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MenMenúús del Ds del Díía (1 y 2): 2027a (1 y 2): 2027
►► Bajo/Medio precio de agua, Bajo/Medio precio de agua, 

producto vendido/compradoproducto vendido/comprado
►► MMáás riego, ms riego, máás cuestionados cuestionado
►► Natura 2000 mal pagadaNatura 2000 mal pagada
►► Naturaleza perdida Naturaleza perdida 
►► AcuAcuííferos/humedales y feros/humedales y 

rrííos/riberas desaparecidosos/riberas desaparecidos
►► Secano Secano 

abandonado/regadabandonado/regadííos os 
inadecuados o excesivosinadecuados o excesivos

►► Cultura de culpa y miedoCultura de culpa y miedo
►► Perdida de sabidurPerdida de sabiduríía, a, ´́artearte´́

del agricultordel agricultor
►► Monocultivos, Monocultivos, ““pueblos pueblos 

dormitoriosdormitorios””
►► Valor perdido del campoValor perdido del campo

►► Alto precio de agua, como Alto precio de agua, como 
bien caro, prestado del bien caro, prestado del 
ecosistemaecosistema

►► Menos riego, mMenos riego, máás aceptados aceptado
►► Natura 2000 bien pagadaNatura 2000 bien pagada
►► Naturaleza valorada y Naturaleza valorada y 

cuidadacuidada
►► AcuAcuííferos/humedales y feros/humedales y 

rrííos/riberas recuperadosos/riberas recuperados
►► Secano protegido/adaptadoSecano protegido/adaptado
►► MMáás cultivos de alto s cultivos de alto 

valor/uso pero bajo consumo valor/uso pero bajo consumo 
de aguade agua

►► Conocimiento/arte retenidoConocimiento/arte retenido
►► Paisaje, economPaisaje, economíía y tejido a y tejido 

social rural buenos y social rural buenos y 
diversosdiversos

►► Valor aValor aññadido y retenido en adido y retenido en 
el campoel campo



WADI PROJECTWADI PROJECT

I)I) WADI HYPOTHESIS RESULTSWADI HYPOTHESIS RESULTS
II)II) SCENARIO DEVELOPMENTSCENARIO DEVELOPMENT
III)III) WADI RESULTS  (Guadalquivir)WADI RESULTS  (Guadalquivir)
IV)IV) FUTURE RESEARCH NEEDSFUTURE RESEARCH NEEDS



I WADI HYPOTHESISI WADI HYPOTHESIS



Mathematical models and Mathematical models and 
farmersfarmers’’ behaviourbehaviour

►► to build good to build good ‘‘descriptivedescriptive’’ models based models based 
upon the upon the multicriteriamulticriteria nature of decisionnature of decision--
makingmaking, and the search for a compromise , and the search for a compromise 
between the conflicting objectives of the between the conflicting objectives of the 
farmer.farmer.

►► our modelling approach is based on the our modelling approach is based on the 
estimation of particular farmersestimation of particular farmers’’ multimulti--
attribute utility functionsattribute utility functions (1)(1)



Aggregation bias and cluster Aggregation bias and cluster 
analysisanalysis

►► the objective of the the objective of the WadiWadi project is to obtain aggregated project is to obtain aggregated 
results in order to guide policy makingresults in order to guide policy making

►► This aggregation bias can only be avoided if the farms This aggregation bias can only be avoided if the farms 
included in the models fulfil strict criteria regarding included in the models fulfil strict criteria regarding 
homogeneity (Day, 1963): homogeneity (Day, 1963): 

technological homogeneitytechnological homogeneity (same possibilities of production, (same possibilities of production, 
same type of resources, same technological level and same same type of resources, same technological level and same 
management capacity).management capacity).
pecuniary proportionalitypecuniary proportionality (proportional profit expectations (proportional profit expectations 
for each crop) and for each crop) and 
institutional proportionalityinstitutional proportionality (availability of resources to the (availability of resources to the 
individual farm proportional to average availability).individual farm proportional to average availability).



Cluster analysisCluster analysis

►► Berbel and Berbel and RodrRodrííguezguez (1998) as a starting (1998) as a starting 
point. These authors noted that for this point. These authors noted that for this 
type of classification the most efficient type of classification the most efficient 
method is cluster analysis, taking farmersmethod is cluster analysis, taking farmers’’
real decisionreal decision--making vectorsmaking vectors (actual crop (actual crop 
mix) as the classification criterion.mix) as the classification criterion.



Characteristics of our Characteristics of our 
methodology.methodology.

CLASSICCLASSIC OUR APPROACHOUR APPROACH
Profit maximizingProfit maximizing MCDM Utility MCDM Utility 

Homogeneous behaviourHomogeneous behaviour Farmer type specificationFarmer type specification

Focus on farmFocus on farm Focus on farmerFocus on farmer

MacromodelsMacromodels MicromodelMicromodel aggregationaggregation

Economic activityEconomic activity Indicators and Indicators and 
multifunctionalitymultifunctionality

ShortShort--run analysisrun analysis LongLong--run analysis based run analysis based 
on scenarioson scenarios
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DetailDetail ofof farmsfarms aggregationaggregation

Farms of different types:
• main production: cereals, fruits, vegetables, …
• management: family / industrial 
• size: small /medium / large
• …

Production systems
cereals, fruits, vegetables, …

Sub-basin scale

Basin scale



Selected indicatorsSelected indicators

AreaArea Selected indicatorsSelected indicators

Economic balanceEconomic balance
Farm incomeFarm income
Farm contribution to GDPFarm contribution to GDP
Public supportPublic support

Social impactSocial impact Farm employmentFarm employment
SeasonalitySeasonality

Landscape and Landscape and 
biodiversitybiodiversity

Genetic diversityGenetic diversity
Soil coverSoil cover

Water useWater use
Irrigation technologyIrrigation technology
Water useWater use
Marginal value of waterMarginal value of water

Nutrients and pollutantsNutrients and pollutants
Nitrogen balanceNitrogen balance
Pesticide riskPesticide risk
Energy balanceEnergy balance



II SCENARIO DEVELOPMENTII SCENARIO DEVELOPMENT



ASSESS CURRENT TRENDS ASSESS CURRENT TRENDS 
IN TREND VARIABLESIN TREND VARIABLES

Do not rely too much on past projections:
it may lead to false projections
Disaggregated approach might be preferable. 
E.g. for demand forecasting

►► DemographyDemography
►► Rural dischargesRural discharges

individualindividual
stormwaterstormwater

►► Urban dischargesUrban discharges
collectivecollective
stormwaterstormwater

►► Agricultural USE & discharges Agricultural USE & discharges 
►► Industrial dischargesIndustrial discharges



Four basic scenarios Four basic scenarios 

World 
Market

Local 
Enterprise

Global 
Sustainability

Local 
Development

Conventional
development

ComunityComunity

GlobalGlobal

ConsumismConsumism

RegionalRegional



Scenarios CoherentScenarios Coherent

Present 
CAP

Reformed 
CAP

Local 
Management

World 
Market

Politica
DMA estrict
Super-DMA
DMA partial

WADI escenarios PAC
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Demanda de agua comparadaDemanda de agua comparada

0,00

0,20

0,40

0,60

0,80

1,00

1,20

0 1000 2000 3000 4000 5000 6000 7000
Water quantity (m3/ha)

W
at

er
 p

ric
e 

(€
/m

3 )

Spain - Duero Basin
Spain - Guadalquivir Basin
Italy - Foggia Region
Greece - Xanthi Region



Impacto del precio de aguaImpacto del precio de agua
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Impacto de precio y escenariosImpacto de precio y escenarios
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EvoluciEvolucióón prevista n prevista 
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ParametersParameters
World 

Agricultural 
Markets

Global 
Sustainable 
Agriculture

Provincial 
Agriculture

Local 
Community 
Agriculture

Output prices
Cereals 80-90 90-100 100-110 110-120
(Area payments) 0 90-100 95-105 105-115
Vegetables 85-95 110-120 100-110 120-130
Fruits 85-95 95-105 100-110 120-130
Livestock: Meat 85-95 90-100 95-110 110-120
Dairy: milk 85-95 90-100 100-110 115-125
Agric environmental 55-60 95-105 40-50 115-125
Input prices
Fertiliser and pesticides 85-110 130-150 105-115 130-170
Water 115-130 130-150 105-120 140-160
Water infrastructure 130-140 120-130 105-120 110-120

Crop Yields 120-130 110-115 100-110 80-100



III WADI RESULTS  III WADI RESULTS  
(Guadalquivir)(Guadalquivir)



MAIN AGRICULTURAL SYSTEMS IN A MAIN AGRICULTURAL SYSTEMS IN A 
CATHCHMENTCATHCHMENT

Critical 
uncertainties 
AGRICULTURE 

- new CAP 
- new technology/prices 
- water price polcy 

 



Criteria Weightings by cluster in Criteria Weightings by cluster in 
General Irrigation SystemGeneral Irrigation System

Fuente PalmeraFuente Palmera

Cluster A: Cluster A: CottonCotton Cluster B: Wheat Cluster B: Wheat Cluster C: Corn Cluster C: Corn Cluster D: Groves Cluster D: Groves 

99.5% FC 99.5% FC –– 0.5% 0.5% 
MOMO

83.8% FC 83.8% FC –– 16.2% 16.2% 
MOMO 96.3% FC 96.3% FC –– 3.8% MO3.8% MO 99.5% FC 99.5% FC –– 0.5% 0.5% 

MOMO

GenilGenil--CabraCabra
Cluster A: Cluster A: 

ConservativeConservative
Cluster B: Cluster B: 

Commercial Commercial 
Cluster C: Intensive Cluster C: Intensive 
olive olive Cluster D: Cluster D: VegetablesVegetables

65.3% FC 65.3% FC –– 34.7% 34.7% 
MOMO

75.9% FC 75.9% FC –– 24.1% 24.1% 
MOMO 98.3% FC 98.3% FC –– 1.7% MO1.7% MO 94.6% FC 94.6% FC –– 5.4% 5.4% 

MOMO

BembBembéézarzar M.DM.Dªª

Cluster A Corn Cluster A Corn Cluster B: DiverseCluster B: Diverse Cluster C: Fruit Cluster C: Fruit Cluster D: Cluster D: VegetablesVegetables

96.4% FC 96.4% FC –– 3.6% 3.6% 
MOMO

90.4% FC 90.4% FC –– 9.6% 9.6% 
MOMO 97.4% FC 97.4% FC –– 2.6% MO2.6% MO 82.6% FC 82.6% FC –– 17.4% 17.4% 

MOMO

El VillarEl Villar

Cluster A: Cluster A: CommercialCommercial Cluster B: Conservative Cluster B: Conservative 

95.3% FC 95.3% FC –– 4.7% MO4.7% MO 64.6% FC 64.6% FC –– 35.4% MO35.4% MO



FarmFarm incomeincome andand labourlabour
(Guadalquivir)(Guadalquivir)
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WaterWater demanddemand & N balance& N balance
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Summary of impact of the Summary of impact of the 
different on indicators for the different on indicators for the 

whole River Guadalquivir basinwhole River Guadalquivir basin



OtherOther EuropeanEuropean resultsresults
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WaterWater demanddemand characteristicscharacteristics..

DueroDuero ••GuadalquivirGuadalquivir ••FoggiaFoggia

••Demand disappears Demand disappears 
at 15 centsat 15 cents ••Elastic demand  0 to 1Elastic demand  0 to 1€€ ••Elastic Demand 0 to 1 Elastic Demand 0 to 1 €€

••Elastic demandElastic demand ••Inelastic up to 10 cents. Inelastic up to 10 cents. 
••Then, elasticThen, elastic

••Inelastic up to 23 cents.Inelastic up to 23 cents.
•• Then, elasticThen, elastic

••High response to water priceHigh response to water price Low response to water Low response to water 
priceprice

Low response to water Low response to water 
priceprice



SummarySummary

►► WeWe improveimprove thethe descriptiondescription ofof presentpresent dayday
irrigationirrigation activitiesactivities..

►► InformationInformation onon pressurespressures in in thethe systemsystem
►► GoodGood evaluationevaluation ofof futurefuture evolutionevolution ofof

pressurepressure indicatorsindicators
►► MulticrtiteriaMulticrtiteria methodmethod givesgives usus more more andand

more more accurateaccurate informationinformation BUT IT IS NOT BUT IT IS NOT 
THE FINAL SOLUTIONTHE FINAL SOLUTION



IV FUTURE RESEARCH NEEDS IV FUTURE RESEARCH NEEDS 



NewNew researchresearch needsneeds

►► DynamicDynamic evolutionevolution
►► NonNon--priceprice instrumentsinstruments

MarketMarket
QuotasQuotas
OthersOthers……

►► IndirectIndirect impatimpat ofof irrigationirrigation
►► TradeTrade--offsoffs



DynamicDynamic evolutionevolution irrigatedirrigated demanddemand
(case (case ofof Guadalquivir)Guadalquivir)

0

20

40

60

80

100

120

140

160

0 1.000 2.000 3.000 4.000 5.000 6.000

nuevo sistema riego

nuevos cultivos



0
10
20
30
40
50
60
70
80
90

100

0 1000 2000 3000 4000 5000 6000
Water consumption (m3/ha)

W
at

er
 p

ri
ce

 (e
ur

oc
en

ts
/m

3 ) Water Demand 2001
Water Demand 2010

Guadalquivir irrigated water demand 



Irrigation cost/Total outputIrrigation cost/Total output

Cultivo Zona Demarcación
Producción 

€/ha
Coste 

cent/m3
%agua/   

fact
Invernaderos Holanda Holanda 120.000 15,0 0,8%
Fresas Chanza (HU) Guadiana 48.193 15,0 1,6%
Invernaderos Almeria Mediterranea Andaluza 90.361 25,0 1,7%
Olivar (*) Jaen CH Guadalquivir 6.000 15,0 5,0%
Maiz (*) Francia Varias 1.910 10,0 10,5%
Trigo (*) Córdoba CH Guadalquivir 1.506 8,0 10,6%
Algodón Sevilla CH Guadalquivir 4.000 8,0 12,0%
Remolacha Palencia CH Duero 3.000 6,0 12,0%
Fuente: Datos aproximados, elaboración propia

(*) riego de apoyo



IndirectIndirect impactimpact ((positivepositive))

EurosEuros directodirecto indirectoindirecto sumasuma

en la en la producciproduccióónn 1.000.0001.000.000 593.970593.970 1.593.9701.593.970
en la en la rentarenta 622.746622.746 258.627258.627 881.373881.373
en el en el empleoempleo (1)(1) 37,537,5 14,014,0 51,651,6

Fuente: Titos, 2000

(1) Cifras en UTA



IndirectIndirect impactimpact ((negativenegative))

►► WeWe needneed toto know know thethe tradetrade--offoff betweenbetween cirteriacirteria, , 
e.ge.g..



CostCost--efficiencyefficiency & Social & Social PrioritiesPriorities

►► TradeTrade--offsoffs explicitexplicit



Programa de medidasPrograma de medidas

►► QuantityQuantity ofof waterwater
►► QualityQuality ofof waterwater
►► Total Total economiceconomic valuevalue ofof thethe systemsystem
►► Social Social prioritiespriorities



Escenarios 2015 de planificaciEscenarios 2015 de planificacióón n 
hidrolhidrolóógica.gica.

SituaciSituacióónn
Escenarios de planificaciEscenarios de planificacióón n 

hidrolhidrolóógicagica

Escenario Escenario 
PNRPNR--
estricto  estricto  

EscenarioEscenario Actual (02)Actual (02) Verde (*)Verde (*) NaranjaNaranja RojoRojo (2015)(2015)

(Hm3/a(Hm3/añño)o) 3.9493.949 3.6323.632 4.0364.036 4.4404.440 4.3804.380
%  Consumo  /%  Consumo  /
Recursos Recursos 
renovables renovables 

49%49% < 45%< 45% 50%50% < 55%< 55% 54%54%

(*) Plan de Cuenca

Fuente: elaboración propia



ConclusionConclusion

►► ImproveImprove economiceconomic typologytypology
►► ImproveImprove predictivepredictive powerpower ofof modelmodel
►► EnlargeEnlarge informationinformation onon impactimpact//pressurespressures ofof

activitiesactivities
►► NeedNeed toto integrateintegrate thethe modelmodel withwith nextnext stepstep

ofof analysisanalysis: : costcost efficiencyefficiency, , environmentalenvironmental
costcost ofof waterwater uses, uses, ……


