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Abstract

This paper presents 10 prominent trends, from economic instability to social networking, that have been sig-
nalled as likely to challenge the water sector. These trends can be characterised as complex, uncertain, diverse
and interconnected. To arrive at meaningful responses to these challenges, actors increasingly employ integrated,
adaptive or participatory approaches, or a mixture of these. This paper highlights an example of such an approach
in the Netherlands, in which participatory backcasting and social learning have been used as methods to develop
response strategies. It appears that, through a process of co-learning, conceptual building-blocks are created for
response strategies to deal with the future challenges of the water sector.
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1. Introduction

The context of the water sector changes continuously. At the same time, individual organisations
within the sector are striving to be sustainable. The challenge is to strike a balance between the anthro-
pogenic and natural systems while meeting the needs of the population. Organisations within the water
sector are planning to prepare for pressing issues such as rising energy costs, expanding regulations,
changing workforce and efficiency drivers. For these organisations to develop strategies towards resili-
ent service provision, they require insights into future trends and challenges, and knowledge and
response strategies to deal with these developments. Futures research provides the water sector with a
strategic understanding of relevant developments that act as building-blocks for the design of their
corporate strategies.
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In this paper, futures research activities in the Dutch water sector are presented in two stages:

(i) identification of relevant trends and challenges for the Dutch water sector; and
(ii) identification of meaningful response strategies for Dutch water organisations.

As traditional cause and effect strategic planning does not work well in today’s dynamic world
(Brueck, 2005), the second stage entails carefully designed transdisciplinary, co-production activities
involving both water organisation professionals and researchers. It is based on participatory backcasting
(Kok et al., 2011; Robinson et al., 2011) and social learning (Pahl-Wostl et al., 2007; Wals, 2007).
The two stages are addressed here by presenting both the methods employed and the results obtained.

Section 2 presents the activity of identifying trends and accompanying challenges. Section 3 addresses
the development of response strategies as a co-production between water organisation professionals and
researchers. Section 4 presents the experience gained within the Dutch Water Sector Intelligence
(DWSI) platform.
2. Identifying relevant trends and challenges

2.1. Scanning the horizon

At the KWR Watercycle Research Institute, the trends and future challenges for the water sector are
continuously monitored. The method applied to identify relevant trends and challenges is summarised in
Table 1 and further explained below.
To improve the quality of political and administrative decision-making, national planning agencies

conduct outlook studies, analyses and evaluations. In the Netherlands, planning agencies for environ-
mental assessment, economic policy analysis and social research frequently publish studies about
future developments in relevant areas of government policy. Likewise, research and technology insti-
tutes perform scenario analysis and technology forecasts in their respective fields of expertise.
Similar futures studies are also conducted elsewhere in Europe and organisations like the European
Foresight Platform monitor ongoing and emerging developments. Internationally, United Nations insti-
tutions and network organisations such as the World Future Society explore the future and publish
frequent trend reports.
Our horizon-scanning activities draw on these national and international future studies by examining

the so-called SEPTED dimensions of development: social, economic, political, technological, ecological
Table 1. Method for identifying trends and challenges.

Dimensions Sources Analysis Result

Development in:
• Social
• Economic
• Political
• Technological
• Ecological
• Demographic

Futures studies and
scenarios from:
• Planning agencies
• Network
organisations

• Research and
technology institutes

Exploring:
• Relevance for water sector (impact)
• Opportunities and risks

Trend alerts:
• Summary description of trend
• Challenges for Dutch water sector
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and demographic trends. We gather and analyse such reports and summarise them in trend alerts for the
Dutch water sector, providing concise descriptions of the developments and their relevance to the sector.
These trend alerts provide an overview of the key societal and technological developments, and address
how these challenges should be dealt with, i.e. how to deal with uncertainty, and what are the oppor-
tunities and risks for the water sector.

2.2. Ten prominent developments

From the trend alerts in the period 2010–2011 we selected the following 10 prominent developments
that we consider relevant for the Dutch water sector. These 10 trends have not been prioritised in terms
of certainty and impact but merely serve to illustrate challenges for the water sector. More importantly,
these trends are used to discuss what may constitute effective response strategies for water organisations.

2.2.1. Unstable economic development. The European economic crisis puts a strong burden on society
and the water sector is confronted with cuts in investments. In the Dutch water sector, financial gain is
anticipated by more efficient collaboration among the sectoral parts of the water cycle, in particular
between sewerage and wastewater treatment. In this way, financial cutbacks stimulate economic reduc-
tionist decision-making and serve as an important driver for further collaboration in the water sector. A
related development is the efficiency drive within water companies themselves. New public manage-
ment (Veenswijk, 2005) and private sector principles are taking shape in the water industry.
Benchmarking and performance improvement have become key operating principles, with mixed
results.

2.2.2. Citizens’ engagement. Citizens, or consumers, in spite of the high service level of Dutch drink-
ing water companies, are becoming increasingly critical and demanding. Although water is clearly a low
interest product, consumers consider water to be an element in high interest topics such as health, well-
ness and convenience. Drinking water companies thus increasingly face the challenge of making the
shift from a mere water supplier towards a customer-oriented service provider. In particular, opportu-
nities exist for new services to contribute to sustainability (Hegger et al., 2011). For water boards
(regional water authorities) in the Netherlands, the situation is different. Traditionally, citizens and
water boards have been closely connected. Citizens pay taxes and can vote for the candidates for
water boards. Citizens increasingly expect water boards to accommodate their wishes, ideas, complaints
and initiatives. Partly driven by the need for participatory water management under the EU Water Fra-
mework Directive, water boards are responding to these expectations by involving organised stakeholder
groups into decision-making processes. There are, however, many individual citizens whose views and
ideas are not represented in these groups. Particularly in relation to local projects which have an impact
on landscapes in citizens’ backyards, water boards face the challenge of actively dealing with the per-
ceptions of non-organised citizens in water management.

2.2.3. Demographic change. A growing number of people are living longer than ever before. Societies
must adapt to allow for their ageing populace. One of the effects for the water sector is the increase in
medicine use and the consequent efforts necessary to remove medicine residues from the water system.
In addition to changes in the age structure of the population, the Netherlands will also have to deal with
regional population decline. For areas facing a population decline, decentralised water systems could
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become feasible options for cost-effective service provision. Demographic changes and their time–space
variations also increase the uncertainty of the anticipated long-term future water demand (Wuijts et al.,
2011).

2.2.4. Sustainability. The move towards sustainable development seems likely to continue. Climate
change, for example, remains top of the agenda. The European water sector is actively reducing its
energy consumption and maximising the potential energy recovery (heat) and production (biogas)
(Frijns et al., 2012). An analysis of the Dutch water cycle showed that an energy-neutral water cycle
is achievable if the thermal and chemical energy content of wastewater is recovered (Hofman et al.,
2011). Also, major technology innovations are anticipated to enhance nutrient recovery (especially of
phosphate) from domestic and industrial wastewater. Further steps can be expected for new sanitation
concepts in which water, energy and nutrient ‘up-cycling’ (according to cradle-to-cradle principles)
will be applied (Nederlof et al., 2010). Finally, 2010 was the International Year of Biodiversity and
major challenges for the water sector lie ahead with respect to nature conservation.

2.2.5. Resource use and shortages. The prevailing high prices of food, oil and many other resources
such as minerals and rare earth elements indicate increasing scarcity. This scarcity results from overcon-
sumption in Western countries (UNEP, 2011) and from badly functioning markets and inept policy
reactions (PBL, 2011). Also, in large parts of the world (including the Netherlands), water has or
will become a scarce resource (EEA, 2009). This necessitates water conservation, reduction of the
water footprint of products, efficiency gains in irrigation, and technology progress in (underground)
water storage, distribution system loss reduction, decentralised capture (rainwater tanks), water reuse
and sea water desalination. Political commitment is essential for obtaining these goals.

2.2.6. NBIC converging technologies. Pivotal new technologies are emerging in the fields of nano-
technology, biotechnology, information technology and cognitive sciences (NBIC). The
developments in these technologies not only complement each other, but the fields are gradually mer-
ging (Swierstra et al., 2009), with nanotechnology often being the catalyst. Relevant examples include
smart materials, lab-on-chip, neural networks, synthetic biology, smart grids, active nanostructures, geo-
information systems, resistant bacteria and augmented reality. Many of these will find their way into, for
example, the practice of water sensoring, treatment technologies and water distribution.

2.2.7. Trans-sectoral innovation. There is much scope for cross-fertilisation and innovation not only at
the intersections between fields of technology but also between and beyond sectors. The incorporation
of shower heat exchangers in the Dutch construction sector to realise low-energy houses is one pertinent
example. In fact, the driving forces for transformation could well be much stronger in other sectors than
the water sector. There is an urgent need for modification in the energy, housing, construction and urban
planning sector to adapt to anticipated climate change. This is an opportunity for those in the water
sector to link their efforts with these transformations and have water incorporated in major revisions,
e.g. in urban renewal (van der Brugge & de Graaf, 2010).

2.2.8. Shifts in governance. Two inter-related developments in governance have increased the com-
plexity of water management. First, in the move from ‘government’ to ‘governance’, influence on
decision-making is increasingly shared by both state- and non-state actors. Consequently, who has
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authority and responsibility over water tasks becomes more diffuse (Pierre & Peters, 2000). Second, the
governance of water has become increasingly multi-level with decision-making power being dispersed
among actors at different levels (Hooghe & Marks, 2001). When water management is considered as a
multi-level exercise, collective leadership across levels is important. A typical example is the change in
policy on biodiversity, which currently receives very low priority from the Dutch government but
which, at the same time, is at the top of the EU environmental policy agenda. The challenge for the
water sector is to retain its own vision and responsibility for its desired public tasks. This calls for
collective leadership in the water sector.

2.2.9. City level. Most of the aforementioned developments are especially evident at the city level. It is
in the cities where opportunities exist for economic development and innovations, and simultaneously in
the cities where problems such as unsustainable consumption and ageing infrastructure are most preva-
lent. The urban metabolism concept shows that critical resources of the water cycle and other related
cycles (energy, nutrients, materials) interact in cities (Pamminger & Kenway, 2008). It is in cities
that the water sector should interact with other sectors to discuss common challenges and develop
shared solutions. An inspiring example is provided by Steel (2008) who discusses the water–food–
energy nexus in ‘hungry cities’.

2.2.10. Social networking and the Internet of Things. Finally, the top trend at the moment is social
networking and the use of social media such as smart phones. In the public domain we are surrounded
by ever greater densities of digital equipment, with communication between devices and between people
and devices; i.e. the ‘Internet of Things’ (van’t Hof et al., 2011). These rapid developments confront the
Dutch water sector with major questions regarding their communication strategy and data management:
should they embrace the open source movement and make available all raw data about, for example,
water quality, or should they selectively share information with society? Should they have a proactive
or reactive strategy on social media? How can they maintain authority as a water organisation when pos-
itions are called into question via social media? How can they engage citizens in water management
using the increasing possibilities that the Internet of Things provides? These are only some examples
of the many questions that confront the water sector as a result of the rapidly emerging importance
of the virtual world. Examples already applied in practice include environmental monitoring systems,
flood warning apps, and online information about water-borne disease outbreaks.
3. Developing co-produced response strategies

3.1. Wicked problems and interconnected developments

Most of the current problems and future challenges described above can be characterised by complex-
ity, uncertainty and diversity – so called ‘wicked’ problems (Rittel & Webber, 1973; Lach et al., 2005).
Clearly defined boundaries are lacking; there is no definitive solution and different values and views can
lead to conflicting strategies. Moreover, most developments are interconnected, i.e. problems (such as
climate change and political shifts) and possible solutions (such as energy transition and NBIC conver-
gence) interact with each other. Indeed, taken together the developments make up a wicked problem in
themselves.
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Complexity and uncertainty increase if sustainability is included as a central goal for water companies
(Swart et al., 2004). Wicked problems ask for an integrated, adaptive and participatory approach to
water management (Segrave et al., 2011). Current water policies are beginning to recognise this, yet
the rhetoric is often not translated into practice. Traditional approaches to planning rest on certainties
and knowledge of initial conditions to make probabilistic predictions. To deal with uncertainty in stra-
tegic planning in the water sector, an adaptive perspective is often taken (Pahl-Wostl et al., 2007),
focusing on an incremental adaptation of existing structures as a reaction to unforeseen developments.
But if frequent adaptation is costly, as with investments in infrastructure, robust solutions are needed.
Addressing wicked problems requires participatory integrated approaches (Pahl-Wostl et al., 2007)

that have a long-term future and system orientation (Quist et al., 2011). The involvement of stakeholders
is needed for endorsement and legitimacy, and because they possess essential knowledge and resources.
Pahl-Wostl et al. (2007) stress that all steps in the process of policy development and implementation
should be participatory. Also, in water management, a multitude of participatory forms of modelling,
planning, scenario development, backcasting and decision-aiding processes are being applied (van
Korff et al., 2012). In particular, participatory backcasting (in which roadmaps towards an envisaged
system innovation are being developed through stakeholder dialogue) is applied in addressing wicked
problems, e.g. in transitions towards sustainability (Quist et al., 2011; Robinson et al., 2011). Two
striking examples are:

• participatory scenario planning and backcasting in a nature conservation project in Spain, which
proved to be a good way of employing the diversity of perspectives and the openness of the future
(Palomo et al., 2011); and

• the participatory backcasting and scenario development which appeared to be well-suited to the chal-
lenges posed by the European Water Framework Directive for developing a long-term view by
involving stakeholders (Kok et al., 2011).

The benefits of participatory water management include (van Korff et al., 2012): better-quality
decisions, resulting from the integration of information from different actors; better acceptance of
decisions, as broader agreement can be sought through people involvement; and the development of
social capital, through intensive interaction and network-building. Some of these benefits occur as a pro-
duct of learning.
3.2. Knowledge co-production and social learning

In our view, an approach is needed that is not only able to deal with complexity and uncertainty but is
also able to integrate knowledge, both between many actors and between fields of knowledge. In other
words, knowledge production needs to be consultative, deliberative and participatory. This can be
referred to as knowledge co-production, mutual learning or transdisciplinarity (Russel et al., 2008).
Nowotny et al. (2001) define transdisciplinary knowledge production as problem-oriented, responsive
and open to external knowledge producers, contextualised and system-based, adaptable, consultative
and socially robust.
Suitable approaches to tackling wicked problems are being sought at various levels of transformative

learning and participatory processes. Examples include the following:
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• Scenario building in the Swiss water sector, which was organised as a process that enabled prac-
titioners and researchers to clarify their respective propositions (Lienert et al., 2006). The need for
a shift from the current system’s focus on technological optimisation to supporting strategic
decision-making processes was realised.

• Makropoulos et al. (2008), who presented future scenarios appropriate for preparing robust, sustain-
able urban water management strategies. Their scenario planning approach was explorative in terms of
its objective, i.e. stimulating creative thinking.

• The EU-project SWITCH (Sustainable Water Management Improves Tomorrow’s Cities’ Health), in
which learning alliances have been successfully applied, consisting of structured platforms at different
institutional levels, designed to break down barriers to both horizontal and vertical information shar-
ing, thereby speeding up the uptake of innovations in urban water management (van der Steen &
Howe, 2009).

• Dominguez et al. (2011), who advocated a complementary approach to strategic planning in the urban
water sector – a discursive perspective that focuses on a structured, qualitative discussion of the objec-
tives being pursued, the available alternatives and future uncertainties.

• Johnson et al. (2012), who showed that participatory scenario development (in a project on sustain-
able development in Minnesota) stimulates social learning. This supported collaborative sustainable
development efforts.

In the approach taken in our futures research for the Dutch water sector, a strong emphasis is also put
on knowledge co-production. The futures research referred to here is not based on the extrapolation of
trends and postulation of predictions. It recognises the plurality of possible futures, emphasises the need
to explore uncertainty and makes explicit what different stakeholders deem normatively preferable.
Indeed, in situations where uncertainties in the knowledge base are high and conflicts about values
and management objectives are substantial, social learning comes into play (Pahl-Wostl, 2007).
Social learning has been recognised as a ‘transitional and transformative process that can help create
the kinds of systematic changes needed to meet the challenge of sustainability’ (Wals, 2007). The
emphasis is on co-learning, whereby individuals collectively develop new knowledge by making use
of the diversity of perspectives and understanding at hand (Daniell et al., 2010).
Table 2 summarises the method for developing a co-produced response strategy.
Although knowledge co-production is central to our approach for developing response strategies, the

learning process should not be over-emphasised. It is essential to recognise the central role of uncertainty
but it is equally important to differentiate between wild speculations and intelligent scenarios. The future
should be treated as if it is open but not empty (vanAsselt et al., 2010). The 10 prominent developments we
Table 2. Method for developing response strategies.

Challenges Response Process Result

Trends:
• Complex
• Uncertain
• Diverse
• Interconnected

Approaches:
• Integrated
• Adaptive
• Participatory
• Co-learning

Co-production:
• Participatory backcasting
• Social learning

Strategic response strategy:
• Building-blocks
• Knowledge and understanding
• Learning alliance
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present in this paper are understood and communicated from this perspective. The DWSI is a strategic
learning alliance that was designed using the principles behind the methods summarised above.
4. Dutch water sector intelligence

DWSI is an horizon-scanning platform dealing with the future challenges of the Dutch water sector.
DWSI was launched in 2008 by KWR Watercycle Research Institute and a team of pioneers from var-
ious drinking water companies and water boards. Futures researchers from KWR continuously examine
and report on social, economic, political, technological, ecological and demographic trends in the con-
text of the Dutch water sector. National studies are analysed and translated to the sectoral level in an
integrated fashion. The futures research team also participates in various networks and attends confer-
ences to tap into the most important developments. DWSI members are provided with concise trend
alerts. The 10 prominent developments presented in this paper are based on these trend alerts.
The knowledge acquired through this research is used to design think-tank sessions with strategic

thinkers and decision makers from the partner organisations and external experts who provide the stra-
tegists with new insights. The think-tank is the heart of DWSI: co-learning is facilitated by applying
participatory backcasting and social learning principles (see also Segrave et al., 2011). Trend alerts
are records of what the futures researchers have analysed and synthesised, and they provide water pro-
fessionals with information. Through social learning in think-tanks, this information is developed into
an integrated understanding in the minds of the water professionals: knowledge that they can then use
for adaptive planning.
The possible impacts of future trends are balanced with the ambitions of the water sector and back-

casted to what the organisations should and wish to do to prepare for the challenges. For example,
participatory backcasting was applied in a working session on the water–food–energy nexus in cities.
As well as representatives from the water sector, stakeholders from the energy and agriculture sector
participated. Starting from a long-term future perspective in which a single utility organisation is respon-
sible for water, energy and food services, backcasting was applied to jointly discuss the pathway to the
envisaged situation. Participatory backcasting challenged the stakeholders to address issues such as who
will take responsibility. Using a similar method, the learning alliance considered a ‘what if’ scenario by
imagining a future situation in which an unknown virus has claimed numerous lives and experts believe
that water is a possible transmission route. By imaginatively simulating the ensuing turn of events, par-
ticipants explored the uncertainties and dilemmas and envisioned potential threats and opportunities for
their organisations. Working collectively with representatives from diverse organisations enabled the
participants to reflect on each others’ assumptions and anticipate how they might interact in the
given scenario, providing an insight into the roles of the different actors and highlighting any ambiguous
areas.
The idea is to have discussions under different points of view that open up the spectrum of options.

Through a process of collective exploration, members make the most of the diversity of knowledge and
insights at hand, with representatives from all corners of the water sector. Carefully tailored group
processes are used to reveal and test participants’ assumptions and to facilitate the generation of alterna-
tives to ascertain whether or not adaptation is needed for the changing circumstances. Examples of
strategic response issues discussed in DWSI include the need for collective leadership in the water
sector, ambition and vision for preserving biodiversity, collaboration in the water sector and with
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other sectors (such as energy and urban planning), a tailored communication strategy and open data, a
cyclic innovation model, and dealing with risks of and preparation for pandemics. Participants leave the
think-tank sessions with new conceptual building-blocks for response strategies for their individual
organisations.
After 3 years, evaluation interviews were held with all DWSI members. The main outcome of the

evaluation showed that participants had an appreciation for the social learning process, resulting in
awareness of new perspectives and improved system thinking. Potential longer-term impacts regarding
changes in the organisational practices and decision-making of the participating members has not yet
been evaluated in detail. In the interviews, participants mentioned that feeding the insights gained
back into their organisations is difficult, depending on the trends discussed. Trends are often character-
ised by either topical or geographical abstractness and/or long time frames, while many in the water
sector have a strong ethos of doing practical things in the here and now. It often takes a fairly high
degree of immersion in the trends that have been signalled to fully grasp their meaning and the potential
consequences for the respective water organisations. It takes time and effort to translate and communi-
cate the insights gained through the think-tank sessions back to each partner’s own organisation. Finding
such time has proven to be a challenge for the DWSI think-tank sessions’ typical participants: strategic
employees and/or members of boards of directors. Even so, as a real-life, enduring strategic learning
alliance, DWSI has the potential to induce and catalyse higher-level institutional changes at the partici-
pating organisations over time. The fact that a group of thinkers is regularly working together to explore
longer-term futures increases the institutional knowledge of the sector about potential contextual
changes and the strategic options that the sector has in crafting a response. By investing in this knowl-
edge, we aim to make the sector more resilient to change.
In addition, the DWSI results have already provided input for programming the research agenda of

KWR. A new collective research programme has been put into place, addressing the challenges of
the future by designing a multidisciplinary, thematic programme based on knowledge co-production
in research.
5. Conclusion

The water sector is confronted with complex changes in technology, infrastructure and regulations, as
well as economic and societal trends. By applying social learning principles, organisations in the Dutch
water sector are preparing for future challenges. Such a participatory approach (which integrates knowl-
edge among actors and between fields of knowledge) works well in dealing with problems like global
climate change, security and the ageing population. Indeed, such future challenges are complex, uncer-
tain, diverse and interconnected, and thus traditional strategic planning and knowledge production are
no longer suited. Since we do not subscribe to the idea that the future can be known, it is difficult to
provide measurable outcomes for our research. The 10 trends briefly highlighted here have been distilled
through continuous research over the past 4 years, but the more significant and valuable result has been
the immeasurable upgrading of this information into knowledge and understanding in the minds of key
strategists and managers in the Dutch water sector. Through a purpose-designed learning alliance, par-
ticipants have gained an awareness of diverse perspectives and improved skills in systems thinking. In
this way, DWSI helps organisations to make intelligent strategic decisions based on informed, intersub-
jectively reviewed assumptions.
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