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Abstract

Within large integrative, multi-scale scenario $&gdtwo kinds of problems are often encoun-
tered. It is problematic to fully link narrativeosylines and quantitative models, and cross-scale
interactions could be improved. This study aimiesting and applying new concepts for scenario
development that can help to bridge those gapbdrctrrent methodologies. It is carried out in

the framework of a larger EC-funded project, SCENES

Introduction

In today’s world where everything is increasinglgnoected with everything, there is an ever
stronger need for integrated assessments thattaoklient and future problems. Scenario devel-
opment is widely considered as a valuable tooirftegrated assessments that focus on this kind
of complex, uncontrollable and uncertain problePstérsoret al., 2003; Biggst al., 2007). The
Millennium Ecosystem Assessment describes scenado$plausible and often simplified de-
scriptions of how the future may develop based eoterent and internally consistent set of as-
sumptions about key driving forces and relationshifMillennium Ecosystem Assessment,
2005).

Scenarios can be either quantitative (numbers)uatitative (words), and most assessments
nowadays combine both. This combining is often deiaeapproaches like the Storyline And
Simulation (SAS) approach (Alcanebal., 2001).

The quantitative scenarios are mainly constructedxperts in the form of mathematical mod-
els. Qualitative scenarios consist mostly of siagd, and are more often produced in a participa-
tory manner. Both types of scenarios have thedngtths and weaknesses, which are described in
more detail by (Rotmans, 1998). Models are consisaed offer a good system understanding;
the need for hard data is however a drawback. Btes/(especially when created by participa-
tory methods) tend to be less consistent and ialigrooherent. They give a broader perspective
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including behavioral changes and other aspectsatieatlifficult to model and quantify. The par-
ticipatory development procedure is a good waynigage stakeholders.

Problem definition

One of the (practical) difficulties with the SASgpach as proposed by Alcamo, is the link be-
tween narrative storylines and quantitative mod@ek and Delden, in press). The concept of
the SAS approach (see figure 1) clearly identiffess need for feedback between modellers and
storyline developers, but in practice this iteratprocedure is not executed to its full extengmoft
due to lack of time or budget. Additionally, the dets are made by experts who try to use the in-
formation from the narratives. The difficulty isaththe qualitative scenario products are often
quite vague and subjective (Alcamabal., 2006). This is largely due to the fact that cfasilre
scenarios by definition do not give hard data beeahey try to capture the subjectivity of the
unknown future. Stakeholders will for instance slagt the population will grow faster in one
scenario than in the other, but they are often lentabtell what the exact growth rate is. Experts
thus have to interpret the storylines while quairti, which is often a rather subjective exercise
(Verburget al., 2006). At the same time, there are also variaiblése narratives that are by na-
ture hard to quantify, such as happiness, standftiding and state of the environment. This
kind of variables is often not represented in thedet, widening the gap between the narratives
and the models even further.
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Fig. 1. Storyline And Simulation approach (based on Alcag@i)1)

A second issue when developing scenarios is the &sae. Most of the recent large-scale as-
sessments are focused on multiple scales, asntpgrtant to understand the relations between
the scales (Bigget al., 2007; Zurek and Henrichs, 2007), and the driforges, processes, per-
spectives and actors at these scales (Latlatl, 2005). Processes can have larger effects on some
scales than on others (Millennium Ecosystem Assesgn2003), which might be missed when
studying just one scale. Additionally, cross-sdateractions are important in sociological eco-
nomical and ecological systems (Willbanks and Kal€®9). Multi-scale scenarios can better
maintain relevance across the multiple scales @aygl., 2007) and be more relevant for all de-
cision-making scales (Wollenbeeayal., 2000). However, formal approaches for linking Hoe-
narios across the different scales are not yet wetydeveloped or tested. Most multi-scale sce-
nario exercises have been primarily top-down, whthemphasis being on downscaling of higher
level processes. (Biggs al., 2007) According to (Biggst al., 2007) this is because of the diffi-
culties that arise when incorporating diverse aramsistent elements from smaller scales into
the larger scale storylines.



Background — The SCENES project

This study is part of a larger project, called SEEN SCENES is a 4 year EC 6th FP research
project that started in late 2006. It aims on depilg and analysing a set of comprehensive sce-
narios of Europe’s freshwater futures up to 2066ohsists of a highly participatory part that will
develop qualitative scenarios (storylines) and antjtative part (WaterGap, indicators and driv-
ers). The different parts will interact with eadher via the SAS-approach (Alcarabal., 2001).
The working hypothesis of SCENES is that one dirwarad, single sector focussed policies and
directives, relying on a limited set of charactirs of the water system, will not lead to a sus-
tainable future of European waters. Hence an iatedgrapproach is needed.

The SCENES scenarios will:

» provide a reference point for long-term stratedanping of European water resource devel-
opment,

« alert policymakers and stakeholders about emengioblems,

+ allow river basin managers to test regional andlleater plans against uncertainties and sur-
prises,

* be both qualitative and quantitative.

Two of the main goals of SCENES are to improvedbenection between the multiple scales
and to improve the SAS-methodology. In order toi@dh those goals in the first year rapid pro-
gress had to be made, resulting in a initial sefasf-track scenarios. Additionally an improved
scenario development methodology has been develdedremainder of this paper reports on
the initial efforts to achieve those two goals.

Research set-up

Within the framework of SCENES, the scenario deprlent process will be carried out and ana-
lysed in the majority of the 8-10 case studiesotPlreas, see figure 2) that were identified. An
elaborate training programme, including a jointitirlg workshop at Wageningen University,
will ensure that all case studies have a similatewstanding of methods that we suggest to use.
During the first year of SCENES, European fastikracenarios were created which will be
used as input for the downscaling, participatorgcpss. The overall objective of SCENES is to
create scenarios on both the Pilot Area level dsagehe pan-European level. The scenarios will
also be compared with (WaterGAP) model output. Hileo to successfully iterate between the
two scales and between the storylines and the ijaiwreg model, rapid progress has to be made
in the first year. This is why the so-called fastek scenarios has been set up, based on the GEO-
4 scenarios.



S irshation of SNGUHLC RIEOTARCES
= transil ulture

= privatization of water supply systems * i‘,:;?;n%arew
= mixed frends in water consumption (F )

both municipal and industry = Lake Peipsi

= probably increasing GDP and (Estonia)
the changes in the fife siyle
O HELCOM future
/i BLACK SEA REGION PILOT AREAS
- = change in agriculture, unknown future -
(\_D - aainization of the igated fields =SLuwenhveEton
» decapitalization of hydrauic siructures fhlisss)
— - urknown future for the ownership = Lower Dneper
¥ and operation of water supply and River (Ukraine)
-~ sewage treaiment plants
» consumption of water by heavy
industry
* negative population trends
MEDITERRANIAN REGION LOWER DANUBE REGION
= water stress * economic transition
* land use change = water pollution issues
* water use, irrigation + change In agricukure and land-use
= population rends, Immigration * iood and drought management
changs in agricultural policy
PILOT AREAS PILOT AREAS
+ Guadiana (Spain) + Upper Tisza
« Euphrates (Turkey) (Hungary/Ukraing)
= River {(Morocco) * Danube Delta (RO/UAIBG)
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The updated methodology

We propose a updated, partly new scenario developmethodology that builds upon existing
scenario development methods. More than in existiethods, we promote the use of qualitative
and semi-quantitative approaches. It is assumedrihalving stakeholders beyond the more tra-
ditional storyline development will increase thigiput in the quantification of their products. In-
cluded are well-known qualitative methods such ieB pictures, narratives, timelines and/or
guestionnaires (e.g.(Patel al., 2003; Evanset al.,, 2006b)); but it includes also the semi-
quantitative method Fuzzy Cognitive Maps (FCMs) ¢km, 1986; Kosko, 1993; Ozesmi and
Ozesmi, 2003) and other semi-quantitative methB@M is a conceptual modelling technique
that focuses on feedbacks within a system.

First an overall description of the updated methoglp is given, after which we will focus on
FCM as it is the main new tool for scenario deveilept. The other methods will not be dis-
cussed here.

Four steps

The new scenario development methodology considtsuo steps in which the different qualita-
tive and (semi-)quantitative methods are combinved {/lietet al., 2007):

step 1. Present and near future.

step 2. Looking at the future (long-term visions).

step 3. Critical review of developed visions.

step 4. Playing it back (short-term policy options).

These steps are chosen in order to gradually lamitbrefine the storyline of the scenarios. A
thorough understanding of the stakeholders’ viewhefpresent system is needed in order to un-
derstand why they think the future might evolvainertain way. In this first step a Fuzzy Cogni-
tive Map is made for the present system. In th@msédtep visions are developed. These long-



term visions show how the stakeholders’ perceptiitine future might look like, given the exter-
nal drivers from the fast-track scenarios. Theorisiwill be enriched in step 3, where the stake-
holders will critically review the developed visenThe stakeholders will be confronted with
there own work and with new input from the pan-E@an level and models. This should lead to
a more thorough story behind the visions. Fuzzyr@inog Maps will be made of each vision in
order to represent the future system under eadébrnvieparately. In Step 4 the focus is moved
from the end visions to the time lag between the érions and the present. The focus will be
mainly on short and middle-term policy options the¢ needed to reach the desired visions. The
developed Fuzzy Cognitive Maps form the framewankthis exercise in order to stimulate sys-
tem thinking. (van Vliett al., 2007)

Fuzzy Cognitive Maps

As said, FCMs as main new addition in the scendgieelopment method, deserves extra atten-
tion. Axelrod (Axelrod, 1976) introduced cognitiweaps for representing social scientific knowl-
edge. He was the first to use cognitive maps tavsfedations among variables that where de-
scribed by people instead of the researcher hineselCognitive maps show relations between
variables in a graphical map. The variables arenthdes and the relations the arrows between
them. Cognitive maps are a tool for formalizing ersandings of conceptual and causal relations
(Kosko, 1986).

Kosko (Kosko, 1986) extended the idea of cognitivaeps by adding fuzzy logic, hence the
name Fuzzy Cognitive Map (FCM). Besides the gragihiepresentation of a FCM, it also has a
mathematical representation in the form of a veniatrix calculation. A FCM consist of nodes
(C), being the concepts or variables, with conoesti(e) between them that represent the causal
relationships between the concepts. Each connegétsa weight eij (between 1 and 0) accord-
ing to the strength of the causal relationship leetwthe concepts Ci and Cj that it is connecting
(Kosko, 1986). A relationship can be either positiwhen one concept increases the other one
also increases) or negative (when one increasestlter one decreases) (Kok, in prep.). This can
be represented in a matrix. Each concept will &ls@iven a weight consisting with the current
weight in the system, which forms the state veckbe next state of the system can then be calcu-
lated via a vector matrix calculation. If iteratix system will (or not) reach a new balance. The
weight of each concept in that end balance showethven or not it will increase or decrease. All
outcomes are however relative. You can only seaané concept will become bigger than the
other, but how much bigger it gets is not defingabk, in prep.) It does however give a good in-
sight in how the system is working. Kok (in pread also (Ozesmi and Ozesmi, 2003) gives a
detailed overview of how FCMs can be constructed.

Fuzzy Cognitive Maps (FCMs) have been used in varie@search projects (e.g.(Cole and Per-
sichitte, 2000; Ozesmi and Ozesmi, 2003; Giordetral., 2005)), but so far they have not been
used in the scenario development processes. Thaukegrlying assumption however is that
FCMs can play a useful role in scenario developme@iMs can be used to structure the out-
comes of the participatory processes by introdusigiem thinking. FCMs will force the partici-
pants to make the systems from which they reasplhiciéx and therefore more transparent. The
continued attention on system understanding shalgll lead to more internally coherent story-
lines. This will facilitate an objective translati@and will increase the reproducibility of the sce-
narios as developed by stakeholders. It will atsprove the quantification of the storylines.

Within SCENES, FCMs will be created by stakeholdera visual way with boxes and arrows.
The FCMs will be created in a participatory settiag part of the scenario development work-
shops. These boxes and arrows can then be reprdsard mathematical way as a vector matrix
analysis. This way it becomes easy to acquire msigthe behaviour of the system, as perceived



by the stakeholders. This will lead to a bettettesysunderstanding among the stakeholders and
the researchers.

Multi-scale

Within SCENES, the Pilot Area scenarios will besgaled to the regional level and subsequently
used to enrich the pan-European scenarios. Thealing process will be carried out either by a
group of regional experts or a regional stakehopdearel (Baltic region) that will attempt to trans-
late the Pilot Area results to regional scenaride three-level process of scenario development in
SCENES (see figure 3) makes it to an excellent dppity to study cross-scale differences and in-
teractions. At least one iterative cycle from Ewap level to Pilot Area and back will have to be
made. It is therefore crucial that the scenaripuiuirom each Pilot Area is methodologically con-
sistent, thus enabling comparison and combinafitiis is one of the reasons that FCM will be
used. Several FCMs can be combined with each titferm one new FCM (Ozesmi and Ozesmi,
2003). We also strive to keep the methods thatised in the different Pilot Areas the same. The
local scenarios will be created within the bourggiven by the fast-track scenarios.
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Regional

Baltic states Mediterranean Lower|Danube Black Sea
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Fig. 3. The multiple scales in the scenario developmentgss

Link storyline and simulation

Kok (Kok, in prep.) states that Fuzzy Cognitive Maqg can help in (a slightly revised form of)
the SAS-approach. It can be used to structure takelsolders’ perceptions and the semi-
guantitative output of this method can facilitdie tjuantification of the storylines.

By combining qualitative storylines and semi-quative FCMs, a product is created that is
closer to the language used by modellers. The pedesystems can be compared with the sys-
tem as understood by the modellers. This will helridge the gap between the stories and
models, or at least make it smaller.

The FCMs can also indicate what the main driverhersystem are, and give indications on
what elements form good indicators for system ckamgis information will be used by the work
packages within SCENES that deal with drivers angaicts, by which it can also flow back to
the modellers.



Figure 4 provides an overview of how semi-quarnititamethods (such as FCM) can be used to
increase the link between narratives and modelsy Than be used in the quantification phase, as
an intermediate ‘picture’ between storylines anddeis, and they can be used in the feedback
process from models to storylines.

As said, FCMs will be made of the present and theré. The future FCMs are derived from
the storylines, which also serves as a check fr thternal consistency (1).

The FCMs can be used in the quantification pro(&ssut also directly by the modelers (3) as
they also give input on how the system is perceiVdis system perception of the stakeholders
can then be compared with the system perceptidineofodel. The feedback from the models to
the storylines (4) can also be either direct, bgwshg the stakeholders the model output, or
through FCMs by showing the difference in systemarstanding between the stakeholders FCM
and a (F)CM derived from the model.

Quantificatior
Storylines 51 > FCM <_?___> Models
g\ o = o

Fig. 4. FCM in the quantification process

Last but not least, the FCMs also form a produdtsrown right that can provide systematic,
model information based on qualitative variableghaut the need for hard data. This potentially
richer system description can possibly serve a®ppsg-stone between the narratives and the
models, incorporating the best of both sides.

At the same time, however, the combination of déifé methods serves to gain a better under-
standing of the potential downsides of FCMs. InMsCtime is ill defined and incomparable fac-
tors are compared. Factors are included that dosually operate at the same temporal scale; the
iteration steps are only iteration steps, not tgteps. Another problem is that in FCM all differ-
ent kind of factors, such as social, environmeatal institutional, are compared, even if this is
not logically possible. Finally, relationships ilF€M are only semi-quantified. It is therefore dif-
ficult to interpret the output in absolute termisok, in prep.) It is assumed that the ease of apply
ing an FCM in a participatory setting will outweidgihese potential disadvantages. Some of the
key characteristics of storylines, FCMs, and matit@al models are given in Table 1.

Table 1 Some characteristics of storylines, FCMs and nwdel

Storylines Fuzzy Cognitive Maps Models
- qualitative - semi-quantitative - quantitative
- very broad - system understanding - system understanding

- not always internally coherent
- many of variables

- social effectsincluded

- vague

- flexible

- no hard data needed

- shows effects of changes in feedbacks
- can handle all type of variables

- social effectsincluded

- flexible

- limited set of variables

- need of hard data

- hard to include social effects
- fixed set of assumptions

- lessflexible



First results

The qualitative methods have been tried and testedy times before in various projects
(e.g.(Wollenbergt al., 2000; Patett al., 2003; Millennium Ecosystem Assessment, 2005; Evan
et al., 2006a; Koket al., 2006a; Koket al., 2006b)). They have often leaded to interesting an
useful outcomes that also have impact on the tadgetvels. The semi-quantitative methods are
less well tested in scenario development. The fi$e&CM in participatory processes has mainly
been tested as being derived from interviews. W hested our approach of developing FCMs
in groups once during a two day training in Baia)yt (CERAM). The second test will take place
shortly after the deadline of this paper duringarfday scenario development training in Wagen-
ingen, the Netherlands (WU).

A week after the Italy workshop a questionnaires wand to the participants. They where
asked a number of questions on the used methodsthedaspects of the course. Answers could
be given on a scale of 1 to 5, with 5 being positind 1 negative.

The participants of the Italy workshop found FCMswusable in the first stage of scenario
development (describing the present), giving thicare of 4.4 on a scale of 1 to 5. The whole
idea of using FCMs was quite clear to everybodgradtone hour presentation (4.3). The patrtici-
pants also felt that they contributed more to fhalfproduct of the FCM exercise than of a vi-
sioning, collage making exercise (3.7 versus 3 hg lower score for the collage making might
also have been caused by the fact that the collabese made on a computer, giving the actual
user of the computer more decision power as whewutld have been conducted in the ‘normal’
way of cutting pictures from magazines.

The outcomes of the questionnaire give a strongation that with the adopted methodology,
FCMs were quite easy to teach and execute witlyithiep of stakeholders present.

Conclusion

The SCENES project aims at developing integratadti+scale water scenarios for Europe, for
all major river basins. It will make scenarios ewhibed in the Water Framework Directive, and
will complement and stimulate ongoing activitiesitiih this overarching project we hope to im-
prove the current state-of-the-art of participatecgnario development, by employing qualitative,
semi-quantitative, and quantitative methods ovemge of scales.

We hope that our new methodology will prove to fieative. The first test with FCM development
in a participatory workshop setting was positivee Effectiveness for the up scaling and in the tun-
ing between the storylines and models has yet tedied.

Fuzzy Cognitive Maps seem to be a useful, easgacht and easy to use tool that can play an im-
portant role in bridging the gap between scenddryknes and models.
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