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ABSTRACT

Urban water systems are under increased pressure from ongoing developments like climate change, population
growth and urbanization. While it is clear that current urban water challenges need a more integrated approach,
practitioners disagree on what such an integrated approach means exactly. Integration could therefore be
described as a wicked problem, with practitioners having different understandings of integration, as well as the
opportunities and challenges they should focus on; e.g., climate adaptation, resource recovery or collective
replacement. This lack of consensus challenges decision-making, and thus the implementation of integration. To
foster urban water systems integration, this study uses Q methodology to explore the different perspectives that
Dutch urban water practitioners have on integration for future urban water systems. Our analysis reveals four
salient perspectives: perspective 1 sees coordination as a means to make the system future-proof, perspective 2
focuses on climate adaptation, perspective 3 aims for recovery, and perspective 4 is all about efficiency and being
in control. While all perspectives acknowledge that traditional urban water practices need to change, they differ
on which sustainability challenges are considered most important and what means should be used. Practitioners

need to understand these differences to deal effectively with the wicked nature of integration.

1. Introduction

Urban water systems worldwide are seriously threatened by climate
change, population growth and urbanization: changing weather pat-
terns, increasing anthropogenic activities and more impervious surfaces
lead to degradation of environmental quality and increased risk of urban
flooding. In addition, existing urban water infrastructure is deterio-
rating, and resource limitations and tightening regulations further
challenge urban water management (Butler et al., 2016). The ongoing
changes put pressure on service levels for urban water systems. To
prepare these systems for the future, the traditional urban water para-
digm requires a shift (R. Brown & Farrelly, 2009; Pahl-Wostl et al.,
2011).

Traditionally, urban water management has focused on providing
safe, reliable, and cost-effective water services. In cities, water infra-
structure has been gradually expanded in response to prevailing ideo-
logical and technological conditions. In developed countries this has
resulted in urban water systems with centralized water supply systems,
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sewer networks, and large-scale water treatment facilities (R. Brown
et al., 2009). While these traditional systems have been very effective in
the past - i.e., significantly contributing to public health and protecting
cities from flooding — current sustainability challenges now reveal their
limitations (Wong & Brown, 2009). For example, they seem to have a
limited ability to cope with extreme climate conditions (e.g. Ashley
etal., 2005; Rijke et al., 2013), have a high net energy consumption (e.g.
Mo & Zhang, 2013), and lead to the deterioration of the environmental
quality (e.g. Chocat et al., 2007).

Alternatively, urban water systems can also be designed in such a
way that they are more resilient to the consequences of heavy storm
events, flooding and periods of drought, enable the recovery of valuable
resources like nutrients, energy, and water, and provide wider social and
environmental benefits. Rather than another (technological) add-on, the
future-proofing of urban water systems calls for a change to the socio-
technical system: current challenges need innovations that extend to
other urban disciplines, such as urban planners and road authorities (R.
Brown et al., 2009; Kiparsky et al., 2013). Accordingly, both scholars
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and practitioners agree that we need a more integrated approach to
prepare the urban water system for the future (R. Brown & Farrelly,
2009; e.g. Ferguson et al., 2013; Pahl-Wostl et al., 2011).

Although an integrated approach is clearly needed for the future-
proofing of urban water systems, there is no consensus on how such
integration should look like. We see at least three issues that contribute
to this lack of consensus:

- First, there is no agreed definition of what an integrated approach to
urban water management is (Nieuwenhuis et al., 2021). This com-
plicates communication about the role that integration could play for
future-proofing. In response to the multiple sustainability challenges,
different approaches to integration have been developed. The ap-
proaches focus for instance on storm water, resource recovery from
wastewater, the rehabilitation of water infrastructure, the urban
water cycle,' and the optimization of urban wastewater systems
(Nieuwenhuis et al., 2021). This diversity in focus illustrates the lack
of consensus on what a more integrated approach means.

- Second, even if actors have a shared understanding of what is meant

by integration, it is likely that they disagree on matters such as the

drivers of integration, the level of urgency or the means for inte-
gration. Integrated urban water solutions involve many different
actors, each of them having their own responsibilities, perspectives
and interests (e.g. Fratini et al., 2012; Roy et al., 2008). Molenveld
et al. (2020), for example, studied the viewpoints among non-
governmental stakeholders on the governance of integrated storm
water management — more specifically, on the governance of climate
adaptation. They found that actors have fundamentally different
views on the need and sense of urgency, as well as how to realize
climate adaptation (Molenveld et al., 2020). This illustrates the

“wicked” (Rittel & Webber, 1973) or “unstructured” (Hisschemoller

& Hoppe, 1995) nature of integration, with different parties dis-

agreeing not only about the solutions, but also about the nature of

problems.

Third, and related to the wicked nature of the issue, uncertainty

about the future (e.g., climate change, and technological and insti-

tutional developments) contributes to the lack of consensus on

integration in future urban water systems (Nieuwenhuis et al., 2021).

The inherent uncertainty may make that actors hold different views

on the requirements that future systems need to meet, which in turn

influences their view on (the need for) integration.

These three issues imply that among urban water practitioners, i.e.,
professionals involved in the management of (various parts of) the urban
water cycle who work at water boards, municipalities, drinking water
companies, knowledge institutes, and consultancy firms, there will be
different views about integration in future urban water systems. These
differences could stem from practitioners’ organizations, local condi-
tions or other issues. To work towards future-proof urban water systems,
practitioners have to cope with this diversity and wickedness in
decision-making on integration. To foster the implementation of inte-
gration, and thus to contribute to the future-proofing of urban water
systems, we need a systematic understanding of the different perspec-
tives on integration that exist among practitioners.

This study explores the different perspectives of Dutch urban water
practitioners on the role of integration for future urban water systems.
We use Q-methodology to empirically identify the perspectives, and
subsequently analyze the role of integration therein based on a typology
of urban water systems integration (Nieuwenhuis et al., 2021).
Analyzing real-world perspectives allows us to reflect on the extent to
which predominant perspectives in the literature mirror reality, and to

! The urban water cycle includes the “man-made” changes to the natural
water cycle, such as the infrastructures developed for drinking water supply and
the collection and treatment of wastewater.
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go beyond preconceived viewpoints that are commonly juxtaposed in
urban water literature, such as the sustainable and technocratic view-
point (see e.g. Chocat et al., 2007).

The paper is structured as follows. Section 2 explains the concept of
urban water systems integration and briefly describes the context of the
Dutch urban water sector. Section 3 explains the theory of Q method-
ology and how it was applied in this study. Section 4 presents the four
perspectives. In Section 5, we analyze the perspectives based on the
concept of urban water systems integration. Additionally, we discuss
them in the light of the current literature. We conclude with the impli-
cations of our research, as well as ideas for future research in Section 6.

2. An integrated approach to future-proofing urban water
systems

2.1. Urban water systems integration

Urban water systems integration (Nieuwenhuis et al., 2021) is
defined as “the physical, social, and institutional interlinking of (parts
of) the urban water system with other urban systems.” Nieuwenhuis
et al. (2021) introduced a typology of urban water systems integration
based on analysis of urban water literature. This typology distinguishes
four types of urban water systems integration: geographical, physical,
informational, and project-based systems integration. Each of the types
are related to specific object(s) of integration (Table 1).

- Geographical systems integration is based on the spatial alignment of
different urban infrastructure systems, and aims at preventing the
(undesirable) interference between them. This alignment is of
particular importance for high-density urban areas where many
functions have to be combined in the same urban space. Moreover,
emerging sustainability challenges, like the energy transition and
climate adaptation, are expected to put even greater pressure on this
space. Solutions, such as district heating, (additional) storm water
sewers and infiltration facilities require space on top of what is
already demanded today (Merkx, 2020). This illustrates the variety
of (conflicting) spatial interests involved. Geographical systems
integration aims to address these, focusing on the coordinated spatial
organization of urban systems.

Physical systems integration involves the physical linkage of two or
more urban systems, and can be based on either resources or
infrastructures.

In the case of integration based on resources, the product generated
or transported by one system (output) is required for the func-
tioning of another (input). An example is the recovery of resources
from wastewater, such as the local reuse of municipal wastewater
effluent for industrial purposes (Majamaa et al., 2010).

In the case of infrastructure-based integration, one infrastructure
uses the other to fulfill its function. Examples include multi-utility
tunnels that co-locates cables and ducts in one tunnel (Hunt et al.,

Table 1
Characteristics of the different urban water systems integration types.
Type of systems Object of Description
integration integration
Geographical Space Spatial alignment of urban systems in
the same area
Physical Resources Shared use of a resource for multiple
functions
Infrastructures Shared use of an infrastructure system
Informational Data Use of data from different urban systems
in operating those systems
Project-based Planning Alignment of rehabilitation and

construction plans for multiple urban
systems

From Nieuwenhuis et al. (2021).
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2014), and storm water solutions that are integrated into other

urban systems, such as living walls (Riley, 2017).
- Informational systems integration is based on combining data from
different urban systems, also referred to as a smart-city or digital-city
initiatives. Such initiatives are typically aimed at increasing the ef-
ficiency of systems, through integrating information and communi-
cation technology (ICT) and physical infrastructures. An example is
that of smart roofs, which provide dynamic water storage based on
real-time weather data and remote-control operation (Rainproof
Amsterdam, 2018).
Project-based systems integration focuses on the possible synergies
between urban infrastructure systems in rehabilitation and con-
struction planning. This comprises, for instance, the planning of
replacement and maintenance projects for different infrastructures
such that they take place at the same time, or immediately after each
other (see e.g. Tscheikner-Gratl et al., 2016).

2.2. Urban water management in the Netherlands

As a background to our empirical analysis, we briefly discuss the
context of the Dutch urban water sector. The Netherlands is a flat,
densely populated delta area, with large parts of the country below sea-
level. Fifty-nine percent of the country is susceptible to flooding, and
flood control has therefore long been a national priority (PBL, 2010).
There are two main types of landscape: low-lying, flat polders in the
western and northern part of the country, and slightly higher sandy
areas towards the east and south. While specific urban water challenges
depend on local conditions, both areas are facing similar issues: prac-
titioners have to find solutions for increasing drought, heat and extreme
storm events in complex, built-up urban areas. In addition, they are
faced with deteriorating infrastructure (RIONED Foundation, 2013).

When it comes to the management and operation of urban water
systems, drinking water companies, municipalities and water boards are
the key actors, while the central government is in charge of protecting
the country from flooding from the sea and main rivers.

- Drinking water companies are responsible for the production and
distribution of water, including the operation and maintenance of
the infrastructure required for this purpose. The service areas of the
ten drinking water companies in the Netherlands range from about
350 km? to 15.000 km*.

Municipalities are responsible for the collection and transport of
wastewater, as well as the management of storm water and
groundwater in public space (residents and businesses carry the re-
sponsibility for their own properties). Dutch municipalities range in
population size from about 1.000 to 870.000.

Water boards are in charge of the quantity and quality of surface
water, the management of polder water levels and flood defenses,
and wastewater treatment. The water boards are among the oldest
local government bodies in the Netherlands and operate indepen-
dently from the national government. In total, there are 21 water-
boards throughout the Netherlands.

3. Method

We applied Q methodology (S. Brown, 1980; Stephenson, 1936) to
identify the different perspectives of Dutch urban water practitioners on
integration for future urban water systems. Q methodology is a useful
method for our study because it allows researchers to identify the variety
of shared perspectives in a certain policy discourse (Molenveld, 2020).
This makes Q methodology particularly suitable to investigate wicked
policy issues, such as the future-proofing of urban water systems. In
contrast to conventional survey research, Q methodology allows the
researcher to explore the perspectives without hypothesizing them in
advance, and thus to go beyond preconceived viewpoints. In the field of
water management, Q methodology has been previously used to identify
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different perspectives on future flood management (Raadgever et al.,
2008), public participation processes (Webler & Tuler, 2006), gover-
nance of storm water (Cousins, 2017), as well as that of climate adap-
tation (Molenveld et al., 2020).

In a Q study, a diverse group of participants is selected and asked to
rank a set of statements on a particular subject into a prearranged,
normally distributed, grid (see Fig. 1). First, each participant sorts the
set of statements according to his or her own perspective. Then, the
individual sorts are grouped into shared perspectives using factor
analysis. To give researchers an in-depth understanding of the per-
spectives, each participant is subsequently interviewed to elaborate on
their sorting. By so doing, Q methodology combines the strengths of
both quantitative and qualitative research techniques: while its quan-
titative character allows the diversity of perspectives to be statistically
analyzed, the qualitative character of the Q methodology allows re-
searchers to stay close to the perceptions of participants.

Q methodology is an adaption of Spearman’s method of factor
analysis. Stephenson inverted the factor technique by applying by-
person factor analysis instead of by-variable factor analysis (Ste-
phenson, 1936). As such, Q methodology focuses on correlations be-
tween Q sorts. It treats individuals as if they are “the variables,” creating
factors that explain the variation among particular Q sorts (Stephenson,
1936). Rather than a relationship between particular statements, cor-
relations in Q indicate a relationship between the entire sets of
statements.

The method consists of 5 steps: (1) selecting the Q statements, (2)
selecting the participants, (3) conducting the Q interviews, (4) per-
forming the factor analysis, and (5) interpreting the factors (Cuppen,
2010; Watts & Stenner, 2012). Below, we will discuss each of these steps,
and explain how we carried them out in this study.

3.1. Step 1: selecting the Q statements

The first step comprises the concourse definition and the Q sample
selection. The concourse is the full range of discussions and discourses
on the particular issue under study (McKeown & Thomas, 1988). It is
constructed by collecting statements that represent the wide array of
subjective viewpoints on the issue. Thereafter, the final set of state-
ments, the Q sample, needs to be selected. This Q sample must be
“broadly representative of the opinion domain” and should “demon-
strate good coverage in relation to the research question” (Watts &
Stenner, 2012, p. 67). Watts and Stenner (2012, p. 59) distinguished a
structured and an unstructured Q sample, either developed using a
deductive or an inductive approach. Irrespective of the approach
employed, it is key that participants understand and recognize the
statements (and thereby the meaning of statements). Preferably, the
wording of Q statements should therefore stay close to the wording of
participants (S. Brown, 1980).

Most disagree Most agree
-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5

Fig. 1. The sorting grid used for this study. Each participant received 43
statements and had to rank them. The Q distribution ranges from —5 to +5 and
indicates the number of statements that can be assigned a particular
ranking value.
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In this study, the concourse covered all subjective viewpoints on the
role of systems integration in preparing the urban water system for the
future. We used an inductive approach to develop our concourse.
Statements were collected from six semi-structured interviews with
urban water practitioners, as well as from workshops and presentations
attended by the first author, scientific articles, Dutch newspapers, in-
dustry magazines and columns. During the interviews, we noticed that
the concept of integration was not always understood by practitioners.
Although practitioners stressed the need for cooperation and alignment
with other urban systems, they were often confused by the word inte-
gration, suggesting it did not fit their language. Hence, we decided to
collect both statements explicitly about integration, and statements
about future-proofing in general. This included topics such as future
urban water challenges, expectations about future service levels and
changes required to meet these levels. In the next step, we subsequently
identified the statements that were either implicitly or explicitly about
integration. This approach allowed us to explore the concept of inte-
gration in an empirical way. Statements were collected until saturation
was reached. This resulted into a concourse of 649 statements.

For the Q sample selection, we then took a semi-structured approach.
We evaluated for each of the 649 statements whether it was about
integration. We searched for words with a similar meaning, such as
“collaboration” or “cooperation”, and for statements describing inte-
gration in a more implicit way. All 649 statements were categorized into
three sub-themes: the meaning of integration, drivers for integration (or
drivers for non-integration), and the challenges and opportunities to
integration. Statements that did not fit one of these categories were
rejected, and duplicates were removed, reducing the set to 150 state-
ments. By iteratively categorizing the statements based on their subject
(e.g., financial matters, human resources, public health, and guidelines
and regulations) and merging similar statements, the set was further
reduced to 65 statements. We then repeatedly discussed the statements
with five urban water professionals and a Q researcher, resulting in a
preliminary Q sample of 48 statements. After piloting this sample in five
interviews, we made a few more alterations to the statements. This
resulted in a final Q sample of 43 statements.

To further check the validity of our sample, we asked the participants
after each interview whether they felt the Q sample covered the relevant
issues. Most participants were satisfied and did not wish to add any-
thing. Those who did want to add something elaborated on an issue they
had already mentioned in relation to one of the other statements. This
confirmed that the Q sample included the variety of relevant issues and
ideas.

3.2. Step 2: selecting the participants

Step 2 consists of sampling the P set: the group of participants.
Earlier it was explained that Q research aims to discover and explicate
relevant viewpoints on a particular topic. This implies that a P set needs
to be diverse, capturing the different viewpoints that participants have
on a particular topic, rather than a representative sample that accurately
reflects particular characteristics of a population (S. Brown, 1980). Q
methodology therefore typically relies on a strategic sampling strategy,
in which participants are selected if they have a defined and relevant
viewpoint on the issue at stake (Watts & Stenner, 2012, p. 70). In
addition, a Q study does not require a large number of participants: there
are generally fewer participants than statements, with interviews
continuing until no new perspectives emerge (Watts & Stenner, 2012, p.
73). This is supported by the inverted factor analysis that is part of Q
methodology (see Step 4), in which participants are the variables rather
than the statements.

We defined our P set as follows: Dutch urban water practitioners who
are actively involved in policy-making, such as policy-makers, strategic
advisors and policy practitioners, working in (semi-)governmental and
private organizations. Aiming to include all relevant perspectives, we
used a strategic heterogenous sampling approach. We selected

Cities 126 (2022) 103659

participants from different organizations and backgrounds, and from
across the county, maximizing diversity with respect to contextual
variables (e.g. geographical location, soil conditions, municipality size,
and local taxes for urban water services). Participants were selected in
three ways: we approached people via our own network (n = 18), we
used LinkedIn (n = 5), and we approached referrals based on the
snowball sampling technique (n = 7).” This resulted in a final group of
30 participants, employed at water boards, municipalities, drinking
water companies, knowledge institutes, and consultancy firms (Table 2).

3.3. Step 3: conducting the Q interviews

Step 3 comprises the Q interviews. First, the participants sort the set
of statements, from their own perspective, into a fixed normal distri-
bution (see Fig. 1). This forces them to reflect on each statement and to
prioritize which statements they find most important with respect to the
issue at stake. Thereafter, a post-sorting interview is conducted to get a
more profound and qualitative understanding of the participant’s
perspective.

The first three interviews were conducted face to face in December
2019. The remaining 27 interviews were conducted via video confer-
encing from April to August 2020 due to COVID-19 restrictions. For the
online interviews, we sent a printed set of statements together with the
sorting grid (Fig. 1) in advance, and subsequently guided the partici-
pants through the Q sort during the video call. Both the in-person and
the Online interviews were performed in a similar way and each
participant received the same instructions. All interviews were recorded
and transcribed.

We first introduced the aim of our project. We explained that we
were interested in the different perspectives of practitioners on future
urban water systems, and that we were particularly interested in the role
integration could play in future systems. We then asked the participants
to sort the statements according to the question: “which statements do
you (dis)agree most with regarding a future-proof urban water system?”
We formulated this question in terms of “future-proof’ rather than
“integration,” as we had learned early in the project that the term
integration was not well understood by all practitioners (see Section
3.1). By using “future-proof,” which is a common term in Dutch (“toe-
komstbestendig™), in combination with our introduction about integra-
tion, we made sure that each participant would understand what was
meant.

The participants subsequently read through the 43 statements one by
one, and sorted them into three piles: those they agreed with, those they
felt neutral about and those they disagreed with. We then asked them to
return to the piles, and to sort them into the sorting grid, starting with
the statements they agreed with (at the rightmost side of the grid), then
the ones they disagreed with (at the leftmost side of the distribution),
and lastly, the statements they felt “neutral” about. After the sorting, we

Table 2
Overview of participants per actor type.

Type of organization Number of participants

Municipality 12
Water board 7
Drinking water company 3
Knowledge institute 3
Advisory company/Consultancy firm 5
Total 30

2 Snowball sampling is a technique in which interviewees suggest other po-
tential interview candidates. Each participant was asked to suggest other urban
water practitioners with a defined, either similar or different, viewpoint on the
future-proofing of urban water systems.
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asked the participants if they felt the Q sort reflected their point of view,
or if they wanted to make any last adjustments.

In the post-sorting interviews, we asked the participants about the
positions of statements, in particular the most (dis)agreeable ones — thus
the statements sorted into the two outer columns at +4 and 5 (see
Fig. 1). In addition, we asked them how they viewed an integrated
approach to urban water management, and the role this could play in
preparing the system for the future.

3.4. Step 4: factor analysis

The aim of the fourth step (factor analysis of the Q sorts) is to look for
participants who have sorted the statements in a similar way, and thus
who have a shared perspective on the issue at stake. In Q method, factor
analysis is an iterative process, in which researchers identify and eval-
uate different factor solutions, aiming for factors that could be inter-
preted as meaningful perspectives. There are two methods of factor
extraction: centroid factor analysis and principal component analysis.
Although these are two different methods of extraction, they are found
to produce similar factor results (Harman, 1976). The next step in factor
analysis comprises factor rotation, which can be done using varimax
rotation or by hand (manual rotation). Varimax rotation uses statistical
criteria that maximizes the amount of study variance that the factors
altogether account for. In Q methodology, however, the best mathe-
matical solution is not always the most meaningful solution; i.e., the
solution that best explains and explicates the variety of perspectives. It is
therefore suggested to use varimax rotation at the outset, followed by a
manual rotation using the substantive knowledge of the data gained
during the process of Q analysis (Watts & Stenner, 2012, p. 126). To
facilitate the evaluation of different factor solutions, a weighted average
ranking of the statements is computed for each of the rotated factors — a
so-called factor array. This factor array shows the “ideal” Q sort for that
factor, i.e. how someone with a Q sort that would load 100% on that
factor would have ranked the statements. The factor arrays could be
used for interpretation of the factors, each representing a perspective
that is shared by the participants who load uniquely and significantly on
that factor.

To analyze our Q sorts, we used the open-source software Ken-Q
v.1.0.6 (Banasick, 2020). We defined the most meaningful clustering
of Q sorts, using an iterative approach: we looked into various factor
extraction and rotation options, and went back and forth between the
quantitative and qualitative data. Eventually, we used principal
component analysis and varimax rotation, followed by three by-hand
adjustments.® This resulted into four interpretable factors. The deci-
sion for a four-factor solution was supported by two criteria that are
commonly used to evaluate how many factors to keep after extraction:
each of the factors had at least two Q sorts that loaded significantly upon
that factor alone (S. Brown, 1980, pp. 222-223); and the cross-product

3 We first used varimax rotation to explore the dominant viewpoints among
our participants. This resulted into 15 Q sorts with a significant factor loading
(p < 0.01) on a single factor; loadings exceeding +0.3934 are significant at the
0.01 level (for the formula, see Exel van & Graaf de, 2005). The varimax
rotation was evaluated by an initial interpretation of the factors, looking at all
Q sorts that loaded significantly on one or more factors. It then emerged from
the qualitative data that three Q sorts that loaded (borderline) significantly on
two factors, namely Q sorts 1, 12 and 13, actually had a better fit with only one
of these factors. In accordance with the rotation procedure outlined by Watts
and Stenner (2012, p. 126), we therefore decided to make three by-hand ad-
justments: we rotated factor 1 and 4 two degrees clockwise, factor 2 and 3 three
degrees anti-clockwise and factor 3 and 4 two degrees anti-clockwise. This
raised the number of Q sorts associated with our four factors from 15 to 18 out
of 30, with Q sort 1 loading significantly on Factor 3 (with a factor loading of
0.49), and Q sort 12 and 13 on Factor 1 (with factor loadings of 0.58 and 0.59,
respectively). Other than these three Q sorts, the by-hand adjustments had no
further impact on the composition of the factor groups.
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of the two highest loadings on that factor (ignoring signs) exceeded
twice the standard error of that factor, also known as Humphrey’s rule
(S. Brown, 1980, p. 223).

In the final four-factor solution, 29 out of 30 Q sorts loaded signifi-
cantly on one or more of the factors, of which 18 were defining ones; i.e.,
Q sorts that were uniquely associated with a particular factor (see Ap-
pendix B for an overview). Factor 1 had the highest number of defining
Q sorts, with eight participants loading significantly. Both Factors 2 and
3 had four participants loading significantly, and Factor 4 had two.

3.5. Step 5: factor interpretation

The fifth step is the interpretation of the factors into unique per-
spectives. The output from the factor analysis (step 4) generally forms
the basis for the perspective descriptions. Additionally, the post-sorting
interviews (step 3) facilitate the in-depth interpretation of the perspec-
tives and is used to enrich the descriptions.

Section 4 presents the descriptions of our four perspectives. To
develop the descriptions, we drew on the defining and distinguishing
statements. The defining statements are the most (dis)agreeable state-
ments, i.e. those ranked at +4 and 5. The distinguishing statements are
those ranked significantly different at the 0.05 level (for the formula, see
S. Brown, 1980, p. 300), and ranked highest or lowest compared to any
other factor. In addition, we used quotes from the post-sorting in-
terviews to further explicate the perspectives.

4. Results: four perspectives on integration for future urban
water systems

This section presents the four perspectives identified with Q meth-
odology: Future-proofing through coordination: finding space for urban
challenges (perspective 1), Future-proofing through climate adaptation:
creating livable cities (perspective 2), Future-proofing through recovery:
challenging institutional structures (perspective 3), and Future-proofing
through efficiency: being in control (perspective 4). For each factor, we
provide a narrative, together with the defining and distinguishing
statements. We end the section with a summary of the perspectives. The
factor scores per statement could be found in Appendix A. Appendix B
provides an overview of the participants and their factor loadings.

4.1. Perspective 1. Future-proofing through coordination: finding space
for urban challenges

Table 3 provides an overview of the defining and distinguishing
statements for perspective 1, Future-proofing through coordination: finding
space for urban challenges. This perspective is represented by eight par-
ticipants, working at municipalities (n = 3), consultancy firms (n = 2), a
knowledge institute (n = 1), a water board (n = 1) and a drinking water
company (n = 1).

At the heart of this perspective is better coordination of different
urban challenges: working beyond organizational boundaries and
finding space for challenges related to water, while not overlooking
those related to other domains. Hence, these practitioners are conscious
of the urban complexity in which the urban water system has to be
managed. They believe that new technologies could play an important
role (28), but they stress, above all, that we need to change the way we
work. The practitioners argue that the implementation of integrated
solutions is currently hampered by a lack of collaboration, both between
sectors (5) and between phases (37). As such, the urban water sector
should operate beyond traditional roles (1,10,20). It should not only rely
on the cooperation with water partners (29), but also actively engage
with the various parties in the city (39), not forgetting its inhabitants
(13). This issue is reflected by respondent 26:
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Table 3

Overview of the defining statements (+4 and 5) and distinguishing statements
(atp < 0.05) for perspective 1. Statements significantly different at the 0.01 level
are indicated with an asterisk. Rel.position stands for relative position, indi-
cating if the ranking value is, on average, higher (>) or lower (<) compared to
other factors.

Type of statement Ranking Statements (including their number)
value
and rel.
position
Defining +5 > 39 The only way to climate-proof our city is

statements (most making connections to other projects and
agree) parties in the city, and linking climate
adaptation to their goals.

Separate budgets for maintenance of
green facilities, roads and water hinder
the implementation of integrated
solutions.

The careful transfer between the various
phases of policy, design, implementation
and management remains a challenge to
successfully integrating the design of the
public space.

The challenge of collaboratively
achieving a future-proof public space is
not so much agreeing on the actual

+4 > 37

design, but rather in agreeing on the
moment of replacement.

Creating support and awareness among
residents is crucial to achieve a future-
proof urban water system.

By dwelling on larger issues, such as
defining risk profiles, we miss obvious

Other disting. +1 > 38"
statements

opportunities for improvement.

The future of the urban water system

depends on how the energy transition is

implemented and how fast.

To achieve future-proof urban water

management, clearer rules are needed

about who is responsible for damage and

how to prevent it.

In order to prepare our urban water

system for the future, agreements

between the various water partners is

more important than between the parties

involved in spatial planning.

Everyone talks about climate proofing

and circularity, but we should first ensure

that our gullies, the sewage system and

the receiving water system function

properly.

The water sector’s ambition to be

sustainable comes at the expense of its

core business: caring for public health,

guaranteeing dry feet and protecting

water quality.

We should not apply innovative solutions

until we have identified their risks.

The focus on climate adaptation diverts

attention away from traditional

management tasks.

Defining
statements (most
disagree) -5 < 20

" Distinguishing statements at p < 0.01.

The traditional management duties are, of course, very important,
but those will all work out. We are so good at it in the Netherlands
that these traditional management tasks can be carried out easily.
The next step is simply to collaborate.

This perspective sees (timely) coordination as an effective means of
dealing with contemporary urban water challenges, irrespective of the
challenge. The coordination extends, for example, to climate adaptation
projects for which a major challenge lies in spatial planning (39), but
also to that of the subsurface, such as with respect to the energy tran-
sition and the space needed for district heating (26). The practitioners
see cooperation as a means, as the vehicle, of identifying what is at stake,
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negotiating with the different parties involved, and collaboratively
deciding on the trade-offs. This is illustrated by respondent 12:

It is all about space. ... So, you will have to make choices. ... In fact,
as a city, we have to learn to... just as much as we look at a particular
area for the water system, we should look at the whole urban area for
the city and think of our priorities: what are the priorities for the
different systems?

In this context, this perspective does not see a role for generic rules,
as these do not acknowledge this urban complexity (40). Instead, they
argue that a process of interaction should provide input for (location-
specific) solutions. They believe that such a process will eventually
result in a design that could safeguard different urban interests. They,
however, see a hurdle for the final implementation; i.e., the planning
(7). Respondent 12 reflects on this issue:

I believe that in terms of content, when it comes to technical matters,
you can always find a solution — you can always come up with things.
But the discussions are always about planning ... especially if there
are different organizations involved.

4.2. Perspective 2. Future-proofing through climate adaptation: creating
livable cities

Table 4 shows the defining and distinguishing statements for
perspective 2, Future-proofing through climate adaptation: creating livable
cities. The perspective has four significantly loading Q sorts. The par-
ticipants are employed at a municipality (n = 3) and at a water board (n
=1).

In this perspective, future-proofing relates to climate adaptation and
an integrated approach to storm water management. The practitioners
see an important role for including urban water infrastructure in the
spatial design to improve the livability, as well as the biodiversity of
cities. To this end, they are in favor of “non-piped”, preferably nature-
based, urban drainage solutions that process the water locally by
means of infiltration, delay, and/or storage (31). Respondent 4 explains
that such future systems preferably have other social and environmental
benefits as well:

In my view, a future-proof water system is one that is able to deal
well with our future climate and all the weather conditions associ-
ated with it. So, it should be able to resist a warmer climate, but also
to other weather extremes. Furthermore, I think it is very
important that it serves a wide range of societal goals, and preferably
it should be a system that proves its added value already now.

Hence, next to preparing for a changing climate, this perspective
finds healthier urban ecosystems important. This is reflected by
respondent 6: “I really see it [the urban water system] much more as an
ecosystem that needs to be in some kind of balance so that it functions
well.” Healthy surface water is part of such a balance, for which this
perspective sees a shared responsibility for the water authorities and the
municipalities (29). Above all, however, this perspective stresses the
need for an integrated approach to spatial planning — and thus taking
climate adaptation measures — to keep the city ecosystem in balance.
The practitioners underline that the urgency of climate adaptation re-
quires connecting with other projects and parties in the city (39), seeing
the rehabilitation of whatever type of infrastructure as an opportunity to
design the public space in a climate-proof way (7). In addition, they
argue that a broader framing of climate adaption could contribute to a
future-proof city, such as reflected by respondent 7:

In my opinion, you should not use climate adaptation to summarize
it, but rather the livability of the city, so then you have “healthy
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Table 4

Overview of the defining statements (+4 and 5) and distinguishing statements
(atp < 0.05) for perspective 2. Statements significantly different at the 0.01 level
are indicated with an asterisk. Rel.position stands for relative position, indi-
cating if the ranking value is, on average, higher (>) or lower (<) compared to
other factors.

Type of statement Ranking
value
and rel.

position

Statements (including their number)

Strict regulation of spatial developments,
such as the “compensation rule” for
water storage or a minimum construction
level, are essential to create more space
for water.

Any storm water solution that reduces
the amount of water in the sewerage
system is a step in the right direction and
will help to change our way of thinking.
To prepare the urban water system for
the future, we have to discard the idea
that this should not cost more than our
current system.

The only way to climate-proof our city is
making connections to other projects and
parties in the city, and linking climate
adaptation to their goals.

Climate adaptation needs a clear captain
who can combine issues like flooding,
heat stress and drought.

In order to prepare our urban water
system for the future, agreements
between the various water partners is
more important than between the parties
involved in spatial planning.

The challenge of collaboratively
achieving a future-proof public space is
not so much agreeing on the actual
design, but rather in agreeing on the
moment of replacement.

We should not apply innovative solutions
until we have identified their risks.
Using legislation to enforce climate
adaptation measures is undesirable.

The future of the urban water system
depends on how the energy transition is
implemented and how fast.

At street level, it is best to work on an
individual basis — because coordinating
with other sectors costs too much time
and money.

Municipalities do not have sufficient
knowledge and experience to properly
manage the process towards a future-
proof urban water system.

+5 > 31"

> 18+

Defining
statements (most
agree) +4 > 34

Other disting.
statements -3 < 7"

Defining
statements (most
disagree) -5 < 3"

* Distinguishing statements at p < 0.01.

urban planning,” that kind of slogans. ... Only if you say you’'re going
to make the city more attractive, and pleasant, and livable, then you
can make people enthusiastic.

As climate adaptation is so urgent to these practitioners, they are not
bothered by the potential higher costs the integration of storm water
infrastructure in the spatial planning brings along (18, 17). There is no
time to wait until future innovative solutions can be implemented,
neither to wait for the energy transition (26, 28). Hence, municipalities
have to come into action, and appoint someone who can take the lead to
accelerate actual implementation (34). According to this perspective,
municipalities are the right and the only party to organize the transition
to a more climate-robust urban water system (3), using regulation to
steer on the objectives for the water system (9,32).
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4.3. Perspective 3. Future-proofing through recovery: challenging
institutional structures

The defining and distinguishing statements for perspective 3 (Future-
proofing through recovery: challenging institutional structures) are presented
in Table 5. Perspective 3 has four participants loading significantly,
working at a water board (n = 2) and a drinking water company (n = 2).

In this perspective, future-proofing is about closing cycles, making a
“sponge” of urban areas and recovering the resources that are present in

Table 5

Overview of the defining statements (+4 and 5) and distinguishing statements
(atp < 0.05) for perspective 3. Statements significantly different at the 0.01 level
are indicated with an asterisk. Rel.position stands for relative position, indi-
cating if the ranking value is, on average, higher (>) or lower (<) compared to
other factors.

Type of statement Ranking Statements (including their number)
value
and rel.
position
Defining +5 > 34 Climate adaptation needs a clear captain

statements (most who can combine issues like flooding,
agree) heat stress and drought.

Active management of groundwater,
both in terms of the replenishment and
discharge of groundwater, is a
requirement for a future-proof urban
water system.

Knowing that everything we build now
will have to last for many decades, our
ambitions for a future-proof system
should be much higher.

Creating support and awareness among
residents is crucial to achieve a future-
proof urban water system.

In order to make our system future-proof,
shifting to a district-oriented approach is
vital; replacing at the neighborhood level
rather than street level.

When choose to renovate sewers, we are
indirectly opting to maintain our current
system; continuing to develop renovation
technologies, such as relining, is thus a
threat to future-proof urban water
systems.

Decentralized wastewater systems are
better able to meet the objectives of a
future-proof urban water system than
centralized ones.

If we want to achieve our spatial
ambitions in the future, the space under
the ground needs to be the starting point
for the above-ground design.

The careful transfer between the various
phases of policy, design, implementation
and management remains a challenge to
successfully integrating the design of the
public space.

Using legislation to enforce climate
adaptation measures is undesirable.

We should not apply innovative solutions
until we have identified their risks.

At street level, it is best to work on an
individual basis — because coordinating
with other sectors costs too much time
and money.

In order to prepare our urban water
system for the future, agreements
between the various water partners is
more important than between the parties
involved in spatial planning.

The Environment and Planning Act will
improve the coordination between
different urban infrastructures.

+4 > 35

+3 > 25*

Other disting.
statements -1 < 37*

Defining
statements (most
disagree) < 8

* Distinguishing statements at p < 0.01.
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wastewater. Water management practices need a fundamental change
according to this perspective. The urban water sector should put its
ambitions high (35) and think twice before renovating systems that in
fact are outdated already now (21). To prevent decisions that lead to
technological lock-in, the water sector should focus on long term goals
and make a strategic plan that looks at a bigger spatial scale (23). Rather
than sticking to traditional systems and roles, it should look for inno-
vative solutions (28) and be open to new types of institutional ar-
rangements, for example local initiatives together with companies. As
such, respondent 9 believes that “you need to start thinking on a smaller
scale and apply more small-scale solutions, and then you will auto-
matically arrive at the level of residents or companies.” Hence, this
perspective sees a role for decentralized solutions in future urban water
systems (25), and finds support from residents essential, because local
solutions can also require effort from them (13). Along these lines,
participant 24 reflects on the position of large-scale treatments plants
that we have today:

If we look at the future, perhaps we should change our system, and
that means that we deal with our wastewater in a different way, or
that there is perhaps a much more logical place to recover resources.
Hence, we should not pin ourselves down on that-end-of-pipe too
much, by doing all kinds of things there. There may well be other
places where we can do much better.

Increasing drought is a strong new driver to focus on recovery, and
the replenishment of aquifers is therefore key to these practitioners (33).
They underline that drought does not only decrease the water avail-
ability, but also changes the patterns of demand. Accordingly, they
argue that drought-related issues cannot be solved with the water
partners alone, and that they should therefore shift their attention to
parties involved in spatial planning (29,17). They argue that this needs
central coordination. Hence, they see an important role for a captain
who could pull the different disciplines and organizations together (34),
combined with legislation to support change towards more sustainable
urban water solutions (32). This is reflected by respondent 24:

There are people who say that you will make it, but you need lead-
ership and the right stimuli to make that change happen. It does not
happen by itself. It is not going to come slowly. ... There has to be
some pressure, there has to be urgency and there has to be leader-
ship, regulation, otherwise you cannot get it done.

This quote also explains why this perspective is critical to the new
Environmental and Planning Act (8), which will be effectuated in
January 2022 as to facilitate integrated spatial planning, and focuses on
a decentralized approach. The practitioners doubt whether the new law
can really bring about the change required, such as reflected by
Respondent 24: “I hear all kinds of things about the Environmental and
Planning Act, that it is going to change everything. ... But then one is
talking about the instrument, but not about the purpose behind it.”

4.4. Perspective 4. Future-proofing through efficiency: being in control

Table 6 provides an overview of the defining and distinguishing
statements for perspective 4, Future-proofing through efficiency: being in
control. The perspective has two Q sorts uniquely associated with it. Its
participants are working at a consultancy firm (n = 1) and at a munic-
ipality (n = 1).

In this perspective, asset management is the main priority: the
practitioners have a strong focus on managing the subsurface space
efficiently (27), and thereby take a technical-financial view with respect
to future-proofing. According to respondent 20, “future-proof is simply
that you are in control, that you know what is going on, that you have
your act together.” Hence, these urban water practitioners are not
bothered by deeply rooted habits that prevent change (6), as they find it
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Table 6

Overview of the defining statements (+4 and 5) and distinguishing statements
(atp < 0.05) for perspective 4. Statements significantly different at the 0.01 level
are indicated with an asterisk. Rel.position stands for relative position, indi-
cating if the ranking value is, on average, higher (>) or lower (<) compared to
other factors.

Type of statement Ranking Statements (including their number)

value

and rel.

position
In order to make our system future-proof,
shifting to a district-oriented approach is
vital; replacing at the neighborhood level

> 23 rather than street level.

If we want to achieve our spatial
ambitions in the future, the space under
the ground needs to be the starting point

+5 > 27 for the above-ground design.

The water sector should adopt digital
advances and fully exploit the
opportunities that smart technology

> 16"  offers.
The careful transfer between the various
phases of policy, design, implementation
and management remains a challenge to
successfully integrating the design of the

> 37 public space.
To achieve future-proof urban water
Defining management, clearer rules are needed
statements (most about who is responsible for damage and
agree) +4 > 40 how to prevent it.

Everyone talks about climate proofing
and circularity, but we should first ensure
that our gullies, the sewage system and
the receiving water system function
properly.

Creating support and awareness among
residents is crucial to achieve a future-
proof urban water system.

We should not apply innovative solutions
until we have identified their risks.

To prepare the urban water system for
the future, we have to discard the idea
that this should not cost more than our
current system.

In the final analysis, deep-rooted habits
are what prevent the realization of
future-proof systems.

Active management of groundwater,
both in terms of the replenishment and
discharge of groundwater, is a
requirement for a future-proof urban
water system.

Strict regulation of spatial developments,
such as the “compensation rule” for
water storage or a minimum construction
level, are essential to create more space
for water.

The future of the urban water system
depends on how the energy transition is
implemented and how fast.

In order to prepare our urban water
system for the future, agreements
between the various water partners is
more important than between the parties
involved in spatial planning.

Any storm water solution that reduces
the amount of water in the sewerage
system is a step in the right direction and
will help to change our way of thinking.
Decentralized wastewater systems are
better able to meet the objectives of a
future-proof urban water system than
centralized ones.

Knowing that everything we build now
will have to last for many decades, our
ambitions for a future-proof system
should be much higher.

+2 > 10"

Other disting.
statements -3 < 9%

Defining
statements (most
disagree) -5 < 35
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" Distinguishing statements at p < 0.01.

most important that we operate the system in a smarter way, thereby
considering all phases of the development process (37). Digital tools
could contribute to this (16), as well as clearly defined responsibilities
(40). A future-proof system is thus by no means about setting higher
ambitions (35), but rather about a better management of the current
system (10).

Saving costs and efficiency is important to this perspective (18). One
of the reasons that these practitioners do not see a role for decentralized
wastewater infrastructure (25), nor for local storm water measures (31),
is based on the principle of “economies of scale”. To this end, the
perspective is in favor of collective solutions. This also explains why
support from residents is less important to them (13), Respondent 6
reflects on this issue:

In my view, there are already a lot of possibilities underground. And
in that case, indeed, depending on the situation, it is not an absolute
necessity to involve residents, as they are not bothered by it at all.
Moreover, I have more faith in district-focused measures than in
street-focused measures, and the larger the scale, the less important
it is to involve individual residents.

Additionally, respondent 20 explains that collective solutions allows
the sector to be in control, which is at the heart of this perspective:

Most above-ground solutions require quite a lot of maintenance and
also require people who live there to be careful. ... That means that,
if it works now, it does not have to work in five years’ time. ... Yet, I
believe that, on the long run, we will look for it [space] in the un-
derground again, because this is easier, as a government, to keep the
control.

The focus on efficiency, which characterizes this perspective, is also
reflected in the call for the collective replacement of systems. For
example, this enables the implementation of climate adaptation mea-
sures at little additional costs. The practitioners argue for taking a good
look at the subsurface and the existing infrastructures, preferably on a
district level, to facilitate collective replacement (23, 27) — and thus to
save costs. Moreover, they underline that coordination with parties in
charge of these infrastructures becomes even more important (29), since
the pressure on the subsurface is only increasing further in the future.
They find collective replacement important; nevertheless, own goals and
targets should not lose sight of. For instance, other parties should invest
as well (e.g. green authorities), and they do not want to pay for the
energy transition, nor want to wait for it, if the need for (sewer)
replacement is high in a particular area (26).

4.5. Summary of the perspectives and their understanding of future-

proofing

Table 7 presents the key characteristics for each perspective. This
reveals that the perspectives have different understandings of future
urban water management. Perspective 4 (Future-proofing through effi-
ciency: being in control) is most distinctive from the other perspectives.
This is also shown by the factor score correlations (Table 8), as these
were considerably lower for factor 4 than for the other factors. We first
provide a recap of perspective 4 and subsequently summarize the other
three perspectives, for which the differences are more nuanced.

Perspective 4 (Future-proofing through efficiency: being in control) has a
clear idea of the way to become future-proof; i.e., being in control,
having good insights into the system and opting for efficiency. At the
same time, it also has an idea of how future systems should look like,
with centralized solutions dominating future urban water systems. They
only see a minor role for decentralized solutions in future urban water
systems, as they argue that the drainage capacity of decentralized storm
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Table 7
Overview of the perspectives. The table provides the key characteristics for each
perspective. P stands for perspective.

Perspectives Key characteristics

P1: Future-proofing through
coordination: finding space for urban
challenges

Finding space for urban sustainability
challenges
Dealing with urban complexity
Putting a collaborative process
central
P2: Future-proofing through climate - Climate-proofing urban space
adaptation: creating livable cities - Creating livable cities and healthy
ecosystems
Using regulation to accelerate climate
adaptation
Closing cycles and dealing with
increasing drought
Challenging current institutional
structures
- Guiding change through leadership
P4: Future-proofing through efficiency: - Operating urban water infrastructure
being in control in a smarter way
Putting a better understanding of the
system central
Increasing efficiency through
collective replacement and solutions

P3: Future-proofing through recovery:
challenging institutional structures

Table 8

Factor score correlations. KenQ automatically calculates the correlations be-
tween factor arrays. A higher factor score correlation indicates a greater simi-
larity in content between two factors — and thus the perspectives.

Factor 1 Factor 2 Factor 3 Factor 4
Factor 1 1.00 0.47 0.41 0.31
Factor 2 0.47 1.00 0.41 0.11
Factor 3 0.41 0.41 1.00 0.00
Factor 4 0.31 0.11 0.00 1.00

water solutions cannot be guaranteed, making them financially unat-
tractive. This does not imply, though, that these practitioners do not see
the need for climate adaptation, or do not acknowledge other (non-
water-related) benefits decentralized storm water solutions could bring.
According to them, however, other involved parties (e.g. green au-
thorities) should contribute to these solutions as well.

Perspective 1 (Future-proofing through coordination: finding space for
urban challenges) acknowledges that climate adaptation is essential for
future-proofing, but it puts climate adaptation next to other urban
challenges. The main concerns of this perspective are the many urban
challenges that have to be addressed simultaneously, and the limited
space available. Rather than strict regulation, the practitioners see a
collaborative process as the critical means of future-proofing. They
believe that regulation in fact threatens the room for negotiation with
other parties, arguing that a proper process will yield a proper solution.
They consider the physical solution thus subordinate to the collaborative
process, and mainly have a strong vision of the way to become future-
proof (coordination), rather than what the future urban water system
should look like.

Perspective 2 (Future-proofing through climate adaptation: creating
livable cities) has its main focus on climate adaptation and sustainable
storm water measures when it comes to future-proofing. The perspective
considers climate adaptation key to improve the social and environ-
mental conditions of cities. Hence, it has a strong focus on processing
storm water locally, and the practitioners have a clear picture of how
future systems should look like; i.e., a climate-proof urban space, for
which the urban water infrastructure is included in the spatial design.
They argue that regulation is key to enforce that much needed adapta-
tion measures will be taken in time, and see a key role for municipalities
to take the lead.

Perspective 3

(Future-proofing  through

recovery: challenging
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institutional structures) displays some similarities with both the first and
second perspective: it emphasizes the need for climate adaptation to
become future-proof (perspective 2), and thereby sees an important role
for (new) collaborations (perspective 1). Different from perspective 1,
however, this perspective is less concerned with urban complexity and
mainly focuses on the urban water system, also in relation to the wider,
regional, water system. Increasing drought is a central theme, and ac-
cording to perspective 3, the urban water system can only become
future-proof if we treat both storm and wastewater more carefully:
storm water should be utilized, and the resources present in (industry)
wastewater should be recovered.

In addition, compared to perspective 2, perspective 3 has a different
view on climate adaptation: rather than redesigning urban space to
create livable cities, perspective 3 focuses on “redesigning” the urban
water cycle to address the consequences of drought. Perspective 3 thus
operates at a larger spatial scale than perspective 2. This may be related
to the fact that perspective 3 is only represented by water authorities (n
= 2) and drinking water companies (n = 2); i.e. organizations with
service areas extending beyond city boundaries, and that are primarily
concerned with water-related issues. This could account for the per-
spective’s strong focus on the water system itself, rather than how the
water system needs change in relation to other urban challenges
(perspective 1); how and when infrastructures need to be replaced
(perspective 4); or, how public space should be redesigned (perspective
2). For the other perspectives, we did not find any surprising results with
respect to the participants defining that perspective.

None of the perspectives were represented by participants from only
one organization, or by participants from organizations with similar
contextual variables (e.g. geographical location or municipality size).
This suggests that perspectives are not (only) dictated by the practi-
tioner’s organization or other local conditions. Further research, e.g.
involving a larger group of practitioners and using quantitative
methods, is needed to determine the influence of these factors.

Altogether, we found that the perspectives on future-proofing mainly
differ with respect to their view on future systems, i.e., which sustain-
ability challenges should be addressed, and the means to be used.
Despite these differences, our results reveal a basis of mutual agreement
among urban water practitioners: practitioners generally agree that
traditional urban water management practices need to change to pre-
pare the system for the future. Furthermore, we could not identify clear
conflicts between the perspectives. So, despite their different values and
interests, our results suggest that the intentions of one perspective do not
necessarily rule out those of the other perspectives.
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5. Discussion

This section first discusses the role each of the perspectives sees for
integration in future urban water systems, using the typology of urban
water systems integration (Section 2.1). Second, we analyze how each of
the perspectives relates to the literature.

5.1. The different views on the role of integration in future urban water
systems identified

The different understandings that the perspectives have of future-
proofing (Section 4.5) are reflected in the role they see for integration
in future urban water systems (Table 9).

In perspective 1 (Future-proofing through coordination: finding space for
urban challenges) integration is viewed as a means to safeguard different
urban interests, and thereby to become future-proof. This is also re-
flected in the types of integration identified for perspective 1:
geographical, physical and project-based integration. For perspective 2
(Future-proofing through climate adaptation: creating livable cities), all
types of integration are focused on climate adaptation. They either
relate to the measures themselves (geographical and physical integra-
tion), or to the path towards it (project-based integration). Perspective 3
(Future-proofing through recovery: challenging institutional structures) sees
integration as a vehicle for future-proofing: geographical and physical
integration can serve as a solution to address the increasing drought, by
closing resource and/or water cycles. In perspective 4 (Future-proofing
through efficiency: being in control), integration is viewed as a way to
increase efficiency, e.g. in the case of project-based integration to bring
financial gain; or to have more control, for example with geographical
integration to get better insights into (the location of) various physical
systems.

Some types of integration are more commonly referred to than
others. We did not identify the informational type of systems integra-
tion, for example, while the geographical type of systems integration
was identified in each of the perspectives. This suggests that urban water
practitioners have a common understanding that the spatial alignment
of systems is key to future-proofing. Likewise, one could argue that
practitioners do not see a role for the integration of information (yet);
however, we only included the types of integration that were explicitly
mentioned in the interviews. For instance, in the research project of
which this study was part, we identified a project in Amsterdam (the
RESILIO project) involving smart climate adaptation measures that
combine real-time weather forecasts with dynamic water storage. This
example of informational systems integration would fit the description
of perspective 2, yet it was not mentioned in the interviews, and

Table 9
Overview of the different types of urban water systems integration that are identified for each perspective. P stands for perspective and UWSI for urban water systems
integration.
Type of UWSI P1: Future-proofing through P2: Future-proofing through P3: Future-proofing through P4: Future-proofing through efficiency:
(and the object of coordination: finding space for urban climate adaptation: creating recovery: challenging being in control
integration) challenges livable cities institutional structures
Geographical Alignment of various urban infrastructure ~ Designing streets in a climate- Fitting in storm water Better insights into the location of
(space) systems to fit in all demands robust way, e.g., to prevent infrastructure across urban (planned) infrastructures to prevent costs
damage due to urban flooding areas, allowing for natural from unnecessary damage or
replenishment interventions later on
Physical - Green storm water solutions Resource recovery, e.g. -
(resources) that provide social and decentralized water recovery in
environmental benefits as well collaboration with companies
(infrastructures) Multifunctional solutions as a means to Climate-proof solutions on roofs - -
align the various interests and to utilize all ~ and buildings
urban space available
Informational - - - -
(data)
Project-based Collective replacement through better Collective replacement to gain - Collective replacement, preferably on a
(planning) coordination, creating a moment to momentum for a climate-proof district level, to save money and time

balance between the different interests
and objectives

redesign of the street

10
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therefore not included.

Furthermore, we found that a single type of integration could be
characterized differently. For the geographical type of systems integra-
tion, for example, the drivers for integration, as well as their relevant
spatial scale, are specific to each of the perspectives. In perspective 1,
geographical integration is mainly about spatial alignment of the
different urban infrastructures, considering the variety of interests and
fitting in various system demands. Perspective 2 focuses on the inclusion
of storm water infrastructure in the urban design, for instance, to pre-
vent that other infrastructures interfere with the storm water flow and
cause damage. Hence, while perspective 1 focuses on the scale of urban
infrastructures and their challenges, we identified a smaller relevant
spatial scale for perspective 2 (e.g. street-level). Likewise, the spatial
scale and drivers differ for the perspectives 3 and 4: perspective 3 aims
to fit in storm water infrastructure across urban areas to allow for nat-
ural replenishment, while in perspective 4, geographical integration is
mainly about better insights into the location of physical infrastructures
to prevent, for example, unnecessary damage.

5.2. Representation of the perspectives in the literature

All perspectives were, to some extent, reflected in the urban water
literature. Perspective 1 (Future-proofing through coordination: finding
space for urban challenges) resembles the literature that takes a systems
approach to urban water management, for example Dunn et al. (2017).
In addition, it has a link with the literature on urban (underground)
space planning, concerning urban space limitations (e.g. Hooimeijer &
Maring, 2018; von der Tann et al., 2019).

Perspective 2 (Future-proofing through climate adaptation: creating
livable cities) corresponds to the body of literature that takes a more
holistic approach to storm water management (see e.g. Fletcher et al.,
2015). Various concepts such as urban drainage systems (SUDS)
(Fletcher et al., 2015), sponge cities (Jiang et al., 2018) and blue-green
systems (BGS) (Deletic et al., 2020) have been developed, all of which
are based on integrating storm water infrastructure into the urban
landscape in order to process water in a more sustainable way than
conventional solutions do. Since perspective 2 sees climate adaptation as
a means to create livable cities, it also bears similarities with the ideas of
de Graaf and van der Brugge (2010) and Fratini et al. (2012), who argue
that climate adaptation is actually key to improve the social and envi-
ronmental conditions of cities.

The future-system depicted in perspective 3 (Future-proofing through
recovery: challenging institutional structures) resembles the water cycle
city state (Wong & Brown, 2009), which is the fifth of six developmental
states that cities move through on their path towards increased water
sensitivity. Likewise, the perspective overlaps with the literature on
integrated urban water management (IUWM), aiming for a better
physical and institutional integration of the water supply, storm water,
and wastewater components of the urban water cycle (Mitchell, 2006).
Similar to perspective 3, IUWM emphasizes the need for highly coor-
dinated management to achieve such integration.

Perspective 4 (Future-proofing through efficiency: being in control)
bears similarities with the view expressed by Marlow et al. (2013), who
criticized the discourse on sustainable urban water management. They
argued that consideration for changing urban water management
practices should be based on “evidence-based arguments”, and needs
“valid economic assessments”. This does not imply, though, that they are
against change. They highlight, however, that the risks and benefits of
innovations should be clear and that future systems should, in any case,
be financially viable. Hence, similar to perspective 4, knowledge and
efficiency are key to them. Along these lines, the perspective corre-
sponds to the sewer asset management literature as well (e.g. Tscheik-
ner-Gratl et al., 2019). For instance, with regard to risk-based
management, but also concerning collaborative rehabilitation of in-
frastructures (Tscheikner-Gratl et al., 2016), as this offers financial
benefits and provides the opportunity for future-proofing systems in a
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more efficient way.

Relating the perspectives to the literature, our results suggest that
real-world perspectives are less conservative (i.e., less averse to change)
than the traditional, technocratic viewpoint that is still depicted as the
dominant perspective (see e.g. Dunn et al., 2017; Fuenfschilling &
Truffer, 2016). We found that the ideas about more sustainable practices
have a lot of support on the ground. Dutch practitioners generally agree
that traditional urban water management practices need to change to
prepare the system for the future, and they also have clear ideas about
that. Moreover, perspective 4, which could be called the most conser-
vative, is represented by the lowest number of participants (n = 2). So,
while the urban water literature typically portrays the conservative
viewpoint as the dominant perspective in urban water practices, our
results show differently. In addition, the literature commonly juxtaposes
the sustainable viewpoint and the traditional, technocratic viewpoint
(see e.g. Chocat et al., 2007; Marlow et al., 2013). Our results indicate,
however, that practitioners’ views are less dichotomous: the discussion
is not so much about conservative versus sustainable, but rather about
which sustainability challenges are most important to address.

6. Conclusions

Urban water systems are under increasing pressure, facing chal-
lenges such as climate change, urbanization and population growth.
Clearly, an integrated approach is needed to address these challenges
and to prepare systems for the future. As integration is a wicked prob-
lem, practitioners disagree about the meaning of integration, as well as
the opportunities and challenges they should focus on - for example,
climate adaptation, resource recovery or collective replacement. A first
step in future-proofing is, therefore, to gain a better understanding of the
different perspectives that practitioners have about such integration.
This could facilitate communication and structure the discussion about
future urban water systems. In addition, insights into the differences
between practitioner’s viewpoints could help to build effective strate-
gies that accommodate these differences, for example, by incorporating
the various drivers that practitioners see for integration and considering
different spatial scales.

This paper has used Q methodology to study these viewpoints: a
group of 30 urban water practitioners ranked a set of 43 statements
about integration in future urban water systems into a normally
distributed grid. In addition, we conducted interviews to get a better
understanding of how participants made their decisions — and thus of
their viewpoints. Using factor analysis, we subsequently grouped the
individual perspectives into shared ones.

This resulted in four real-world perspectives of Dutch urban water
practitioners on the role of integration for future water systems. For each
perspective, at least two out of the four urban water systems integration
types (Nieuwenhuis et al., 2021) were identified, demonstrating that
practitioners see an important role for integration in future systems.
Furthermore, while the perspectives differ as to the opportunities and
challenges to focus on, they all recognize that traditional water man-
agement practices need to change to prepare for the future. Perspective
1 focuses on coordination, perspective 2 on climate adaptation,
perspective 3 on recovery, and perspective 4 on efficiency. We identified
five key differences between the perspectives: their view on future sys-
tems, the meaning of integration, the role of it in future urban water
systems, as well as the drivers and means to realize it. Despite these
differences, we also see common ground between the perspectives. All
perspectives recognize that sustainability challenges should be
addressed, with collaboration shifting beyond sectoral boundaries. For
example, practitioners generally agree that climate adaptation is
needed, yet the sense of urgency, their motivation and the proposed
means differ.

Further research is needed to generalize our findings, for instance,
performing studies in different contexts (i.e., different environmental,
technological and/or institutional conditions), or using quantitative
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methods like surveys, involving more practitioners and/or from outside
policy-making, to understand how widely held each of these perspec-
tives is. In addition, since urban water systems integration typically
extends to other urban sectors, we recommend including practitioners
from these related sectors (e.g., urban planners, architects and road
authorities), and identifying their perspectives as well. Despite this, our
study provides promising insights for the scientific debate on future
urban water systems, as well as for decision-making on integration:

- First of all, the four real-world perspectives suggest that the urban
water sector is less averse to change than the literature portrays. For
future research, we therefore suggest shifting away from the di-
chotomy of conventional versus sustainable, and rather address the
decision-making challenges related to the implementation of inte-
gration. An in-depth case study involving different urban actors and
looking at successful strategies to deal with the wicked nature of
integration could provide useful insights.

In addition, the perspectives, both their similarities and differences,
provide fruitful ground for developing negotiated knowledge (De
Bruijn et al., 2010, p. 146) or collaborative learning (Cuppen, 2012),
where the various parties collaboratively explore the perspectives,
seeking a common interpretation of the policy problem and its so-
lution. Although such collaborative processes might be cumbersome,
the basis of mutual agreement among urban water practitioners
looks promising. As such, developing negotiated knowledge could be
an effective way to deal with the wicked nature of integration
(Nieuwenhuis et al., 2021). Practitioners would collaboratively
explore how integration can be defined and operationalized, while
being aware that they may have different views of reality (“agree to
disagree”). Recognizing the different perspectives of urban water

Appendix A. Factor scores per statement
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practitioners presented in this paper contributes to reaching such a
negotiated view.

The four viewpoints empirically identified in this study provide
valuable insights for both practitioners and scholars, and represent a
substantial step towards future-proofing urban water systems.
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Overview of the statements (in English) and their factor Q sort values (the factor arrays). The original statements were in Dutch. F stands for Factor.

# Statement F1 F2 F3 F4
1 The water sector’s ambition to be sustainable comes at the expense of its core business: caring for public health, guaranteeing dry feet and protecting -4 -2 1 0
water quality.
2 It is undesirable that solutions for waste and storm water depend on the correct use and maintenance by residents or businesses. -2 1 -3 1
3 Municipalities do not have sufficient knowledge and experience to properly manage the process towards a future-proof urban water system. -3 -5 1 3
4 Continuously implementing innovative solutions leads to an unmanageable system at the city level due to the great variety of solutions. 0 0 0 1
5 Separate budgets for maintenance of green facilities, roads and water hinder the implementation of integrated solutions. 5 1 3 0
6 In the final analysis, deep-rooted habits are what prevent the realization of future-proof systems. 2 2 2 -2
7 The challenge of collaboratively achieving a future-proof public space is not so much agreeing on the actual design, but rather in agreeing on the 4 -3 1 3
moment of replacement.
8 The Environment and Planning Act will improve the coordination between different urban infrastructures. 0 0 -5 2
9 Strict regulation of spatial developments, such as the “compensation rule” for water storage or a minimum construction level, are essential to create -1 5 2 -3
more space for water.
10  Everyone talks about climate proofing and circularity, but we should first ensure that our gullies, the sewage system and the receiving water system  —4  —1 -2 2
function properly.
11  Thelocal processing of storm water seems like a good idea, but in reality, without a storm water system, all undesired storm water, ground waterand  —2 -1 -3 0
flushing water of aquifer thermal energy storage systems will be discharged to sanitary sewers — which would cause even more problems.
12 By intelligent clustering of cables and pipes, we will be able to better manage public space in the future. 1 2 0 0
13 Creating support and awareness among residents is crucial to achieve a future-proof urban water system. 4 3 4 0
14  Municipal guidelines, for example for the design of public space, do not leave sufficient space to actually implement innovative solutions. 0 0 0o -1
15  If pipes are ready for replacement, we must focus on extending their lifespan to enable an integrated approach at neigbourhood level. 0o -2 -2 2
16  The water sector should adopt digital advances and fully exploit the opportunities that smart technology offers. 0 1 -1 4
17 At street level, it is best to work on an individual basis — because coordinating with other sectors costs too much time and money. -3 -5 -4 -3
18  To prepare the urban water system for the future, we have to discard the idea that this should not cost more than our current system. 2 4 1 -1
19  The parties involved will not take the measures necessary to make our system future-proof, unless there are financial incentives. -1 0 2 3
20  The focus on climate adaptation diverts attention away from traditional management tasks. -5 -1 -3 -2
21  When choose to renovate sewers, we are indirectly opting to maintain our current system; continuing to develop renovation technologies, suchas -3 1 3 -2
relining, is thus a threat to future-proof urban water systems.
22 Measures to prepare the system for the future, such as systems for local (re)use of water or water-permeable pavement, are often too demanding in -1 -2 0 1
terms of use and maintenance.
23 Inorder to make our system future-proof, shifting to a district-oriented approach is vital; replacing at the neighborhood level rather than street level. 3 3 4 5
24 More stringent privacy legislation hinders the optimal usage of sensors and data, thereby threatening the future-proofing of our systems. -2 0 -2 -2
25  Decentralized wastewater systems are better able to meet the objectives of a future-proof urban water system than centralized ones. -3 -3 3 -5
26  The future of the urban water system depends on how the energy transition is implemented and how fast. 0o -4 -1 -4
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# Statement F1 F2 F3 F4

27  If we want to achieve our spatial ambitions in the future, the space under the ground needs to be the starting point for the above-ground design. 3 3 0 5

28  We should not apply innovative solutions until we have identified their risks. -5 -4 -4 -1

29  In order to prepare our urban water system for the future, agreements between the various water partners is more important than between the -4 -1 -5 -4
parties involved in spatial planning.

30  If we want to achieve integrated solutions, we should put objectives, like circularity, climate resilience or energy neutrality, in the tendering process, 3 0 3 -1
rather than focusing on the instruments one should use.

31 Any storm water solution that reduces the amount of water in the sewerage system is a step in the right direction and will help to change our way of 0 5 -3 —4
thinking.

32  Using legislation to enforce climate adaptation measures is undesirable. 3 -4 -4 1

33  Active management of groundwater, both in terms of the replenishment and discharge of groundwater, is a requirement for a future-proof urban 2 3 5 -
water system.

34  Climate adaptation needs a clear captain who can combine issues like flooding, heat stress and drought. 1 4 5 0

35  Knowing that everything we build now will have to last for many decades, our ambitions for a future-proof system should be much higher. 2 =2 4 -5

36  Removing pharmaceuticals from wastewater will be a gamechanger for the reuse of effluent. 1 2 -1 0

37  The careful transfer between the various phases of policy, design, implementation and management remains a challenge to successfully integrating 4 2 -1 4
the design of the public space.

38 By dwelling on larger issues, such as defining risk profiles, we miss obvious opportunities for improvement. 1 -3 -2 -3

39  The only way to climate-proof our city is making connections to other projects and parties in the city, and linking climate adaptation to their goals. 5 4 2 3

40  To achieve future-proof urban water management, clearer rules are needed about who is responsible for damage and how to prevent it. -1 1 1 4

41 A future-proof urban water system requires a more business-oriented approach to the wastewater chain. -1 -3 0 2

42 To prepare for the future, we need solutions that connect different systems, like aquathermal systems. 1 0 0o -1

43  Removing micropollutants from wastewater will have major consequences for how we deal with storm water. -2 -1 -1 1

Appendix B. Factor loadings per participant

Table A2
Overview of the participants in the Q study, the organization they are working for, and their (rotated) factor loadings. The gray boxes indicate the defining sorts; i.e. the
Q sorts that loaded significantly upon that factor alone.
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