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Abstract

Water utilities are facing the challenging problem of planning rehabilitation and renewal of their urban water systems
for an uncertain future, which will be affected by climate change, demographic changes and extensive changes in the
way the public perceives the water services. For the purpose of envisioning the future, the multiple scenario approach
is presented, and its benefits and drawbacks are discussed in relation to other futures forecasting methods. The paper
guides the reader on how to build scenarios that represent plausible futures for renewal planning of urban water and
wastewater networks. For this purpose, a table is produced that gives an overview of relevant scenarios and their
potential consequences. In the end, a case study from a Norwegian perspective is presented that gives the reader an
overview of the process of building scenarios based on both qualitative and quantitative approaches.
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Introduction

There are a number of publications and ongoing re-
search within the academic community of urban water
systems that focuses on future studies, sustainable devel-
opment and the transition to Sustainable Urban Water
Management (SUWM) principles. A lot of the work fo-
cuses on current and future challenges for the water sec-
tor, the need to apply sustainable solutions and the need
for water utilities to implement SUWM principles
through decentralization of the urban water system
(UWS). A thorough and critical review of the SUWM
principles are presented in Marlow et al. [1], which
concludes that the water sector moves towards imple-
mentation of SUWM principles through a system
hybridization process where new decentralized systems
are sporadically built together with rehabilitation of the
so called legacy systems. One of the key elements of this
type of research is that the world is changing in terms of
climatic, economic, technologic and socio-economic
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parameters. SUWM proponents claim that traditional
urban water systems are maladapted to the emerging
challenges associated with these topics. The research
works to mitigate the impact of these changes on the
UWS, and at the same time tries to move the develop-
ment of the UWS into the proper sustainable path. Stud-
ies made in order to envision future development of the
changes within these areas and disciplines facilitates the
water community in its endeavour into building sustain-
able water systems of the future.

This paper is addressed at the management people
working with strategic level decision making in water
utilities worldwide. The intention of the paper is to
equip such managers in the academic field of foresight
through the multiple scenario planning approach
adapted to urban water pipe systems. The method de-
scribed will facilitate managers in implementing a most
robust and sustainable intervention strategy, by consid-
ering the uncertainty and the unpredictability of the fu-
ture, both through aspects that are external to the urban
water system and internal aspects. There will be some
challenges related to these internal and external aspects.
Key challenges when managing the urban water systems
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and planning for the future is the uncertain development
of climate change, population growth, economy, regula-
tory frameworks, social conditions and technology.
These are referred to as external factors and are the
‘driving forces’ [2] for future change. By contemplating
the development of these factors in the future, it is pos-
sible to foresee and envision how the future might look
like. Van Asselt [3] refers to this type of exercises as
‘foresight’ which, on a broad scale, is an attempt to make
sense of the foreseeable future. Rhisiart et al. [4] calls
these exercises for ‘strategic foresight activities’. In the
short (1-5 years) to medium term (5-10 years), the de-
velopment of such factors can more or less be forecast,
while in the long term (10-50 years) a multiple scenario
analysis is recommended to allow for the increase in un-
certainty [2]. Postma and Liebl [2] divides the driving
forces into constant, predetermined (e.g. demographic
changes) and uncertain factors (e.g. climate change).
According to Waage [5] and Galloway [6], traditional
long-term planning has looked at the development of
these factors into the future as a ‘cylinder of uncertainty,
illustrating an expectation that variables have and will
‘remain relatively constant over extended periods of
time’ [6]. The variability within the cylinder ‘is limited to
a snapshot of what has happened in the past’ [5]. This
traditional approach mostly uses the forecasting tech-
nique of extrapolating data and is based on a stable
worldview [7]. The weakness of this prediction approach
is the assumption that the past can describe the future.
At long time horizons, the evolution of the system can
even ‘change the structure of the system itself’ [8], mak-
ing the use of present and historical data as foundation
for future analysis even less suitable. This traditional ap-
proach of forecasting the future has failed to predict
‘credible forecasts in the past few decades’ [7], has failed
to satisfy the forecasting needs of end users [7] and will
fail to meet the challenges of non-stationarity of climate
change and other uncertain factors into the future [6, 9].
A response to the failures of traditional forecasting
methods has been the rise of the multiple strategies and
scenarios analysis. This approach, which is ‘especially ef-
fective in dealing with uncertainties, has been applied in
varying degree since the 1970s [2], but have gained mo-
mentum in the water sector for the past decade.

The water sector must come head to head with the
fact that stationarity of nature no longer will be the case.
Stationarity, which is ‘the idea that natural systems fluc-
tuate within an unchanging envelope of variability’ [10],
is and has been a fundamental concept within the urban
water management. Brown and Farrelly [11] states that
for the water sector to transition into the concept of
SUW, it will have to modify its traditional and linear
approach to management into ‘an adaptive, participatory
and integrated approach’. This paper facilitates water
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utilities in transitioning into a path of sustainable devel-
opment by presenting a procedure to envision and fore-
see different possible futures that utilities will have to
plan for. In this endeavour, scenario building will help
water utilities to shape a sustainable policy for their cap-
ital maintenance planning by projecting and visioning
the possible challenges that utilities will have to face,
and by embracing issues concerning uncertainty.

The purpose of this paper is to give a short introduc-
tion on the topic of scenario building and relate that to
long-term management of the urban water pipe net-
works. Based on this limited review, the further objective
is to establish a procedure for building scenarios which
will facilitate water utilities in long- term sustainable
management, where the focus is on rehabilitation and
capital maintenance planning of the pipe networks. A
Norwegian case study is then presented as an example
of how the multiple scenario planning approach can ini-
tially be engaged from a broad perspective, then to be
completed in smaller more specific sub case studies fo-
cusing on both quantitative and qualitative analyses.

Establishing the context

Marlow et al. [12] states that deterioration of the urban
water assets is in varying degree ‘common to the water
sectors of many countries, which has come about due to
a focus on short-term management in utilities. Utility
budget restrictions and new emerging threats to the
urban water and wastewater systems, like climate change
and population growth, further complicate the sustain-
able management of assets. The first step to move away
from the short-term focus into a more holistic approach
where long-term effects and long-term solutions are
evaluated is to establish the context of the future ana-
lysis by defining the boundaries of the system under in-
vestigation [13, 14]. The system under investigation is
the internal system, which in this case is the pipes in the
urban water and wastewater networks. Pumps, valves,
reservoirs, sensors, etc., are not included since they may
require an approach that would diverge from the one
proposed for pipes. The external system is the rest of
the world that the water utility has no control over, but
which may impact the internal system. When planning
for the future, a water utility has to consider the area of
influence (the internal factors) and the area of no influ-
ence (the external factors). The internal factors are
mostly found in the internal system, but some may also
be found in the external system, like political decisions
and regulations which potentially can be influenced by
water utilities. Blackmore et al. [15] call these factors for
‘controls’. External factors, which the water utility does
not have any influence over, are mostly found in the ex-
ternal system, comprising everything outside of the
urban water and wastewater pipe networks. In
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Blackmore et al. [15], the external factors are simply called
‘factors’. Examples of controls include system design and
operation, governance, human capability and planning
and development. Examples of factors include climate,
demographics, natural disasters, societal changes and do-
mestic and international economic changes [15].

A short introduction to scenario planning
According to Hallegatte [16], the ‘uncertainty in future
climate change is so large that it makes traditional ap-
proaches to designing infrastructures...inadequate’. The
existence of a range of climate change models predicting
different futures impedes the ability to forecast long-
term effects on infrastructures. Van't Klooster and van
Asselt [17] state that, in addition to uncertainty, the fu-
ture exhibits unpredictability since many future relation-
ships follow a nonlinear future pattern. According to
Hallegatte [16], a long-term modelling approach should
therefore look at a range of possible future outcomes,
specified as scenarios, and identify the most robust solu-
tion for all outcomes. The sum of the scenarios should
represent the whole range of plausible uncertainty. The
most robust intervention performs best against the sum
of scenarios representing the range of plausible futures,
and not just against the most probable scenario outcome
[18]. The most robust intervention strategy is therefore
also the most resilient and the most adaptive measure.
Van't Klooster and van Asselt [17] present the method-
ology of scenario axes for ranking the uncertainty and
impact of scenarios, thus being able to identify the most
threatening scenarios. It is a procedure that can be used
to weigh the importance of scenarios in terms of what
ought to be considered for future planning, and also
when modelling the performance of potential interven-
tion strategies [19]. Lempert et al. [20] suggests that cre-
ating a range of representative scenarios will promote
something called Robust Adaptive Planning (RAP),
which implies the implementation of a robust and adap-
tive intervention. This approach is in line with the intro-
duced SUWM principles. The proponents of SUWM
solutions, which imply an emphasis on local and decen-
tralized solutions to urban water management, argue
that robust and adaptive solutions are necessary in order
to meet future uncertainties such as climate change,
population growth and increased urbanization. The
building of scenarios helps the decision maker in identi-
fying the most adaptive long-term intervention strategy,
equipping the urban water systems to meet the chal-
lenges of the future.

The estimated residual service life of pipes and pipe
cohorts often assumes a stationary development over
time of the external impacting factors. The impacts of
these factors have traditionally been extrapolated from
the past into the future. Forecasting how they will
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change with time is more difficult for some factors (e.g.
climate change) than for others (e.g. population change)
due to the uncertainty of how they will develop in the
long term [16]. A way to handle this uncertainty is the
use of scenarios, which embrace the idea of uncertainty
instead of working to reduce it. The uncertainty is in-
cluded within its multiple projections of the future.
Scenarios try, in a broad sense, to answer the question
‘what can happen?’. Bishop et al. [21] calls the develop-
ment of scenarios ‘the heart of futures studies; trying to
tell different stories for multiple futures. Ashley and Tait
[13] call scenarios visions of the future, emphasizing that
scenarios are an envisaging of ‘plausible and logically
consistent versions of futures, also calling it a ‘foresight-
ing’ process. A shift from the traditional forecasting
method to the multiple scenario analysis revolves around
a shift from reducing uncertainties to including uncer-
tainties, by presenting a range of fundamentally different
possible futures [7]. These future scenarios should de-
scribe generically different futures rather than variations
on one theme [22], and according to van der Zouwen et
al. [14], they should be ‘fundamentally different from
each other’. Waage [5] and Galloway [6] present ‘the cy-
linder of uncertainty’ as the old paradigm and the ‘cone
of uncertainty’ as the new paradigm within long-term
planning. The new paradigm planning approach, which
is an illustration of the multiple scenario analysis de-
scribed in Schoemaker [22] and in Bood and Postma [7],
is also referred to as ‘conical’ planning. Miller and Wal-
ler [19] state that ‘scenario planning is a qualitative
method’ that ‘create coherent stories about possible fu-
tures’. We do however believe that the scenario planning
approach opens up for using quantitative methods to
estimate certain aspects of the scenarios, e.g. future
population growth. Miller and Waller [19] go on to de-
scribe scenarios as a ‘structured story creation’ based on
‘factual data) ‘human insight; intuition and creativity.
Investments in water infrastructures are long-term
commitments that have consequences over the next 50
to 200 years. These long-term investments should be
able to cope with a radically different climate in 100 years
from now [16] and should be in line with future thinking
within the academic and professional community. Long-
term planning deals with a high degree of uncertainty,
often linearly increasing with time as illustrated by the
‘cone of uncertainty’ in Waage [5] and Voros [23], and
the ‘funnel into the future’ in Herz [24]. Both of these
descriptions involve a ‘window of opportunities’ [24] in
the future, which illustrate ‘that the domain of uncer-
tainty is expanding with time’ [6]. Studies show that cli-
mate models forecast a wide range of different outcomes
when looking at the same climate data [5, 16], emphasiz-
ing the uncertainty related to future modelling. The best
way to treat this symptom of variability is to apply
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multiple outcome techniques to prepare for a range of
plausible futures [5]. Scenario planning is stated to be
the ‘most prominent method for exploring the uncer-
tainty of the future’ [24] and is often used in projects
dealing with long time frames and high uncertainties
[14]. By designing a range of three, five or more scenar-
ios, where two of them constitute the opposites of ‘worst
case’ and ‘best case’ scenarios, the total uncertainty is in-
cluded within the range of the ‘forecasts’. The designing
of a limited number of scenarios leads to a broad de-
scription of the future possibilities, and in doing so, ‘sce-
nario planning attempts to capture the richness and
range of possibilities’ of the future [22]. Building less
than three scenarios could however distort and misrep-
resent the future as the combinations of scenarios would
not cover the necessary future possibilities. The neces-
sary number of scenarios should therefore be carefully
evaluated in each case.

The multiple scenario approach also ‘facilitates com-
munication and negotiation between managers with
deviating perspectives, and ‘attack routines and habits’
[7] within utilities. Thus, it becomes a tool to renew
thinking and bring the management together. It is also a
tool that can help managers overcome biases and
help strategists to ‘improve the overall quality of their
decisions’ [25]. Duinker and Greig [26] state that sce-
nario analysis has become an integrated part of
organizational pursuit of sustainable development. Com-
panies and organizations have long been using scenario
planning for strategic purposes, to ‘explore uncertainties’
and to review how current trends are shaping the future
[6]. Another benefit of scenario planning is that it sim-
plifies ‘the avalanche of data into a limited number of
possible states’ [22]. The simplification procedure of the
scenario planning helps to systematize an enormous
amount of data into plausible imagined futures. For a
detailed description on how to develop and construct
scenarios, see Schoemaker [22]. Varum and Melo [27]
review scenario planning literature for the last decade to
give an overview of the publications on the topic, while
Amer et al. [28] reviews the concept of scenario planning.

Building scenarios

Building blocks

When establishing the context of an analysis by defining
the boundaries of the system under investigation, the ex-
ternal system is defined. This is called the relevant con-
text [14]. The relevant context can include climate
change, demographics, politics, economics and techno-
logical development. The relevant context and how the
factors may develop into the future in the medium to
long term is the basis for building scenarios. In order to
build these scenarios, we need ‘building blocks’. In ex-
plorative scenario building, which is described in
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Borjeson et al. [29], the scenarios are based on external
factors which are beyond the control of the water utility.
Such factors, as presented in Table 1, represent the
building blocks for the scenarios. Herz [24] calls them
key factors. They can also be described as key drivers
since they are the driving forces [2] for future change. In
this paper, only factors that (a) can affect the physical
condition of the pipes, namely deterioration, or which
(b) can affect the need to improve network condition,
are included. The factors are divided into direct
(physically affecting network condition) and indirect (af-
fecting the need to improve network performance, or
can indirectly affect the physical network condition) im-
pacts. The reason for including the given factors are
based mainly on work within central European research
projects, like PREPARED (see http://www.prepared-fp7.
eu/) and TRUST (see http://www.trust-i.net/). An evalu-
ation on the balance and trade-off between details in the
scenario planning and uncertainty and benefits is the
reason for the selected number of specific external fac-
tors chosen for building blocks.

Main and combined scenarios

Scenarios are built by using one or several of the build-
ing blocks. The authors specifically distinguish between
main scenarios and combined scenarios. Before the com-
bined scenarios are built, the main scenarios, and varia-
tions of them, are identified (see Table 2). These
scenarios are tailored for use within urban pipe systems
rehabilitation planning. Variations of the main scenarios
are described through their expected consequence im-
pact, as defined in column two of the table. The conse-
quence impact states whether the impact is negative or
positive with regard to deterioration of pipes and the ex-
pected relative size of the impact. For each main sce-
nario, there are scenario specifics described in column
three. The scenario specifics describe expected future
developments within the main scenario for both waste-
water and drinking water pipe networks. The potential

Table 1 Building blocks (external factors) for building future
scenarios relevant for the urban water and wastewater pipe
systems

Type of impact

Direct
(physical) impact

Indirect (nonphysical) impact

External factor  Climate change ~ Governing and regulating aspects

Demographics Service level delivered to end users

Technologic and methodical
development

Ambition of the water utilities
Economy

Organizational capacity
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consequences of each of the scenario specifics are given
in column four. When assessing the risk for a given sce-
nario, it is the probability of the scenario specifics (col-
umn three) and the potential consequences (column
four) that are used in defining the risks.

Sedlak [30] considers climate change to be the most
important driver for long-term impacts on the urban
water system. Whether this is a fact or not depends on
which region of the world the urban water system is part
of. Heavy increase in precipitation or heavy increase in
the number and length of droughts could impact the
pipe systems severely. Changes in average temperature
and in temperature patterns could impact the reliability
of the networks through changed ground movement and
freezing and thawing cycles. Many utilities would how-
ever claim that urbanization will be more important for
future impact on the systems, or that deterioration and
lag in renewal is the main challenge. Lag in renewal is
primarily caused by a lack in investments. Lack in invest-
ments is caused by a lack of available resources (personnel,
organizational capacity and/or knowledge) and/or lack of
economical means. A potential future change in available
resources or economic means will further affect the efforts
given to rehabilitation and renewal, which can be either
positive or negative developments. Economical important
factors are inflation and discount rates. These factors do
not affect deterioration per se, but can affect rehabilitation
efforts and thus could affect deterioration in the long term.
An estimation of future inflation or the consumer price
index based on centralized governmental appreciations of
the value of money could be used to estimate the future
economical capacity of a utility.

Many of the cities worldwide will experience further
population growth in the coming decades [31, 32]. This
creates a huge challenge for the urban water systems
and is therefore considered as a main scenario. ‘Deliv-
ered service’ and 'technologic development' are also
considered as main scenarios since they both are
expected to be continually improved in a state of the art
society. Moving towards sustainability, it is not reason-
able to avoid an improvement in both rehabilitation
efficiency through technological evolution and service
levels, or at least to maintain the current levels.

The combined scenarios are constructed by merging
variations of the main scenarios, as given in columns
one and two of Table 2. Combined scenarios therefore
give more possibilities of describing the potential fu-
tures. A best case and worst case scenario can be con-
structed from the variations of the main scenarios by
accumulating the most positive and most negative im-
pacts, respectively. In between the two extreme scenar-
ios, there should be one or more scenarios to fill the
void, where one scenario could possibly constitute the
most probable one.
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Table 2 is the foundation for water utilities to build
their own scenarios, and works as a ‘buffet’ where util-
ities can combine variations of main scenarios as they
see fit for their local situation.

Using scenarios

Scenarios can be used, applied and implemented in a
range of ways. The most basic use of scenarios is just to
improve the understanding of the future. Scenarios can
be used to stimulate thought and give the user some un-
derstanding of the uncertainty of the future by giving
some ‘window of opportunities’ [33] and by presenting a
range of fundamentally different futures that can come
true. The next level of using scenarios is to model the
possible effects of the future on the system under inves-
tigation. Scenarios can for example be used to under-
stand the impact of the future on urban water pipe
systems. This enables utility managers to understand not
only the future but also how the system might react in
response to external changes happening in the future.
Knowledge about this gives the manager some time to
prepare and plan to implement changes that are robust
enough to cope with the changes. The third level of
using scenarios is to assess a range of future intervention
measures against the range of future scenarios, which
enables utility managers to choose the most robust and
sustainable long-term solution. A number of indicators
can be used to measure the sustainability performance
of the intervention measures against the range of scenar-
ios. Rehabilitation interventions can in this case be rep-
resented by different rehabilitation strategies.

Risk management of scenarios

One of the objectives of multiple scenario analysis is to
explore risks [26]. The main objective of the risk man-
agement is to identify the conspicuous risks in the long
term that are important to minimize, and assess the best
available risk treatment. Each scenario is representing an
undesirable event, because it potentially unleashes a
number of consequences for the urban water systems.
The placement of the scenarios within a risk matrix is
basis to score the risks based on the level of risk severity,
which later can be used when evaluating different future
intervention strategies against the range of scenarios.

Assessing the probabilities and consequences of scenarios

The future probabilities and consequences of the scenar-
ios can be assessed with quantitative or qualitative
methods. The approach taken should be based on avail-
able data and resources in the utility, and on available
data for the future development of the scenarios. It is al-
ways a challenge to quantify the long-term uncertainty
of external factors, both because of the long time frame
and because of the intricate system of parameters that
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can influence a certain factor. The goal of an uncertainty
assessment would not be to quantify an exact uncer-
tainty value, but to evaluate the range of the uncertainty
and be able to place the risk of the scenario within a risk
matrix (see Fig. 1). For a qualitative approach, a project
group can for example be established with persons of
different scientific backgrounds. This would facilitate a
broad discussion on the possible consequences of differ-
ent scenario impacts. A process called the Delphi process
is often applied in such groups, which is a group itera-
tive process that is based on structured communication.
The group contestants answer questionnaires in several
rounds, each time revising their answer based on the in-
put from the group. The answers from the contestants
are kept anonymous. It is an iterative process in that
they take several rounds to revise their answers until
they converge towards some common understanding
and a final answer. A predefined criterion is sometimes
used to define when the process is finished. Such a cri-
terion could be the number of iterative rounds or the
degree of convergence. The same process could be used
for defining the probability of the given scenarios if no
statistical data is available.

The consequences of scenarios are best defined with the
above described process, with the assumption that the
project group consists of a diverse range of experts that
have different scientific views and approaches. The prob-
ability of scenarios is however best described by a quanti-
tative approach, as long as data is available. Operational
data from the daily operation of the urban water networks
can for example be used in a statistical analysis as basis
for asserting some conclusions about future develop-
ments, and thus be able to produce some uncertainty.
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Risk assessment and evaluation

The risk analysis involves a quantitative or qualitative
assessment of the probability of the risk happening and
the consequence if the risk should happen. This is in
line with the definition of risk [34, 35]. Risk probabil-
ities and consequences should be divided into levels
representing severity of a potential event. The probabil-
ity level represents the probability for the event
(scenario) to occur within the prognosis period, and the
consequence level represents the relative size of the
positive or negative impact on pipe condition and per-
formance. Ugarelli and Restum [36] and Ugarelli et al.
[37] show approaches on how to scale probabilities and
consequences into severity levels, which can be quanti-
tative or qualitative. Ugarelli and Restum [36] define
consequence scales for different dimensions. The di-
mension of pipe condition and performance is the con-
sequence scale considered as relevant for this paper.

An illustrative example of a risk analysis and evalu-
ation of future population growth is shown in Fig. 1.
The probabilities and consequences are basis to place
the risks within the risk matrix. The risk severity in
the example is represented by three levels: high,
medium and low. These three levels are illustrated
with different shades of colour. By including five or
more levels, it is possible to make a clearer distinc-
tion between scenarios. To score the risk level sever-
ity, we suggest that high risks (dark colour) are given
a score of three, medium risks (light colour) a score
of two and low risks (no colour) a score of one. The
risk severity score is used to weigh the importance
and severity of the scenarios when assessing possible
future outcomes.

Probability
High Level
9 eve description
5 High
Medium
Z 4 Likely population
o growth
©
K-
(<]
a 3 Moderate
Low
2 Unlikely population
growth
High
Low 1 Very unlikely population
growth
Consequence . . . -
'q R Minor Some Medium Major Critical
description
Level E D C B A
Low Consequence High
Fig. 1 Example of consequences and probabilities of future population growth scenarios used in risk analysis and risk evaluation
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A case study of the Norwegian drinking water pipes
Many of the municipalities in Norway are experiencing
lag in renewal of their water and wastewater pipes and
are at the same time experiencing effects of climate
change like increased intensity of rainfall events. It is ex-
pected that the future will bring more rain, heavier rain-
fall intensity events and a change in atmospheric
temperature [38], which might impact the operation,
maintenance and rehabilitation of the urban water sys-
tems [39]. The length of the Norwegian drinking water
distribution system is around 46,000 km, with more than
1/3 of it being constructed before the 1970s. Pipes be-
tween 1940 and 1980 have varying quality due to chal-
lenges caused by poor construction practices and poor
construction standards of the pipes. Pipes laid the first
20 years after the second world war are the most trou-
bled pipes. The network consists mostly of cast iron,
ductile iron, and plastic pipes (PE and PVC). An initia-
tive by the Norwegian interest group for water utilities,
‘Norsk Vann’ (‘Norwegian Water’), and ten of the largest
municipalities in Norway, looks to improve modelling
for long-term rehabilitation and investment needs in
order to better predict the future investment needs. A
project has been running for 3 years with the objective
to improve the modelling approach and to calculate the
national future investment needs of the Norwegian water
and wastewater pipes until 2070. As part of this, the sce-
nario approach was applied in order to review the long-
term impacts of external factors on the pipe networks.
This paper presents the primary initiative to produce fu-
ture scenarios for the drinking water pipe network.

The project was handled by a core research group con-
sisting of two researchers (the authors) and two managers
from different municipalities, and a project group consist-
ing of representatives from all the municipalities, the
interest group Norsk Vann, and the two researchers. The
initial work consisted of a questionnaire sent to four of
the municipalities and a different questionnaire sent to re-
searchers within the social sciences discipline. In the ques-
tionnaire, the municipalities were supposed to point to,
according to the experience of the utility itself, the most
challenging problems facing the water pipe systems in the
future. The social science researchers were asked about
topics of risk and service provision related to society and
the future. All of the four municipalities named ageing
and deterioration of networks as one of their main chal-
lenges facing the future. This indicates a lag in renewal.
Population growth was indicated as a challenge by two of
the municipalities, while one municipality also pointed to
future climate change as a problem.

Based on the feedback from municipalities within the
questionnaires, work with the project group, and a litera-
ture study, the core research group produced a document
to identify the most relevant future consequences for the
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Norwegian urban drinking water network based on the
main scenarios identified in Table 2. A description of the
problems and possible solutions as to how they can be
analysed into the future was discussed. A summary of this
is given in Table 3. The scenario specifics and conse-
quences that are not included were omitted from the ana-
lysis based on the screening process (interviews, project
group and core research group discussion). The omitted
scenario specifics were just not considered as relevant for
Norwegian conditions. It was also decided to focus on
what seems to be the most challenging future trends for
the Norwegian water sector. What remained was a list of
relevant problems to be addressed more closely. These are
listed in Table 3.

The results from the preliminary round of screening
led to the selection of the scenario specifics as defined in
Table 3, representing the most pressing concerns of fu-
ture consequences. The more thorough assessment
depicted in this table resulted in more specific conclu-
sions for each scenario specifics and their relevant ana-
lysing approaches. This led to a branching out of the
case study into smaller sub case studies focusing on spe-
cific parts. The conclusions for the analysing approaches
were the following:

— Analysing approaches 2b, 3¢ and 3d: it was concluded
that these problems were better solved by O&M
procedures instead of solving them with optimized
rehabilitation levels. There was therefore produced no
follow-up tasks to these approaches. This was
substantiated by cost- benefit and sustainability
reasoning, as other more suitable solutions than
rehabilitation are available at lower costs and with
less impact.

— Analysing approaches 3a, 4a and 4b: A qualitative
case study based on interviews was considered to be
the best solution for these approaches. Relevant
people for each approach were contacted for an
interview. The selection of relevant people was based
on their relevance for the subject matter, their
experience and their up-to-date knowledge.

— Analysing approaches 1a, 1b, 1c, 2a, 53, 5b and 5c:
A quantitative case study based on data analysis was
considered to be the best solution for these approaches.
We found it necessary to create three dedicated sub
case studies to cover all the scenario specifics. These
sub case studies are explained more in detail below.

— Analysing approach 3b: We found that there is little
Norwegian specific data available on the public
perception of risk levels related to water and
wastewater systems. The topic is intricate and
comprehensive, and any conclusion should only
follow a project that has done studies into a
representative number of people. New knowledge on
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Table 3 Relevant future scenarios, potential consequences and analysing approaches identified in the case study

Most relevant scenario
specifics

Main scenario Water distribution potential

consequences

Problem description

Suggested analysing approaches

Climate change Frost and temperature
patterns will change,
including frosting and

thawing cycles

- Reduced reliability
- Change in failure rates

- Need to increase
hydraulic capacity

- Change in water quality
and reduced corrosion
problems

Demographics  Increased water demand
Population

change

Population reduction and
water demand reduction

- Water quality problems
and increased corrosion

Delivered Public awareness

service

- Lower risk acceptance

- Less acceptance for
discoloured water

- Less acceptance for shut
down of water supply

Technologic
and methodical
development

More efficient and higher
quality renovation methods

- Simplifying rehabilitation
and improving lifetime
expectancy of renovation
methods

Higher quality pipe
materials

- Improving lifetime
expectancy of pipes

Resource
capacity

Lack of personnel - Lag in rehabilitation

Reliability and failure rates can
be impacted by temperature
changes which impacts ground
movement and frosting and
thawing cycles.

Population growth leads to
increased water needs. Will this
lead to a need to upgrade the
hydraulic capabilities of the water
supply? Increased water demand
might actually improve water
quality with regards to corrosion
problems.

Many Norwegian systems are
already operating under low flow
velocities due to high capacity on
networks, so this will probably
not impair the situation to any
noticeable level.

Means a need to generally

improve network condition and
system performance. Risk should
at the minimum be maintained.

Increased problems with
corrosion, particles and
sedimentation increase the
probability of events leading to
resuspension of particles in
network and discolouration of the
water.

A possible increase in failures on
network will cause an increase in
repairs. This, together with
increased public demand to
water supply, will increase the
expectations and demands to
continual supply of water.

Higher quality no-dig methods,
both the materials and the
procedures. Better and more
effective installation procedures.

Material quality will improve in
time with better raw materials
and better production standards.
Technical approval of pipes will
probably be a standard for
Norwegian water utilities.

Old network. Poor performance.
Too little investment in renewal
of pipes. We expect that there
will be an increased rehabilitation
need due to the demographic
echo of past construction periods.

(1a) Data analysis: correlation
between failures and
temperature

(1b) Data analysis: correlation
between failures and frost/thaw
temperature ranges

(10) Look at future climate research
literature

(2a) A case study of the Oslo water
supply by looking at the impact
of different water demands on
hydraulic capacity

(2b) Estimation of de population
from areas from the Norwegian
national statistical database.
These problems should however
be solved with O&M instead of
increased renewal

(3a) Questionnaire to municipalities
to review their perception of
network risk levels

(3b) A review of the public
perception of risk levels related
to water and wastewater
systems

(3c) Data analysis of discolouration
data. However, these problems
are best solved with O&M
techniques instead of
rehabilitation (too costly)

(3d) Can be solved by techniques for
repair and proactive maintenance.
Increased renewal is probably not
the best solution

(4a) What kind of technological
advancements can be expected
in the next 50,100 years?
Interviews of Norwegian pipe
producers

(4b) Interviews of Norwegian pipe
producers on future
technological advancements

(5a) Analysis of the Norwegian water
network age and construction
periods
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Table 3 Relevant future scenarios, potential consequences and analysing approaches identified in the case study (Continued)

Most relevant scenario
specifics

Main scenario
consequences

Water distribution potential

Problem description Suggested analysing approaches

Lack of expert knowledge - Poorly managed and

executed rehabilitation

Insufficient financing in
renewal

- Implementation of less
than optimal, but low
cost, solutions

Too few students are being
educated for the water sector.
Poor management leads to poor
performance of the networks.

(5b) Analysis of trends in educational
data compared to the future
need for the water utilities

(5¢) Calculation of future investment
needs, which then should be
compared to currently planned
investments in rehabilitation

Implementation of less than
optimal solutions will lead to
poor long-term performance in
increased future investment need.

this topic will be pursued through the potential of a
national project, which means that we will not be
able to include this aspect into the scenario building.

The organization of the most pressing scenario spe-
cifics and their assessment led to the establishment of
some central sub case studies, which will be topics for
later more detailed publishing. Each of the case studies
were designed to focus on consequences related to the
specific main scenario and would look at probability
where possible. Some of these sub case studies are
already underway and results are available. It is planned
that all of these case studies will be carried out within
the next year, in time to support the national Norwegian
project on investment needs in the Norwegian water and
wastewater networks. In the following, the financial and
resource use of the core research group and the project
group are discussed, and the sub case studies and their
expected results are explained in more detail.

Financial and staff resource use

During the study, the project group met only once a year
for 2 years. The project groups’ contribution to the pro-
ject was therefore very limited, and restricted mostly to
giving feedback to the overall process of the scenario
planning. The annual project group meeting lasted for a
day, but that meeting included discussions relating to
several topics, and not just the scenario planning. The
number of persons in the meetings was seven, where
four of them had to travel from other parts of the coun-
try. This means that seven persons had to clear 1 day of
work in terms of resource use, and four people had to
order flights from different parts of the country in terms
of financial resource use. No overnight accommodation
was necessary. In addition, the main author of the paper
used about 1 day to prepare for each of the meetings.

As the project group was mainly concerned with giving
feedback, all the heavy lifting of the project was left to the
core research group. The authors were tasked with the
main bulk of the work, with the two managers from the
municipalities assisting the authors whenever necessary,
for example in the distribution of questionnaires, helping

answering pressing questions, data gathering, etc. The
managers’ resource use did not exceed 1 day of work in
addition to the annual project group meetings (which they
attended). For the main author, the bulk of the work was
the identification of relevant future scenarios, as given in
Table 3, setting up the variations of sub case studies, and
producing questionnaires for the interviews. It is
estimated that the two authors used three to four weeks of
combined work in total for producing Table 3 results and
setting up all the sub case studies. This work included a
lot of discussion between the authors.

As each of the sub case studies go into more details, it
is expected that the resource use on some of them are
higher than for the initial production of Table 3 and its
follow-up. This is evidenced by the work already done in
sub case study 4 through the work of Simonsen [40]. He
used about 2 months in total for setting up the hydraulic
modelling tool, establishing the scenario cases, import-
ing and running the hydraulic model, and assessing, pre-
senting and discussing results. Sub case study 3 has been
an ongoing work parallel with the writing of this article,
and it is expected that the total amount of time used on
the data analysis in the case will amount to about
2 months. That includes data gathering, data screening,
literature study, data analysis and assessment of results.
Generally, it seems that quantitative analyses take more
time than qualitative analyses. Simonsen [40] also
contributed to sub case study 1, which included less re-
source use than study 4. The reason seems to be that
quantitative analyses are based on more comprehensive
data sets, which makes data gathering, data screening
and data analysis more time consuming.

Outside of air travel for some of the project group
members, the study did not lead to any direct costs and
use of financial resources. The main contribution to re-
source use in the project was therefore the working
hours spent by members of the two project teams.

Qualitative case studies

Sub case study 1

This case study was established in order to support ana-
lysing approach 3a and the scenario of delivered service.
As stated earlier, a questionnaire was sent to four large
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Norwegian water utilities. The questions revolved
around their views concerning level of service and their
ability to deliver satisfying service levels now and in the
future, the increasing expectations from customers
concerning level of service, population growth and its
accompanying challenges, water supply reliability, cus-
tomer willingness to pay, the future ambitions of the
utility, and future challenging trends for the urban water
systems. Another questionnaire was sent to two social
researchers at the Norwegian University of Science and
Technology. The interview questions and their results
are found in Simonsen [40].

The results will be used to review topics of risk, ser-
vice levels and reliability from the utilities’ point of view,
to assess if there is any indication among the water sec-
tor professionals that service levels will have to rise in
the near future with the effect that rehabilitation efforts
will have to be increased.

Sub case study 2

This case study was established in order to support ana-
lysing approaches 4a and 4b and the scenario of techno-
logic and methodical development. Four leading persons
from different pipe producers in Norway were inter-
viewed with questions revolving around the development
of pipe quality, pipe material, research and future tech-
nologic advancement.

The interviewed people are central when it comes to
the specific pipe materials, and the research work being
put into the development of pipes. The results will be
used to foresee future technological advancements in
pipe materials and pipe quality in the next 50 years or
so. This can then be used to say something about the
quality of the pipe systems in the future, and if we can
expect pipes to last longer than today.

Quantitative case studies

Sub case study 3

This case study was established in order to support analys-
ing approach 1la, 1b and 1c, and the scenario of climate
change impact. Extensive amounts of climate data and op-
erational data exist for the Norwegian pipe networks,
which facilitates a wide and extensive data analysis. The
situation is therefore tailored for a quantitative analysis.
Long-term climate predictions for Norway until the year
2100 are prepared by the Norwegian Environmental
Agency [38], where different emission scenarios are the
basis to calculate ranges of expected air temperature,
precipitation, sea level rise and other hydrological data.
The first step of the case study is to look for correlations
between operational data (e.g. failures on drinking water
pipes) and climate data (e.g. temperature), and if any
correlation is found, extrapolate that correlation into the
future based on the different emission scenarios. The end
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result is a prediction of the effect of climate change on the
reliability of the urban water systems. This approach is a
combination of the standard prediction method and
scenario planning, as the prediction is based on different
future emission scenarios.

Sub case study 4

This case study was established in order to support ana-
lysing approach 2a and the scenario of population
growth. The result of this case study is already available
in Simonsen [40]. Part of the water network of one of
the largest cities in Norway was chosen as it represents
the situation in many of the Norwegian cities: high water
pressure, varying topography and medium density in
population. The case study looked at the impact of three
factors on the hydraulic reliability of the water supply:
population growth, leakages and deterioration of the net-
work. Deterioration was modelled by increasing the
roughness of the pipes. Single scenarios were run for
these parameters, and the following four combined sce-
narios were tested:

— Increase in maintenance (to reduce leakages and
roughness) and medium population growth

— Small increase in maintenance and medium population
growth

— No increase in maintenance and medium population
growth

— Decrease in maintenance and high population growth

The study found, despite the hydraulic oversized net-
work, that the scenarios will lead to some pressure deficits
in the network. The worst scenario will lead to a moderate
impact on network pressure and will cause a need for an
upgrade of the hydraulic capacity in order to maintain the
reliability of the water supply system. Results show that a
number of nodes (less than 10%) will not maintain the ne-
cessary service pressure. These results will be used to as-
sess the need for a hydraulic upgrade of the water supply
system based on different scenarios.

Sub case study 5

This case study was established in order to support ana-
lysing approach 5a and 5c, and the scenario of resource
capacity. There already exists an analysis of trends in
educational data compared to the future need for the
water utilities. This analysis shows that there are too few
people being educated for the Norwegian water sector,
which might impact the future ability of water utilities
to meet future challenges.

In connection with the national project on investment
needs in the urban water sector, there will be an
extensive data analysis on the composition of the water
network, including the distribution of ages and
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construction periods. Based on these distributions, and
on unit costs for rehabilitation, there will be a calcula-
tion of future investment need. These three approaches
(educational data, lag in rehabilitation, investment need)
will help the water utilities to understand the problems
they are facing with regard to the composition of their
networks, upcoming investment needs and future
resource capacity.

Discussion

By including several people in the scenario building
process, possibly from different branches of science, it
helps to reduce subjectivity and helps to drive discussion
within a utility. The combining of scenarios with risk
management helps to strengthen the long-term planning
by embracing uncertainty and emphasizing high-risk fu-
ture scenarios. The selection of scenarios, their qualita-
tive or quantitative determination and the risk analysis
are vital to obtain a vision of the future which is repre-
sentative and which reduces bias and the possibility of
choosing a failed strategy when implementing an inter-
vention. A failed strategy could result in extensive envir-
onmental impacts, larger than necessary costs and high
social impacts, especially for future generations. As for
now, there are a total of 5 main scenarios and 13 poten-
tial consequences specifically designed for building sce-
narios for the urban water networks. The variations of
the main scenarios give the user variability to adapt sce-
narios which are suitable for the local situation.

Key external elements for the urban water systems are
hard to predict or foresee into the future. Elements like
climate change, population growth, economy, regulatory
frameworks, social conditions and technology will im-
pact the necessary flow of money and skilled labour into
the urban water systems management. The big question
is how to foresee the future and manage the systems in a
way that makes water utilities prepared for different
kinds of changes and different kinds of impacts. Past so-
lutions like extrapolation of data from the past into the
future has often proven lacking in predicting reliable fu-
tures, especially as we expect the non-stationarity of cli-
mate to be more present in the future. There will be an
uncertain development of the external factors into the fu-
ture, especially in the long term. We have argued that a
multiple scenario approach is the best solution for hand-
ling these long-term uncertainties, by embracing uncer-
tainty within its approach. The uncertainty is embraced by
the building of multiple and fundamentally different fu-
tures. When the scenarios additionally are ranked with the
risk approach, uncertainty is at the same time reduced by
preparing for the most high-risk scenarios.

However, there are weaknesses and limits associated
with scenarios. Scenario planning have evolved from an
emphasis on quantitative methods to an emphasis on
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qualitative methods, and even though scenario planning
is supported by an increasing amount of tools, it will re-
main ‘a highly subjective art’ [28]. The main weakness of
the quantitative methods is that they mostly rely on his-
torical data and an assumption that past and current
trends will continue into the future. This is in contrast
to the perception of the future in literature such as
McCarl et al. [9] and Milly et al. [10]. Quantitative
methods are therefore usually not recommended for
projects with long time horizons [28]. The longer the
time horizon, the more suitable is the qualitative ap-
proach for scenario building. Also, quantitative analyses
are primarily focused on the analysis and forecast of a
single parameter, sometimes without taking into consid-
eration how variables and parameters may impact each
other. On the other hand, the primary weakness of the
qualitative method lies in its subjective nature. The in-
clusion of humans and the human mindset will automat-
ically lead to subjective input. There are ways to
counteract this (the Delphi process, wide variety of ex-
perts included in scenario building), and recent literature
[25] shows that the scenario approach can help to re-
duce bias in strategic planning. The recommended num-
ber of scenarios in literature varies, but it is
recommended to build between three and six scenarios
[28]. Generating more than five might be too costly
though and will in most cases not be justifiable [28]. On
the other hand, less than three scenarios might be too
few because they will probably represent two extreme
situations (best and worst case). Everything in between
will be undefined. Having three scenarios might cause
an unhealthy focus on the middle scenario (which is also
the most probable) [28]. Choosing the appropriate num-
ber of scenarios is therefore critical, is not an easy feat
and will involve the risk of choosing too few or too
many. For building each specific scenario, the literature
recommends using between three and eight factors, spe-
cified as uncertainties [28]. Scenarios are built of these
factors, as also discussed extensively in section 4. Using
less than three factors can simplify the situation too
much, and relying on more than eight factors will lead
to high scenario production costs. Furthermore, failing
to produce plausible, internally consistent and relevant
scenarios will render them unfit for use in scenario plan-
ning, showing that there are major concerns in the
process besides facts and number of scenarios and fac-
tors. The focus on details in the scenario planning
process is therefore fundamentally important, and shows
that scenario building is not easily achieved, nor should
it be taken lightly, otherwise biasing can occur. Meissner
and Wulf [25] show that only a complete application of
the scenario planning process can ensure their so called
‘debiasing’ effect. Approaching scenario planning in a
simplified or reduced manner will therefore not assure
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users of a non-biased decision-making process, and is
on this basis naturally not recommended.

The Norwegian case study for scenario building shows
how variations of main scenarios (Table 2) can be ap-
plied in a real case. The case study implements both the
qualitative and the quantitative approach, and shows
how both of these methods can complement each other
to build future scenarios that cover a wide range of
topics. When data is not available or cannot be fully
trusted (e.g. when extrapolation is not suitable), a quali-
tative approach where people from different scientific
areas participate is often the better alternative. By lean-
ing on both of these approaches, it gives a utility the
possibility for a wide range of inputs to the scenario
building, which facilitates a broad approach to the prob-
lem. Problems can however arise when a utility needs to
rely too much on data analysis or too much on the
subjective input of persons. Data analysis often lacks the
broader thinking of the qualitative approach, which
specifically brings the social and technological aspects
into play through the assessment of service provision
and quality, risk perception, public awareness and
technological development. On the other hand, the
qualitative approach is for the most part subjective in
that the knowledge input is given through humans. The
Delphi approach or the gathering of information from a
number of interviews is one way to reduce the subjectiv-
ity of the input. The best approach is therefore to merge
knowledge from data analysis (quantitative) with know-
ledge gained from experts of different areas (qualitative).
This approach is recommended in Amer et al. [28],
which claims that these two approaches are ‘complemen-
tary and strengthen each other when used together’. The
case study shows on a broad scale how important it can
be to use both of these approaches in a combination to
describe scenarios. Relying only on the qualitative ap-
proach would exclude important impacts from popula-
tion growth and climate change, while relying only on
the quantitative approach would exclude important im-
pacts concerning risk, service levels, reliability and tech-
nology, which includes the often-overlooked social
aspect. Besides showing the importance of using both
quantitative and qualitative approaches, the case study
shows that all of the described sub case studies are rele-
vant for describing the main scenarios. If one of the sub
case studies is ignored, it can impact the representative-
ness of a scenario, and may render it non-relevant. The
necessary width of the approach, and its appetite for de-
tails, is therefore the Achilles” heel of the method.

The multiple scenario approach can help utilities in
reaching sustainability goals and/or enable them to
implement suitable SUWM solutions and principles since
it lays the groundwork for planning optimal intervention
solutions. Without knowing what to plan for, it is hard to
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implement the right kind of decision. With the multiple
scenario approach, utilities have the tool available to
minimize the negative impact of an uncertain and unpre-
dictable future. SUWM proponents claim that traditional
urban water systems are maladapted to the emerging chal-
lenges of the future. One way to support this claim is to
apply the multiple scenario analysis in order to visualize
the future challenges that the urban water systems are fa-
cing, and see if the traditional legacy systems can meet
these challenges in a sustainable way or not.

Conclusions

Based on a review of available literature on long-term
planning principles within the urban water system and the
theory of future studies, the authors have suggested a
process based on multiple scenario planning to be the
most suitable to plan long-term rehabilitation and invest-
ment needs in the urban water and wastewater pipe sys-
tems. In the last several decades, the multiple scenario
approach has emerged as a central method to envision dif-
ferent futures in future science circles, and have gained
momentum also in the water sector. This has come about
due to the lack of other methods in predicting or foresee-
ing reliable futures. Also, the large variability and expected
development in factors impacting future change, like cli-
mate change and population growth, has forced scientists
into creating a tool that envisions different kinds of fu-
tures, instead of trying to predict that single, most prob-
able future. Some of the advantages of scenario building
are that it imagines a ‘window’ of future possibilities, it
embraces uncertainty and it facilitates discussion among
water utility engineers and managers.

The paper presents building blocks for scenarios, main
scenarios, variations of main scenarios and combined
scenarios as a process to understand the building of sce-
narios for the urban water systems. Table 2 represents
the final product of this process, which gives the user a
menu of which to build scenarios that is suited to local
challenges and situations. This table describes each of
the main scenarios in more specific terms and lists all
potential consequences of significance.

The paper also incorporates the aspect of risk in the
multiple scenario building. One of the objectives of mul-
tiple scenario analysis is to explore risks in the long term.
This is considered an important part of the scenario build-
ing since long-term management of the urban water net-
works deals with many uncertainties, especially in a world
dealing with non-stationarity, technological development
and large population movements. The risk process is
formed in a way to help water utilities in emphasizing sce-
narios that constitute a high risk to the future of the urban
water systems, and de-emphasize scenarios that constitute
a low risk. The scenarios are therefore ranked based on
their level of risk severity.
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The case study gives the reader an impression of how
the scenario table (Table 2) can be used to build scenarios
that fit the local situation, and gives suggestions on how
specific scenarios can be analysed. It shows the reader the
process of how a team or several teams can be used to
discuss challenges and come up with a plan on how each
of the scenarios can be analysed. It also shows how both
quantitative and qualitative approaches should be used in
conjunction with each other to give input from a wide
perspective. The paper argues that a combination of the
quantitative and the qualitative approaches is the best so-
lution to achieve a representative selection of combined
scenarios. The reason for this is given in the limited and
narrow range of the quantitative method, and in the often
subjective nature of the qualitative method.
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