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Introduction

• Projections of runoff

– Studies made by Cedex

• Projections of water availability

– WAAPA model, global for Europe and specific for Spain

– Analysis of factors determining water availability

• Role of adaptation

– Effect of policy on water availability
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Studies of Cedex (2010, 2017) Methodology
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Comparison of studies by Cedex (2010-2017)

Similar results, slightly less reduction in runoff
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Results of Cedex 2017

Large variability, strong reduction of runoff

Projected reduction of runoff (%)



Results of Cedex 2010-2017

Large variability, strong reduction of runoff (10% for RCP4-5)

Projected reduction of runoff (%)



Water availability

• Runoff is a proxy for changes in water availability

• But there are other factors…

– Changes in variability

– Water management: reliability, environmental flows, storage

• Simple model to estimate water availability

– Streamflow, storage, demands and environmental flows

– Analysis under climate change scenarios
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WAAPA Model

WAAPA MODEL ALGORITHM
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Potential Water Availability analysis

Performance
(Volume Reliability)

Demand 
component da

pa
req

D
e
si

re
d

p
e
rf

o
rm

a
n
ce

pa
a: Performance for da

da
bamax

Maximum acceptable demand  
in the system

CONTROL 

SCENARIO

DEMAND-RELIABILITY CURVE



PWA analysis under climate change
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Climate scenarios
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Analysis of European basins
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ANÁLISIS DE LA DISPONIBILIDAD (I)
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Analysis of Uncertainty

Model 
uncertainty

Scenario
uncertainty

Runoff: Model uncertainty larger than emission scenario uncertainty
Availability: same level of uncertainty (storage)



Specific study of Mediterranean basins
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Climate projections
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Change in Mean Annual Flow
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ANÁLISIS DE LA DISPONIBILIDAD (I)

16

Reduction in MAF and larger increase in CV
Stronger forcing in areas already exposed to water scarcity

Climate projections



17

ANÁLISIS DE LA DISPONIBILIDAD (I)
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Reduction in MAF and larger increase in CV
Stronger forcing in areas already exposed to water scarcity

Climate projections
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Potential Water Availability
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Potential Water Availability (km3/yr)
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ANÁLISIS DE LA DISPONIBILIDAD (I)
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Large uncertainty and significant reduction of PWA
Model uncertainty larger than emission scenario uncertainty

Potential Water Availability
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ANÁLISIS DE LA DISPONIBILIDAD (I)
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Large uncertainty and significant reduction of PWA
Model uncertainty larger than emission scenario uncertainty

Potential Water Availability
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Projected changes of MAF vs. PWA
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Change in Mean Annual Flow
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ANÁLISIS DE LA DISPONIBILIDAD (I)
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Changes in MAF are a good proxy for changes in PWA
We found stronger dispersion in areas with high variability

Projected changes of MAF vs. PWA
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ANÁLISIS DE LA DISPONIBILIDAD (I)

23

Changes in MAF are a good proxy for changes in PWA
We found stronger dispersion in areas with high variability

Projected changes of MAF vs. PWA
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Changes in MAF vs PWA
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Change in Mean Annual Flow and Potential 
Water Availability
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ANÁLISIS DE LA DISPONIBILIDAD (I)
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We found a range of behaviors:
1 similar reduction; 2 less reduction PWA; 3 cross; 4 more reduction PWA

Changes in MAF vs PWA
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ANÁLISIS DE LA DISPONIBILIDAD (I)
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We found a range of behaviors:
1 similar reduction; 2 less reduction PWA; 3 cross; 4 more reduction PWA

Changes in MAF vs PWA
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The role of adaptation

• Strong reductions of runoff and water availability

• Policy and management may modify availability

– Water allocation to environmental flows

– Investment in infrastructure or improved management

– Governance: social arrangements to accept less reliability

• What is the impact of policy on water availability?

– Simple analysis based on modelling framework
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Adaptation options
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education of water users
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Effect of adaptation: management and governance
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Scenario RCP4.5
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Adequate management and governance may compensate the reduction of availability



Effect of adaptation: Storage, Environmental Flow, Efficiency

• Policy target

– Maintain acceptable reliability under climate change scenarios

• Main policy action

– Demand reduction to maintain reliability under climate change

• Additional policy actions

– Supply enhancement through increased reservoir storage

– Increase water efficiency in urban use

– Modify environmental flow conditions
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Effect of adaptation: Storage, Environmental Flow, Efficiency

The range and effectivity of measures vary strongly across basins
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Conclusions

32

• Modeling tools

– Model performance is very poor while describing the currently 

observed features of hydrologic regime relevant for water availability

– Model uncertainty is very wide, equal or greater than emission 

scenario uncertainty. Is this of any use?

• Water availability projections

– Climate change impacts on water availability are uncertain and 

heterogeneous, but are expected to be strongly negative in Spain

– Impacts are stronger in areas already affected by water scarcity

• Role of adaptation policy

– Improved water management and water governance may 

compensate adverse effects of climate on water availability

– Effectiveness varies across basins, requiring local analyses
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