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Abstract— Water management has evolved in the last in the Guadiana basin, in Spain, aiming at the toub

years towards more integrated and participatory objective of socio-economic and environmental
approaches, aiming at improving the adaptability of  gystainability.

water systems. Following this line, we propose a

methodology to build a decision support system, bad B Context of the research

on the participation of stakeholders and the integation

of the different disciplines involved in water useas well The Common Agricultural Policy has encouraged
as the inclusion of uncertainties in the management . o e 19705 an important development of indgat
planning. The process has been implemented in the in the Upper Guadiana basin. situated in Spain's
Upper Guadiana basin (Spain) with the aim of solvig . land PP f Castilla-L ’M h Thi ph

the existing conflicts: the aquifer, which is the rain In an region O_ astifa- 'a anc '?1' IS has
water source in the area, has been over-exploitedidng ~ Motivated a considerable socio-economic development
the last decades for irrigation. This has lead toesious in the area, but also the over-exploitation of
degradation of natural water-related ecosystems and groundwater resources and the deterioration of
important social conflicts. . _ valuable associated wetlands [1] [2]. In the l|aesdrg,

The river basin authority has tried to implement the implementation of the Water Framework Directive
different policies to attain the aquifer recovery,so far compels to adopt different modes of water
without much success. At present, a new management management, where the integration of the different
plan specifically for the Upper Guadiana has been ,qnoqtq related to water use and the participatfon

approved, where some policy measures are proposent f ; . ;
attaining  the reduction of agricultural  water stakeholders become crucial. Trying to achieve the

consumption. The methodology proposed in this woris ~ 900d ~ state of ~ecosystems, the regional Water
based on the combination of a Bayesian network anen ~ Authority has established water quotas to irrigatar
economic mathematical programming model, elaborated Mmeasure that faces strong social opposition and hig
with the active participation of stakeholders. The costs of enforcement [3]. A step forward is needed
resulting DSS will be used to evaluate different towards a further involvement of stakeholders iterva
management options, within those included in the management and the introduction of social leariing

SpeCial Plan of the Upper Guadiana, in terms of the Order to ach|eve a more adapt|ve reg”rne [4]
impacts on the agricultural income and the

environmental sustainability. Results show that new

measures would not be successful unless they are Il. MATERIALS AND METHODS
accompanied by an increase of compliance of farmers

with water regulations. The methodology chosen consists on the
Keywords— Decision support system, Bayesian combination of a Bayesian Network (BN) and an
networks, economic model economic model, developed with the direct
participation of stakeholders, which results in a
| INTRODUCTION Decision Support System (DSS) to be used for w@gstin
different water management options in the basin.
A. Objectives Some advantages of this methodology are the ekplici

consideration of uncertainties and the possibitdy
The aim of this research is the participatory bogd integrate different disciplines. The participatory
of a Decision Support System for water managemeipirocess of the DSS construction is shown in figure
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which are the different values (discrete values,
intervals, qualitative or boolean estimations) thaain

Stakeholder involvement

e Ne——" \\\“ Outcome adopt. Links between variables are expressed throug
conditional probability tables that express proligbi
Hydrologic for one variable to adopt a certain state, givem th
variables Farm possible states of its parent variables. All théada
Economic income required are obtained from stakeholders’ perception
variables Definfition D%fflrmgnn c?(r)wt;d;ttl)clJlrlwtal Defi(r;fition statistice_ll data, sci_entific reports, as well a® th
Agronormic vargbles states of rzlationsh?’p simutation| [ o0 economic mathematical programming model.
variables variables i;’ﬁ;’gies” scenarios) | ocovery Once the network is elaborated, different possible
Instituional actions on water management are selected and
variables simulations are held. These consist on giving fixed
— values to the input variables, and the model catesl
DECISION SUPFORT SYSTEM the probabilities linked to them. We will evaluate

Sgg:ggﬁ’sizﬁg values adopted by the output variables, with specia
interest in farm income and wetlands recovery
Figure 1. Participatory process in the elaboratibthe DSS  (directly linked to the aquifer level), as a fuwctiof
the input variables considered as most signifidgant
The economic mathematical programming modethis context: (1) policies implemented: purchase of
has been developed to evaluate the impact of the jowater rights from the irrigators by the water auttyo
application of several agricultural policies andteva where several price rates have been considered, and
policies in the Upper Guadiana. It provides result§2) the degree of compliance of the farmers to the
concerning farm income, copping patterns and watémposed water quotas (defined qualitatively as high
consumption for the different farm types whenmedium and low).

alternative poli(;y combinaj[iqns are implemented. Figure 2 shows the methodological framework of
ﬁ\mong the ag“‘;%"t;\"a' é)oh;:(l)eosd twg %AP Opt'olnsthis research. It illustrates the relationship lestwthe
fave e2eor53t’este : gt()en a ; and t _ehcurren'gyl g'ayesian network elaborated for water management
dorce i of Lté)xg(;r_\ urg ri orfmh (wit i partial 4o cision making at a regional level, and the diffier
ecoupling of subsidies). Each of these policies Wy omation sources used for its construction, Hgme

ﬁ(_)mbl_neld with _dhlfferer?t water policy l;)p_tlons: the mathematical programming model for obtaining
Istorical water rights, the current Water ADSUGITL o oconomic  variables, statistical sources and

Plan (WAP), and purchase of irrigation rights (i.eypqyledge/opinions of the stakeholder groups.
giving-up water use and turning to rainfed farming)
Results from the economic model (income, crop
alternative and water consumption for the different
farm types and policy options) have been introduced
in the BN.
Bayesian networks (BN) are composed by a group
of interrelated variables (nodes) which define the
system. Each variable is characterized by its state
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IIl. RESULTS AND DISCUSSION
PRODUCTIVE WATER
DAETCLSAISGS gég‘g%v'NTs Table 1 shows the results of the BN simulations.
SCALE REG. SCALE Results are presented as a set of probabilitienthl
the output variables in the different states, as a
~ ™~ _ /4 \ . . . .
Toch coof Statistica function of the different states that the inputiables
parameters o data will take.
the model States o l—
Field variables
Farm types work States of input variables
Probabilit; . . .
Re:. availab, ,e;ioanslr:iigs 5 Level of compliance | Low | Low | High | High
Policy EL o4 - - : -
meetings pai y't e Water ( -|( - ( -I( -
\- / - - Authority (6/m3) | 6000) | 10000)| 6000) | 10000)
anagemen D
decision aid Purchase| © Yes 265 870 265 8.70
system: of water| ¥
Economic mode Bayesian rights No 97.35 91.3 97.35 91.3p
(Mathem. network
Programming J le—~ <300 0.21 0.20 9.53 8.94
Model —
ode) | Gormmon v @ |Total | g[300-500| 344 340 1533 145§
Aggﬁé‘ L Managemen S |farm I
Yy decision 8 income |® 500 -700] 12.04 14.14 3258 3341
v - alternatives g </h
Farmer's respons g Water z (€/ha) 700 -900| 40.32 40.63 3552 36.14
to the combinatio < | 4 Framework =%
of policies _§ || | Directive l 8 >900 44.00 41.63 7.04 6.96
=] Regional impact
g : of the different E;‘zfg;e 446 511 1051 10.7p
v '\:23%’;]3;{ management 3
Pdicy impacts a options: economid Wetlands E Bef |
farm level: income, - water (regional agric. recovery | zeogge 19.33 22.17 4554 46.7p
water use, public L policy income),
expenditure, environmental Later /
cropping pattern (aquifer recovery) never 76.21 7272 43.95 42-4|7
| . . . . .
| Table 1. Main results of simulations with prelimina

Figure 2. Methodological scheme of the research. Bayesian network in the Upper Guadiana Basin

N Results show that the highest level of recovery of
the aquifer and the wetlands will take place when t
price of water rights is high and the level of

Participation of stakeholders is crucial in the B
construction [5]. It has taken place in severajasaln
the first stage, five thematic meetings have besd h . ) o . . .
with the aim of discussing the main problems rdatecompllance V\."j[h V\{ater're'strlctlons Is also highthifs
to water management in the basin. The format of th gcond (;ondl'_uon is missing, the Ie_vel of recovefy
meetings was based on discussions guided B)e aquifer is very low. That is, the level of

questionnaires that were previously distributed t or?pl[[gncebtcih t?e |mppsed r\]/vater ;t)tstrr?tqtlon
stakeholders, who were divided into heterogeneoqgS ne |pns y (he armfars IS much more e“:‘r. Ihan
or attaining the aquifer’'s recovery than the phiead

groups. In the second stage, a set of specificingeet .

for the construction of the Bayesian networks hagor the water rights.

taken place, including two general meetings in Whic  Farm income is reduced by 30% when the level of
the methodology was explained and a preliminargompliance with water restrictions is high, as
version of the BN was constructed. Following, thecompared a medium-low level of compliance. The
network structure and data were completed usingrice paid by the Water Authority for buying irrigzn
individual interviews with stakeholders, and fiyal  rights has a small impact on farm income. Higher
general meeting for the validation of the networksw prices result in a slight redistribution of income,
held. Parallel to these meetings, field work wasmal reducing the probability of attaining either thglest
carried out to obtain the data for the economicehod and the lowest income level.
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IV. CONCLUSIONS DG Research), where this research has been
developed, and to the Technical University of Mddri

The participatory construction of the Bayesiarfor providing complementary funds for this work.

network implies the representation of a complex
reality that, when analyzed as a whole system By th
stakeholders, may be sufficiently simplified to
facilitate its use. However, it has to be assured the |
network includes all the variables that are conside
relevant by the stakeholders. This type of partitopy 2.
methodology can therefore be used for adaptiverwate
management.

The level of compliance with water policies is g ke
element for attaining the aquifer’s recovery. Hoemv
compliance with water restrictions leads to impatta 3.
farm income loss. This is the reason why irrigators
show a strong opposition to the strict water quota
system imposed by the River Basin Authority that, i
turn, has to face high social and enforcement costs
related to the water policy implementation. In this
context, the synergy between the EU WFD and the
national Water Abstraction Plan can help to inceeas,
social acceptance and reduce social costs.

It is not possible to attain the aquifer’s recovang
the restoration of the associated wetlands witheout
loss in socio-economic welfare in the area. Water
restrictions imply a decrease in farm income forstmo
farmers, and certain less-adapted farmers will liave
abandon the agricultural activity.
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