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Participatory modeling for sustainable developmentn water and agrarian systems: potential and limitsof
stakeholder involvement

INTRODUCTION

Public participation is increasingly advocated ameessary feature of natural resources manageimenEU Water
Framework Directive (WFD) is such an example, gséscribes participatory processes as necessayds in basin
management plans (EC 2000). The rationale behirsdniandate is that involving interest groups idegilelds

higher-quality decisions, which are arguably makely to meet public acceptance (Pahl-Wostl, 20@6ixthermore,
failing to involve stakeholders in policy-making ght hamper the implementation of management inigat as
controversial decisions can lead pressure lobbigemerate public opposition (Giordano et al. 2008yratiadou and
Moran 2007).

A common approach to public participation is tochopen meetings for groups or individuals to previisput. While
these strategies have been used for decades, teegota necessarily sufficient for some processeshag are
frequently biased towards the interests of pawicip of well-organized place-based groups (LarsmhLach 2008).
Hence, public participation has developed intoxgraading body of knowledge that comprises a valétgchniques
and practices (Martin and Sherington 1997, Sotol{#)8, Gurung et al. 2006). For instance, whersigmificant
uncertainties exist ongoing stakeholder particgpatmight be needed to address management and goeern
problems adequately (Ostrom, 1992). Joint involvetrad water managers, stakeholders and expertsimayrn
require decision support tools that build on tramepcy and flexibility to reach sound action plansl instruments
(Henriksen et al 2007).

While participatory processes should ideally empopagticipants to have a direct impact on policg€g 2008), this
can be difficult in regions where a participatorgdition is lacking. This is particularly true ibmpeting uses make
the setting at hand a conflicting one. Followingpmphis argument, this paper explores the rolenah&rmal public
participation process held in the Upper Guadiarsnb&pain. It is hypothesized that informal, namding fora might
provide valuable additions to conflictive context®t only contributing to broaden the knowledge whibe basin
under consideration, but also facilitating adaptato socio-economic and environmental challenges.

Groundwater irrigation and ecosystem conservationan unresolved dilemma?

Water conflicts arise when there is competing acd¢eswater and, as a result, often pose major smEIHOOMIC,
environmental and institutional problems (Comp.¥¢st.Mng, 2007; Giordano et al 2005; Llamas and Mag-
Santos, 2006). Being the most arid country in Eenapter issues and regional rivalries over wateraarthe core of
Spain’s public debates. Alike other Mediterraneaunntries, along Spain’s southern littoral and it#drland, ground
water has been the major source for irrigation exjmn, one of the key drivers for agricultural depenent and
hence for the stability of rural livelihoods (Benand Comeau, 2005; Varela-Ortega, 2007; Martirez&s, 2007;
Mukherji, 2006). Yet, irrigation-based socio-econonwelfare has come along with increased environtalen
degradation, aquifer depletion and loss of agueatiasystems.

A remarkable example of these conflicts is the Wppeaadiana basin in Spain’s central plateau, wireigation
dynamics have brought about rapid changes ovelaighirty years. Like in other semiarid regiorfstlte world,
intensive groundwater use has virtually offset ¢ffects of the region’s endemic drought problermsstsupporting
irrigation-based social and economic welfare antihgcas the main driver for prosperity (Llamas avidrtinez-
Santos 2006, Varela-Ortega 2007). Neverthelessgalll drilling and pumping has traditionally beendespread.
Uncontrolled pumping has caused unwanted envirotaherffects such as wetland degradation. This heenb
especially acute in the Mancha Occidental aquiférere the internationally reputed and Ramsardistetland
‘Tablas de Daimiel’ has progessively dried up (L#n1988, Fornes et al 2000, Martinez-Santos €2@8)2 Figure 1
shows the geographical location of the aquifehan®uadiana river basin.

Despite substantial public investments wetlandorasbn attempts have inevitably failed. This isgkly because
water provides a key element in the livelihoodsswbng social lobbies, notably farmers. As a resuter easily
becomes a pivotal element in election campaigng&jngat difficult to find politically balanced ansocially accepted
solutions. Moreover, public participation has ttaxdally been lacking in the basin’s managementtxas. Though
inroads have recently been made, the aforementiaoedlict may pose a significant difficulty to ardequate
implementation of the WFD.
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Figure 1. Geographical location of the aquifer ‘Ndaa Occidental’ in the Upper Guadiana basin, regioBastilla-
La Mancha in Spain (source: Varela-Ortega et a0
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The policy context: how water and agricultural policies interact

Irrigation agriculture consumes up to 95% of altevaresources available in the Upper Guadiana msinextends
over an area of around 180,000 ha (CHG, 2007)ohsequence, there is a need to integrate the &gradiand water
sectors within the policy context. This implies agnition of newer developments and linkages onpibiecy front,
which include the WFD and the different reformstloé Common Agricultural Policy (CAP). The need #ojoint
implementation of water and agricultural policigenss from the Upper Guadiana’'s long-lasting lackpoficy
integration, which has resulted in acute ecologitglacts on the wetlands, aquifer depletion andasoorest in the
rural communities.

Over the past decades, irrigation expansion inlpper Guadiana basin has been largely a policyedriesponse
(Varela Ortega, 2007). Along the 80’s and 90’s pheduction-based payments of the CAP encouragéghtion

intensification and, in consequence, abstractioriee Mancha Occidental aquifer intensified anceegled its natural
recharge (CHG, 2007). With the aim of bringing tbadt the aquifers’ overexploitation and the degtamh of the
associated wetlands, the River Basin Authority (RBrarted to take explicit actions and devised mamual quota-
based Water Abstraction Plan (WAP) for the arealss put into force in 1994 (CHG, 2006). The giarited water

pumping to farmers to volumes well below their #edi water rights. This water regime created lotending

opposition from the farmers while also giving rige social conflicts, illegal well-drilling and watebstractions
(Llamas and Martinez-Santos 2006, Varela-Ortegal &010). Much like other world examples of comnpmo

resources management, these top-down command aicblcpolicies involve irrigators’ free-riding praces and
high enforcement costs (Provencher and Burt, 1994&h et al, 2000; McCann et al, 2005; Rosegraat, 2002,

Schlager and Lopez-Gunn, 2006;) and the Water Aifithbas not been capable of bringing this policioiits full

application.

In the early 90’s, in parallel to the water progranspecial CAP Agri-environmental program (AER)gwsed income
compensation payments to the farmers who volugtatit down on water consumption for irrigation (gl@-Ortega
et al 2003). The farmers successfully joined tiheggpam in the early stages. However, it requiregdasums of public
funds, was not financially sustainable and its -efctiveness was progressively questioned. Fro@8Ddnwards as
the WFD and the new CAP were both in force, the AlBBnged to match the new policy requirements. &uot
diminished and compensations offered to farmersited which brought the program to a near halt (Ma@etega et
al, 2010)

At present, under the WFD requirements the RBAoimmitted to assure the aquifer’s recharge oveestablished
time horizon of 2015 or 2027 and guarantee its dgeoological status’. With the purpose of respogdim these
objectives, the RBA has recently approved a Sp&ial for the Upper Guadiana (SPUG) (CHG, 2007) finesees
to reduce water abstractions to the levels comigatiith the aquifer's sustainable management. Maitions of the
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SPUG are the purchase of water rights from estadadidrrigators through a Water Rights Exchange &enhe
legalization of selected illegal wells, closingiaehsed drillings, and the support of special fagrprograms such as
reforestation and rainfed cultivation.

In turn, CAP programs have evolved, form the Luxeury reform (EC 2003) to the recent CAP Heath Chesk
2009) to grant farm subsidies that are decouplath foroduction and tied to specific environmentglutations under
a cross compliance scheme. The new CAP explititiudes water management and climate change esqgaits.
Certainly, agricultural policies and water policiegve converged to mutual environmental objectihxas emanate
largely from the main guidelines of the EU SusthleaDevelopment Strategy (EC, 2001). Therefore isgek
synergies between these two main policies remainsiat for water management purposes and is stil folly
explored.

Research Objective and Theoretical Context

The main objective of this research is to supgutttansition to inclusive public participation pesses in the Upper
Guadiana basin with the aim of contributing to thelerstanding and dialogue among the actors indolVais is
perceived as an achievement in itself, given theate of conflict that exists among the main watetors, the lack of
a participatory tradition in Spain and the demasstablished by the WFD. However, as conflicts mdhea seem to
originate in a lack of shared access and transparenbasic water and socio-economic data it isdime of this
research to contribute to the stakeholders’ knogdedbout the water and social systems. How muclerwat
available, to which type of farmer, how much wi# diverted to recover the aquifer and restore thttands, what
will be the derived income loss to the farmershie tirea and which will be more vulnerable to chaggolicy
settings, are some of the questions addressedisnréBearch. . For this purpose, this paper anslyzst the
stakeholder participatory process, examining ed¢heostages involved and exploring its contribatio broaden the
knowledge of the basin’s water management probleédesondly, the paper examines a participatory niaglel
initiative, based on the development of stakehethieren tools and scenarios to address the chalehgdapting to
the new policy context and to balancing societal @amvironmental objectives.

This paper stems from the participatory modelitgréiture that shows how these modeling tools haen lproven
effective in natural resources management acrogsugaworld settings (Rowe and Frewer, 2004, Ginodat al,
2005, Antunes et al, 2006, Hare et al, 2003, Westida, 2001, among others). Nevertheless, giverctmplexity
and site-specific characteristics of many natueaburces, choosing the right tool is always a cermphsk as the
values and preferences of concerned actors detertoi great extent, its ability to adapt to sfpecontexts (Lynam
et al, 2007; Larson and Lach, 2008; Hensler e2@D9). In general, participatory tools are not ugeidolation and
the proper combination of tools tailored to a sfieaase increases robustness of the research arsistency of
results (Lynam et al, 2007; Liu et al, 2007). Intevaresources management, there is an increagind to combine
participatory processes with various types of modedtructures especially in the area of climatangfe related water
management (Purkey et al, 2008, Quinn et al, 2B@#sanova et al, 2010), which, in the case of E&kagch, it is
substantially driven by the WFD initiative (Videiea al, 2009; Hare et al, 2003; Varela-Ortega ,€2@10). The WFD
seeks to merge integrated river basin managemehplamning, ecological and hydrology assessmehesuse of
economic instruments and cost-effectiveness of womeaswith site-specific public participation. In nsu the
complexity, interdisciplinary nature and site-sfiecicharacteristics of many natural resources, irequhe
development of new modeling platforms that willdi#e to integrate technical, economic, environmestial, and
institutional aspects into a coherent frameworkals been discussed in the literature that fronvéineus approaches
that link aspects of natural systems and the huemsironment by integrating key components and iciahips a
truly comprehensive integration is often diffictdt achieve through pure data collection or prostsdies (Holing,
2001; Kay et al 1999; Liu et al, 2008; Kemp-Bened2©10). Then the gradual incorporation into modpstructures
of social and economic components, such as patimip processes, to support decision-making inrahtesources
management providaglevant insights thatelp reach a better common understanding of theystems resources
and problems, and more balanced and equitable intgbtsolutions @Ison, 1965; Romero and Rehman, 1987;
McCann et al, 2005; Kragt et al, 2010; Varela ¢2@1.0).

This paper in framed into this type of initiativeintends to make a step further by analyzing cmmiy the conflict-

prone agrarian economy and the water system isttity area. For this, the paper addresses the nethieiffects of
water and agricultural policy scenarios within akstholder involvement process using two sets ofisbiools, an
economic model that describes the farmers’ behandra hydrology model that captures the wateesyslynamics.
This kind of social-water-participatory modeling asfferent from other types that rely on the conaltion of

stakeholder involvement processes with a single tfpmodeling structure (Videira et al, 2009; Ardaret al, 2006;
Giordano et al, 2007) or agent-based modeling (B¢al, 2008).
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The research was conducted within the frameworkhef EU funded Newater project aimed to develop new
approaches to water management and further devklopger the Scenes project. The paper builds dimpnary co-
authored work (Martinez-Santos et al, 2007) addimaye insights to the participation scope and adétsinder a
different methodological perspective.

METHODS

This section has two parts. First, it provides aearaiew of the participation process, examiningheatthe different
stages involved. The focus then shifts to the gigdtory modeling initiatives that have been impéeed. From an
overall point of view, the participatory processitibuted to identify the main policy and stakelesldriven aspects
of water management. Secondly, these were in tged uo devise a series of coherent water manageameht
vulnerability scenarios to be tested by means of-agonomic and hydrological models.

Public participation and stakeholder involvement inthe Upper Guadiana basin

Stakeholder involvement in water management fooaiges the basis for sharing common problems, disdifferent
views and perceptions and trim down uncertaintiem@nagement decisions. Participation also corg#bto enlarge
the basin’'s knowledge and identify the main driviens change and adaptation (Downing et al, 2006n Wmrff,
2008). Therefore, stakeholders’ participation feaure of management regimes that permits to daatthptation to
changing policy settings and societal demands {it¢d| 2001; Gunderson, 1999;; Tilman et al, 20@h Korff and
Barreteau, 2006)

Within this context, the participatory processhe tJpper Guadiana basin was designed to maketsatralt relevant
stakeholders took part in the discussion forumnc&imost of the area’s current conflicts seem itgedrom the
uncertainties pertaining to water data (e.g. hovehmwater is available, how much is abstracted, haweh can be
abstracted in a sustainable way) the meetings dese@ned to enable managers and stakeholders dosdithese
issues. Given the sensitive nature of the areatenpmlitics, the research team strived to remaipairtial.

Figure 2: Schematic representation of the sequeaiticipatory process approach in the researofegr

STAKEHOLDERMEETINGS Research Objectives
i GENERAL -
PREPARATORY 1. Introduction - -Presentation of the project
MEETINGS 2. W. Mgmt tools requests | «Definition of participation context
3. Socio-economic and — - -
Agronomic aspects +Facilitating discussion among
different groups on uncertainties
THEMATIC 4. Institutional aspects and key drivers for IAWRM
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OF DDS. BN 9. Validation Bayesian Networks.

T [ - - — -
| [DISSEMINATION] [ 10. Presentation of results |- *Discussion/Application of results |
[

Figure 2 illustrates the participatory process. titgs were organized following a sequential thematiurse. A first
introductory meeting established contact with the@nractors. These were identified by the reseaamtbased on a
national, regional and site-specific stakeholdeppirag conducted in the preliminary phase of the &tew project
and on extended previous research in the area @darh988; Fornés et al, 2000; Varela-Ortega et2@06)
Participants were asked to identify other stakedmsldhat should be present. The second meetingndetal needs
for research as well as the thematic orientatiothefensuing seminars. Three key issues emergeaely agro-
economic, legal-institutional, and hydrological esis of water management. Figure 2 also shows tiseirgy
development of the process, a DSS Bayesian Netwdrich falls out of the scope of this paper. Apgpmaately 25
stakeholders participated in each meeting, inclydammers, national and local environmental coretgsa groups,
Guadiana Basin Authority, regional agricultural dements, research centers, farmer unions, waters'us



associations, and private firms engaged in enviemtrand participatory issues in the area, etc. dhes shown in

Figure 3.

Figure 3: The groups of Stakeholders attendingahadiana basin participatory meetings
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28 Cemagref Montpellier

6

STAKEHOLDER GROUPS ATTENDING THE
STAKEHOLDER PARTICIPATORY MEETINGS

29. New Water Culture Foundation

| Inde pendem 30. Intemational Institute of Environmental Law
31. Private Law firms

32. Individual farmers

Figure 4 illustrates the basic structure of eacktng and the interlinkages with the precedent mgst Following a
preparatory phase, (in which the stakeholder mapisicommon to all meetings), the research teaifftedra specific
questionnaire for each meeting which was used taciéitator to conduct the meeting. Questionnairese divided

into thematic blocks, aimed at breaking down thg-ldag meetings into discussion sessions. Meetagigipants

were divided into smaller discussion groups, whameeffort was made to guarantee a diverse seteafpaints.

Smaller groups ensured that everyone had amplerppty to participate in the discussion. Additiigathe small

group format helped to build trust among differstatkeholders. A group rapporteur was responsibilgualing the

discussion in each breakout group and reporting bad¢he plenary for discussion and debate. Resdilthe open
discussions in the plenary sessions and the grauipien answers to the questionnaires were gatheredeeting

reports by the research team coordinator of eactinge The conclusions of the meetings were vadidatx-post by
the stakeholders in the subsequent meetings. ®eeged as the basis for the scenario building hadlevelopment
of the modeling tools, which are explained in thikofving sections.

Figured. Schematic representation of the Stakehaohdeting process
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Participatory tool development

The other main feature of the project is the degwmlent of participatory site-specific modeling toolEhese
essentially comprise economic, agronomic and hwpdiodl models and policy relevant scenarios to eupp
participation in decision-making. Given the currpaticy context, integration between policy drivliss proven to be



7
essential (Mejias et al 2004, Varela Ortega e2@08) and in this research, stakeholder meetingsdatussions
have prepared the grounds for selecting policyveele drivers. This is in turn reflected in the minaig tools and
outcomes. It is worth mentioning that stakeholdemivement took place not only in the planned nmegtiand
discussions but also through individually organipedsonal interviews during the field work meetings

How stakeholders were involved in the modeling @ssc

Figure 5 represents the participatory modeling éaark Both types of models, hydrological and ecoitp were

requested by the stakeholders and developed froatchcin order to facilitate their understandingd afioster

stakeholder participation (Varela-Ortega et al 2806 Varela-Ortega et al 2007; Martinez-Santod 20@7) . The
stakeholder meetings had the objective of detectivgy main drivers that determine present and futuager

management actions in the area. These driversasérvay down a set of scenarios that stem froncgs currently

in force (water and agricultural policies) and frélne stakeholders’ own perceptions. That is, sitemavere both
policy-driven and stakeholder-driven and were sgbestly tested by the agro-economic and hydrologydets.

Ultimately, models were used to assess the eftddte selected scenarios on the environmentakaoidl systems of
the Upper Guadiana basin.

Figure 5. Scheme of the participatory modeling feamrk
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The participatory modeling methodology has thregtimiit phases shown in Figure 5. (i) an initial gghavhich
focuses on establishing the baseline conditionvamdh results in a knowledge base made up of aringllg work,
stakeholder mapping, legal and policy setting3. Aiisecond phase for development and discussioichwie the
center of the stakeholder involvement and partt@mpaprocess. This phase includes several statpting with the
stakeholder discussions along the participatorytimge followed by the identification of the stalkdther-driven
scenarios and the participatory model building.sTart consists in the integration of agro-econcamd hydrology
simulation models. The last part is the iterativecpss of validation of models and results by thkeholders that are
in turn used for completing the participatory prese (i) A last third phase for application analipy analysis, both
at farm and basin’s level. This analysis identifies vulnerability of the different types of farmogps in the basin
when different policy scenarios are applied (botitew and agriculture) as well as their potential rheeting the
objectives of recovering the aquifer within thedimorizon established by the WFD.

Stakeholder-driven scenario building

The scenario-building capacity of the stakeholdersne of the advantages offered by the particiyaapproach.
Engaging stakeholders in the participatory devekmnof scenarios and storylines is recognized assaantial tool
for understanding water complex systems (Kok e2@Q)éb; Kok and Alcamo, 2007, Ledoux et al 200%ertario
development is not indented to be a forecastfbatarnally consistent it provides a plausibleiersof the future and
may foster local actions to cope with potentialdrds of water regimes (Rosegrant et al, 2002; RQugkal, 2007). In
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this respect, multi-scale narrative storylines aadtticipatory local scenario development contribute develop
region-specific strategies for water stress cooagtiunder different social settings and policy t@msts (Levité et al,
2003, Kok et al 2006a; Berkhout et al 2002).

For the Guadiana setting, the development of seenhas been one of the cornerstones of the paatary process.
Figure 5 summarizes the steps involved in the saebailding process. As shown, successive stakkgnaheetings
allow for an iterative approach. Modeling tools daseline information were discussed during thainineetings,
while subsequent encounters served the purposalidating the results of modeling work. Thus thergrio-design
process comprised several steps, including aralirstudy of the general framework that cateredhigarological,

agronomic, socio-economic and political framewonalgises. Fieldwork and stakeholder mapping in tbdysarea
ensued, providing a knowledge base about charstitsrf farms and crops in the Upper GuadianarBasid about
stakeholder interests and potentials. This knovédafige allowed to develop a series of questiorsioreeach of the
different thematic meetings, aimed at guiding tisewksion on socioeconomic, institutional and hialyical aspects
of water management. Discussion outcomes were tasethborate a matrix of results. Outcomes wersegmed to
the stakeholders for validation, and led to thé@lation of a final report for each of the meetings

Figure 6 shows the water and agricultural policgnseios, both policy-driven and stakeholder-drivehjch have
been simulated in the study. Policy drivers havenbesed to elaborate a set of simulations basethempublic
policies currently in place in the Upper Guadiaaaib. As stated above, these include water polamesagricultural
policies, namely the WFD requirements or the CABgmms alongside with the national water policieslax
different types of policy instruments. These ardewguotas, agri-environmental programs, CAP pliridecoupled
payments, single-farm payments and nitrates direcgigional requirements.

Figure 6. Water and Agricultural policies Scenagsulated in the economic and hydrology models

Policy-driven Scenarios Stakeholder-driven Scenarios

]

Quota system

Historical Current Water
water rights | situation | Abstraction Plan

Purchase of water rights
SPUG scenario

Water Policies

CAP Agri-environmental program
Water Quotas with income compensation

CAP Nitrates Directive

CAP Partial decoupling
and single farm payment

Agricultural Policies ﬂ|

On the other hand, those drivers identified bystaéeholders have also played a part in the siilonktin the case of
the economic models, these include a series ofyolptions. Namely, the establishment of a wafghtd’ markets,

legalizing illegal wells (Varela-Ortega and Blan@®08), selling water rights to a public water dmttion agency

(Carmona et al, 2010; Varela Ortega et al. 201@) chpacity of the water authority to enforce #gally established
water guotas and the vulnerability of the differymtes of farmers (Varela-Ortega et al. 2007).

Hydrological modeling work caters for the most velet of these scenarios and policy instrumentgfoundwater
conservation purposes and aquifer's long-term smedtee management, while it also includes otheremtially
important drivers such as climate change and drtogggils (Varela-Ortega et al. 2010).

Model building

In the case at hand, all the models stem from gfioxstakeholder request The central idea of gheundwater
modeling exercise is to explore the vulnerabilityl dhe capacity to adapt of the ecological andat@gistems of the
Mancha Occienetla aquifer to an uncertain and dhgngater regime. The hydrology and economic medabture
a series of policy-based trade-off options betweater for agricultural livelihoods and water fortun@ protection.
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Economic modeling aims at assessing the impactsffeient policy settings (shown in figure 6) dretsocial and
economic components of the area, such as farm ecpuablic expenditure and overall cost-effectivenés the case
of the Guadiana Basin Authority or the environmkntmservation groups, model building and reswéfens to the
possibility of recovering the aquifer and its asated wetland ecosystems within the deadlines @Mh-D. On the
other hand, farmers are more interested on whefteemdwater resources are more likely to run out, &m turn,

whether agricultural production will continue to their major source of living.

The model building distinct characteristic is timbegration of an agro-economic model with a hydyglonodel,

defined along a time and space horizon. Both maalesrespectively, a stylized mathematical fadsirof the wide-

ranging agronomic and socio-economic systems antdeoEomplex water system. Models are able to e the
complexity of the dynamic behavior of the human a&cdlogical systems and were developed by the neses,

given that mathematical modeling falls generallyt oti the scope of the stakeholders’ participatioHowever,

stakeholders were involved during the identificatad the main drivers and the scenario design stafjéhe process.
For the calibration and validation stages of thdrbpgy model, only the more technically traineakstholders of the
RBA participated. However, irrigators, farmers umg representatives and technical personnel of réggonal

agriculture department were directly involved ie tfalidation of the results of the agro-economideato

The modeling integration methodology is depictedrigure 7 where the two levels of aggregation gectied for
the farm level and the basin level analyses. Then@wic model represents farmers’ behavior confibnigth
different types of water and agricultural policyesarios. These were defined by the policy drivdesiified in the
participatory stakeholder meetings (see figurel'g model is an agro-economic farm-based non-lineghematical
programming model of constrained optimization inakhthe objective function maximizes the farmertiity subject
to technical, economic and policy constraints. Tioglel incorporates a risk component that considarsate as well
as market prices variability. The farm-based madslelp-scaled to the region’s level using the diatisrepresentation
of the different farm types (Varela-Ortega et aD&0 The hydrology model WEAP21 (Water Evaluatiamd a
Planning System, SEI, 2008), has been adaptetratd and validated for the Guadiana river bakigure 8 shows
the WEAP model layout for the Upper Guadiana bégmrela Ortega et al. 2006; Varela-Ortega et al.020This
representation includes the major rivers and argjifine agricultural and domestic water demand siotthee water
supply sources and all hydrology transmission links

The WEAP hydrology model allows the analysis of noyogical parameters under different climate andicgo
scenarios and its robustness has been proven amaie selection of worldwide applications (Levitéa¢ ,2003;
Yates et al, 2005; Purkey et al, 2007; Assaf aratiSla, 2008; Purkey et al, 2008). Integration ofttherology and
economic models permits to grasp the overall coxifylef the water and socio-economic systems arsdbegn used
to address multi-level water issues in a varied lmemof basins over the world (Rosegrant et al, 20@gkins et al,
2004; Brouwer and Hofkes 2008). It has also praebe an effective tool for tackling Spain’s mudtkted river
basin management challenges (Pulido-Velazquez &08B). In this case, hydro-economic modelinggrdgon is
carried out by mapping the selected representtdives in the geographical locations of the irrigatcommunities of
the basin in the WEAP platform and simulating tame policy scenarios in both models. For a givditpscenario
(e.g. the application of the decupled CAP paymentke purchase of water rights from the irrigatorthe results of
the economic model related to water use in thedifft farm types are then used as an input toyttelogy model.
Then, the WEAP model can up-scale at basin’s l¢kel on-farm water consumption results and perfonen t
assessment, for different policy and climate saesaof the overall availability of water resoureeshe aquifer. This
allows evaluating the recharge capacity of thefaqim each of the scenarios, on a dynamic shont-end long-term
basis, and thus the compliance with the WFD pakguirements along the established time horizodldeaof 2027.
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Figure 7. Methodological Scheme of participatorydeling integration (adapted from Varela-Ortegal e2@10)
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RESULTS AND DISCUSSION
The participatory process

Results of the stakeholder meetings have been foseskveral purposes, as it has been explainetid@rptevious
section, mainly for linking the sequential partaipry process and for the validation of the modgtwols. They are
also being used by the Guadiana Basin Authoritg &asis from which to develop the public partidigatprocess
required by the WFD for the elaboration of the rmgin management plans.

Participation throughout the entire process wadyfaionsistent, with representatives from the msiakeholder
groups participating actively in all the meetinBsrhaps it was those without access to formalqgiaatiory structures
who considered that they benefited most from thiegss, since they had access to decision-makersther interest
groups and were able to discuss issues and blidch@ds that may not have been possible in momadbsettings
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(Correa, 2007b). The involvement of the stakehmsldie the project was evaluated during the firagges of the
project by an external evaluator (Correa, 2007&}h& early stage, most stakeholders perceivetctalicts among
stakeholders in the basin were high but they werdident that the public participation initiativeowld bring better
understanding among them (Figure 9). Although pigidtory engagement from either the RBA represeetmr the
water users was very recent at the time, it wasadly perceived as a requirement of the WFD progr@ammfidence
with the research team was fully expressed byhallstakeholders and their willingness to achievermon objectives
was perceived by over 90% of the group’s partidipan

Figure 9. Summary of the Stakeholders' opinionh@ncontext of the participatory process (PP) ab#ginning of the
project (2006) (own elaboration from Correa, 20p7 a

‘ D FullyAgree O Agree O Disagree @ FullyDisagree O No Answer,|

LIndividual objectives are clear inthe PP .................cccoceeie |

2.Existence of common objectives for all participants ..............

3.Lack of conflicting objectives among participants .................

4.Existence of personal conflicts among participants ..............

5.Low number of Problems .............covvevviveiiiiieisa |

6.Well defined geographic and legal boundaries of the conflicts | |

7.Water managers are used to SH participation .................... | |

8.SH are used to participate in w ater management ...

9.Participants are confident on researchers ........................... |

Questions: context of the PP

10.PP expected to help reach private and common objectives.... | | |

11.Participants w ant to achieve the common objectives ........... | |

12.Participants are given enough resources for the process ..... | |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

%answers (n=14)

At the end of the project, a formal questionnaiasdd evaluation of the participatory process waslected during a
specific stakeholder meeting held in November 200&iudad Real, one of the region’'s main capitaisl ¢he
provincial hometown of the majority of the staketes. The design of the questionnaire was suppbstatie four-
year research experience in the basin, specialitmrdture (Rowe and Frewer, 2000, Beierle and Qalyf2002;
Rowe and Frewer, 2004) and von Korff's methodoltajlored to the basin-specific characteristicghaf Newater
project (von Korff, 2007). The questionnaire incdda general evaluation of the participatory precepecific
guestions related to the context, development asdlts as well as an evaluation of the differenti@eiog tools
developed along the project. Being the last meatinthe project where the final results were topbesented and
discussed, it attracted considerable attentionrtyFbight persons attended the meeting, well abthe usual
attendance to precedent meetings. All stakeholdmupg had a fairly similar representation thanhe test of the
project’'s meetings, namely, 40% public administnatofficials from the water and agricultural regaepartments,
20% water users associations, 10% nature consemvaioups, 25% private organizations and 5% rekearc
institutions (omitting the ones directly involved the project). The bias towards the public seoésponds to the
necessity of the water administration departmentacecomplish the river basin management plans utiter
participatory-based mandate of the WFD.

Based on the evaluation results, a large majofith® stakeholders considered that their main dibjedor engaging
in this participatory four-year experience was lgerning experience, with a clear tilt towards Hasin’'s regionally
based and site-specific issues. In particular,r tleapectations pointed towards increasing theirvwkadge of
participatory management tools (27% of all answeesirn from other opinions and increase understgnend
dialogue (26%), learn from the results of the prbj@8%), and much less to get acquainted wittEtteglobal policy
issues (3%). In total, the learning component aotalifor almost 70 % of all answers. Finding speablutions to
the basin’s problem or contributing with personaions was not a widely perceived expectation (o8%p
respectively of all answers).

Table 1 summarizes the results of the general atiatuof the process, for the whole group as welica the type of
stakeholder (ranked in a 0 to 10 scale). As itlheeh clear all along the project, the atmosphetheoieetings was a
key element for the success of the participatoog@ss. It is ranked the highest followed by thehme$ used and the
results of the participatory process. This rankmotds across all stakeholder groups. Of the mastcty concerned
stakeholders, the nature conservation participaete less satisfied with the process than theinwparts, such as
the irrigators or the water administration offisiallhis is not surprising if we consider that thainmenvironmental
problem in the Upper Guadiana has been the lonipasverexploitation of the aquifer and the dedivess of he
associated wetlands. Water users tend to be amonegenous group than the rest of the stakeholdeidenced by
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a lesser dispersion in their opinions (lowest SD)is result is consistent with our experience altimg project

meetings where irrigators showed generally a higlegree of cohesion as a group.

Stakeholder Group Methods Atmosphere of Meeting | Final Results of the Process
Max Min Average SD [Max Min Average SD | Max Min Average SD
General (all groups included) 9 4 71 15|10 6 83 12| 9 4 69 14
Water and Agriculture Public
Administration 9 5 7.4 13|10 6 8.4 1.3 8 5 6.7 1.0
Water Users Associations 8 7 73 05|88 8 80 00| 9 7 78 10
Nature Conservation Organizations 8 4 6.0 238 8 7 75 0.7 6 5 55 0.7
Environment and participation
private firms 8 3 6.4 21| 10 6 8.5 1.9 8 4 6.4 15
Research Centers (not related to
project) 9 7 8.0 141 9 9 9.0 0.0 9 9 9 0.0

A more detailed evaluation of the participatory qgess is shown in Figure 10. From a general viewpaire
stakeholders consider that, in spite of the caisflibat existed among them at the beginning ofptiegect, they had
largely fulfilled their participation objectives.réund 80% of the participants consider that th&edtalders in the
basin had been well represented, that their opinf@d been heard and that the process had coattibmincrease
transparency on the basin’s data and informatiamfi@ence with the research team was amply reagageavell as
its ability to hold the meetings in a neutral atpfeere and to provide them with all the necessargns¢o facilitate
their participation.

Figure 10. Summary of the Stakeholders' evaluaifdhe participatory process: Full project assesgr(i005-2008)

‘I:I Strongly Agree O Agree O Neither Agree nor Disagree @ Disagree O Strongly Disagree‘

1.Atthe beginning of the process, there were important
conflicts among stakeholder groups.................. |

information and material to facilitate m:

2.The research team provided me with all the necessary | l |

3.Along the process, itwas clear what was expected from my l
participation.............coceiiiiiii

4.Stakeholders of the Upper Guadiana basin have been well | I |
represented during the process ................c........

5.The participatory process has been carried outin a neutral I
AtMOSPhEre.........ccveiiiii i

6.The development of the process has been in line with the |
participants’ ODJECHVES..................coccoovrrerirennn. l

7.The process has contributed to improve the participants’ |
UNAEISIANGING ..o I |

8.The process has contributed to improve information I |
TANSPATENCY ..o e s

9.Myopinion has been taken into account and reflected along I |
the PrOCeSS ...oouiiiiieci e

Questions: evaluation of the participatory process

10.My participation objectives have been fulfilled I

0% 20% 40% 60% 80% 100%

%answers (n=20)

Figure 11 shows how stakeholders have valued théehmg tools that were developed along the projétie
evaluation comprised different objectives, sucthag usefulness for water management, how welt tepresent the
basin’s reality, how consistent were the resultmioled and how they helped to increase their kndgdeabout the
basin. Knowledge building is perceived as the nmogbrtant issue of the participatory modeling eigrece for all
types of tools. In general, stakeholders considat the agro-economic model has fulfilled their entptions, in the
sense that it represents their agronomic and somi@enic setting accurately and that the resultscansistent with
their visions. Again, this is not surprising, assthype of modeling has required an intense fielaflkwwin which
stakeholders have been directly involved and hateracted extensively with the researchers. Wisarethe case of
the hydrology model, there was only a reduced nurabeechnically trained stakeholders involved e tcalibration
and validation activities. The vulnerability anas/bas also enhanced the stakeholders’ knowledgfgedfasin and it
is perceived as a consistent tool. It is worth nogmg that this type of analysis stems from bdté €conomic and
hydrology models and it shows how vulnerable aee dfiferent types of farms (i.e how much incomdoist) in
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different types of scenarios, including the onest teek the recovery of the aquifer. Thus the coatbisocio-
economic and water vulnerability results show tihas unlikely to find a win-win solution that wilgive way to
undisputed advice for addressing the basin’s wataragement problems.

Figure 11. Evaluation of Modeling Tools: Full praj@ssessment (2005-2008)
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However, in spite of the limitations inherent tortp@patory modelling (e.g. proper representatidnath actors

concerned, limitations of the tools chosen, as liging discussed by Lynam et al, 2007, Hare €0l3; Webler et
al, 2001, among others), the

results of the participatory modeling initiative vieabeen promising. They show that the most direszttycerned
stakeholders (RBA staff, nature conservation gramsirrigators) have profited from the process enlkérged their
knowledge of the basin, especially in relationtie field-work based agronomic and water modelirsylts. Other

authors have also found that the learning expegiemmd enhanced knowledge of the water system areobthe

positive outcomes of this type of research. Takénfstance the recent work by Videira et al, in Bwtuguese part of
the Guadiana basin (Videira et al, 2009) These rghtens allows for optimism as water planning aletision-

making in the basin becomes more open and participan the context of the new WFD regulatory framoek.

Modeling tool development

For the purpose of illustrating the participatorgdaling research, this section includes only a ksséction of the
results that have been obtained in the hydrologet agro-economic modeling research (more detaéedlts can be
found throughout different publications, among othé Varela-Ortega et al.2010)

The hydrology component

Figure 12 shows the long-term simulation resultthef WEAP model that will assess the groundwatanage in the
whole aquifer and therefore the aquifer recovetgsor the simulated policies and climate scesaritis simulation
period was selected because all policies were énadipn during those years and, therefore, it pigeohthe short-term
and long-term comparison of the different agriawtand water policy scenarios. For these simulafiam initial

storage capacity to the aquifer is set to 15,00ehMx value that corresponds to the aquifer estuinstterage capacity
under natural conditions. As we can see, the neferescenario is the one that reduces the mostrthendwater

storage. This is reasonable, considering that madtions to water abstractions or to illegal iatign are imposed.
During the period 1999-2005, groundwater storagardshed by 3,300 Mcm. These figures are withim dinder of

magnitude of the figures provided by the GuadiaBRthat estimates a much lower volume of abstoastifor

irrigation compatible with the natural recharge tbe aquifer (260 Mcm per year) (CHG 200@he Water

Abstractions Plan (WAP) start-up reduces the qtaofi water abstracted and it supposes a 700 Mcpnawement

compared to the reference scenario. The joint egidin of the Agri-Environmental Program (AEP) Ist@vors the

aquifer recuperation, but it is not enough to ditadigroundwater storage.

The scenario ‘reference without illegals’ shows theight of illegal abstractions in the aquifer. ghessive
elimination of illegal abstractions, up to theirtiegtion in 2005, succeeds to stop the fall on waterage in the
aquifer up to values that are similar to those iabtAwith the application of the WAP. This consilénat two farm
types accept voluntarily the 50% reduction in watensumption of the Agri-Environmental Program (sré
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F3&F4 AEP Program). But certainly, the scenariochhbest fits with the objective set is ‘All AEP, tiegals, all
normal climate’, that succeeds to revert the caimrs depletion on the water table in the aquifeseoled in 2004-
2005. This will not be possible in the case of gtest drought. The long-term assessment of thfeaagecharge
capacity shows that the environmental objectivethef WFD of recovering the exhausted aquifer by72@al be
achieved only if the regional water plan, Speci@nFfor the Upper Guadiana (SPUG) is implementedstdull
capacity. That is, in the case that farmers arkngito sell their water rights at the establisipaichase prices.

Figure 12. Long term results of the Hydrology mod&tAP. Groundwater Storage (Varela-Ortega et @020

WEAP Model: Groundwater storage (long term)
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The socio-economic component

Figures 13 and 14 show, a selection of the restilise economic model that refer to the effectthefdifferent policy
programs on farm income and cropping patterns odispdy (Blanco et al, 2010, Varela-Ortega and B@nunder
revision). Farm types were obtained in the fieldrkvanalysis carried out in 2005, 2006 and 2007, mpdesent
statistically the cropping systems in the area.s€hae namely, a small vineyard farm (F1), a mediina diversified
horticulture-oriented farm (F2), a medium-size sleversified cereal-oriented farm (F3) and a ldimeer quality
diversified farm (F4) with a larger cropping mixtpotial. For the purpose of integration, the sdesasimulated in
the agro-economic model are the same as the sosmdihe hydrology model WEAP.

In the case that the WAP operates to its full agaidn, all farm types will lose a considerable amtoof income. The
large more extensive and diversified F4 farm is lagnerable to a sharp reduction in water avditgbin fact, it is
the only farm type that is willing to join the ino@-compensation Agri-Environmental program andircigation all
together. Passing to rainfed is dependent on sideciaop mix potential evidencing that economiesaafle operate for
rainfed farming. On the contrary, the small vineyéarm F1 cannot adapt to a sharp reduction iremavailable
under the WAP. Income loss is sharp and indicdtasthis type of farm is prone to cut farming aityivn spite of a
high adaptation of vineyard cultivation to modemigation technologies. As the envisaged agricaltpolicy reform
enters the scenes (with farm subsidies fully delsmbgrom production) results show that rainfed femgnis
encouraged which provides an added strategy to wathewater shortages. In sum, there are synetggéseen the
foreseen evolution of water and agricultural pekcin the area.

Figure 13. Results of the agro-economic model.difen farm income (based on Varela-Ortega et0dl0p
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Figure 14. Results of the agro-economic model:d&fen cropping patters (based on Varela-Ortegh2210)
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CONCLUDING REFLECTIONS

On the stakeholders’ participatory process :The Upper Guadiana basin provides an example ofctmélict
between socioeconomic development based on interggioundwater irrigation and the conservation diiable
wetland ecosystems. This paper exemplifies howctieaand sustained participation of the stakehsltlgorough an
organized open non-binding forum may, despitantgations, contribute to deal with these issues.

Stakeholder involvement is the pivotal elementhaf tesearch endeavor, carried out through a sefrieeetings in
which all key players were represented. Stakehalgeussions suggest that there is more agreemmertcadifferent
groups than it is apparent, particularly in whataias to the main challenges and possible alteesmto tackle them.
In fact, many of the conflicts that exist resulbrfr a lack of commonly shared information on basanagement
parameters, such as how much water is availabldhawdmuch can be abstracted for restoring the aguttis has
allowed for varied interpretations and for geanmplic opinion in a highly emotional issue suchnater. Therefore,
transparency in data and information for water rgan@ent decisions could alleviate conflicts and litate
cooperation among different stakeholders and detisiakers. In this sense, the Upper Guadiana patesvs that
participation in the building of tools and decisimaking scenarios has certainly enhance the adtngwledge of the
human and water systems. This knowledge building lealp to reach consensus about different managemen
alternatives, and the consequences of those ditersaare shared and discussed by all

On the participatory modeling: The combined agro-economic and hydrology modelimgas that balancing the
trade-offs between protecting ecological and husyastems in the Upper Guadiana is not easy. Winseiations are
not likely to occur without a considerable amouinpablic funding. This is hardly surprising givéime long-standing
nature of the problem. Meeting the objectives ef WIFD of good ecological status of the aquifer iy tmandatory
deadline of 2027 will be difficult. Only the mosiviorable climate and policy scenarios may recaventater table
by then, while it remains questionable whetherdhaternatives will be economically viable, sogiakcceptable and
cost-effective.

Water conservation policies that are being impleein the Upper Guadiana basin can contributedoice water
consumption in the individual farms. However, ildégumping may offset the effects of these policiethe basin’s
level even if limitations on water consumption armposed on legal users. Thus, water savings canmhttained if
additional measures aiming to reduce illegal ab8tmas are put into practice, such as the purchaseter rights of
the new regional water management plan (SPUG).

If strictly enforced, water-saving policies mayaisflict significant farm-income losses. Smallrfars, whose ability
to diversify the crop mix is lower, will be the ntoailnerable. As these policies entail strong dogpposition and
hence high implementation costs, stronger stakehgb@rticipation and awareness is crucial for thend and
socially accepted implementation of the policies.

From the perspective of water management decisiakifrg, it seems safe to state that, overall, thdetiog exercise
has succeeded in enhancing stakeholder knowledné Hie social and water systems by identifyingrttaén drivers
and by narrowing down some of the key uncertairiies hamper groundwater management in the area.
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