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Abstract. Rivers in developed regions are under significantl Introduction

stress due to nutrient enrichment generated mainly by hu-

man activities. Excess nitrogen and phosphorus emissionghe interactions among social agents and the environment
are the product of complex dynamic systems influenced byare ultimately responsible for the evolution of nutrient loads
various factors such as demographic, socio-economic andi-e. hitrogen and phosphorus; Cole et al., 1993; Vitousek
technological development. Using a Catalan river catch-et al., 1997; Bennet et al., 2001). Nutrient management in
ment, La Tordera (North-East of Spain), as a case studyiver basins requires not only the identification and quantifi-
of an integrated and interdisciplinary environmental assesscation of nutrient sources but also an understanding of all
ment of nutrient flows, we present and discuss the developtelevant natural and social processes and their interactions;
ment of narrative socio-economic scenarios through a parin short, nutrient management calls for integrated environ-
ticipatory process for the sustainable management of the armental assessments (IEA) (Bailey et al., 1996). The message
thropogenic sources of nutrients, nitrogen and phosphorugf interdisciplinarity and policy relevance conveyed by IEA
In this context, scenarios are an appropriate tool to assisinplies a broad and strategic look at the issue that contrasts
nutrient emissions modelling, and to assess impacts, possgharply with the more traditional top-down view of policy
ble pathways for socio-economic development and associmaking (Bailey, 1996; Hisscheitier et al., 2001; Rotmans
ated uncertainties. Evaluated against the 1993-2003 bas@nd Dowlatabadi, 1997; Toth and Hizsnyik, 1998). By al-
line period, scenarios target the 2030 horizon, i.e. througHowing a synoptic perspective on the causes and effects in-
the implementation process of the Water Framework Direc-volved (Rotmans et al., 1996), IEA facilitates an understand-
tive (Directive 2000/60/EC). After a critical examination of ing of the interactions and feedbacks between the natural and
the methodok)gy used in the participatory deve|0pment ofthe social systems involved in the dynamics of river nutrient
socio-economic scenarios, we present four possible future®ads. This understanding is crucial to manage effectively
(or perspectives) for the Catalan river catchment conceivedhe various sources of nutrient emissions.

by stakeholders invited to a workshop. Keys to the success Traditionally, river basin management has been reac-
of such a participatory process were trust, which enhancedive, focussing on the reduction of point nutrient sources
openness, and disagreements, which fostered the group’s crgostly through the construction of waste water treatment
ativity for scenario development. The translation of narrativeplants. However, it is increasingly being recognised that we
socio-economic scenarios into meaningful nutrient emissior@lso should attempt to foresee problems and take a proac-
scenarios is also discussed. By integrating findings of natfive and preventive approach. Proactive management is
ural sciences and socio-economic analysis, we aim to assig!so better suited to accommodate societal action in envi-
decision makers and stakeholders in evaluating optimal mantonmental policy development and governance (Berry and
agement strategies for the anthropogenic sources of nitrogeRondinelli, 1998). This can be accomplished through a

and phosphorus. variety of approaches, including participation and policy
evaluation as part of an integrated assessment modelling.

Correspondence tdz. Caille Models are widely used to explore options for catchment
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variables (e.g. nutrient concentrations and loads) in relatiorAlthough over short periods of time many important struc-
to a driving force of interest (e.g. land use or climate change)ures, processes and attitudes might remain unchanged, we
(Hofmann et al., 2005; Brown Gaddis et al., 2007). This is are aware that over longer periods of time, social and eco-
done by simulating scenarios. However, models (and modnomic relationships change, and that institutional and tech-
ellers) are by themselves inadequate for defining goals andological innovations modify prevailing trends. This is the
specifying scenarios, a task that is often entrusted to a panelomain of scenarios. In this context, the process of sce-
of experts. Yet this is an area that can greatly benefit from thenario construction can be seen as a sequence of “what if?”
involvement of stakeholders, as the European Union Watequestions. This approach encourages participants to evaluate
Framework Directive (WFD), adopted in 2000, recognises.possible causal chains and to reflect on the series of conse-
With the objective of achieving the effective implementation quences of a range of possible futures, generating scenarios
of effective water management for the protection of all Euro-that are self-consistent and comparable (Kahn and Wiener,
pean natural water bodies, and to improve decision-makingl967; Berkhout et al., 2002). The goal is to develop a number
processes, the WFD encourages public participation. At itsof diverging stories, commonly called “narratives” or “story-
most basic, participation at the local level allows the collec-lines”, by focusing on the nature and impact of the driving
tion of practical information for scientific assessments andforces that are identified as being both uncertain and heav-
policy-making, but it also serves to better adapt measuredly influencing. Thus, scenarios at the catchment scale are
to local conditions, to include people concerned in the de-recognised as essential tools for planning and communica-
sign process and eventually to raise public acceptance (WFDtjon (Raskin et al., 1998), and also for representing efficiently
2002b). The WFD distinguishes between providing informa-environmental changes caused by a specific socio-economic
tion, consultation and public participation (or active involve- context. When used together with a catchment model, sce-
ment). All these different and gradually more relevant formsnarios can be run to assess the impact of relevant socio-
of participation contribute to the participatory policy analysis economic indicators on the environment.
which underlies Participatory Integrated Assessment (PIA) The participatory development of scenarios applied to
(Ridder and Pahl-Wolst, 2005), a set of methods and technutrient emissions problems at the catchment scale in the
nigues that aim at supporting policy development by design-Mediterranean region is quite novel, we are not aware of
ing and facilitating active involvement of social agents, andany precedent published in the scientific literature. Yet it
eventually fostering debate and argumentation in an enviis of interest in the context of the current efforts to develop
ronmental management process (Hisscbiganet al., 2001). programmes of measures for river basins as required by the
The development and use of scenarios is one of the most apA/FD and the European Statement for a New Culture of Wa-
propriate approaches to contribute to this aim as it is an effiter (NCW), adopted in Madrid in 2005 by a group of Euro-
cient way to gather information from expert judgements.  pean scientists. The NCW considers the WFD as an essential
Scenarios are useful instruments to think about the futureand necessary contribution in the pursuit of the defence of
and to build storylines about how the future might develop human and citizen rights in the context of democratic gover-
(Nakicenovic et al., 2000). In the definition of the Intergov- nance based on transparence, participation and citizen con-
ernmental Panel on Climate Change (IPCC), which is com-+rol to reach social and environmental sustainability (Arrojo,
monly adopted in environmental applications, scenarios ar@006).
described as alternative futures that are neither predictions This paper is a contribution to the elaboration of a common
nor forecasts, but contrasting images of how the future mightoolkit for scenario development, which may allow sharing
unfold (Parry and Carter, 1998; Rotmans et al., 2000). Sceand comparing experiences. We present and discuss a par-
narios are widely used to explore uncertain futures, to assedscipatory process to develop local socio-economic scenar-
possible pathways for socio-economic development, to idenios relevant to the evolution of nutrient flows in a Catalan
tify management strategies and to present alternative viewsiver catchment (La Tordera, NE Spain) for the 2030 hori-
or images of the future with the aim to provide insights into zon. This was done for research purposes, without immedi-
the present (Berkhout et al., 2002; Burt and van der Heij-ate policy implications, as part of an integrated assessment
den, 2003; Ledoux et al., 2005). Thus, by synthesising andvhich includes a modelling effort to identify and quantify
communicating complex and extensive information to deci-nutrient sources and emissions between 1993 and 2003, and
sion makers and the public, scenarios make decision-makingn analysis of the social context relevant to catchment man-
more robust and help identify strategies for pre-empting un-agement, including the identification of stakeholders and the
desirable future developments (Carter et al., 2001; Van dernalysis of their interactions. The process presented here
Heijden, 1996). for the development of scenarios will serve as a basis for
Scenarios are not only a way to see the future. They alsdhe elaboration of quantitative nutrient emissions scenarios
enable to highlight uncertainties, which will always charac- in a separate paper. Our specific goals are: (1) to criti-
terise the future. Thus, rather than allowing accurate precally examine the methodology used in the participatory de-
diction, they enable “learning” by showing how the future velopment of socio-economic scenarios, (2) to present and
may deviate from planned events (Van der Heijden, 1996)discuss the results of a scenario-development workshop for
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La Tordera catchment with selected stakeholders, and (3) tc . Santa L4158
discuss the translation of narrative socio-economic scenarios '
into meaningful nutrient emission scenarios. Finally, we dis-
cuss the utility of scenarios for the sustainable managemen: Lae sy
of nutrient sources in La Tordera.
141045
2 Study area
. . . . Sant

The Tordera basin (877 Kim is located in Catalonia (NE Celori

Blanes +41°40'

Spain), about 60km north-east of Barcelona (Fig. 1). La .
Tordera stream originates in the Montseny massif (maxi- B URBAN &
mum altitude, 1712 ma.s.l.), and runs for about 60 km along [ NATURAL VEGETATION
the valley formed by this massif and the littoral mountain 250 30 20 > 50
range of Montnegre before ending in a delta between two
Important coa_stal tourist towns, _Malgr.at de Mar and BIaneS'Fig. 1. Location of La Tordera catchment in Catalonia, showing
The bedrock in the catchment is mainly composed of plu-.2in 1and uses.
tonic and metamorphic rocks, with sandy quaternary deposits
forming wide terraces and a significant fluvial aquifer in the
lower section of the river. The climate is sub-humid Mediter- (ACA, 2002, 2003). Today, waste waters from all towns with
ranean (mean annual precipitation: 850 mm/yr over the lastnore than 2000 inhabitants are treated, and point sources of
10yrs); accordingly, river flow is highly variable both within nutrients have decreased substantially since the first plan for
and among years (median discharge at Fogars, 10 km upirban waste water was initiated (Jubany, ZQ@ACA, 2005;
stream the mouth of La Tordera, was 0.99srfrom 1994  Diputacb de Barcelona et al., 2005). However, agricul-
to 2003, with a range from 0 to 170%s). The catchment tural diffuse nitrogen emissions remain largely unaddressed.
spreads over 25 municipalities from three counties (La SelvaFor example, at Forgars monitoring station, 14 km upstream
El Valles Oriental and EI Maresme), and includes sectionsof the mouth, the median concentration of soluble reactive
of two Natural Parks: Montseny and Montnegre. The mainphosphorus has decreased from 0.22 mgP/l in 1990-1995 to
land uses are agricultural (16%), mostly on the low eleva-0.07 mgP/l in 2000—2004, whereas the mean concentration of
tion north-eastern part of the catchment, urban and industriahitrate has decreased only from 1.81 to 1.32 mgN/I between
(7%), mostly along the main valley, and forests and grasslandhe same two periods.
(77%), covering most of the mountainous terrain (Fig. 1).

The population of La Tordera catchment has changed over
the last thirty years. Indeed, the population of the catch-3 Methodology
ment increased from 70000 inhabitants in 1975 to 88000

in 1995 and 122 500 in 2005. This trend reflects changes ir;rhe scenarios developed in this paper fall into the category

human activities in La Tordera catchment, which have sub-Of explorative and external scenarios in the typology pro-

stantially increased during the 1990s. Fluxes of nitrogenposed by Brjeson et al. (2006). Indeed, they are elabo-

and phosphorus have been affected and disturbed by marl t?d with along.time—horizon (2030) and are based on forces
factors associated with anthropogenic activities, but primar- hich are not directly under the control of the_ ;takehold-

ily by domestic and industrial waste water effluents. Today,ers' prever, thg scenarios share some qgualities with the
the agency in charge of managing La Tordera is the Ca,[a_normatlve scenarios as defined by van Notten et al. (2003),

lan Water Agency (ACA). Attached to the Department of namely a consideration of the interpretations, values and in-
the Environment and Hou.sing (DMAH), this public organ- terests of scenario developers. We sought to respond to the

isation is the only water administration of the Catalan Gov—queStlon What can conceivably happen to the development

ernment with full authority on the intern catchments of Cat- of e>l<ternal (sopio-economic) driving'fors:ﬁs that impinge on
alonia (i.e. river catchments that lie entirely within Catalan nutrient emissions to La Tordera river? . Scenarios were
borders). From the end of the 1990s, management by th eveloped o_lurlng a_one-day workshop with selected stake-
Catalan government (Table 1) of agricultural and industrial olders_. 'I_'h|s technique allowed us tp ger?eratez collect and
activities, and of demographic growth, was gradually rein—Work ‘.N'th |de_as and to structure thinking with a view .to pro-
forced. In accordance to the Urban Waste Treatment Direc-duce immediate results. Based on the comprehensive views
tive (UWWTD, 91/271/EEC), the Catalan government de-  13,pany, 3.: Aalisi de la qualitat bidigica de la conca de la
veloped and implemented strategic plans for the treatment ofordera a partir de macroinvertebrats. A: edited by: Boada, M.,
all urban and industrial waste waters (in 1995 and 2002 formayo, S., and Miralles, M., Els sistemes socioégits de la conca

urban waste waters, and in 1994 for industrial waste watersjle la Tordera, Barcelona, ICHN, submitted, 2007.

de Mar 5 km
——
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Table 1. The different sectors of activity are indicated by the abbreviated letters as follows: A, Agriculture, U/T, Urbanisation/Tourism,
and |, Industry. Regarding the urban sector, 3/4 of the participants were citizens of the catchment. Participants to the scenario developmen
workshop for La Tordera catchment.

Stakeholders Sectors Websites
Private and Civil — Catalan farmers’ union (@nile Pagesos), A hitp://www.uniopagesos.es/
Organisations/Institutions  — Pharmaco-chemical Industry, I
— Environmental consulting group (EGAM), U, T, | hitp:/lwww.egam.es/
— Water diagnostic centre (CEDIA), urT
— Researchers and Environmental/ AU TI — http://www.observatoririutordera.org/
Social institutions (Observatori and — http://www.fundacionatura.org/
Fundacd Natura)
Public Organisations/ — Catalan governmental departments:
Institutions — Catalan Department of Agriculture andA — http://www.gencat.net/darp/
Fisheries (DARP),
— Catalan Department of the Environment — http://mediambient.gencat.net/
(DMAH, Prevention and control section),
— Department of Territorial Policy and U — http://www.gencat.net/ptop/
Public Works,
— Water agency (ACA), U http://'www.mediambient.gencat.net/acal/es
— City halls: Territorial and town planning U, T — http://www.ajmalgrat.es/
divisions

of scenario planning structure presented by Mercer (19958.1 Identification of stakeholders and selection of
and the European Environmental Agency (EEA, 2001), we participants
conducted the workshop by applying a combination of the
steps of two methods, “Futures Skills” of Graham H May We started by identifying the key stakeholders (Fig. 3) in-
(http://www.futuresskills.co.ukand “Idon Visual Thinking”  spired by the "Shaping actors — shaping factors” method,
(Galt et al., 1997), for the participatory generation of sce-used for the first time for "The European Challenges post—
narios. These are highly effective, quick and straightforward1992” (A. Jacquemin and D. Wright, 1994). We based
techniques. One of us had already experience in applyinghis process on our initial analysis of the nutrient emis-
the latter method to the management of biological invasionssions, former project reports §bara and Saur2004; http:
(Rodiiguez-Labajos, 2006). Ilwww.observatoririutordera.ory/ recommendations from
The workshop for scenario planning was conducted in aacademic experts and local informants, and Internet research.
neutral place within the catchment (i.e. a music school in theStakeholders were selected to include both public and private
town of Sant Celoni, Fig. 1) and led by three of us (FC, BLL sectors, groups with a direct effect on water quality (nutrient
and JLR) plus another person in charge of taking notes. Sceemitters), local and regional administrative departments with
narios were developed through a participatory process witta stake in the development and implementation of policy rel-
selected representatives of stakeholders. Preparation for thevant to nutrient emissions, and locally represented organ-
workshop included an analysis of nutrient emissions and conisations involved in environmental conservation. Then, we
centrations in La Tordera over the last decade, an evaluaexplored and analysed the complex human-ecosystem inter-
tion of the socio-economic system relevant to nutrient emis-actions with the use of a series of interviews that we con-
sions to the river, the identification of stakeholders and a setlucted with representatives of all the main social actors of
of interviews with selected representatives of stakeholderd.a Tordera catchment (Fig. 3). The results were organised
(Fig. 2). in an analytical framework indicating the role, pressures and
The generation of scenarios was based on a structured sghpacts of all social actors as suggested by Smeets and We-
of activities, which involved the following steps: (1) identifi- tering (1999) and the WFD (2002a). Among all stakeholder
cation and analysis of driving forces, (2) identification of key groups, the most powerful ones in terms of their influence on
uncertainties, (3) generation of clusters of driving forces anddecision-making are the Catalan Governmental Departments,
scenarios, and (4) development of storylines. All activities inthe ACA, and the city halls (Fig. 3).
plenary and separate groups were tape-recorded. The selection of participants is crucial for the success of
any participatory process; this is why we paid special atten-
tion to this phase (Wollenberg, 2000; Kok et al., 2006). We
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Private and Civil Public
I"legm‘e‘: Q“":““me"’ Organisations Organisations
of N,
r
Catchment nutrient Description of
emissions model the social system
N

Interviews and
Describe interactions

Envir./Social
Institutions

Catalan
Governmental
Departments

J City Halls

Sectors of Activity }4—

Identify Stakeholders

River
Nutrient Loads

Scientific/

[ Scenario develop t (Workshop) ] Technical

1 Identification | {2 Identification of | | 3 Generation 4 Generation 5 Development
and hierarchy key uncertainties of themes of scenarios of storylines
C

of driving forces and subthemes

Fig. 3. Schematic representation on the main stakeholders identified
for La Tordera catchment relative to nitrogen and phosphorus emis-
sions. Arrows indicate the main directions of influence between

stakeholder groups. Sectors of activity (agriculture, industry, and

urbanisation plus tourism) affect nutrient emissions directly.

Fig. 2. Flowchart of the methodological process for local scenarios
development through a participatory process.

selected participants based on our list of stakeholders and the - . . .
each driving force on two scales: uncertainty vs. predictabil-

results of personal interviews. We sought participants with_t dd ‘ rel th ds t ‘ it d
knowledge on the problem at stake who expressed an interyy: &nd degree ofrelevance with regards to water quality an

estin being involved in this exercise, had an open attitude angihe selected time interval. The aim was to classify and place

were communicative. Whenever possible, we sought person e driving fprces ona grid with axes running f_rqm high to
who were involved in decision-making processes and coul ow uncertainty, anq high FO low relevance.' Driving forces
influence the implementation of the WFD in the study catch-that were not considered important were discarded. Those

ment. At the same time, we strove to have an even repre\_/vhlch were qualified as important but relatively predictable

sentation of the identified stakeholders. The workshop Waée.g. demography) were kept but only to be included in all

held with 12 participants representing the main stakeholder%cenanos' Theref_o_r €, the generation of scenarios was not
(Table 1). ased on these driving forces, but only on a limited number

of important and unpredictable driving forces. At this point,
3.2 Main steps of the scenario development it was essential to assess whether any linkages between driv-

ing forces existed, and to rule out any impossible scenarios.
The first step, i.e. the selection and analysis of the drivingThis entire process ensured that neither predictable nor im-
forces, was done in three phases. First, prior to the scepossible scenarios were considered.
nario development workshop, a series of face-to-face inter- After a creative and participative brainstorming, stake-
views with participants was conducted to develop commit-holders conceptualised and qualified two main thematic
ment in the research and to provide a preliminary set ofgroups of driving forces. These two main themes based on
the main driving forces. Second, during the workshop, wethe socio-economic driving forces that have an influence on
started with a presentation of the participatory process andhutrient emissions to La Tordera river were then used to gen-
its context. This was followed with a brainstorming exer- erate two subthemes for each of the main themes. Subthemes
cise in three separate groups defined by sectors of activitglefine two distinct alternatives (i.e. extremes of the state).
(i.e. agriculture, industry, and urbanization and tourism). Fi- Thus, by combining themes and subthemes we obtain a ma-
nally, a plenary brainstorming session was used to identifytrix allowing the creation and development of coherent, inter-
the main relevant driving forces at a broader, cross-sectorahally consistent, and plausible descriptions of four possible
level; these included industrial, agricultural, economic, polit- future scenarios (see Sect. 4.1 and Table 2). By emphasising
ical, technological, legal and societal trends (see Sect. 4.1¥he uncertainty of the future but avoiding the confusion of
Relevant driving forces were written on “Post-it” notes and too many alternatives, the potential of the participatory tech-
placed on the wall. Participants were asked to assess the exique can be realised. The main characteristics of each future
tent to which these driving forces were influencing sectoralwere underlined and developed. The last step consisted in
evolution and affecting N and P loads, and hence water qualeonferring a descriptive and catchy title to characterise each
ity, and to think about current trends for each relevant factor.scenario. Titles help to remember each scenario and facilitate

One of the main aims of the participatory scenario methodcommunication about them.

is to raise awareness about the unpredictability of the future The participants, in a plenary session, learnt together to
and to acknowledge the fact that making decisions in thenarrate one scenario to facilitate the development of the sto-
present has implications for the future. Therefore, partic-rylines. The narrative of a scenario seeks a short description
ipants, working together as a group, were asked to assesd its evolution as a history explaining the driving forces and
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Table 2. Scenarios generated by the participants to the workshop based on the combination of two themes and two alternative subthemes
for each of these themes. The scenario “Inertia” is identified as a “Business as Usual” scenario (BAU). See text for full narratives for each

scenario.

Sectoral Interaction

The market governs

Coexistence of market and
territory

Inertia

Lack of coordination

Utilitarian management

Pact for subsistence

e Adaptation

e Fast growth with local control

cooperation

Low-Medium contamination

Short-term Growth and weak control e Cooperation, but lack of
. o iis management
Intensive activities and based on &
technology e Medium contamination
Political High level of contamination
Planning
Minimum rules Sustainability
Stronger regulations and investment, | ®  Equilibrium between society and
but local conflicts environment
Long-term Good intentions, but passive e Growth but control

e Investment

e No (or low) contamination

sequence of events that lead to the scenario situation. UsinRiera et al., 2002). Our aim here was to relate the trends
several elements, i.e. population and economic growth, techlisted for each socio-economic scenario to the list of input
nological development and environmental protection, partic-data used by the model MONERIS in order to examine ex-
ipants explained the plausible evolution of each factor sepected impacts on emissions for each scenario.
lected in the previous step and qualitatively described their To perform this translation, we marked the trend expected
trends. for each emission pathways under each of the four socio-
After this learning experience, participants, as separat€conomic scenarios developed during the workshop. We then
working groups, elaborated narratives for the three remainasked workshop participants by e-mail to comment on our
ing scenarios. After joint deliberation, contents were synthe-initial evaluation and to suggest modifications. When we felt
sised and confirmed. Then, the workshop leaders built théhe interpretation of trends was ambiguous, we specifically
storylines, and, a few days after the workshop, we asked parasked participants to address those cases.
ticipants to revise and approve them, as part of the follow-up

to the participatory process.
P patory p 4 Results

3.3 Semi-quantitative evaluation of scenarios Results of the main steps presented in the methodology for
o ) ) ) the generation of scenarios include the identification of driv-
To help quantifying the impact of the various scenarios onjng forces and key uncertainties, the definition of the themes

nutrient emissions within a modelling environment, socio- gnd subthemes that generated four scenarios, and the devel-
economic scenarios need to be translated into a set of quantspment of storylines.

tative scenarios in a form suitable for input into a catchment

model. In this study, the catchment model MONERIS (Mod- 4.1 The scenarios

elling Nutrient Emissions in River Systems) will be used at

a later stage. MONERIS is an empirical, semi-distributed Participants identified the following list of driving forces as
model that provides estimates of nitrogen and phosphorugey to the future of the catchment, yet of uncertain evolution:
annual loads and partitions loads according to the main poinagricultural use change, decrease of the agricultural out-
and diffuse sources in the catchment (Behrendt et al., 2000put production, population growth, urban pressure, tourism
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expansion, relocation of industrial production, planning of logistics, service production and intellectual services, i.e. the
industrial estates, water allocations, climate change, regulatertiary and quaternary sectors of industry.
tions, and administrative policy.

After agreeing on the major driving forces that were rel- Scenario II: Pact for subsistence

evant for La Tordera catchment, participants came up With rpis scenario combines actions in the territory driven by
two main themes for the generation of scenarios: Political g ort-term planning with a sectoral performance that at-
qunnmg and "Sectoral Interactlpn ! Wh'(?h_ are nonethelesstempts to develop the market while taking into account terri-
quite general. The former embodied all driving forces relatedtorial development. The necessities of the short-term plan-

to the regulatory framework and the development of policiesy g jnguce the intervention of the public administration,
at local and regional levels addressing demographic change%hich takes action as problems emerge

IabOL_Jr standards, and enwr_onmental concerns (e.g. water al- s scenario is characterised by strong population growth
locations). The latter considered a]l the aspects of.sectoragjue to the proximity and expansion of the metropolitan area
Sevc(ajlopme_nt govderned by.e.conomlc developrr?erfn,hl.e. margg Barcelona, increased transport connexions, immigration

et dynamics and competitiveness. For each of these WQnd the strong growth of tourism. As a result, urban pressure

”‘e.”.‘ es, wo glternaﬂves were defm.ed. These were, for th‘Eontinues to grow at a sustained rate and second homes are
political planning theme, an emphasis on either short term or

: : ) converted to primary residences.
long term p_Ianmn_g, and, fqr the_sectoral interaction theme, - 1, agricultural sector remains stable thanks to conven-
an econq(rjnlg (ta)nwr%nrlnent 'E which the markgt rulgs VerSUSional practices supported by a moderately successful terri-
one presided by a balance between economic and termtorigy ;.| hianning. The agricultural configuration, practices and
development, including conservation. The combination of ield remain unchanged. An attempt is made to curb the neg-
themes and subthemes produced four scenarios (Table 2), f tive impacts of the sector
which participants drafted the following narratives based on '

lati wih . th. technoloaical devel Water allocations show regular and moderate growth. In
poputation growth, economic growth, technological deve Op'spite of regulations, the current trend towards an overex-
ment, and environmental protection.

ploitation of La Tordera aquifer is maintained and may be-
come critical. Public authorities still focus on short-term
planning and cannot avoid these negative outcomes in spite
This scenario is driven by short-term planning. Sectoral Of the implementation of monitoring and enforcement mea-
development is mainly governed by market dynamics an@ures on water uses.
competitiveness. The leitmotiv for this forward-looking ap-  Only industries with access to adequate financial resources
proach is “productivity” instead of a model of production are able to specialise and survive the pressures towards relo-
based on “Quantity and Quality” and sustainability criteria. cation. The autonomous authorities do not limit effectively
It was identified by participants as a business-as-usual scethe escalation of industrial estates (a current trend), delegat-
nario (BAU). ing this task to the local authorities.
In this scenario, both the growth of urban areas and the _ o
expansion of tourism respond only to economic criteria, S¢€nario lll: Minimum rules

i.e. property profit. Following current trends, the urban sec-  Thijs scenario combines actions in the territory driven by
tor thrives not only along the coastal zone, but also in thelong-term planning with a sectoral development governed
inland part of the catchment. main|y by market dynamics_

Traditional agriculture loses area or disappears, with the This scenario is characterised by a moderate growth of
exception of intensive farming of ornamental plants, alreadythe population as a result of immigration and conversion of
an established activity. Because of a lack of information andsecond homes into primary residences, which initially con-
education about environmental consequences, and of markéfiputes to the expansion of the urban area. Subsequently,
pressure, agricultural practises such as the use of fertiliserghe trend changes towards protecting the urban landscape and
are intensified to increase productivity and boost economigmanaging the social needs and demands of the newly estab-
returns. lished population. This leads to a more compact urban design

In spite of regulations, the number of water allocations in- with restrictions on the height of buildings. Second homes in
creases due mainly to increased water consumption and delispersed developments tend to change into main residences;
mand. Regulations, which already are considered to be ob‘sun and beach” tourism remains as today.
solete and not properly enforced, do not adapt fast enough to Agricultural production is aided by protection policies and
a constantly changing situation. The authorities responsiblgyuarantee-of-origin devices that place an added value on the
for drafting and enforcing these regulations do not succeedocal products. Nonetheless, it loses ground to the exploita-
in generating a consensus to oppose the inertia. tion and management of forests.

Following current trends, the industrial sector progres- Environmental protection policies and water supply plan-
sively abandons the production of goods in favour of ning together reduce water allocations in La Tordera

Scenatrio I: Inertia

www.hydrol-earth-syst-sci.net/11/1843/2007/ Hydrol. Earth Syst. Sci., 11, 18552007



1850 F. Caille et al.: Participatory scenario development

catchment. However, market pressures tend to increase wa- e —E e p—— P ————
ter demand, which is eventually met by resorting to inter- [ =——  sewrio | yuppy [ pacreor [ NNMO Ty anapry
basin water transfers. The Catalan government strengthenyzesuee

the enforcement of environmental regulations, and this gen-| s, """ - — — ~
erates competence conflicts with the local authorities, which | Pireindusuial discharze . — — -

are only solved through supranational guidelines or legisla- [pigusepanas
tions, such as European policies. The social actors have an”""™"""™"

|
l
v
/

ambivalent position in relation to environmental policies. On | >« - - — ~
the one hand, they request improvements in environmental| o, ©* ™" """ - — ~ ~
quality. On the other hand, they refuse to bear economic | Srduermatic samse -, - - ~
and social costs that can foster such improvements. In this e s e - P . -

scenario, stakeholders understand that environmental cost

should comprise an investment towards improving standards _ )
of living. Fig. 4. Compact representation of the evolution of N and P loads

expected for each of the main emissions pathways in the model
The economic and political situation leads to a moderateviONERIS for the four socio-economic scenarios. For each sce-
increase of industrial estates and leisure centres on countriyario, expected trends of N and P loads relative to current conditions
lands. At the same time, there is a trend towards the reloare indicated by arrows as follows: increasing trend; no significant
cation of industrial activities which cannot comply with en- change; and decreasing trend.
vironmental regulations. A decline of the primary and sec-
ondary industrial sectors in favour of logistics is accompa-
nied by lower production of contaminants, but brings with  Driven by globalisation and local environmental regula-
it other negative environmental externalities (e.g. an increasdions, industries relocate away from the catchment. This
in traffic exacerbating air pollution). offers an opportunity to change the industrial fabric and
promote a services industry that is more environmentally
friendly. Nonetheless, industries of the secondary sector re-
main because a significant proportion of existing companies
This scenario combines actions in the territory driven by tend to adapt to environmental regulations as long as they
long-term planning with a well-balanced sectoral perfor- remain economically successful.

mance that attempts to develop the market while taking into
account territorial development 4.2 Interface with the catchment model MONERIS

Scenario IV: Sustainability

In this scenario, urban change is characterised by th%_. . .
; igure 4 summarizes, for each of the main pathways, the
growth of the local population as second homes are con-

verted into primary residences thanks to prosperous ecot_rends in nutrient emissions that are to be expected under
ach of the four scenarios developed in this study. Scenar-

nomic and labour opportunities. On the coast, the mode ; . L "
: ; . : . 10s for modelling nutrient emissions are presented in order of
of mass tourism brings about irreversible changes in the

. . . . _decreasing impact on the river. Thus, the scenario “Inertia”
landscape; in contrast, in the mountain areas an ecologmaq g1mp

. - . Do or BAU is expected to results in an increase in nutrient emis-
tourism model is eventually implemented contributing to the . . . . .

. : sions, thereby worsening water quality, while the scenario of

preservation of the environment and the rural landscape. Al-

thouah the economic impact of this activity is not very sia- sustainability provides the largest improvement in environ-
9 P y y si9 mental conditions relative to the current situation. Both the

nificant in the region, it stimulates the services sector in the, . u . ., .
rural areas. Inertla' and “Pact for s.ubglstence scenarios suggest a de-
crease in the overexploitation of the aquifer. In spite of that,
Thanks to agro-tourism activities, the agricultural sector gng an important decrease or no significant change, respec-
benefits from more leeway in its mode of operation. How- tjyely, of extensive agriculture, the overall trend suggests an
ever, doubts are raised regarding the future of this sectolicrease in emissions mainly due to the growth of urban ar-
Agriculture continues to be highly dependent on subsidies t%as, the expansion of tourism and the increase of water al-
guarantee the preservation of the landscape and the envirofscations. As for the two main characteristics related to the
ment. The implementation of devices to increase the presgrgsjon and diffuse transport through groundwater flow path-
ence of agricultural producers in the distribution and COM-\yays, i.e. phosphorus content in topsoil and nitrogen surplus,
mercialisation of their products alleviates this problem. Agri- \we observe an increase in the emissions into the river under
cultural subsidies are increasingly justified by the role takenyhe BAU scenario. Moreover, except for the “Sustainabil-
by farmers as stewards of the rural environment. ity” scenario, although the socio-economic scenarios suggest
Water allocations are restricted in accordance with urbarfluctuations in the evolution of industrial and urban point
planning. A hefty but necessary investment is committed tosources and urban diffuse sources, the general trend for these
improving waste water treatment. emission pathways seems relatively unimportant.
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5 Discussion uncertainty while the concept of quantitative analysis relies
on an idea of neutrality and accuracy, deceptive as this may
5.1 Participatory scenarios and nutrient flows modelling  be. The first translation of each scenario into quantitative in-
dicators for a model facilitated the interpretation of scenarios
To prevent further pollution and to protect and enhance theas it forced us to interpret the storylines in the form of explicit
ecological state of streams and rivers, itis necessary to defingends that could be communicated objectively, thus granting
and develop relevant sets of water management alternativeore consistency to each scenario. Later on, when values
for the future of the catchment through the implementation(rather than trends) are assigned to each indicator for impact
of environmental policies. This strategy should ideally har- assessment, scenarios might be viewed with more credibility.
monise the conflicting needs of the stakeholders in the catchNonetheless, it will be important to keep in mind that values
ment and allow us to find the best agreement between the usgre not definitive, but indicative and illustrative (Berkhout et
and conservation of the ecosystem. Developing local sociog., 2002).
economic scenarios through a participatory process can con- A further challenge is to make scenarios spatially-explicit
tribute, at a later stage, to modelling exercises based on thg)r yse with a semi-distributed catchment model. We pro-
evolution of nutrient emissions into the river in the mid-term pose to deve'op quantitative scenarios relative to the “inertia”
(i.e. about 30 yrs ahead) to assist catchment management gtau) scenario, defined as the projection of current trends
the same time that it underlines and promotes in an |mp||C|tbased on an ana]ysis of Changes over the last decade. This
way a learning process for both researchers and participantstage of the project will need again the collaboration of stake-
and fosters the communication among stakeholders. holders and experts (eg ACA) via e-mail or persona| in-
The development of scenarios generated four realistiGerviews. Maintaining the communication with stakeholders
visions of the future based on uncertain driving forces. gver the process will ensure that they see an outcome of their
Throughout the participatory process, stakeholders had t@ontribution and feel more involved, which is also a measure

think about uncertainties and consider the possibilities ofof success in participatory integrated analysis (Ridder and
change. Indeed, they were expected to make manifest thpahl-Wostl, 2005).

connections between nutrient fluxes in the river (and, more
broadly, water quality and ecological status) and both local5.2 Assessment of the process: results, learning and inte-
and regional socio-economic trends or changes and manage-  gration of languages
ment actions. In a first evaluation of scenarios by the par-
ticipants at the end of the workshop, all scenarios seemed t&xperiences in scenario building, e.g. urban development
show remarkable similarities; this was probably due to theand sustainability and biological invasions, have revealed
existence of a few elements that were common to the fouthat, even if results provided during the process are impor-
scenarios and corresponded to important trends on whicltant, there is value in the process itsefizkaynak, 2005;
participants tended to agree, i.e. trends that exhibited lim-Rodiguez-Labajos, 2006). The special attention dedicated
ited uncertainty. However, the development of storylines andto the identification of stakeholders and the selection of
the semi-quantitative evaluation of the consequences of eaclworkshop participants is essential to guarantee the quality
scenario for nutrient emissions helped to highlight the differ- of the process (Burt and van der Heijden, 2003). Although
ences among scenarios. the four scenarios produced by the participants are common
The generation of narratives explaining the outcome ofsense, results would probably differ, yielding a different set
each scenario and the reasons for the proposed situations, af scenarios, if the workshop were to be repeated with a
lowed participants to give value and consistency to the scedifferent set of players or through a close, common sense-
narios. Taking into account all current and relevant driving approach. Are these scenarios therefore “better” than what a
forces having an influence on the evolution of each economiclosed session would have produced? Who is to judge? What
sector, participants agreed that the scenario of sustainabilitys clear is that by not doing the participatory process, we all
which, out of all four scenarios, was obviously the preferable(stakeholders and researchers) would have missed on a pre-
future for La Tordera catchment, could be realised. cious opportunity to learn and be involved in or communicate
Although the results of a modelling exercise were not thea research exercise, modest as this may be.
purpose of this paper, we do discuss the translation of sto- While the identification of stakeholders needs to be com-
rylines into meaningful semi-quantitative nutrient emission prehensive, striving to include all interested social actors,
scenarios. Applying socio-economic scenarios such as thearticipants (i.e. individuals representing a particular stake-
ones presented here to a physical catchment model to extolder), also need to be selected so as to ensure their com-
plore their effect for nutrient emissions requires their trans-mitment to the process and their willingness to discuss con-
lation into quantitative indicators useful to feed the model. structively around conflicting issues with other participants.
Quantification of narratives using a set of indicators is sub-In the context of the Bnnea Catchment Dialogues for the
jectto debate. Indeed, as Berkhout et al. (2002) explains, stoSwedish Water Management Research Program (VASTRA),
rylines are the result of stakeholder’s future views based orwhich focussed on the eutrophication problem, participants
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argued that their willingness to be involved was more likely 5.3 Challenges of and lessons from the participatory pro-
to work out well in an area where they have personal stakes cess
(Joborn et al., 2005). Leeuwis (1995) also endorsed this
statement with a case study where he observed that the divePifficulties during the process of scenario building and a lack
sity of interests among stakeholders, which is a preliminaryof guarantee that results will be obtained have been recog-
selection problem, became an obstacle to reach a consensuyzed as inherent to this participatory exercise and contribute
Moreover, the current situation and the background,to the learning process, which is one of its benefits (Leeuwis,
knowledge and experience of participants have a strong in1995).
fluence on their ability to think about the future and truly ~ Given the time horizon for our scenarios (i.e. the 2030),
imagine futures, and therefore the risk exists for participantsparticipants could have shown a tendency to focus on unreal-
to forecast rather than think more creatively about scenaristic scenarios and therefore miss the objective of the work-
ios. Throughout the process, it was necessary to use and irshop: developing realistic alternative views of the future.
tegrate many languages and forms of knowledge. IndeedTlhis tendency could be avoided by focusing on the goal, pro-
the advantages of IEA are predicated on the contribution ofmoting the participation of all stakeholders and keeping their
knowledge from multiple disciplines (Janssen and Goldwor-attention throughout the participatory process.
thy, 1996; Parker et al., 2002). But this comes with a price. Even if we were paying special attention to keep the work-
Heterogeneity in backgrounds and fields of expertise doeshop on track, participants did not always focus on the prob-
not facilitate the engagement of participants in the processlem at stake, i.e. developing socio-economic scenarios with a
because they may feel uncomfortable and insecure (Rotmangew to exploring their impact on nutrient emissions and con-
etal., 2000). Thus, involving people from different fields can tributing to the sustainable management of the anthropogenic
lead to communication problems. Indeed, since each fieldsources of these nutrients. A few participants tended to slow
has its own way of thinking and speaking, it is possible thatdown the process by focusing on their own sectoral problems
some words might be interpreted differently across variousor current interests, and thus tended to deviate the meeting
fields. Here, the role of the workshop leaders as facilitatorsfrom its goal. This was probably due to the fear of loosing
was crucial. Their goal was to create a friendly and encour-credibility, an inability to deal with the problem at stake, or a
aging atmosphere for discussion and to watch out for misdack of knowledge or mutual understanding. However, it did
understandings that could have stymied progress. Thus, theyot appear to us that participants were trying to divert the fo-
were informed by the opinions and sentiment of a diversity cus from our main objective. It might have just been that they
of stakeholders that allowed to guarantee that the scenarioganted to ensure that their own interests would be reflected
used in modelling nutrient fluxes into the future did not sim- in the storylines. Thus, as facilitators we tried to redress the
ply reflect the researcher’s biases. Yet the value of the formatliscussion and stimulate a more imaginative thinking about
process of scenario development presented in the paper lieithe future.
precisely in its ability to facilitate an open discussion and the Other difficulties that we identified in the process of sce-
free and active involvement of all participants. nario building were that (1) it was sometimes hindered by
Interactions and discussions between participants genemlur retention capacity; and (2) there was always a risk to fall
ated strong disagreements, which were part of the process dfack on forecasts, and avoid drivers that might become im-
the identification and selection of driving forces, both at the portant in the future.
sectoral and territorial level. The 2030 horizon allowed par- The process was sensitive to the current economic and po-
ticipants to put current conflicts aside and think more dispasiitical conditions, and consequently the driving forces iden-
sionately about the future of the catchment; therefore, distified were mainly based on current trends. This was prob-
agreements were not as strong as if the scenario buildingbly due to a difficulty inherent to the process, which high-
were based on a short-term horizon. But even though parlights the inability to “think outside the box”, i.e. think about
ticipants argued to support their points of view, mostly in driving forces and trends that participants are not familiar
relation to standing conflicts and the current political con-with. In these conditions, it seemed difficult to consider sur-
text, discussions to classify key driving forces influencing prises, limiting the scenarios to variations of current trends.
water quality also revealed a common willingness to come tandeed, in the multi-scale scenario work within the MedAc-
an agreement, and allowed to create a trusting atmosphet#n project, which emphasised scenario development at dif-
between the various stakeholders involved in this processferent scales and also the relations between scales, Kok et
Therefore, disagreements enhanced the group’s creativitgl. (2006) came to the conclusion that stakeholders had diffi-
and promoted scenario development. This shows that intereulties to work on large-scale surprising developments; also,
disciplinary co-operation can help to think about the future Burt and van der Heijden (2003), working on scenario devel-
and generate possible futures (Joss, 2002; Ledoux, 2005). opment with small and medium sized enterprise managers
for strategic management and learning process, agreed with
Kok et al. (2006) that stakeholders tended to prefer think-
ing in terms of a forecast or “single future”, feeling more
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comfortable with either small changes or large-scale develdefines the role of a facilitator. When the activities required
opments that are close to daily life. separate working groups, everyone in the workshop team as-
The issue of climate change illustrates these points. Al-sumed and played the part of the facilitator as best as he or
though it is widely accepted that “climate change” will likely she could. Thus, we tried to be actively involved with stake-
have a significant impact on hydrology and nutrient exportholders and make them think and justify their choices by
in the mid term (Ledoux et al., 2005; Wade, 2006), partic- means of questions, as Mumford (2001) and Leeuwis (2000)
ipants did not select it as a relevant and uncertain drivingsuggest for the role of the facilitator. When disagreements
force. When the workshop leaders introduced it as a factoarose, we attempted to enhance discussion, then refocused
and asked participants to consider it when writing up nar-participants back to the topic. But even if we tried to be neu-
ratives for the scenarios, it was still avoided. Although all tral, and attempted not to influence the process, willingly or
participants agreed on its relevance and uncertainty, they stilinconsciously, with our preconceptions and biases, the sim-
felt unable to think about how it might affect the catchment ple fact that we, i.e. the researchers, came from ecology and
and saw it as an external force outside their experience andnvironmental sciences university departments undoubtedly
control. We also asked for hypothetical or surprise driving carried some weight.
forces (or factors), but no convincing response was given by In Spain, as perhaps in Mediterranean countries in gen-
the participants. eral, participatory processes are increasingly being used to
The follow-up to the participatory workshop represented address environmental issu€dzkaynak, 2005; Kok et al.,
an additional obstacle. Although the one-day workshop wa2006; Rodiguez-Labajos, 2006), as it is recommended not
successful, it did not represent a guarantee that the followenly by current legislation such as the Water Framework Di-
up to the scenarios results, i.e. individual evaluation to val-rective, but also by grassroot movements such as the New
idate scenarios content and pre-evaluation of model indicaCulture of Water. However, experiences are still scarce, the
tors, would be performed. The follow-up was based on theprocess is unfamiliar to participants, and relying on a profes-
continued good will and voluntary participation of the stake- sional facilitator is not common, and even less considered as
holders, since they had no personal benefit in contributingan essential element for this kind of process. Thus we see
to this exercise. Outside of the workshop context, participa-the workshop as a pilot exercise that stakeholders and man-
tion was not as large as we had expected, even though stakegement agencies, both represented at the workshop, might
holders previously expressed their willingness to respond tdenefit from.
our request to provide us with feedback. In contrast, Kok et
al. (2006) reported a positive follow-up with a high rate of re-
sponse to their questionnaire. The reason for this differenc& Conclusions
in response rate may lie in the technique used to get feed-
back. We decided on an e-mailed questionnaire with opern the context of an integrated assessment of nutrient flows,
questions, a method that relied too heavily on the willing- the scenario method adapted to our case study for the de-
ness of respondents to think through the information sent tovelopment of socio-economic scenarios for a Catalan river
them and organize their ideas. Personal interviews wouldcatchment proved to be an effective medium for interactive
have elicited more information, but at a higher cost. and structured thinking. Even though we encountered some
Based on our experience, we can propose a number ofveaknesses and challenges throughout the process (e.g. the
changes to improve participatory processes at the local scalstructure of the workshop, the need for a facilitator, and the
Firstly, it might be advantageous to organise the activitiesfollow-up procedure), this technique allowed us and the par-
in a series of half day sessions; this might facilitate theticipants to recognise the role of and need for stakeholders’
progress of the activities, allowing stakeholders to better in-participation as key to the generation of meaningful scenar-
teract among themselves and granting them more time t@os. No guarantee of success exists for a participatory process
express and defend their points of view and to debate conef scenario building. Despite the potentially conflicting na-
tentious issues (Kok et al., 2006). Also, it is obvious that ture of the environmental issues, the process is more likely
a participatory exercise initiated by the stakeholders them+o generate possible views of the future if there are both a
selves and facilitated by an external and professional modertrusting atmosphere and willingness to participate among the
ator would have been very different — starting with the ob- stakeholders involved. Thanks to the effort dedicated to the
jectives. Thus, the collaboration of a facilitator actively in- development of storylines, the interdisciplinary co-operation,
volved with stakeholders would be very helpful to assist inand the group’s creativity, participants conferred meaning
such a process. When working on the future of La Torderaand consistency to the scenarios. The use of scenarios as a
catchment, the workshop leaders were responsible for botlparticipative tool for defining catchment management strate-
managing and facilitating the workshop. During plenary ac-gies uncertainty is essential (Middelkoop et al., 2000; Postma
tivities, the leader in charge of the participatory process wasand Liebl, 2005). The translation of the generated scenarios
also responsible for supporting interaction and communicainto meaningful semi-quantitative nutrient emission scenar-
tion between participants, which is how the standard modelos allowed preparing the base for the subsequent generation
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of quantitative and spatially-explicit scenarios with the use of  a residencial watershed, Environ. Modell. Softw., 22, 619-629,
a catchment nutrient emission model. This successful pilot 2007.
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