-Assessment regarding a city’s overall level of water sensitivity.
Conducting semi-structured interviews with various stakeholders about the selected Self-Assessment
indicators provided insights in the different viewpoints, opinions and responsibilities of stakeholders
regarding current water management in the research area. However, as it is uncertain whether semistructured interviews are the most effective interview method for scoring the Self-Assessment
indicators, alternative methods such as the Delphi method should be considered for future
applications of the CATCH Self-Assessment.
As a final recommendation for future water/WSUD-related decision-making processes, the SelfAssessment can be applied as a practical discussion and communication tool among stakeholders to
integrate and streamlining the implementation procedure.
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1. Appendix 1: Exploratory interviews (site-visit)
Summary of the Exploratory interviews during the site-visit of Valkenburg 4-December 2021
On the 4th of December 2021, a site visit was planned to get a better understanding of the physical
aspects of Valkenburg and its surroundings and to gather information and experiences of the
flooding event of July 2021. Multiple residents, hotel/catering service staff and employees of the
local tourist information office were questioned. Some residents that were interviewed on the
streets of the city centre of Valkenburg talked about their experiences during the flood. They showed
until where the water of the Geul flooded the streets and where (stores, buildings, hotels etc.) they
heard most damage was done. Hotel Walran was mentioned as one of the buildings that was most
heavily affected. The staff of Hotel Walran was very keen to provide information and talk about their
experience during the flood. The damage that was done to the hotel was still visible and the
damaged rooms were shown (see Figures below). It was explained that the hotel had to be
evacuated during the night and they succeeded thanks to the help of other residents and farmers. It
took a while before the Veiligheidsregio Zuid-Limburg and the Municipality of Valkenburg aan de
Geul took action for evacuation. During interviews with staff from other hotels, comparable
experiences were shared. Furthermore, the National Hospitality Organisation (KHN) was mentioned
as an umbrella organisation for representing the hotels and restaurants in the area and HISWA
RECRON was mentioned as representative organisation for recreational organisations in the area.
Employees of the local tourist information office in the centre of Valkenburg (VVV) were also
interviewed. Besides mentioning the Municipality of Valkenburg aan de Geul as an important
stakeholder in the area, more touristic oriented stakeholders like Visit Zuid-Limburg and the
Nationaal landschap Zuid-Limburg were identified as being important parties in the area. In total, the
following stakeholders for the potential implementation of WSUD were identified during the
exploratory interviews:
-

National Hospitality Organisation (KHN)
HISWA RECRON
Visit Zuid-Limburg
Veiligheidsregio Zuid-Limburg (VRZL)
Municipality Valkenburg aan de Geul
Nationaal landschap Zuid-Limburg
Residents
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Figure 33: construction work in a store in the city centre of
Valkenburg damaged by the flood.

Figure 34: basement of a house in the city centre of
Valkenburg damaged by the flood.

Figure 35: flood damage inside of Hotel Walram, showing
the height the water reached during the flood at
approximately 65 cm.

Figure 36: Flood damage inside Hotel Walram, showing the
proximity of the Geul through the window
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Figure 37: water of the Geul in the kitchen of Hotel
Walram 16-July-2021 at 12:35 (Walram, 2021)
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Figure 38: Front door of Hotel Walram with indication of
the water level inside the bar of the hotel during the flood
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2. Appendix 2: Indicators CATCH Self-Assessment per pillar
The following list shows the focus of the three categories (/ WSC pillars), including 23 indicators in
total (CATCH, n.d.):
1. Cities as Water Sensitive Communities and Networks: It is very important that stakeholders,
including decision-makers, businesses and the wider public, know the impact of climate change
and what can be done. Collaboration is key.
1.1. Organizational capacity (such as knowledge and skills) for climate adaptation at the city
level
1.2. Water as a key element in city planning and design/redesign
1.3. City-level integrative arrangements across sectors (such as water, energy, traffic, housing,
climate adaptation)
1.4. Stakeholder participation in water and climate adaptation at the city level
1.5. Leadership, long-term vision and commitment by the city-level administration
1.6. Level of flood risk awareness of the population
1.7. Organisation of emergency management
1.8. Regulations to reduce potential flood damage in the city (for instance making green roofs
or water storage compulsory for new buildings)
2. Cities as Water Catchments: A city is part of a river catchment system, providing space for water.
Water needs room to flow and infiltrate to prevent flooding and droughts, also in cities.
2.1. Availability and use of both flood hazard and flood risk maps for areas at risk
2.2. Areas to temporally store water in the city without expected damage (for instance at the
surface, subsurface, green structures, etc.).
2.3. Measures to increase infiltration (for instance through compensating for surface sealing
and/or decreasing impervious areas)
2.4. Status of infrastructure for water supply
2.5. Maintenance of infrastructure for water supply
2.6. Status of infrastructure for wastewater
2.7. Maintenance of infrastructure for wastewater
2.8. Status of infrastructure for flood protection
2.9. Maintenance of infrastructure for flood protection
3. Cities providing Ecosystem Services: People derive benefits from ecosystems. These benefits are
known as ecosystem services. Which benefits derive from water in the city? For instance, a river
can be used for flood protection or recharging the groundwater levels. But it also has a function
in recreation and improving the quality of life.
3.1. Attention to the needs and protection of vulnerable groups (such as the elderly, children,
and uneducated or unemployed citizens) against the negative impacts of climate change
(such as floods and heatwaves)
3.2. Healthy and biodiverse habitat
3.3. Protection of surface water quality and flow regime
3.4. Protection of groundwater quality and groundwater levels
3.5. Activation of connected urban green and blue space
3.6. Vegetation coverage at the city level
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3. Appendix 3: Biophysical conditions & Institutional Context
This appendix includes additional background information of the site-analysis about the biophysical
conditions.

Substrate layer
Groundwater – groundwater levels

Figure 39: Average high groundwater level map Geul Valley (Waterschap Limburg & Province of Limburg, 2020)

The average high groundwater levels in the Geul Valley are visible on the map in Figure 39. these
kinds of groundwater levels are determined by taking the average of the three highest calculated
groundwater levels per year, within the period from the 1st of April to the 31st of March (hydrological
year), for at least eight years (Waterschap Limburg & Province of Limburg, 2020).
At the locations within the Geul Valley with a groundwater level smaller than 0.0 (marked by the blue
colour in the map of Figure 39), upward seepage takes place. Upward seepage can be defined as
upward movement of water through substrate, depending upon the local circumstances regarding
topographic contours and water table (Rai, Singh & Upadhyay, 2017). When broadly looking at the
map in Figure 39, the course of the Geul and its tributaries generally correspond with the higher
groundwater levels. Looking further outside of the bed of the Geul (and its tributaries), the
groundwater levels quickly drop from several decimetres to a depth of more than 10 meters below
the surface (Waterschap Limburg & Province of Limburg, 2020).
Groundwater – groundwater extraction
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Figure 40: Locations of groundwater extraction in the Geul Valley (Province of Limburg, 2020)

Groundwater can be extracted for several purposes, such as: drinking water provision, industrial
activities, irrigation, geothermal energy and drainage (Province of Limburg, 2020). The map in Figure
40 shows the main locations in the area of the Geul Valley for licensed groundwater extraction. In
Table 15 an overview can be found of the locations within the Geul Valley and their corresponding
extraction quantity, licensee name and purpose category.
Table 15: Information of groundwater extraction in the Geul Valley (Province of Limburg, 2020)

Location Licenced quantity
(m3)
921
5,000,000
918
4,500,000
946
3,000,000
917
2,500,000
164
2,500,000
93
550,000
414
499,999
768
460.000

Licensee

Category

Waterleiding maatschappij Limburg (WML)
Waterleiding maatschappij Limburg (WML)
Waterleiding maatschappij Limburg (WML)
Waterleiding maatschappij Limburg (WML)
Marsna Paper BV
Brand Bierbrouwerij BV
RD4 Facilitair Bedrijf BV
United World College Maastricht

739

375.000

Municipality of Maastricht

324
TOTAL:

188,160
19,573,159

Thermae 2000 NV

Drinking water
Drinking water
Drinking water
Drinking water
Industry
Industry
Industry
Energy
(geothermal)
Energy
(geothermal)
Industry

Waterleiding Maatschappij Limburg (WML) is the drinking water supplier for all (more than 500,000)
households in Limburg. In addition, WML supplies tap water to around 15,000 companies. The
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shareholders of WML are the Province of Limburg and the 31 municipalities of Limburg (Waterleiding
Maatschappij Limburg, n.d.). WML uses 21 locations throughout Limburg for the extraction of
groundwater, of which 4 are located in the catchment area of the Geul. Within this area, WML is
evidently the biggest extractor, with a total combined licenced quantity of 15,000,000 m3/year
(Province of Limburg, 2020). Besides for the purpose of drinking water, the groundwater in the area
is also extracted for industrial and energy purposes. Industrial groundwater purposes in the area are
responsible for a licensed extraction capacity of approximately 3,700,000 m3/year (Province of
Limburg, 2020, divided over paper manufacturing (Marsna Paper BV, n.d.), beer brewing (Brand
Bierbrouwerij BV, n.d.), waste management (RD4 Facilitair Bedrijf BV, n.d.) and the water provision of
the pools in a wellness centre in Valkenburg (Thermae 2000, n.d.). Energy is another groundwater
extraction purpose in the area, however with about 800,000 m3/year it is responsible for a relatively
small share of the total extraction in the Geul Valley (Province of Limburg, 2020).

General infrastructure
The map in Figure 41 shows the infrastructure in South Limburg. Valkenburg is centrally located in
this area and acts as an regional connection for different infrastructure networks; highway (A79),
provincial roads (298, 590, 595) and railroad (Rijkswaterstaat, n.d.; Province of Limburg, 2021; NS,
2019). The region of South Limburg is internationally well-connected by road- and rail transportation
with Aachen (Germany) to the South-East and Liège (Belgium) to the South-West. Furthermore, the
region houses the Port of Maastricht and Maastricht Aachen Airport, which is a regional airport
transport of passengers as well as freight (MAA, n.d.).

Figure 41: Infrastructure map South Limburg (Province of Limburg, 2017)

The map in Figure 42 shows the Cycling Node Network map of the Geul Valley. The Cycling Node
Network offers people the freedom to explore the Geul Valley, by providing the opportunity for
planning their own trip via the network of connected routes between the nodes (ANWB, n.d.).
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Figure 42: Cycling Node Network Geul Valley (ANWB, n.d.)

Occupation layer
Land Use
The land use map in Figure 43 is zoomed in at Valkenburg. There are two main industrial areas visible
on the map, marked in a brown colour. The main industrial site, North-West of the city centre
(between the railroad and the highway) is a mixed industrial area with industrial companies such as
car garages, a steel manufacturer, and an environmental park. The smaller industrial area in
Valkenburg, located about one kilometre below this main industrial site, consists of the former
Leeuw brewery which has recently been renovated and developed into an recreational experience
centre (based on the two main themes: food and cycling) called Par’Course (Valkenburg, n.d.).
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Figure 43: Land use map Valkenburg (Esri Nederland, 2019)

Figure 43 also shows many different recreation areas divided over the city (marked in green), and
relatively closely located to the built-up areas in Valkenburg. These recreation areas are very diverse
and include campings, resorts, parcs, sport parcs, an outdoor theatre and an amusement parc. In
general, Valkenburg seems to be surrounded by agricultural areas, mixed with patches of forest and
recreational areas.
Something outstanding from the data about the city centre of Valkenburg, compared to other
neighbourhoods in the Netherlands, is the share of hospitality businesses (hotels, restaurants,
lunchrooms etc.). In the centre of Valkenburg, hospitality businesses represent 38% of all businesses
in the area, almost twice the average amount of the Netherlands (20%) (Allecijfers, 2021). This can be
explained by the touristic character of Valkenburg, being the touristic capital of Limburg (Province of
Limburg, n.d.). The touristic identity of Valkenburg is being supported by, amongst others, its
limestone caves, (underground) Christmas fairs, historical city and its reputation as a world cycling
city (Province of Limburg, n.d.).

Agriculture in the Geul Valley
The map in Figure 44 shows the location of agricultural areas in the Geul Valley. Agriculture, as being
the dominant land use type in the Geul Valley (as explained in Paragraph 3.1.3.1), is divided into its
two main categories: crop production and grassland. Agricultural areas are prone to drought and
flooding, since these events can cause economic damage, especially in agricultural areas with crop
production (Basisregistratie Gewaspercelen, 2016).
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Figure 44: Agricultural area in the Geul Valley (Basisregistratie Gewaspercelen, 2016)

When looking at the agricultural map in Figure 44, grassland seems to be especially present adjacent
to forests/nature areas. Also, the plots of grassland seem to be dominant in the stream valleys, while
the plots for crop production seem to be dominant at the loess plateaus (as shown in the
geomorphological map in Figure 8).
Different from North and Middle Limburg (where more intensive agriculture takes place in the form
of intensive livestock farming, greenhouse horticulture and horticulture), agriculture in South
Limburg is mainly extensive (in the form of grazing livestock, grass and crop production) (Waterschap
Limburg & Province of Limburg, 2020).The total surface area of agricultural land in South Limburg is
27.670 hectare, predominantly divided over grassland (13.875 hectare) and crop production area
(12.457 hectare). When looking at the surface area of individual agricultural companies, there is
approximately 22 hectare of crop production area per company compared to 18 hectare of grassland
per company (CBS, 2021). This means that, although the total area of grassland exceeds the total
crop production area, the individual areas of crop production per company are roughly 20% bigger in
size.
Looking into distribution among the agricultural land use types, the two most dominant crops for
crop production in the area of South Limburg are cereals (6365 hectare, mainly wheat) and potatoes
(2225 hectare). While for the grazed grassland, cattle (12.753 animals) is the most evident sort of
animal, followed by goats (712 animals) and other kinds of grazing livestock (555 animals) (CBS,
2021).

Municipal borders
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Figure 45: Municipalities in and around the Geul Valley (Esri Nederland, 2021)

The map in Figure 45 illustrates the municipal borders of the different municipalities in the region of
the Geul Valley. The main course of the Geul is also visible, showing that it crosses the municipalities
of Vaals, Gulpen-Wittem, Valkenburg aan de Geul, Meerssen and Maastricht. The two municipalities
covering most of the course of the Geul are Gulpen-Wittem and Valkenburg aan de Geul. The
Municipality of Gulpen-Wittem is about twice the size of Valkenburg aan de Geul (73 km2 compared
to 37 km2), but with approximately 14.000 inhabitants it is less populated than Valkenburg aan de
Geul (c.a. 16.500 inhabitants) (Gulpen-Wittem, 2019; Valkenburg, 2021).

Climate effects
Water nuisance

Table 16: Water level measurements of Geul and tributaries from flooding events July 2021 (Task Force Fact-finding
hoogwater 2021, 2021)
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Institutional Context
Definition R17 and R18 waterbodies
R17 waterbodies are characterised by fast-flowing upstream courses on limestone soils, occurring at
locations with a strong relief (such as South Limburg) and often in wooded areas. This type of stream
is generally fed from deep groundwater sources and is up to 2 meters wide (locally up to 3 meters)
with hardly any meandering during its course. The profile of a R17 waterbody is irregular, with many
gravel benches, overhanging banks, silted to sandy soil, with calmly flowing to stagnant spots and
also local rapids with gravel and boulders. Organic matter is present in the form of leaf packs,
detritus deposits, silt zones, branches and tree trunks. This leads to a rich and a very small-scale
variety of habitats (STOWA, 2007).
A R18 waterbody is characterised by the middle and lower reaches of a stream with a high discharge
(and a fast water flow) on calcareous soils in a hilly landscape (Limburg). The discharge is fairly
constant, with the water mainly originating from groundwater sources and rainwater. The profile of a
R18 waterbody is strongly meandering compared to the more fast-flowing upstream course. The
profile of the streambed is also irregular and mainly consists of sand or loam (loess) with gravel
banks. Organic matter is present in the form of silt zones, detritus deposits, leaf packs, branches and
tree trunks, which leads to a rich variety of habitats. The R18 streams are partially shaded and
located in deciduous forest or in semi-open countryside (STOWA, 2007).
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Flood protection initiatives in and around Valkenburg
This chapter will elaborate on some of the current projects and plans in (the region of) Valkenburg.
The two highlighted projects/plans are: the high-water channel and the flood tunnel.
High water channel
The regional water authority ‘Waterschap Limburg’ strives for a robust and climate-proof regional
water system. The course of the Geul around the Kruitmolen (just downstream of the centre of
Valkenburg) did not meet the requirements for a sustainable and climate-proof water system. This,
because of the following three reasons (Waterschap Limburg, 2019):
1. High discharge and water levels of the Geul lead to flooding in the area.
2. The weir in the Geul acts as a barrier for fish migration.
3. The banks of the Geul in this area are showing signs of deferred maintenance.
In order to solve these three issues, Waterschap Limburg and the Municipality Valkenburg aan de
Geul planned to construct a high-water channel. The channel is planned on the northern side of the
Geul, at the location of the former Leeuw Brewery. All the including grounds are owned by the
Municipality Valkenburg aan de Geul. It is expected that the high-water channel on average will be
functional twice a year, when the discharge of the Geul at this location exceeds 15m3/s (Waterschap
Limburg, 2020).

Figure 46: inlet of high-water channel (own archive, 2021)

Figure 47: high water channel (own archive, 2021)
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4.3.2. Flood tunnel

Figure 48: Design for planning of flood tunnel (Witteveen&Bos, 2021)

In an interview by De Volkskrant, Josette van Wersch of Waterschap Limburg mentions that the
amount of space for the Geul within Valkenburg itself is limited and that Valkenburg acts as a
bottleneck in times of high discharge of the Geul (De Graaf, 2021). Yet, according to the consultancy
firm Witteveen&Bos (2021), measures remain possible in Valkenburg despite the limited amount of
available space. They propose a plan for building an 800 meter long flood tunnel, 10 to 15 meter
underneath the historical centre of Valkenburg. One or two of these tunnels, with a diameter of 3.5
meter, can realise a capacity of 30 or 60 m3/s and direct a high-water peak below the city. Weather
this extra capacity in times of high water will be sufficient for extreme weather events in the future,
requires a more elaborate study (Witteveen&Bos, 2021). According to the firm, the costs of such a
tunnel are estimated at 10 to 20 million euros, which could be a cost-effective measure in relation to
the estimated monetary flood damage of about 400 million euros.
Water manager Herman Mondeel of Witteveen&Bos acknowledges that the realisation of a flood
tunnel alone will not be enough to ensure Valkenburg’s safety in the future. The problem requires a
more integral approach and other measures up- and downstream of Valkenburg have to be
implemented as well (De Graaf, 2021).
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4. Appendix 4: Stakeholder Analysis
THIS APPENDIX IS UNAVAILABLE FOR THE LIBRARY VERSION OF THIS THESIS.
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5. Appendix 5: Summary of interview input for CATCH Self-Assessment
THIS APPENDIX IS UNAVAILABLE FOR THE LIBRARY VERSION OF THIS THESIS.
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6. Appendix 6: Summary of Site-Analysis input for the CATCH Self-Assessment
Overview:
Indicator 1.6
Score
6

2.2
3

2.3
4

3.2
3

3.3
3

3.4
2

3.5
4

3.6
4

Table 17: Overview of the paragraphs used for input of scoring the CATCH self-assessment indicators

Site-analysis paragraph

General
understanding

3.1.1.1 Abiotic system
- Elevation
- Geomorphology
- Soil
3.1.1.2 Water system
- Groundwater
- Surface water
3.1.2.1 Nature networks
3.1.2.2 Transportation Networks
3.1.3.1 Land use
- Green and gray in Valkenburg
3.1.3.2 Climate effects
3.2.1 Organisational structure
3.2.2.1 Water Framework Directive
- The Geul
- The Gulp
- The Eyserbeek
- The Selzerbeek
- Groundwater
3.2.2.2 Limburg Integral Water System Analysis
- Robust and climate proof water system
- Ecologically healthy water system
- Restored water system (stream valleys)
- Restored water system (plateaus)
3.2.2.3 Water Management Programme
3.2.2.4 Water in Balance

Input CATCH Self-Assessment
indicators
2.2 2.3 3.2 3.3 3.4 3.5

3.6

X
X
X
X

X
X

X
X
X

X
X

X

X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

X

X
X

For scoring a selection of indicators of the CATCH Self-assessment tool, the site-analysis of the
research area provides useful information. The site-analysis consists of information about the
biophysical conditions as well as information about the institutional context. The specific
paragraph(s) used as input for each indicator in the table above. An elaboration on the final scores
for the indicators 2.2, 2.3, 3.2, 3.3, 3.4, 3.5 and 3.6 can be found in the following sections.
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2.2 Areas to temporally store water in the city without expected damage (for instance at the
surface, subsurface, green structures, etc.).
Answer CACTH-Tool: 3
-

Few options for sectoral water storage are in use. There are plans to increase and diversify
them through regulatory, economic or informational instruments.

Although there are different options identified to increase sectoral water storage, the measures that
are currently in use are rather limited. An indicator score of 3 regarding this indicator seems
therefore most suitable, also taking into account that there are definitely plans for increasing and
diversifying measures for sectoral water storage in the coming years.
Different options for temporal water storage in the area are identified:
Appendix 3 briefly elaborates on the project of the Municipality of Valkenburg and Waterschap
Limburg about a high water channel. This high water channel has the goal to increase the storage
capacity of the Geul in times of high water levels. It is expected that the high water channel on
average will be functional twice a year, when the discharge of the Geul at this location exceeds
15m3/s (Waterschap Limburg, 2020). Water buffers are another kind of measure for increasing
temporal water storage throughout the Geul Valley. Through the programme of Water in Balance
Waterschap Limburg is taking targeted measures to reduce flooding of brooks and streams as a result
of climate change. Part of these measures consist of increasing the capacity of existing water buffers
in the area as well as realising new water buffers.
In Paragraph 3.1.1.1 the potential for storing water in the substrate as an option for temporal water
storage was investigated. It was concluded that the buffer capacity is relatively small in the low-lying
areas of the Geul Valley (like the city of Valkenburg; see elevation map), where the groundwater
level is close to the surface level and no such measures were identified. When moving to higher
elevated areas (where the groundwater levels are lower), the buffer capacity of the substrate
increases. The programme of Water in Balance explores the potential of using this relatively high
storage capacity by increasing infiltration on agricultural areas with 10mm.
In Paragraph 3.2.2.2 the vision of a restored water system in stream valleys is explained, as part of
the Limburg Integral Water System Analysis (LIWA) by the Waterschap Limburg and the Province of
Limburg. According to them, restoring stream valleys by bringing back together the stream valleys
into the stream thereby creating space for water will be a promising solution to flooding problems.
Because more water is retained in the entire stream valley and because the floor of the stream is
raised, water shortages can also be prevented (Waterschap Limburg, n.d.; Waterschap Limburg &
Province of Limburg, 2018). Comparable to this vision of the LIWA, the Water Management
Programme (WMP) (Paragraph 3.2.2.3.) also appoints flood protection as one of the main focus areas
in their planning for 2022-2027 (Waterschap Limburg, 2021).

2.3 Measures to increase infiltration (for instance through compensating for surface sealing and/or
decreasing impervious areas)
Answer CACTH-Tool: 4
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Some measures are in place to increase infiltration, and there is action to overcome political,
legal or economic obstacles.

Answer option 4 would be the most suitable, because some measures to increase infiltration are
already in place (e.g. the disconnection of rainwater from mixed sewer system and local infiltration)
and there are also action plans to increase the infiltration (measures) in the area. However, not all of
the proposed measures (and visions) to increase infiltration are effectively implemented yet (as
mentioned in answer option 5). An example of one of these measures is the plan for the realisation
of approximately 10mm extra infiltration in rural areas (as part of the project ‘Water in Balance’).
Through the project of Water in Balance, action is taken in order to realise this infiltration measure.
The vision of a ‘Robust and climate-proof water system’ (Paragraph 3.2.2.2.) as part of the Limburg
Integral Water System Analysis (LIWA) by the Waterschap Limburg and the Province of Limburg also
includes measures for increased infiltration. These measures are focused on the infiltration of
rainwater into the soil where possible, including built-up areas (like Valkenburg). For allowing this in
built-up areas, green connection zones are proposed as a helpful measure to provide space for
infiltration as well as stimulate the provision of cooling (Waterschap Limburg & Province of Limburg,
2020). This is also mentioned in LIWA’s goal of an ecologically healthy water system in Paragraph
3.2.2.2. It is mentioned that in order to realise an ecologically healthy water system, the LIWA also
focuses on increasing surface water quality by disconnecting and infiltrating rainwater as much as
possible in the urban area (Waterschap Limburg & Province of Limburg, 2020). However, Paragraph
3.1.1.1. of the site-analysis suggests that the top layer of the soil in Valkenburg (close to the Geul)
consists of clay with a relatively low permeability and that (natural) infiltration measures would
therefore possibly be unsuitable.

For the indicator 3.2, 3.3 and 3.4, the scores are based on the outcomes and explanations of the
Water Framework Directive (WFD); for the surface water values, the prognosed values of 2021 are
used and for groundwater the situation of 2020 was used. See Paragraph 3.2.2.1.
3.2 Healthy and biodiverse habitat
Answer CATCH-Tool: 3
-

Moderate

As proposed by this indicators’ description in the CATCH self-assessment tool (CATCH, n.d.), the score
of this indicator was based on the WFD-assessment of the average ecological status of the following
surface water bodies: Geul, Gulp, Eyserbeek and Selzerbeek (as identified as the main waterbodies in
the Geul Valley in Paragraph 3.1.1.2).
The ecological status for each of these waterbodies consists of the following three aspects: (1) total
biology, (2) physical chemistry and (3) specific pollutants.
Geul:
The total ecology is rated as moderate for the year 2021. The measured values for the total biology
(macrofauna, aquatic flora, fish and phytoplankton) meet the GEP and are therefore rated as good.
Of the eight different components for determining the status of the physical chemistry of the Geul,
only Nitrogen and Phosphorus are insufficient while the remaining six components meet the GEP.
However, due to the ‘one-out-all-out’ principle, the total rating for physical chemistry is insufficient.
The status for specific pollutants (such as Zinc, Ammonium and Uranium) in the Geul is bad.
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Gulp:
The total ecology is rated as moderate for the year 2021. For the total biology (macrofauna, aquatic
flora, fish and phytoplankton), only the measured values for fish do not meet the GEP, but are rated
as moderate. The same as for the assessment of the Geul, the insufficient rating of the physical
chemistry of the Gulp is only determined by the high values of Nitrogen and Phosphorus. For the
2021 status considering the specific pollutants (such as Zinc, Ammonium and Uranium), the Gulp is
meeting the GEP and is therefore sufficient (KRW, 2020; Alterra/Wageningen UR & Deltares 2013).
Eyserbeek:
The total ecology is rated as moderate for the year 2021. For the total biology of the Eyserbeek
(macrofauna, aquatic flora and fish), only the measured values for aquatic flora do meet the GEP,
while both macrofauna and fish are rated as moderate. In the case of physical chemistry of the
Eyserbeek, the high values of Nitrogen and Phosphorus result in a bad rating (while the other aspects
are rated as good). For the 2021 status considering the specific pollutants (such as Zinc, Ammonium
and Uranium), the Eyserbeek is not meeting the GEP and does therefore not suffice (KRW, 2020;
Alterra/Wageningen UR & Deltares 2013).
Selzerbeek:
The total ecology is rated as moderate for the year 2021. The physical chemistry is the only
component of the total ecology that does not meet the GEP. As was also the case for the other
streams, the physical chemistry of the Selzerbeek is not rated as good due to the high Nitrogen and
Phosphorus levels in the water. Nevertheless, the prognosis for 2027 shows that for all aspects of the
assessment (total chemistry as well as total ecology) the GEP can be achieved (KRW, 2020;
Alterra/Wageningen UR & Deltares 2013).
An overview of the individual ratings regarding the ecological status:
-

Geul: Moderate
Gulp: Moderate
Eyserbeek: Moderate
Selzerbeek: Moderate

The average ecological status of the waterbodies is therefore ‘Moderate’. The most influential factor
for determining the rating of the ecological status for all four waterbodies are the relatively high
levels of Nitrogen and Phosphorus as components of the physical chemistry. Urban development and
agriculture in the Geul Valley cause an effect on the water quality of the Geul. Urban development in
the form of sewage overflows and waste water treatment plants cause peak loads of pollutants to
enter the stream and have impact on the chemical and physical chemical water quality, affecting the
natural hydrological regime of the Geul. The agricultural activities in the area cause increasing values
of Nitrogen, Phosphorus, heavy metals and pesticides (Alterra/Wageningen UR & Deltares, 2013).
The aim of the LIWA for restored water systems on plateaus in South Limburg (Paragraph 3.2.2.2.)
incorporates taking flow-inhibiting measures to slow down the surface drainage flow. This can reduce
the leaching of nutrients and erosion, thereby reducing the inflow of nutrients such as Nitrogen and
Phosphorus into the streams (Waterschap Limburg & Province of Limburg, 2020).

3.3 Protection of surface water quality and flow regime
Answer CATCH-Tool: 3
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Moderate

As proposed by this indicators’ description in the CATCH self-assessment tool (CATCH, n.d.), the score
of this indicator was based on the WFD-assessment of the chemical status of the following surface
water bodies: Geul, Gulp, Eyserbeek and Selzerbeek (as identified as the main waterbodies in the
Geul Valley in Paragraph 3.1.1.2.). While, according to the WFD, the chemical status is rated by
sufficient versus insufficient only, the indicator score is determined by the average rating of the four
different identified waterbodies.
The chemical status for each of these waterbodies consists of the following two aspects: (1)
ubiquitous substances and (2) non-ubiquitous substances (ubiquitous substances being substances
that are universally present throughout the waterbody).

Average chemical status: Moderate
-

Geul: Insufficient (both Ubiquitous as non-Ubiquitous)
Gulp: Insufficient (both Ubiquitous as non-Ubiquitous)
Eyserbeek: Sufficient (Non-Ubiquitous)
Selzerbeek: Sufficient (Non-Ubiquitous)

Geul:
The chemical water quality of the Geul for the year 2021, according to the Water Framework
Directive, is insufficient. All the identified ubiquitous and non-ubiquitous substances do exceed the
norms.
Gulp:
The chemical water quality of the Gulp for the year 2021, according to the Water Framework
Directive, is insufficient. All the identified ubiquitous and non-ubiquitous substances do exceed the
norms.
Eyserbeek:
The chemical water quality of the Eyserbeek for the year 2021, according to the Water Framework
Directive, does suffice. This, because there are no ubiquitous substances and the non-ubiquitous
substance of fluoranthene does not exceed the norm.
Selzerbeek:
The chemical water quality of the Selzerbeek for the year 2021, according to the Water Framework
Directive, does suffice. This, because there are no ubiquitous substances and the non-ubiquitous
substance of fluoranthene does not exceed the norm.

3.4 Protection of groundwater quality and groundwater levels
Answer CATCH-Tool: 2
-

Bad state in groundwater quality and quantity, but a positive trend for groundwater quality
and/or quantity
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As proposed by this indicators’ description in the CATCH self-assessment tool (CATCH, n.d.), the score
of this indicator was based on the combined WFD-assessment of the quantitative and qualitative
status of the Krijt-Maas waterbody.
The components of the WFD-assessment (Paragraph 3.2.2.1) for the groundwater body include both
quantitative and qualitative values. Some assessment components of the Krijt-Maas waterbody are
sufficient according to the norm. However, due to the ‘one-out-all-out’ principle and the other three
components being insufficient, the overall assessment of the waterbody results in an insufficient
rating.
-

The insufficient components consist of the chemical situation, groundwater dependent
surface water bodies and groundwater dependent ecosystems.
The sufficient components consist of the water balance, intrusion and drinking water
sources.

For the Geul valley, results of groundwater assessment show that the relationship between
groundwater and terrestrial ecosystems are both qualitatively and quantitatively not in order. This is
also the case for the relationship between groundwater and surface water bodies. For the qualitative
relations of groundwater with surface water and ecosystems, agriculture is the main threat (KRW,
2021).
When looking at the assessment of the entire waterbody, only the chemical situation does not
suffice. Besides historical groundwater pollution, agriculture plays a major role in groundwater
pollution by causing high nutrient concentrations and contaminations with pesticides, chemicals,
heavy metals etc. Considering the water balance of the Krijt-Maas waterbody, there is no (significant)
downward trend in the hydraulic head. However, in a number of N2000 areas, the groundwater level
is insufficient. This was a result of the extremely dry years of 2018, 2019 and 2020. Surface water
bodies dried up in these years, but not only due to the low supply of groundwater, the current
surface water system is also designed for rapid drainage instead of buffering and storage of water
(KRW, 2021).
Regarding the component of drinking water sources, as described in Appendix 3, groundwater
extraction takes place throughout the area to obtain (drinking) water for multiple purposes.
According to the regional assessment, the drinking water sources in the Geul valley do suffice for the
situation of 2020. Though, it is yet uncertain if this remains sufficient by the year 2027 because the
drinking water extraction in the area is threatened by excessive concentrations of Nitrate and
degradation products of plant protection products in the infiltrating groundwater (Waterschap
Limburg & Province of Limburg, 2020; KRW, 2021).
When looking at the assessment results of the past years and the uncertainty of achieving the WFDtargets by 2027, it is difficult to determine a clear trend in either groundwater quality or quantity.
Nevertheless, the main focus areas of the Water Management Program 2022-2027 (Paragraph
3.2.2.3.) as well as the goals of the regional project Water in Balance (Paragraph 3.2.2.4.) are about
improving the water quality and quantity. Hence, a positive trend for the coming years is expected.
Furthermore, already half of the components (3 out of 6) of the WFD-assessment are rated as
sufficient, therefore the most suitable overall score for the CATCH self-assessment is deemed to be 2.

3.5 Activation of connected urban green and blue space
Answer CATCH-Tool: 4
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Fair number of distributed green spaces or waterways with active recreational
infrastructures, such as bike paths and walking grounds. Most people appreciate the bluegreen assets. These places are reasonably accessible, meaning that most people live or work
within a ten-minute walk, and are mostly well-connected and maintained.

Looking at the nature networks (Paragraph 3.1.2.1), there are certainly distributed green spaces in
the Geul Valley. One of these nature networks is the Green-blue mantle, with a focus on enhancing
the climate-adaptive character (more space for the streams), the biodiversity and core qualities of
the landscape. The towns and villages that are located in the river and stream valleys (such as
Valkenburg), are not directly part of the Green-blue mantle themselves but are related to it (Province
of Limburg, 2020). Another example is the Nature Network Limburg, which makes efforts for offering
opportunities to residents and tourist to experience nature (Province of Limburg, 2020).
According to Paragraph 3.1.1.2., a very extensive network of hiking and cycling routes provides
people the opportunity to experience the landscape, nature, history and culture of the Geul Valley,
as well as the city centre of Valkenburg (Visit South Limburg, n.d.; Natuurmonumenten, n.d.;
Staatsbosbeheer n.d.).
Furthermore, the distance to public green in the city centre of Valkenburg (neighbourhood
Valkenburg) is relatively short, with an average distance of 0.32 km, while nationally this distance is
0.50 km (Allecijfers, 2021). Assuming a walking pace of ca. 5 km/h (Mohler et al., 2007), this means
that the residents of the city centre of Valkenburg can access public green on average within
approximately 4 minutes (see Paragraph 3.1.3.1).
When incorporating the information of the site-analysis, the most suitable overall indicator score is
4.

3.6 Vegetation coverage at the city level
Answer CATCH-Tool: 4
-

Fair degree of vegetation coverage: A fair proportion of streets have trees. An urban
tree/shade policy is being actively implemented, but progress is slow.

There is a fair degree of vegetation coverage in Valkenburg. The percentage of green (combination of
trees and low green space; grass, plants etc.) in the majority of the neighbourhoods in Valkenburg
differentiates between 40 to 60%. The surface of the city centre of Valkenburg (neighbourhood:
Valkenburg) is covered for 40-50% with green, of which most of the green is located in the public
area (see Paragraph 3.1.3.1). Furthermore, the Municipality of Valkenburg aan de Geul has
formulated an policy paper on trees (Dutch: Bomenbeleidsplan). This policy is implemented to form
the basis for the development, conservation and management of trees within the municipality and is
essential to realise the vision of the municipality regarding green structures (Hennekens, 2013).
Incorporating this information, the most suitable overall indicator score is 4.
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7. Appendix 7: Summary of interview transcription (Dutch)
THIS APPENDIX IS UNAVAILABLE FOR THE LIBRARY VERSION OF THIS THESIS.
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