
The future of Waste Water Treatment: a Delphi-based approach

1. Introduction1

The  Organization  for  Cooperation  and  Development  (OECD)  attested  European  countries  such  as
Germany,  Austria,  Denmark,  Finland,  Netherlands,  Sweden  and  Switzerland  a  very  high  rate  of
coverage  by advanced  sanitation  services  and especially  by tertiary treatment.  [OECD,  2009]2 The
reliability of this infrastructure is of crucial importance for our society, as the OECD [2007] underlines:
“The long-term future performance of OECD economies, and of the global economy, will depend to an
important  extent  on  the  availability  of  adequate  infrastructures  to  sustain  growth  and  social
development.”  This  high  level  is  financed  in  OECD  and  BRIC  (Brazil,  Russia,  India  and  China)
countries  by  current  expenditures  on  water  and  wastewater  services  summing  up  to  405  billion
US-Dollars ($bn) each year. Germany spends 17.932 $bn each year, corresponding to 0.75 % of its gross
domestic product (GDP). [OECD,  2009] The recent report of the OECD expanded this work to the
strategic transport infrastructure need and stressed the growing pressure to “balance long-term needs and
the economic advantages of investing in infrastructure against short-term pressures and the costs and
consequences of not investing.” [OECD, 2013]

At the global level the water and sanitation sector is confronted by manifold challenges as identified by
the  World  Water  Development  Report  of  the  United  Nations  World  Water  Assessment  Programme
(UNWWAP) [2009]  and  the  United  Nations  world  water  development  report  4  [UN-Water  and
UNESCO, 2012]. Among the most important challenges are population dynamics such as growing or
shrinking populations,  changing age distributions,  urbanization and mitigation,  economic  challenges
such as globalization, food and energy scarcity, as well as social challenges and technological changes.
The fourth Global  Environmental  Outlook of the  United Nations  Environment  Programme (UNEP)
[2007] describes the challenges with respect to water as follows: “The quantity and quality of surface-
and groundwater resources, and life-supporting ecosystem services are being jeopardized by the impacts
of population growth, rural to urban migration, and rising wealth and resource consumption, as well as
by climate change.“ [UNEP, 2007] The Bonn Declaration on Global Water Security [GWSP, 2013] even
states “In the short span of one or two generations, the majority of the 9 billion people on Earth will be
living under the handicap of severe pressure on fresh water, an absolutely essential natural resource for
which there is no substitute.” [GWSP, 2013]

1 This article was mostly inspired by three papers, Dominguez et al. [2006; 2009] and von der Gracht
and Darkow [2010].

2 Most  of  the  developing countries,  especially in  Sub-Sahara  Africa,  are  not  on track  to  meet  the
Millennium Development Goal to halve by 2015, the proportion of people without sustainable access to
basic sanitation. Whereas rapid progress can be observed in domestic water supply in almost all regions
of the world, sanitation still lags. That’s why the UN General Assembly declared 2008 the International
Year of Sanitation. [WHO and UNICEF, 2008]



In  order  to  adapt  to  these  dynamics,  but  also  to  maintain  and  replace  the  existing  infrastructure,
significant investments will be required. In the decade 2020-2030 the yearly expenditures in the OECD
and BRIC countries for infrastructure networks expenses for the water and sanitation sector are expected
to be the highest in the world among road, rail, telecoms and electricity. [OECD, 2009] In all OECD and
BRIC countries it is predicted that the yearly expenses will increase from 405 $bn to 6,212 $bn by 2015
and to 9,003 $bn in 2025. In Germany the expenditures are expected to increase from 17.932 $bn to
23.38 $bn in 2015 and 35.84 $bn in 2025. For the specific expectations of the expenses per GDP share
see Figure 1 [OECD, 2009]
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Figure 1. Share of current expenditures of gross domestic product (GDP) in OECD and BRIC countries for road, rail, telecoms, electricity,
and water and sanitation infrastructures

The major challenge “capital intensity” of the current status of the sanitation sector involves a high
degree of fixed costs and low rates of return. [OECD, 2009] In combination with the long useful life
especially of the sewer system of more than 80 years and in some cases of even more than 100 years
[Baur and Herz, 2002;  Kaempfer and Berndt, 1999;  Lemer, 1996] the sanitation sector is especially
vulnerable to path dependency [Pierson, 2000] and sunk costs [Kirkpatrick et al., 2006; Rees, 1998] as
discussed by  Hiessel and Toussant [1999],  Huitema and Meijerink [2007] as well as by  Ingram and
Fraser [2006].

In  view of  the  long term impacts  that  go  along  with  infrastructure  investments,  strategic  planning
approaches  that  can deal  with such determining,  long range decisions  and the involved uncertainty
caused by changing environmental conditions seem to be indispensable. But as Dominguez and Guyer
[2009] underline, decision-makers in the sanitation sector are not aware of the long-term dynamics of
the system and mostly rely on forecasts and the assumption that the future can be predicted based on



extrapolations of past trends. This “capability gap” [Dominguez et al., 2009] to deal with long range
challenges  has  also  been identified  by the  OECD [2007],  which  recommends  the  strengthening  of
strategic planning capacities by supporting long range planning approaches to infrastructure planning.
The OECD Environmental Outlook 2050 stresses the importance of planning in water management, too
[OECD, 2012].

In Germany the planning deficit has become obvious in the context of demographic changes. Whereas in
most regions of the world demographic change implicates a growth of the population [UNDESA, 2007],
in Germany the population is shrinking and ageing. [Federal Statistical Office of Germany, 2010] In
East Germany, demographic change was reinforced by structural and economic changes initiated by the
reunification process. Additionally, important parts of the East German sanitation system needed to be
modernized to the high standards of the Federal Republic. At the time the newly installed infrastructure
was designed for growing populations and “blooming landscapes”, a term used by the former chancellor
Helmut Kohl. But the contrary turned out to be true in most of the East German regions, leading to
oversized wastewater systems and, as a consequence, rising wastewater fees due to the high degree of
fixed costs. [Hillenbrand et al., 2010; Hummel and Lux, 2007; Nowack et al., 2010; Schlör et al., 2009]

Scenario  planning  is  one  of  the  most  promising  long  range  planning  approaches  that  support
decision-makers to bridge this gap and overcome the difficulties of traditional planning instruments.
[Miller and Waller, 2003;  Phelps et al., 2001;  Schnaars, 1987, 2001;  Schoemaker, 1991, 1993, 1995;
Schwartz, 1998; Slaughter, 2002a; Slaughter, 2002b] Originally developed for military purposes such as
possible causes for a nuclear war by the RAND Corporation in the United States during the Cold War it
was later adopted by the civil sector. [Bradfield et al., 2005; Wack, 1985; Cornelius et al., 2005; Royal
Dutch Shell, 2005; Shell International, 2010] Since then, scenarios have been used by multiple planners,
researchers  and  practitioners  and  adopted  to  their  specific  needs,  which  has  resulted  in  a
“methodological  chaos.”  [Martelli, 2001]  Several  authors  place  emphasis  on  systematizing  and
structuring the existing body of methodological scenario literature and applications. [Bishop et al., 2007;
Bradfield et al., 2005; Börjeson et al., 2006; Chermack et al., 2001; Godet, 2000; Lempert et al., 2009;
Malaska et al., 1984; Mietzner and Reger, 2005; Nowack et al., 2011; van Notten et al., 2003; Varum
and Melo, 2010]

In this article we consider a scenario as ““storylines” or narratives that describe conceivable future
developments of the world water situation” and adopt thereby the definition of  Alcamo et al. [2000].
Very often the term scenario is used as a synonym for a set of specific values of different assumptions,
especially in more natural scientific oriented studies. Often these studies are much closer to predictions
than to strategic planning scenarios in the sense of Wack [1985]. Scenario planning is consequently the
entire  decision-making  process  that  develops  and  analyzes  scenarios  and  derives  the  necessary
consequences for today’s decision. [Bishop et al., 2007;  Chermack et al., 2001] We follow Bishop’s
approach that consists of two phases which are characteristic for a complete scenario planning study: in
the  first  phase a  set  of  possible  futures  states  of  the  future  is  developed.  In  the  second phase  the
scenarios are analyzed and the consequences for today’s decisions are drawn. The development phase is
cut into three sub-steps: scenario framing, scanning, and forecasting,  and another three steps in the
transfer phase: visioning, implementing and controlling. In this article we focus on the development
phase.



Beside  the  study design,  another  differentiating  factor  is  the  scenario  goal.  Börjeson  et  al. [2006]
differentiate between predictive and explorative scenarios.  Predictive scenarios answer the question:
What will happen? They focus on specific drivers and their impacts on the analyzed system. Further
characteristics are a short time horizon, foreseeable challenges and a more quantitative study design. In
contrast, explorative scenarios provide an answer to the question: What can happen? Thus the focus lies
on strategic issues  [van der Heijden et al., 2002], the identification of the drivers or challenges and a
long time horizon. They tend to apply a more qualitative oriented study design. In the water research
context, scenarios are often used in a predictive way. [Chenoweth and Wehrmeyer, 2006; Mahmoud et
al., 2011; Soboll et al., 2011; Straatsma et al., 2009] In Europe, the water framework directive and its
call for more participation pushes studies that analyze the possibilities of scenario planning as a tool for
stakeholder participation. [Caille et al., 2007; Hatzilacou et al., 2007; Jessel and Jacobs, 2005; Kok et
al., 2011;  Valkering et al., 2010] (For an overview on scenario planning in the water and sanitation
sector see Table 1 and Table 2).

A prominent use of scenarios is the use in global environmental outlooks. Besides the water related
work of the IPCC [2008], water plays an important role, among others, in the Environmental Outlook of
the  OECD [2012],  in  the  Global  Environmental  Outlook  of  the  United  Nations  Environmental
Programme (UNEP) [2012] as well as in the Millennium Ecosystem Assessment coordinated as well by
the UNEP [2005]. 

Water plays the key role in the Global International Waters Assessment [UNEP, 2006] as well as in the
scenario study of the World Business Council on Sustainable Development [WBCSD, 2006] “Business
in the World of Water - Water Scenarios to 2025”. Further global scenario studies with a focus on water
can be found in the following Table 1.

Table 1. Global Water Scenario Studies

Very few studies have a comparable local focus and the same explorative scenario goal as the study
presented in this article. One of the closest studies is the study of Hiessel et al. [2002]. They evaluate
three different future urban water systems for Germany in which they integrate different technological,
organizational and institutional innovations. They also describe three possible states of the infrastructure
system, mostly varying the degree of separation of the various water and wastewater streams. But they
do not assess which possible drivers or challenges might lead to this outcome. Nevertheless, the three
system scenarios describe possible technological developments of the infrastructure system and one of
their scenarios will be reflected in one of our scenarios. The scholars of the Eidgenössische Technische
Hochschule Zürich [Lienert  et  al., 2006;  Störmer et  al., 2009] as  well  as  Dominguez et  al. [2009]



develop explorative scenarios for Switzerland. Nevertheless, so far no explorative scenario study exists
for the German sanitation sector, which focuses on the identification of possible future challenges. Even
though global and national trends from other scenario studies are partially applicable to Germany, the
particularity of the German sanitation sector as described in Kraemer and Hansen [2004] requires the
development of customized scenarios.

Therefore the two research questions we want to answer are: 

1. What are possible future challenges that the sanitation sector in Germany has to face in the
future?

2. What are possible future scenarios for the year 2050?

Besides  the  case-specific  research  interest,  we  develop  and  test  a  new  Delphi-based  scenario
methodology based on a compilation of prior studies [Nowack et al., 2011]. Moreover, we emphasize
the possibilities of the Delphi technique within scenario development to identify weak signals [Rossel,
2009] as an important prerequisite to identify and prepare for discontinuities or shocks [Saritas and
Smith, 2011; van Notten et al., 2005]

The scenarios are developed primarily for decision-makers at the executive and management levels, but
can be used as well on regional and national levels by politicians and governments for developing long
range strategies to facilitate the incorporation of possible future challenges. Consequently, we decided
for  an  explorative  scenario  study.  The  purpose  of  this  scenario  study  is  therefore  to  enhance
organizational adaptation and learning by recognizing and interpreting external signals of a changing
environment. [Berkhout et al., 2006; Chermack and Van Der Merwe, 2003; Galer and van der Heijden,
2001;  Phelps  et  al., 2001]  Therefore  we  included  a  wide  arrange  of  sanitation  professionals,
administrative authorities, as well as academic experts into the Delphi studies and organized workshops
to which we invited relevant stakeholders. The target time horizon is the year 2050, but this is rather a
symbolic value as we intended to develop scenarios for a time period that allows not only incremental
adjustments but also structural changes. [Kindler, 1979; Miller and Friesen, 1982; Wright et al., 2008] 

The remainder of this paper is organized as follows:  after having deducted the research question, the
research  background  and  research  methodology  will  be  described.  Subsequently,  the  findings  with
respect to the Delphi survey, the Fuzzy Cognitive Map analysis, the business-as-usual scenario and the
final  explorative  scenarios  are  presented.  Finally,  we  discuss  the  results  and  the  methodology and
conclude by giving recommendations on how decision-makers might use the results for future foresight
studies.



Table 2. Overview of explorative scenario studies in the water and sanitation sector3

3 The overview is result of a literature search using the scopus database. The search resulted in 75 hits
from which pure modelling and predictive scenario studies were excluded. The scopus search string
was: (TITLE-ABS-KEY(wastewater AND "scenario planning") OR TITLE-ABS-KEY(sanitation AND
"scenario  planning")  OR  TITLE-ABS-KEY(sewer  AND  "scenario  planning")  OR
TITLE-ABS-KEY(wastewater  AND "scenario  development")  OR TITLE-ABS-KEY(sanitation  AND
"scenario  development")  OR  TITLE-ABS-KEY(sewer  AND  "scenario  development")  OR
TITLE-ABS-KEY(wwtp AND "scenario development") OR TITLE-ABS-KEY(wwtp AND "scenario
planning")  OR TITLE-ABS-KEY(water  AND "scenario development")  OR TITLE-ABS-KEY(water
AND "scenario planning")).



2. Method

To gather the necessary input from a broad array of experts for the scenarios we chose the
Delphi technique and integrated sanitation professionals, researchers and specialists from the
authorities.

Figure 2. Research Design

2.1 Delphi technique

The Delphi technique itself is defined as “a method for structuring a group communication
process so that the process is effective in allowing a group of individuals as a whole, to deal
with  a  complex  problem.”  [Linstone  and  Turoff, 1975]  The  key elements  of  the  method
[Landeta, 2006; Linstone and Turoff, 1975; Rowe and Wright, 1999; Nowack et al., 2011] are
anonymity  to  avoid  a  “Bandwagon  effect”  [Leibenstein, 1950],  iteration  to  compile  the
viewpoints  [Hill and Fowles, 1975; Linstone, 1975; Turoff, 1975; Tapio, 2002; Kuusi and
Meye,r 2002; Rikkonen and Tapio, 2009], controlled feedback in terms of quotes, summaries,
median and mean statistics and participating experts via procedures such as Real Time Delphi
[Steinert, 2009;  Gordon and Pease, 2006] which  allows  immediate  feedback  and  almost
infinite iteration. If the Delphi technique is integrated in a scenario study, it can support the
scenarist  mainly by three functions [Nowack et  al., 2011]: idea generation making use of
experts  for the scanning phase,  consolidation by evaluating or ranking the drivers during
forecasting,  and judgment for deriving consequences in the visioning phase. For this case
study we integrated the Delphi technique in the scanning as well as in the forecasting step.

2.1.1 First Delphi Round: Expert Interviews

The main purpose in the beginning was to identify possible future challenges and rely on the
experts to generate ideas on how the future may unfold. The Delphi process started with 21
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semi-structured  expert  interviews.  We  invited  the  authors  of  pertinent  publications,
cooperating  industry  partners  (mostly  operators  of  wastewater  utilities),  important
stakeholders as representatives of the administrative bodies on state level as well as of the
Federal Government and from non-governmental organizations. Nearly half of the interviews
were conducted face-to-face, whereas the other half was conducted as telephone interviews.
During the semi-structured interviews we used an interview guideline that was developed
based upon the  PESTEL framework  and  the  stakeholder  model  [Fassin, 2009;  Freeman,
2010] in combination with Porter’s Five Forces [Porter, 1985, 2008]. We asked the experts in
open-ended questions to designate possible future political, economic, societal, technological
and ecological challenges that might affect the sanitation sector in the year 2050 in Germany.
The experts were also asked to nominate possible demands on and of the employees,  the
owner, the public or the creditors that might play a role in the future and to assess how the
five forces that shape competition (suppliers, clients, substitutes, new market entrants, and the
competition within the sector) might evolve in the future. We also encouraged the experts to
think about possible weak signals. The interviews took in average 49.9 minutes; some of them
even took more than one and a half hours. The 21 interviews resulted in 17 hours and 28
minutes of recorded interviews. These records were transcribed into 254 pages of text,  or
112,706 words. The interview and transcription phases were supported by a team of young
scientists.  After a training period they conducted a few interviews on their  own and were
responsible for the entire transcription. The transcription was then used for a summarizing
content  analysis  supported  by  the  content-analysis  software  MAXQDA.  Applicable  text
passages  were  marked  and  assigned  to  the  categories  of  the  interview  guideline.  The
following quote illustrated how the inputs from the interviews were processed:

“We have the unsolved problem of prions. These proteins cause the mad cow disease,
and scrapie as well as the Creutzfeldt-Jakob disease. They are accumulating in the
sewage sludge. This is not problematic if the sludge is burned, but it is problematic if
the sludge is used for agricultural purposes. […] This is a highly problematic topic
and you should discuss if you want to include it in your study because it might start a
heated debate”

This statement was coded as “accumulation of new so far unknown substances” (POL1) as
one  possible  challenge  in  the  scenario  study.  In  the  following  runs,  redundancies  were
removed  and  some of  the  categories  were  combined.  We concluded  that  the  stakeholder
categories were mostly covered by the PESTE categories and therefore this set of categories
was removed. In the end we could identify 46 possible future challenges that we assigned to
10 major categories. See also Error: Reference source not found.

2.1.2 Feedback Round: Online Discussion

The results of the first Delphi round were fed into an online discussion board. Two external
experts were asked to review the board and to comment on the results in order to start the
conversation. Each participating expert was assigned an anonymous access to the board and
was invited to review and comment on the results. The anonymity of the answers as well as of
the  experts  was  maintained  during  the  whole  Delphi  procedure.  A short  online  video
explained the basic functions of the discussion board to facilitate the use. The experts were
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also asked to co-nominate [Loveridge, 1999; Nedeva et al., 1996] further experts. In total, 11
of the 28 experts that had access to the anonymous discussion board visited the board. In
general, no new challenges were added, but the probability of occurrence of some items was
discussed.

2.1.3 Second Delphi round: Online Expert Survey

The reviewed results of the first Delphi round were then fed into an online survey. In this step,
we used the consolidation function of  the Delphi  technique in  order to  identify the most
relevant future challenges. We invited all experts that had participated so far, as well as some
additional  sanitation professionals.  We asked the experts  to  answer ten questions  with 46
items. The experts were asked to evaluate the relevance of the future challenges in the year
2050 on a Likert-type scale from 1 (very low relevance) to 5 (very high relevance). For a high
response rate the questionnaire was kept as simple as possible and integrated a lottery as an
incentive to participate. The survey took about ten minutes time to be completed. 27 from 39
invited  experts  responded  to  the  questionnaire.  The  feedback  to  this  second  Delphi,  the
statistical group response, and the top ranked challenges were presented at the beginning of
the expert workshop in the next Delphi round. 

2.1.4 Third Delphi Round: FCM Expert Workshop

Based  on  the  top  15  future  challenges,  identified  in  the  second  Delphi  round,  a  Fuzzy
Cognitive Map was developed and consequently analyzed  based on graph theory [Kosko,
1986; Papageorgiou et al., 2003], specifically social network analysis [Grienitz et al., 2010;
Özesmi and Özesmi, 2004]. Fuzzy Cognitive Maps (FCM)  are causal cognitive maps that
capture the mental models, they were used for the first time in context with scenario planning
by Jetter and Schweinfort [2011], Kok [2011] and van Vliet [2010].

We invited all experts to a workshop of which 19 experts participated, among them were eight
operators, one representative of the federal state ministry on environment, and three external
scientists and the moderating team. Anonymity was assured until the workshop in order to
allow the  experts  also  to  mention  non-mainstream topics.  Only during  the  workshop the
participants were introduced to each other, the statements that were given in the preceding
steps  are  still  not  attributable  to  any  expert.  After  an  introduction  to  the  topic  and  an
explanation of the methodology, we asked the participants of the expert workshop to illustrate
how the top 15 future challenges are affecting the sustainability of the sanitation sector. In
order to facilitate the discussion we started with three target variables in the FCM, economic
sustainability (cost-covering wastewater fees), ecological-technical sustainability (good status
of the receiving water bodies) and social  sustainability (social  acceptance and satisfaction
with  the  service).  [European Parliament  and European Council, 2000;  German Advisory
Council on Global Change, 1997] In order to facilitate the communication the group was split
into two sub-groups. In a first step the two groups drew the Fuzzy Cognitive Map without
conducting the weighting of the relationships. Then the two moderators compared the two
Fuzzy Cognitive Maps and observed a very high degree of concordance. Very few arrows
varied, which was a result of different interpretations of some terms. The moderator team

9



could quickly combine the two maps into one map. Finally, in a last step the entire workshop
group evaluated the strengths of the relationships. 

2.2 Scenario building

The  results  of  the  second  Delphi  round,  the  online  survey,  are  summarized  in  a
Business-as-Usual scenario. The challenges identified in the first Delphi round and evaluated
in the second round are analyzed using Fuzzy Cognitive Maps. This work builds upon the
precedent of the methodological work of Jetter and Schweinfort [2011], Kok [2009], and van
Vliet [2010]. Fuzzy Cognitive Maps capture the mental models of experts by drawing loop
and  weighted  arrows  [Jetter  and  Schweinfort,  2011].  The  Fuzzy  Cognitive  Map  can  be
transformed to a square adjacency matrix. We used the coding steps + = 0.25, ++ = 0.5 and ++
+  =  0.75  for  positive  relationships  between  the  variables  and  vice  versa  for  negative
relationships. There are three types of variables: transmitter, receiver, and ordinary variables.
The distinguishing features between these are the indegree and the outdegree. The outdegree
(od) is defined as the sum of the absolute values of a row of a variable. The outdegree stands
for the active influencing impact of a variable, whereas the indegree (id) is a measure on how
much it is driven by other variables. Transmitter variables have a positive outdegree and zero
indegree. Receiver variables are characterized by a zero outdegree and a positive indegree.
Ordinary variables have a positive in- and outdegree. [Özesmi and Özesmi, 2004] The overall
influence of a variable in a matrix can be measured by calculating its centrality. The centrality
(ci) is the sum of the outdegree and indegree of a variable.This can be an important indication
for a key driver of the analyzed system. [Grienitz and Schmidt, 2010] Finally the system can
be simulated: As described in Özesmi and Özesmi [2004], an initial state vector is multiplied
by the adjacency matrix. This auto-associative neural network method is used to calculate the
steady  state  and  repeated  until  the  new  state  vector  is  stable.  [Reimann,  1998]  In  the
following,  additional  policy  simulations  can  be  run  and  compared  with  the  steady  state
outcome.

We use Fuzzy Cognitive Maps primarily to illustrate the complexity and the dynamics of the
sanitation system. Often the Cross-Impact Analysis is chosen for the same purpose. [Bañuls
and Turoff, 2011;  Gordon and Pease, 2006;  Phelps et  al., 2001;  Tversky and Kahneman,
1974]  But  the  high  degree  of  complexity  makes  this  technique  less  attractive  for  a
participatory scenario study and handicaps starting a learning process. As illustrated in the
precedent combinations of Fuzzy Cognitive Maps and scenarios, Fuzzy Cognitive Maps are
especially well suited for a participatory approach. The Fuzzy Cognitive Maps developed in
the expert workshop are basis for further analysis based on the graph theory [Kosko, 1986;
Papageorgiou  et  al.,  2003].  We  used  the  software  FCMappers,  which  implements  the
methodology proposed in Özesmi and Özesmi [2004]. 

In  order  to  overcome  traditional  mind  models  and  to  stimulate  creative  thinking  about
alternative  futures  we  completed  the  Business-as-Usual  scenario  based  on  the  Fuzzy
Cognitive Map with three visionary explorative scenarios. They are not based on the average
group response but on the most visionary ideas of some of the experts in the interviews. The
three explorative scenarios highlight different aspects of a possible future sanitation sector.
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Whereas  the  “Watershed-First”  scenario  focuses  on  an  alternative  regulatory  regime,  the
“Recycling-First”  scenario  illustrates  a  different  technological  development,  as  does  the
“Mega-City” scenario. 

3. Results

3.1 First and Second Delphi Round

This  chapter  will  provide  an  answer  to  research  question  1  “What  are  possible  future
challenges that the sanitation sector in Germany has to face in the future?”. Error: Reference
source not found summarizes the results of the first and second Delphi round. The future
challenges together with the corresponding categories represent the summarized results of the
first  Delphi  round.  Each  variable  (Var)  is  assigned  to  a  category  and  a  superordinated
PESTEL category. The mean and the standard deviation (SD) in Error: Reference source not
found are the results  of the second Delphi round. The top 15 challenges with the highest
relevance are marked by an asterisk and also illustrated in figure 5Error: Reference source not
found in the Appendix. In average the experts evaluated “sewer remediation needs” (1.) as the
most relevant challenge, followed by “drug residues” (2.) and “short public budgets” (3.). 
Furthermore, the results show that among the top 15 challenges the consensus in terms of a
relatively low standard deviation is high. The standard deviation among the top 15 challenges
varies between 0.64 and 1.01, whereas it varies between 0.82 and 1.23 among the remaining
variables. The consensus is especially high for “4th treatment stage” (15.) and the first ranked
“sewer remediation needs”. A very high degree of consensus between the experts exists also
about the relevance of “drug residues” (2.), “phosphorus recycling” (9.) the “precautionary
principle”  (6.)  and  “heavy  rainfalls”  (4.).  The  opinion  of  the  experts  varies  the  most
concerning the importance of “nanoparticles” (30.) and “reduction of subsidies” (17.). 
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Table 3. Results of the first and second Delphi round
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3.2 Third Delphi Round

The top 15 ranked challenges were analyzed by developing a Fuzzy Cognitive Map during the
expert workshop. An illustration of the resulting Fuzzy Cognitive Map is given in figure 3.
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Figure 3. Fuzzy Cognitive Map developed in the expert workshop

The Fuzzy Cognitive Map is  characterized by a total  of  17 variables4,  45 connections,  4
transmitters, 1 receiver, and 12 ordinary variables and by a density of 0.1557. The transmitter
variables  are  “heat  periods”,  “heavy rainfalls”,  “population  decrease”,  and “precautionary
principle”,  thus  they influence  other  variables  but  are  not  affected  by others.  Except  for
“population decrease”, these four variables are also characterized by the highest outdegree,
i.e. they have the highest impact on other variables. 

4 The two water demand variables WAD1 and WAD2 were integrated in one variable WAD
during the FCM workshop.
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Table 4. Adjacency Matrix and their graph theoretical indicators

TCS3 0.00 0.00 0.00 0.25 0.00 0.00 -0.25 -0.25 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25
CLI2 -0.25 0.00 -0.50 0.00 0.00 0.00 0.00 -0.25 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 1.25
WAD 0.00 0.00 0.00 0.00 0.25 0.00 0.00 -0.25 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75
TCS5 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 1.00
TCS4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75
CLI1 0.50 0.00 0.00 0.50 0.25 0.00 0.00 -0.50 -0.25 -0.50 0.00 0.00 0.25 0.00 0.00 0.00 0.00 2.75
FIN5 -0.25 0.00 0.00 0.00 0.00 0.00 0.00 -0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50
ECONS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.50
SOCIS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25
ECOLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DEM1 0.00 0.00 0.25 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50
STA1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.25 0.00 0.00 0.00 -0.25 -0.75 -0.25 0.00 2.00
STA3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.25 0.00 -0.25 0.00 0.50
TCW1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.25 0.00 0.50 0.00 0.00 0.00 0.00 -0.75 0.00 0.00 1.50
POL5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.50
STA5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.25 0.00 0.00 0.00 0.00 0.00 0.25 -0.75 0.00 0.00 1.25
TCW6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.50

Indegree 1.75 0.00 0.75 0.75 0.50 0.00 0.50 3.25 1.25 3.00 0.00 0.00 0.25 1.75 2.25 0.50 0.25

Centrality 3.00 1.25 1.50 1.75 1.25 2.75 1.00 4.75 1.50 3.00 0.50 2.00 0.75 3.25 2.75 1.75 0.75

Iterations 
until stability 18 1 2 18 3 1 18 19 19 18 1 1 2 19 19 3 18

The  analysis  of  the  Fuzzy  Cognitive  Map  shows  that  the  target  variable  “ecological
sustainability” is only driven by other factors and is not a driver of other variables, and is thus
a receiver variable. It also belongs to the variables with the highest indegree, as well as the
“economical  sustainability,  “drug  residues”  and  “4th  treatment  stage”.  “Economic
sustainability”, “ecological sustainability, and “drug residues” are also among the variables
with the highest centrality. 
If  the  steady state  is  simulated,  the  last  variables  reach a  stable  state  after  19 iterations,
whereby the changes of the variable after the third round are only of marginal nature. Among
the variables that need 19 iterations until they reach a stable state are the target variables
“ecological,  economic  and  social  sustainability”  as  well  as  “storm  water  infiltration”,
“separate sewers”, “4th treatment stage”, and “drug residues”. “Short public budgets” and
“phosphorus recycling” stabilize after 18 iterations. This shows that the analyzed system itself
is stable and does not lead to a vicious-circle of reinforcing effects. 
Based on the Fuzzy Cognitive Map, the modeled system is simulated. Table 5 illustrates the
steady state as well as the final stable state of the simulation and the difference (∆) of the
latter two. In all simulations the system also reaches a stable state after a maximum of 19
iterations.
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Table 5. Simulations of the FCM

3.2.1 Climate Change

In  the  first  simulation  run,  “climate  change”,  the  variables  “heavy  rainfalls”  and  “heat
periods” are activated. The comparison of the steady state and the final state of the climate
change simulation shows the high impact of climate change on the sanitation system. Almost
all variables except “population decrease” and “precautionary principle” have changed in the
simulation. This is also due to the high outdegree of the two variables, and especially of the
“heavy rainfall”  variable.  More  frequent  heavy rainfalls  lead  to  an  increasing  need for  a
decentralized stormwater capture and storage (TCS3) and a further separation of the drain and
sewer  system  (TCS5)  which  facilitates  the  recycling  of  phosphorus  at  the  wastewater
treatment plant (WWTP). The need to regulate agricultural pollutions increases because of the
vulnerability  of  farmland  to  heavy rainfall.  Following  the  evaluation  of  the  participating
experts, heat periods increase the need to increase the cleaning capacity (TCW1) which is
lowering the need to  increase  classical  cleaning standards  and consequently lowering  the
accumulation of drug residues in the sewage. In the end the system is characterized by an
increasing  pressure  on  the  local  public  budgets,  and  a  decrease  of  the  target  variables
ecological, economic, and social sustainability. 

3.2.2 Demographic Change

In the second simulation, “demographic change”, the variables “decreasing water demand”,
“population decrease”, and “drug residues” are activated. These three variables cover three
important  aspects  discussed  in  Germany  in  relation  to  demographic  change.  Besides
population decrease, the German society is also affected by an ageing population, which is
suspected to reinforce the accumulation of drug residues in the sewage. Recent research has
shown that the increase of drug residues that can be found in German rivers [Heberer, 2002a,
2002b] is less the result of demographic change, but of a steady increase of the volume of
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pharmaceuticals prescribed. [Morgan, 2006; Royal Commission on Environmental Pollution,
2011]. “Water demand” is expected to fall because of the lower number of inhabitants, but
also due to a lower water demand per capita. The simulation shows that the increase of “drug
residues” increases the need for a “4th treatment stage”. The decreasing “water demand” and
population (DEM1) mainly limit further investments, such as “stormwater infiltration” and
“separate  sewers”.  The  “sewer  remediation  needs”  in  contrary  are  expected  to  increase.
Variables  concerning  the  purification  standards  (STA1,  STA3,  STA5)  are  not  affected  by
demographic  change  in  this  simulation.  Finally,  the  economic  burden  leads  to  a  lower
economic sustainability and less customer satisfaction (SOCIS).

3.2.3 Precautionary Principle vs. End-of-Pipe

In  the  third  simulation  two  different  policy  philosophies  are  analyzed,  the  precautionary
approach  is  compared  with  a  classical  end-of-pipe  approach.  In  the  first  simulation  the
variables “precautionary principle” and “regulation of agriculture” are activated, whereas in
the end-of-pipe simulation “4th treatment stage” and “classical standards” are activated. Both
simulations  show  that  “drug  residues”  are  reduced,  but  in  the  precautionary  principle
simulation  this  achievement  goes  hand  in  hand  with  an  increase  of  all  three  aspects  of
sustainability whereas the end of pipe approach can increase the ecological sustainability only
at the expense of a lower economic and social sustainability. 

3.2.4 Old Relics

The fourth simulation, “old relics”, discusses the consequences of an insufficient maintenance
of the sewer system and inappropriate budgeting and debt management (TCW4=FIN5=1).
These bad management practices that might have been committed in the past are  impairing
those of the future generations. The simulation shows that investments in the infrastructure
(TCS3 and TCS5) decrease. The lower financial capacities also reduce the possibility to invest
for example in phosphorus recycling and installing a “4th treatment stage” which leads, as a
consequence, to a slight increase of drug residues. All three aspects of sustainability decrease
in this simulation. The “old relics” simulation shows that bad management practices limit
adaptation options in the future.

3.3 Scenario building 

In this  chapter  we will  give an answer on research question 2 “What  are  possible  future
scenarios for the year 2050?”. Therefore, four scenarios are described. Based on the precedent
analysis,  we  identified  the  most  relevant  future  challenges  and  analyzed  their
interdependency. The first scenario, “Business-as-Usual”, incorporates the results of the FCM
and  the  simulations.  But  in  order  to  integrate  the  visionary  statements  expressed  in  the
interviews,  we  complemented  the  Business-as-Usual  scenario  with  three  more  visionary
scenarios:  “Watershed-First”,  “Recycling-First”,  and  “Mega-City”.  The  scenario
“Watershed-First” describes a future in which an alternative regulatory approach is applied.
This  scenario  can  be  congruent  with  the  existing  central  sanitation  system,  but  it  is  also
imaginable in combination with the following two scenarios. The “Recycling-First” and the
“Mega-City” scenarios describe a future sanitation system that is fundamentally different to
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the existing central system and makes it mostly obsolete. The following figure 4 illustrates the
degree of change for each PESTEL category in the four different scenarios.

Political (STA)

Economic (FIN, SEC)

Societal (WAD)

Societal (DEM)Technological (TCS, TCW, DEC)

Environmental (POL)

Environmental (CLI)

0
1
2
3
4
5

Business-As-Usual
Watershed-First
Recycling-First
Mega-City

Fi
gure 4. The four different scenarios and the differentiating PESTE categories

3.3.1 Business-as-Usual

In  the  “Business-as-Usual”  scenario  the  existing  system  is  principally  maintained  but
challenged by external turbulences. The wastewater streams are collected via a central sewer
system. Due to increased frequency of heavy rainfall caused by climate change (CLI1), the
sewer system is separated into a drain and a sewer system. As much as possible, stormwater is
collected, stored and infiltrated in decentralized manner. New pollutants such as drug residues
(POL1) will be removed by using a fourth treatment stage (TCW1). The wastewater treatment
plant is developed as the central place for recycling, for example, of biomass and phosphorus
(TCW6).  Local  farmers deliver  biomass  to  the wastewater  treatment  plant.  Phosphorus is
recycled and used for fertilizer production. Increasing energy prices push forward the use of
renewable energy (TCW3,4,7) on the wastewater treatment plant. The huge remediation needs
(TCS4) are tackled by mainly trenchless restructuring methods (TCS2). This financial burden
is  financed  by a  reduction  of  subsidies  for  new  constructions  and  a  strict  alignment  on
remediation (FIN6). The financial impacts of demographic change (DEM1) are counteracted
by an adjustment of the wastewater rates, in the form of a basic rate in the amount of the fixed
costs (FIN2). The water demand (WAD) is stabilized at 80 liters per capita and day. In a few
peripheral  settlements  decentralized  and  small  wastewater  treatment  plants  are  installed,
which are controlled via remote supervision under the management of the local sanitation
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utility.  The  predominant  regulatory  approach  is  the  classical  specification  of  standards
(STA5). For a few specified pharmaceutical products the precautionary principle is applied
(STA1),  i.e.  they are only licensed as a  medical  drug if  they are degradable in water. In
general, the sanitation utilities rise to the future challenges by a high degree of cooperation
(SEC3).  The  high  number  of  wastewater  utilities  is  reduced  by  fusions  and  mergers  of
wastewater  authorities.  Purely  public  authorities  integrate  private  knowledge  by  formal
privatization (SEC2). Competition takes place only in a very limited indirect way (SEC4)
between partial services, such as sewer cleaning. 

3.3.2 Watershed-First

The “Watershed-First”  scenario  describes  a  possible  future  that  emphasizes  an  ecological
alignment of the regulatory regime and is principally consistent with the existing system but
not necessarily. This scenario was based on the following expert statement:

“Until  now the  operator  of  the  wastewater  treatment  plant  has  to  fulfill  specific
quality standards at the final effluent discharge point. But a combined approach based
on the  emissions  as  well  as  on  the  immissions-principle  would  be  more efficient,
economically as well  as ecologically. In the future,  the operator has still  to  fulfill
specific  quality  standards  but  this  time on the  watershed-level  and he can decide
whether he prefers to improve the technology on the wastewater treatment plant or an
investment  in  stream  morphology  or  other  measures.”  (summarized,  translated,
analogous quote, similar statements in interview No. 9, 15 and 21)

The main idea of this scenario is that “water agencies” (to be established) manage the entire
watershed (STA2), i.e. water as well as wastewater services are combined in one integrated
agency (FIN2). It is in the responsibility of the water agency to achieve specified management
goals (e.g. water quality goals). The water agencies need to apply with their management
plans during a bidding procedure that is repeated every ten years. In this scenario the water
agency is  in direct competition (SEC5) during the bidding procedure.  In the management
plans the agency can freely decide whether they invest in wastewater treatment technologies
(TCW1) or pursue alternative approaches such as payments for environmental services to
motivate  farmers  to  reduce  pollution  from  diffuse  sources  (STA3).  Pollution-depending
charging (FIN4) might be implemented in some hot spots where a high degree of pollution
(POL2,3,4,5) and sensitive receiving waters come into conflict. It is also in the responsibility
of the water agency to decide whether settlements are connected to a central sewer system or
to small and decentral systems (DEC2). 

3.3.3 Recycling-First5

The primary concern of the recycling-first scenario is the highest possible degree of recycling
of nutrients at a household level as described in  Hiessl et al. [2002] and  Traeckner [2013].
This can be achieved by rainwater harvesting,  grey water recycling and the separation of
wastewater streams. Greywater is used for gardening and washing. Yellowwater is used for

5 This scenario is also described by Hiessl et al. [2002] in a comparable way.
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the production of fertilizers and separated in urine diversion toilets (DEC1). Brownwater and
organic waste is used for energy production. The used technology is mainly based on on-site
treatment technologies, e.g. membrane technology (DEC2). Water demand (WAD) decreases
significantly (<60 liters per capita and day).

“We have already today technologies that allow us to reduce the water consumption
drastically,  for  example:  vacuum  toilets,  the  15  liter  shower  or  the  2.5  liter
dish-washer. The question here is much more, if  the technology is accepted by the
end-user.  In  the  short  run  this  technology  is  mostly  interesting  for  rural  areas,
development areas and major green real estate projects.” (summarized, translated and
analogous quote, similar statements in interviews No. 3, 9 and 12)

The regulatory idea behind this scenario is mainly the polluter-pays-principle, whereas rising
energy and commodity prices make it  more and more financially attractive to recycle the
wastewater streams. Thus, the most important driver for this scenario is, besides the financial
burden  of  “Old  Relics”  (FIN5)  and  the  financial  consequences  of  demographic  change
(DEM1),  an  increasing  scarcity  of  resources  and energy, pushing  energy and commodity
prices such as phosphorus (DEC1). The central system is obsolete in the outskirts and low
populated areas but maintained in densely populated settlements leading to direct competition
between central and decentralized systems (SEC5) in the overlapping area.

3.3.4 Mega-City

The “Mega-City” scenario describes a further development of the “Recycling-First” scenario.
Due to an extreme urbanization and, in these areas, high population growth (DEM1), the
water demand (WAD) cannot be satisfied by the usual sources. Therefore a fixed yearly water
allocation  is  apportioned to  each inhabitant.  As  this  allocation  covers  only the  necessary
amount of drinking water, water needs to be recycled as in the “Recycling-First” scenario, but
in this scenario also in areas of high population density. Rain water harvesting, closed water
cycles, and cascade-use of water are implemented on building level. Wastewater is purified
and used several times (DEC2). Large buildings are constructed in such a way that they can
supply themselves with water, energy [Varis et al., 2006] and food [Despommier, 2008, 2011].
Water  and  energy  prices  increase  drastically  (FIN),  making  the  on-site  infrastructure
financially attractive.  This scenario is  first  realized in megacities of the fast  growing and
developing  countries  and  in  the  following  also  implemented  in  countries  with  a  highly
sophisticated sanitation system, such as Germany. 

“Especially  in  the  fast  growing  urban  centers  in  the  developing  and  transition
countries  new  decentralized  technologies  and  closed-loop  water  system  will  be
employed. First, Germany’s industry will only deliver necessary technology but it is
possible that in the far future these technologies will also be put into practice one day
in  Germany.”  (summarized,  translated  and  analogous  quote,  interviews  similar
statements in interview No. 9 and 12)
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4. Discussion

Reflecting  the  methodology,  four  aspects  concerning  the  expert  interviews,  the  expert
workshop, the degree of expert participation and the scenario development shall be reflected.
In our case the expert interviews turned out to be especially fruitful. Contentious uncertainties
could be removed during the interviews, negative impacts of group communication processes
could be avoided, and weak signals such as POL1 could be identified. The anonymity of the
interview and of Delphi technique played a crucial role here. 

The  expert  workshop,  in  which  the  Fuzzy  Cognitive  Map  was  drawn,  was  also  highly
productive. Alternatively to identifying the top 15 challenges, a backcasting approach might
allow the  sanitation  professionals  to  overcome the  capability  gap by asking them how a
sustainable sanitation sector in the year 2050 might look like, and what is necessary to reach
this  goal.  This  might  support  the  sanitation  professionals  to  overcome  their  usual
mind-models and to enhance creativity.

We combined a workshop, interviews, an online survey and an online discussion board to
assure  a  high degree  of  participation,  to  facilitate  a  conversation  and to  allow experts  to
generate  ideas  in  view of  the  responses  of  the  other  experts.  Each part  has  had its  own
strengths and weaknesses. During the workshop the motivation of the participants was very
high, but was mostly attractive for experts or sanitation professionals from the region. Here
the integration of the workshop within a major conference is worth considering. This way the
motivation of experts from other regions to attend to the workshop might be higher. The high
response rate of the online survey also has proven its attractiveness for the experts and is
definitely recommendable. Worth considering is also the use of existing social networks for a
Delphi study. The use of already existing professional social networks assures a high degree
of internet affinity and possibly also a high degree of participation in online surveys. 

The  Business-as-Usual  scenario  was  complemented  by three  explorative  scenarios  which
were built up on three visionary expert statements. The election of the expert statements was
conducted  as  objectively  as  possible,  but  finally  based  on  a  subjective  decision.  Future
research  could  ask  the  question  how  Fuzzy  Cognitive  Maps  can  contribute  to  develop
explorative scenarios, that are characterized by a long range time horizon and challenges that
are beyond the Business-as-Usual scenario. 

Finally,  the  new  Delphi-based  scenario  methodology  that  was  tested  and  presented  here
facilitates to develop more objective and more creative scenarios. 

5. Conclusions

The goal  of  this  research  article  was to  identify possible  future  challenges,  to  which the
sanitation sector in Germany has to be prepared and to illustrate possible future states for the
year 2050.

The  results  illustrate  comprehensively  possible  future  challenges,  which  might  affect  the
sanitation sector in the future. We also provided an evaluation of the relevance of the specific
challenges.  The catalogue of  identified  challenges  can  be  used by operators  of  sanitation
utilities  and  decision-makers  in  the  sector  as  a  checklist  within  their  strategic  planning
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activities and for an intensive risk analysis, evaluating their utility specific vulnerability. For
the  research  community  the  catalogue  offers  a  perfect  starting  point  for  future  research
programs,  which might  investigate  in  more detail,  for  example,  how the sanitation sector
should deal with drug residues.

The Business-as-Usual scenario was completed by three explorative scenarios reflecting three
possible  future  states  of  the  sanitation  sector  in  Germany  in  the  year  2050.  All  three
explorative  scenarios  are  a  valuable starting point  for  strategic  planning activities  for  the
authorities  as  well  as  for  operators  of  the  wastewater  utilities.  We recommend using  the
scenarios in strategic planning workshops as a starting point in order to assure an efficient
scenario transfer and, consequently, to derive the necessary decisions that are adequate to the
long life span of the infrastructure. 

In view of the manifold challenges, decision-makers in capital intensive and path-dependent
sectors need to close the capability gap and to increase its adaptive capacity. As shown in this
article,  Delphi-based scenario planning offers a valuable instrument  to close this  gap and
thereby  increase  the  adaptive  capacity  of  the  responsible  organizations.  Concerning  the
PESTE-analysis it might be helpful to differentiate in future studies between the political and
legal environment and conduct a PESTEL-analysis.
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Appendix

Figure 5. Top 15 future challenges 

23



References

Alcamo, J., T. Henrichs, and T. Rösch, (2000), World Water in 2025: Global modeling and 
scenario analysis for the World Commission on Water for the 21st Century, Kassel.

Bañuls, V. A., and M. Turoff (2011), Scenario construction via Delphi and cross-impact 
analysis, Technol. Forecast. Soc. Change, 78 (9), 1579–1602, doi: 
10.1016/j.techfore.2011.03.014

Baur, R., and R. Herz (2002), Selective inspection planning with aging forecast for sewer 
types, Water Sci. Technol., 46(6), 389-396, doi: 
www.iwaponline.com/wst/04606/wst046060389.htm. 

Berkhout, F., J. Hertin, and D. Gann (2006), Learning to Adapt: Organisational Adaptation to 
Climate Change Impacts, Clim. Change, 78(1), 135-156, doi: 10.1007/s10584-006-9089-3. 

Bishop, P., A. Hines, and T. Collins (2007), The current state of scenario development: An 
overview of techniques, Foresight, 9(1), 5-25, doi: 10.1108/14636680710727516. 

Börjeson, L., M. Höjer, K. Dreborg, T. Ekvall, and G. Finnveden (2006), Scenario types and 
techniques: Towards a user's guide, Futures, 38(7), 723-739, doi: 
10.1016/j.futures.2005.12.002. 

Bradfield, R., G. Wright, G. Burt, G. Cairns, and K. Van Der Heijden (2005), The origins and 
evolution of scenario techniques in long range business planning, Futures, 37(8), 795-812, 
doi: 10.1016/j.futures.2005.01.003. 

Caille, F., J. L. Riera, B. Rodríguez-Labajos, H. Middelkoop, and A. Rosell-Melé (2007), 
Participatory scenario development for integrated assessment of nutrient flows in a Catalan 
river catchment, Hydrol. Earth Syst. Sci. Discuss., 4(3), 1265-1299, 
doi:10.5194/hessd-4-1265-2007. 

Chenoweth, J. L., and W. Wehrmeyer (2006), Scenario development for 2050 for the 
Israeli/Palestinian water sector, Popul. Environ., 27(3), 245-261, doi: 
10.1007/s11111-006-0021-6. 

Chermack, T. J., and L. Van Der Merwe (2003), The role of constructivist learning in scenario
planning, Futures, 35(5), 445-460, doi: 10.1016/S0016-3287(02)00091-5. 

Chermack, T. J., S. A. Lynham, and W. E. A. Ruona (2001), A Review of scenario planning 
literature, Futures Res. Q., 17(2), 7-31, doi: 
www.cse.buffalo.edu/~peter/refs/DataAssimilation/Multihypothesis/ReviewofSP.PDF. 

24



Christoph, M., A. Fink, B. Diekkruger, S. Giertz, B. Reichert, and P. Speth (2008), IMPETUS:
Implementing HELP in the upper Ouémé basin, Water SA, 34(4 SPEC. ISS.), 481-489, doi: 
www.wrc.org.za. 

Cornelius, P., M. Romani, and A. Van De Putte (2005), Three Decades of Scenario Planning in
Shell, Calif. Manage. Rev., 48(1), 95-109, doi: 10.1225/CMR326. 

De Jong, R. L., H. Yazicigil, and R. I. Al-Layla (1989), Scenario planning for water resources:
a Saudi Arabian case study, Water Int., 14(1), 6-12, doi: 10.1080/02508068908692025. 

Despommier, D. (2008), The Vertical Farm, Property Australia, 23, 30-34. 

Despommier, D. (2011), The Vertical Farm Feeding the World in the 21st Century, 320 pp., 
Thomas Dunne Books, New York. 

Dominguez, D., and W. Gujer (2006), Evolution of a wastewater treatment plant challenges 
traditional design concepts, Water Research, 40(7), 1389-1396, doi: 
10.1016/j.watres.2006.01.034. 

Dominguez, D., H. Worch, J. Markard, B. Truffer, and W. Gujer (2009), Closing the 
Capability Gap: Strategic Planning for the Infrastructure Sector, Calif. Manage. Rev., 51(2), 
30-50, doi: DOI: 10.1225/CMR417. 

European Parliament and European Council (2000), EU Water Framework Directive, EC of 
the European Parliament and of the Council, 23/10/2000. 

Fassin, Y. (2009), The stakeholder model refined, J. Bus. Ethics, 84(1), 113-135, doi: 
10.1007/s10551-008-9677-4. 

Federal Statistical Office of Germany (2010), Statistical Yearbook 2010: For the Federal 
Republic of Germany, 745 pp., Federal Statistical Office of Germany, Wiesbaden. 

Freeman, R. E. (2010), Strategic Management: A Stakeholder Approach, 292 pp., Cambridge 
University Press, Cambridge. 

Galer, G. S. and K. van der Heijden (2001), Scenarios and their contribution to 
organizantional learning: From practice to theory, in Handbook of Organizational Learning 
and Knowledge, edited by M. Dierkes, pp. 849-864, Oxford Univ. Press, Oxford. 

German Advisory Council on Global Change (Ed.) (1997), World in Transition: Ways 
Towards Sustainable Management of Freshwater Resources, vol. Flagship Report 1997, 392 
pp., Springer Verlag, Berlin. 

Godet, M. (2000), The Art of Scenarios and Strategic Planning: Tools and Pitfalls, Technol. 
Forecast. Soc. Change, 65(1), 3-22, doi: 10.1016/S0040-1625(99)00120-1. 

25



Gordon, T., and A. Pease (2006), RT Delphi: An efficient, “round-less” almost real time 
Delphi method, Technol. Forecast. Soc. Change., 73(4), 321-333, doi: 
10.1016/j.techfore.2005.09.005. 

Grienitz, V. and A. Schmidt (2010), Scenariobased Complexity Management by adapting the 
Methods of Social Network Analysis, paper presented at The International Multi-Conference 
on Complexity, Informatics and Cybernetics, IMCIC 2010, Orlando, Florida. 

Grienitz, V. and A.  Schmidt (2010), Scenariobased Complexity Management by adapting the 
Methods of Social Network Analysis, Orlando, Florida. 

Gupta, U. G., and R. E. Clarke (1996), Theory and applications of the Delphi technique: A 
bibliography (1975–1994), Technol. Forecast. Soc. Change, 53(2), 185-211, doi: 
10.1016/S0040-1625(96)00094-7. 

GWSP (Global Water System Project) (2013), The Bonn Declaration on Global Water 
Security, Bonn 2013.

Hatzilacou, D., G. Kallis, A. Mexa, H. Coccosis, and E. Svoronou (2007), Scenario 
workshops: A useful method for participatory water resources planning?, Water Resour. Res., 
43(6), W06414. 

Heberer, T. (2002a), Occurrence, fate, and removal of pharmaceutical residues in the aquatic 
environment: a review of recent research data, Toxicol. Lett., 131(1-2), 5-17, doi: 
10.1016/S0378-4274(02)00041-3. 

Heberer, T. (2002b), Tracking persistent pharmaceutical residues from municipal sewage to 
drinking water, J. Hydol., 266(3-4), 175-189, doi: 10.1016/S0022-1694(02)00165-8. 

Hiessl, H., and D. Toussaint (1999), Szenarios für Stadtentwässerungs-Systeme, Ecol. Persp. 
Sci. , Humanities & Econ., 8(3), 176-185. 

Hiessl, H., R. Wals, and D. Toussaint (2002), Design and sustainability assessment of 
scenarios of urban water infrastructure systems, paper presented at 5th International 
Conference on Technology Policy and Innovation: Critical Infrastructures, Utrecht, the 
Netherlands. 

Hill, K. Q., and J. Fowles (1975), The methodological worth of the Delphi forecasting 
technique, Technol. Forecast. Soc. Change, 7(2), 179-192, doi: 
10.1016/0040-1625(75)90057-8. 

Hillenbrand, T., J. Niederste-Hollenberg, E. Menger-Krug, S. Klug, R. Holländer, S. 
Lautenschläger, S. Geyler, U. Winkler, S. Geisler, and T. Völkner (2010), Demographic 
change as a challenge to secure and develop cost- and resource-efficient wastewater 
infrastructur, Texte, 36/2010, 1-253, doi: www.umweltdaten.de/publikationen/fpdf-l/3779.pdf,
Umweltbundesamt, Dessau-Roßlau. 

26



Huitema, D. and S. Meijerink (2007), Understanding and managing water transitions: a policy
science perspective, paper presented at Amsterdam Conference on Earth System Governance, 
Amsterdam, the Netherlands, Amsterdam. 

Hummel, D., and A. Lux (2007), Population decline and infrastructure: The case of the 
German water supply system, Vienna Yearb. Popul. Res., 167-191, doi: 
10.1553/populationyearbook2007s167. 

Ingram, H. and L. Fraser (2006), Path dependency and adroit innovation: The case of 
california water, in Punctuated Equilibrium and the Dynamics of US Environmental Policy, 
edited by R. Repetto, pp. 78-109, Yale University Press, New Haven. 

International Food Policy Research Institute (Ed.) (2002), World Water and Food to 2025: 
Dealing with Scarcity, 322 pp., International Food Policy Research Institute (IFPRI), 
Washington, D.C. 

International Water Management Institute (Ed.) (2007), Water for Food, Water for Life: A 
Comprehensive Assessment of Water Management in Agriculture, 645 pp., Earthscan, London;
Sterling, VA. 

IPCC Working Group III (Ed.) (2000), Special Report on Emissions Scenarios, 612 pp., 
Cambridge University Press, New York. 

Jessel, B., and J. Jacobs (2005), Land use scenario development and stakeholder involvement 
as tools for watershed management within the Havel River Basin, Limnologica, 35(3), 
220-233, doi: 10.1016/j.limno.2005.06.006. 

Jetter, A., and W. Schweinfort (2011), Building scenarios with Fuzzy Cognitive Maps: An 
exploratory study of solar energy, Futures, 43(1), 52-66, doi: 10.1016/j.futures.2010.05.002. 

Kaempfer, W. and M. Berndt (1999), Estimation of service life of concrete pipes in sewer 
networks, in Durability of Building Materials & Components 8: Service Life and Asset 
Management, vol. 1, edited by M. A. Lacasse and D. J. Vanier, pp. 36-46, NRC Research 
Press, Ottawa, Canada. 

Kahn, H. (1960), On Thermonuclear War, 668 pp., Princeton Univ. Pr., Princeton. 

Kindler, H. S. (1979), Two planning strategies: Incremental change and transformational 
change, Group. Organ. Manage., 4(4), 476-484, doi: 10.1177/105960117900400409. 

Kirkpatrick, C., D. Parker, and Y. F. Zhang (2006), State versus Private Sector Provision of 
Water Services in Africa: An Empirical Analysis, World Bank Econ. Rev., 20(1), 143-163, doi:
10.1093/wber/lhj001. 

Kok, K., M. van Vliet Mathijs, I. Bärlund Ilona, A. Dubel, and J. Sendzimir (2011), 
Combining participative backcasting and exploratory scenario development: Experiences 

27



from the SCENES project, Technol. Forecast. Soc. Change, 78(5), 835-851, doi: 
10.1016/j.techfore.2011.01.004. 

Kok, K. (2009), The potential of Fuzzy Cognitive Maps for semi-quantitative scenario 
development, with an example from Brazil, Global Environ. Change, 19(1), 122-133, doi: 
10.1016/j.gloenvcha.2008.08.003. 

Kosko, B. (1986), Fuzzy cognitive maps, Int. J. Man. Mach. Stud., 24(1), 65-75, doi: 
10.1016/S0020-7373(86)80040-2. 

Kraemer, R. A. and W. Hansen (2004), International Comparison of Water Sectors: 
Comparison of Systems Against a Background of European and Economic Policy, 139 pp., 
Bundeskammer für Arbeiter und Angestellte, Wien. 

Kuusi, O., and M. Meyer (2002), Technological generalizations and leitbilder—the 
anticipation of technological opportunities, Technol. Forecast. Soc. Change, 69(6), 625-639, 
doi: 10.1016/S0040-1625(02)00182-8. 

Landeta, J. (2006), Current validity of the Delphi method in social sciences, Technol. 
Forecast. Soc. Change, 73(5), 467-482, doi: 10.1016/j.techfore.2005.09.002. 

Leibenstein, H. (1950), Bandwagon, snob, and Veblen effects in the theory of consumers 
demand, Q. J. Econ., 64(2), 183-207, doi: www.jstor.org/stable/1882692. 

Lemer, A. C. (1996), Infrastructure obsolescence and design service life, J. Infrastruct. Syst., 
2(4), 153-161, doi: 10.1061/(ASCE)1076-0342(1996)2:4(153). 

Lempert, R., S. Hoorens, M. Hallworth, and T. Ling (2009), Looking Back on Looking 
Forward: A Review on Evaluative Scenario Literature, 28 pp., European Environment 
Agency, Copenhagen. 

Lienert, J., J. Monstadt, and B. Truffer (2006), Future scenarios for a sustainable water sector: 
A case study from Switzerland, Environ. Sci. Technol., 40(2), 436-442, doi: 
10.1021/es0514139. 

Linstone, H. A. (1975), Eight basic pitfalls: A checklist in the delphi method, in The Delphi 
Method: Techniques and Applications, edited by H. A. Linstone and M. Turoff, pp. 573-586, 
Addison-Wesley Publ., Reading/Mass. 

Linstone, H. A. and M. Turoff (1975), The Delphi Method: Techniques and Applications, 621 
pp., Addison-Wesley Publ., Reading/Mass. 

Loveridge, D. (1999), Foresight and Delphi processes as information sources for scenario 
planning, Ideas in Progress Paper, Paper Number 11, Ideas in Progress, 1-11, doi: 
http://phps.portals.mbs.ac.uk/Portals/49/docs/dloveridge/iirconfpdf_wp11.PDF. 

28



Mahmoud, M. I., H. V. Gupta, and S. Rajagopal (2011), Scenario development for water 
resources planning and watershed management: Methodology and semi-arid region case 
study, Environ. Model. Softw., 26(7), 873-885, doi: 10.1016/j.envsoft.2011.02.003. 

Malaska, P., M. Malmivirta, T. Meristo, and S. Hansen (1984), Scenarios in Europe - who 
uses them and why?, Long Range Plann, 17(5), 45-49, doi: 10.1016/0024-6301(84)90036-0. 

Martelli, A. (2001), Scenario building and scenario planning: state of the art and prospects of 
evolution, J. Futures Res. Q., 17(3), 57-74. 

Means, E., L. Ospina, and R. Patrick (2005a), Ten primary trends and their implications for 
water utilities, J. Am. Water Works Assoc., 97(7), 64-77. 

Means, E., R. Patrick, L. Ospina, and N. West (2005b), Scenario planning: A tool to manage 
future water utility uncertainty, J. Am. Water Works Assoc., 97(10), 68-75. 

Mietzner, D., and G. Reger (2005), Advantages and disadvantages of scenario approaches for 
strategic foresight, Int. J. Technol. Intelligence and Plann, 1(2), 220-239, doi: 
10.1504/IJTIP.2005.006516. 

Miller, D., and P. H. Friesen (1982), Structural change and performance: Quantum versus 
piecemeal-incremental approaches, Acad. Manage. J., 25(4), 867-892, doi: 10.2307/256104. 

Miller, K. D., and H. G. Waller (2003), Scenarios, Real Options and Integrated Risk 
Management, Long Range Plann., 36(1), 93-107, doi: 10.1016/S0024-6301(02)00205-4. 

Morgan, S. G. (2006), Prescription drug expenditures and population demographics, Health 
Serv. Res., 41(2), 411-428, doi: 10.1111/j.1475-6773.2005.00495.x. 

Nedeva, M., L. Georghiou, D. Loveridge, and H. Cameron (1996), The use of co-nomination 
to identify expert participants for Technology Foresight, R&D Manage., 26(2), 155-168, doi: 
10.1111/j.1467-9310.1996.tb00939.x. 

Nowack, M., S. John, J. Tränckner, and E. Günther (2010), Demographic Change as Driver of
Wastewater fees in Urban Drainage Systems – A Comparison of Demography, Water Saving, 
Maintenance Cost, Operating Cost and Industry Effects, gwf, 2010, 1076-1085. 

Nowack, M., J. Endrikat, and E. Guenther (2011), Review of Delphi-based scenario studies: 
Quality and design considerations, Technol. Forecast. Soc. Change, doi: 
10.1016/j.techfore.2011.03.006, In Press, Corrected Proof. 

O'Connor, M. H., M. McFarlane, J. Fisher, D. MacRae, and T. Lefroy (2005), The Avon River
Basin in 2050: Scenario planning in the Western Australian Wheatbelt, Aust. J. Agric. Res., 
56(6), 563-580, doi: 10.1071/AR04195. 

29



OECD (2007), Infrastructure to 2030. Vol. 2: Mapping Policy for Electricity, Water and 
Transport, 506 pp., Organisation for Economic Cooperation and Development (OECD), 
OECD Publ., Paris. 

OECD (2008), OECD Environmental Outlook to 2030, 520 pp., Organisation for Economic 
Cooperation and Development (OECD); OECD Publishing, Paris. 

OECD (2009), Managing Water for all: An OECD Perspective on Pricing and Financing, 149
pp., Organisation for Economic Cooperation and Development (OECD); OECD Publishing, 
Paris. 

OECD (2012), Environmental Outlook 2050 - The Consequences of Inaction, Organisation 
for Economic Cooperation and Development (OECD); OECD Publishing, Paris.

OECD (2013), Strategic Transport Infrastructure Needs to 2030, 249 pp., Organisation for 
Economic Cooperation and Development (OECD); OECD Publishing, Paris.

Özesmi, U., and S. L. Özesmi (2004), Ecological models based on people’s knowledge: a 
multi-step fuzzy cognitive mapping approach, Ecol. Model., 176(1-2), 43-64, doi: 
10.1016/j.ecolmodel.2003.10.027. 

Papageorgiou, E., C. Stylios, and P. Groumpos (2003), Fuzzy cognitive map learning based on
nonlinear hebbian rule, in AI 2003: Advances in Artificial Intelligence, vol. 2903, edited by 
Tamás Gedeon and Lance Fung, pp. 256-268, Springer, Berlin. 

Phelps, R., C. Chan, and S. C. Kapsalis (2001), Does scenario planning affect performance? 
Two exploratory studies, J. Bus. Res., 51(3), 223-232, doi: 10.1016/S0148-2963(99)00048-X. 

Pierson, P. (2000), Increasing returns, path dependence, and the study of politics, Am. Polit. 
Sci. Rev., 94(2), 251-267, doi: www.jstor.org/stable/2586011. 

Porter, M. E. (1985), Competitive Advantage, vol. 15, 557 pp., Free Press, New York. 

Porter, M. E. (2008), The five competitive forces that shape strategy, Harv. Bus. Rev., 86(1), 
78-93, doi: 10.1225/R0801E. 

Reimann, S. (1998), On the design of artificial auto-associative neuronal networks, Neural 
Networks, 11(4), 611-621, doi: 10.1016/S0893-6080(98)00001-X. 

Rees, J. A. (1998), Regulation and private participation in the water and sanitation sector, 
Nat. Res. Forum, 22(2), 95-105, doi: 10.1111/j.1477-8947.1998.tb00717.x. 

Rikkonen, P., and P. Tapio (2009), Future prospects of alternative agro-based bioenergy use in
Finland—Constructing scenarios with quantitative and qualitative Delphi data, Technol. 
Forecast. Soc. Change, 76(7), 978-990, doi: 10.1016/j.techfore.2008.12.001. 

30



Rossel, P. (2009), Weak Signals as a Flexible Framing Space for Enhanced Management and 
Decision-Making, Technol. Anal. Strateg. Manage., 21(3), 307-320, doi: 
10.1080/09537320902750616. 

Rowe, G., and G. Wright (1999), The Delphi technique as a forecasting tool: issues and 
analysis, Int. J. Forecast., 15(4), 353-375, doi: 10.1016/S0169-2070(99)00018-7. 

Royal Commission on Environmental Pollution (Ed.) (2011), Demographic Change and the 
Environment, Royal Commission Report, vol. 29, 128 pp., The UK Stationery Office, 
London. 

Royal Dutch Shell (Ed.) (2005), The Shell Global Scenarios to 2025 - the Future Business 
Environment: Trends, Trade-Offs and Choices, 220 pp., Royal Dutch/Shell Group, London. 

Saritas, O., and J. E. Smith (2011), The Big Picture – trends, drivers, wild cards, 
discontinuities and weak signals, Futures, 43(3), 292-312, doi: 10.1016/j.futures.2010.11.007.

Schlör, H., J. Hake, and W. Kuckshinrichs (2009), Demographics as a new challenge for 
sustainable development in the German wastewater sector, Int. J. Envir. Sustain. Dev., 
10(3-4), 327-352, doi: 10.1504/IJETM.2009.023738. 

Schnaars, S. P. (1987), How to develop and use scenarios, Long Range Plann., 20(1), 
105-114, doi: 10.1016/0024-6301(87)90038-0. 

Schnaars, S., and P. L. Ziamou (2001), The essentials of scenario writing, Bus. Horiz., 44(4), 
25-31, doi: 10.1016/S0007-6813(01)80044-6. 

Schoemaker, P. J. H. (1991), When and how to use scenario planning: A heuristic approach 
with illustration, J. Forecast., 10(6), 549-617, doi: 10.1002/for.3980100602. 

Schoemaker, P. J. H. (1993), Multiple Scenario Development: its Conceptual and Behavioral 
Foundation, Strategic Manage. J., 14(3), 193-213, doi: 10.1002/smj.4250140304. 

Schoemaker, P. J. H. (1995), Scenario Planning: A Tool for Strategic Thinking, Sloan 
Manage. Rev., 36(2), 25-40. 

Schwartz, P. (1998), The Art of the Long View: Planning for the Future in an Uncertain 
World, 258 pp., Wiley & Sons, Chichester. 

Shell International (2010), Looking ahead: scenarios - About Shell, 2010(10/23/2010). 

Slaughter, R. A. (2002a), From forecasting and scenarios to social construction: changing 
methodological paradigms in futures studies, Foresight, 4(3), 26-31, doi: 
10.1108/14636680210697731. 

31



Slaughter, R. A. (2002b), Futures studies as a civilizational catalyst, Futures, 34(3-4), 
349-363, doi: 10.1016/S0016-3287(01)00049-0. 

Soboll, A., M. Elbers, R. Barthel, J. Schmude, A. Ernst, and R. Ziller (2011), Integrated 
regional modelling and scenario development to evaluate future water demand under global 
change conditions, Mitigation Adapt. Strateg. Global Change, 16(4), 477-498, doi: 
10.1007/s11027-010-9274-6. 

Steinert, M. (2009), A dissensus based online Delphi approach: An explorative research tool, 
Technol. Forecast. Soc. Change, 76(3), 291-300, doi: 10.1016/j.techfore.2008.10.006. 

T.J. Stewart,T. J., and L. Scott (1995), A scenario-based framework for multicriteria decision 
analysis in water resources planning, Water Resources Research, 1995 - agu.org 

Störmer, E. et al. (2009), The exploratory analysis of trade-offs in strategic planning: Lessons 
from Regional Infrastructure Foresight, Technol. Forecast. Soc. Change, 76(9), 1150-1162, 
doi: 10.1016/j.techfore.2009.07.008. 

Straatsma, M., A. Schipper, M. van der Perk, C. van den Brink, R. Leuven, and H. 
Middelkoop (2009), Impact of value-driven scenarios on the geomorphology and ecology of 
lower Rhine floodplains under a changing climate, Landsc. Urban Plann., 92(2), 160-174, 
doi: 10.1016/j.landurbplan.2009.04.004. 

Straton, A. T., S. Jackson, O. Marinoni, W. Proctor, and E. Woodward (2010), Exploring and 
Evaluating Scenarios for a River Catchment in Northern Australia Using Scenario 
Development, Multi-criteria Analysis and a Deliberative Process as a Tool for Water 
Planning, Water Resour. Manage., 25(1), 141-164, doi: 10.1007/s11269-010-9691-z. 

Tapio, P. (2002), Disaggregative policy Delphi: Using cluster analysis as a tool for systematic 
scenario formation, Technol. Forecast. Soc. Change., 70(1), 83-101, doi: 
10.1016/S0040-1625(01)00177-9. 

Traeckner, J. (2013), Impacts of demographic change on centralized sanitation systems, 
Dresden.

Turoff, M. (1975), The policy delphi, in The Delphi Method: Techniques and Applications, 
edited by H. A. Linstone and M. Turoff, pp. 84-101, Addison-Wesley Publ., Reading, Mass. 

Tversky, A., and D. Kahneman (1974), Judgment under uncertainty: Heuristics and Biases, 
Sci., 185, 1124-1131. 

UNDESA (2007), World Population Prospects: The 2006 Revision, vol. ESA/P/WP.202, 61 
pp., United Nations, Department of Economic and Social Affairs, Population Division 
(UNDESDA); United Nations; New York. 

32



UNEP (2005), Ecosystems and Human Well-being: Scenarios, Millennium Ecosystem 
Assessment, vol. 2, 561 pp., United Nations Environment Programme (UNEP); World Health 
Organization (WHO); Island Press, Washington, Covelo, London. 

UNEP (2006), Challenges to International Waters – Regional Assessments in a Global 
Perspective, 120 pp., United Nations Environment Programme (UNEP), Nairobi, Kenya. 

UNEP (2007), Global Environment Outlook: Environment for Development, GEO 4, 576 pp., 
United Nations Environment Programme (UNEP), Nairobi, London. 

UNEP (2012), Global Environment Outlook: Environment for Development, GEO 5, pp. 551, 
United Nations Environment Programme (UNEP), Nairobi, London.

UN-Water and UNESCO (2009), Water in a Changing World, 432 pp., World Water 
Assessment Programme, United Nations Educational, Scientific and Cultural Organization 
(UNESCO) Pub., Earthscan, Paris; London. 

UN-Water and UNESCO (2012), The United Nations world water development report 4: 
managing water under uncertainty and risk, Volume 1, pp. 380, World Water Assessment 
Programme, United Nations Educational, Scientific and Cultural Organization (UNESCO) 
Pub., Earthscan, Paris; London. 

Valkering, P., R. van der Brugge, A. Offermans, and N. Rijkens-Klomp (2010), Scenario 
analysis of perspective change to support climate adaptation: lessons from a pilot study on 
Dutch river management, Reg. Environ. Change, 1-13, doi: 10.1007/s10113-010-0146-0. 

van der Heijden, K., R. Bradfield, G. Burt, G. Caims, and G. Wright (2002), The Sixth Sense -
Accelerating Organizational Learning with Scenarios, 320 pp., John Wiley & Sons, Ltd., 
West Sussex, UK. 

van Notten, P. W. F., J. Rotmans, M. B. A. van Asselt, and D. S. Rothman (2003), An updated 
scenario typology, Futures, 35(5), 423-443, doi: 10.1016/S0016-3287(02)00090-3. 

van Notten, P. W. F., A. M. Sleegers, and M. B. A. van Asselt (2005), The future shocks: On 
discontinuity and scenario development, Technol. Forecast. Soc. Change., 72(2), 175-194, 
doi: 10.1016/j.techfore.2003.12.003. 

van Vliet, M., K. Kok, and T. Veldkamp (2010), Linking stakeholders and modellers in 
scenario studies: The use of Fuzzy Cognitive Maps as a communication and learning tool, 
Futures, 42(1), 1-14, doi: 10.1016/j.futures.2009.08.005. 

Varis, O., A. K. Biswas, C. Tortajada, and J. Lundqvist (2006), Megacities and water 
management, Water Res. Dev., 22(2), 377-394, doi: 10.1080/07900620600684550. 

Varum, C. A., and C. Melo (2010), Directions in scenario planning literature – A review of the
past decades, Futures, 42(4), 355-369, doi: 10.1016/j.futures.2009.11.021. 

33



von der Gracht, H. A., and I. Darkow (2010), Scenarios for the logistics services industry: A 
Delphi-based analysis for 2025, Int. J. Prod. Econ., 127(1), 46-59, doi: 
10.1016/j.ijpe.2010.04.013. 

Wack, P. (1985), Scenarios: uncharted waters ahead, Harv. Bus. Rev., 63(5), 73-89, doi: 
10.1225/85516. 

WBCSD (2006), Business in the World of Water WBCSD Water Scenarios to 2025, 48 pp., 
World Business Council for Sustainable Development (WBCSD), Conches-Geneva. 

WHO and UNICEF (2008), Progress on Drinking Water and Sanitation Special Focus on 
Sanitation, 58 pp., Joint Water Supply and Sanitation Monitoring Programme of the United 
Nations Children's Fund (UNICEF) and the World Health Organization (WHO), New York; 
Geneva. 

World Water Council (2000), World Water Vision: Making Water Everybody's Business, 128 
pp., Earthscan Publications Ltd., London. 

Wright, G., K. van der Heijden, G. Burt, R. Bradfield, and G. Cairns (2008), Scenario 
planning interventions in organizations: An analysis of the causes of success and failure, 
Futures, 40(3), 218-236, doi: 10.1016/j.futures.2007.08.019. 

34


