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A B S T R A C T 

Keywords: Water is scarce in Mediterranean countries: cities are crowded with increasing demand; 
Mediterranean food is produced with large amounts of water; ecosystems demand more water that is often 
Climate change available; drought affects all. As climate change impacts become more noticeable and 
Water policy costlier, some current water management strategies will not be useful. According to the 
Adaptation and assessment fmdings of CIRCE, the áreas with limited water resources will increase in the coming decades 

with major consequences for the way we produce food and we protect ecosystems. Based on 
these projections this paper discusses water policy priorities for climate change adaptation 
in the Mediterranean. We first summarise the main challenges to water resources in 
Mediterranean countries and outline the risks and opportunities for water under climate 
change based on previous studies. Recognising the difficulty to go from precipitation to 
water policy, we then present a framework to evalúate water availability in response to 
natural and management conditions, with an example of application in the Ebro basin that 
exemplifies other Mediterranean áreas. Then we evalúate adaptive capacity to understand 
the ability of Mediterranean countries to face, respond and recover from climate change 
impacts on water resources. Social and economic factors are key drivers of inequality in the 
adaptive capacity across the región. Based on the assessment of impacts and adaptive 
capacity we suggest thresholds for water policy to respond to climate change and link water 
scarcity indicators to relevant potential adaptation strategies. Our results suggest the need 
to further prioritise socially and economically sensitive policies. 

1. Introduction 

1.1. Challenges to water resources in the Mediterranean 

Mediterranean countries are diverse from various points of 
view including their socio-economic development, climate, 
water availability, infrastructure levéis, or social and ecologi-
cal resources. However, the región as whole is undergoing 
rapid social and environmental changes which may harbour 
negative implications for current and future sustainability. 

This is particularly true for the Mediterranean water sector 
where pressures and impacts on water scarcity are projected 
to multiply under climate change. Water scarcity often results 
in conflicts among users which are compounded by complex 
institutional and legal structures that threaten the develop­
ment of policies geared towards sustainable management 
(Iglesias et al., 2007a). 

A number of studies have shown that under climate change 
annual river flow is expected to decrease in Southern Europe 
and increase in Northern Europe; changes are also expected in 



the seasonality of river flows with considerable differences 
over the European región (Arnell, 2004; Milly et al., 2005; 
Alcamo et al., 2007). Nevertheless many of these projections 
do not take into account the effects of policy. One alternative 
measure that has been used to include some policy aspects is 
the water exploitation Índex, which is calculated annually as 
the ratio of total freshwater abstraction to the total renewable 
resource (Raskin et al., 1997). But even though the WEI can 
provide additional information regarding runoff, such an 
analysis still struggles to fully reflect the level of available 
water resources. 

In many countries throughout the región, water demand 
already exceeds water availability- such a situation imposes a 
strain on ecosystems and indicates the need for a policy-
sensitive approach (Iglesias et al., 2007b; Yang and Zehnder, 
2002; Hoff, 2010). The average annual potential water 
availability per capita considering the total freshwater 
resources in southern Mediterranean countries is less than 
1000 m3 per capita and year (Table 1). In countries like Egypt, 
Israel, and Libya, demand is above the available resources, and 
water scarcity crises are common (Table 1). The difficulty in 
forecasting highly variable rainfall multiplies the challenges 
faced by water resource managers and increases the likeli-
hood of water conflicts. 

The region's overall socio-economic model places available 
water resources under considerable stress. In many cases, 
agriculture is responsible for water imbalances because it 
accounts for more than 50% of water use in most countries 
(FAO, 2008). Thus, other economic uses of water - urban, 
energy and tourism - are imposing further challenges for 
meeting ecosystem services (Hoff, 2010) and increasing 
conflicts among the affected parties. Some of the potential 
solutions to these problems - such as changes in infrastruc-
ture or limitations of irrigation - are not accepted by all social 
sectors. Water resource managers face the challenge of 
ensuring the future sustainability of water resources while 
maintaining strategic agricultural, social and environmental 
targets. Climate change imposes an additional challenge, and 
understanding its implications and policy requirements is a 
complex process, as we shall see. 

1.2. The need for re-thinking water policy priorities 

Under climate change, policies need to keep in mind the 
different variations within regional climate. This is particu-
larly true in the European context where regional directives 
need to be sensitive to the differences between arid Mediter­
ranean climates and northern or central European áreas with 
greater water availability. Finding common ground between 
these competing regional claims is a serious challenge to 
regional policy development. Nevertheless, it is a challenge 
that needs to be addressed to ensure the coherence and 
efficiency of policy measures under a changing climate. 

The European Union over the past decade has been facing 
this challenge in a proactive manner. EU water policy is 
contained under the overarching Water Framework Directive 
(WFD, 2000). The directive consists of an extremely well 
developed and comprehensive set of policies although a few 
aspects remain a challenge in some áreas (Hering et al., 2010; 
Rossi, 2009). The directive aims to ensure proper management 



of water resources under ever-growing demand as a way of 
ensuring the "good status" of all water bodies. The Common 
Implementation Strategy (CIS) was developed to créate a 
uniform approach for the application of the WFD by ensuring 
that the same priorities are set for all member states, provide 
informal technical guidance and créate a common pool of 
knowledge and past experiences. In a critical review of the 
WFD's achievements Hering et al. (2010) state that the 
framework "changed water management in all member 
states of the EU fundamentally, puttingaquatic ecology atthe 
base of management decisions". This paradigm shift in water 
management has included the move from management by 
administrative borders to management by hydrological 
catchment with the goal of ensuring ecosystem integrity 
(Hering et al., 2010). Additionally, Rossi (2009) claims that the 
WFD's key principies concerning water are worth highlight-
ing: (a) water is not a commercial product but rather a 
heritage; (b) water should be protected both quantitative and 
qualitatively; and (c) environmental policy should be damage 
preventing. 

The ambitious nature of the WFD inevitably means that 
there is room for improvement. Some criticisms have been 
voiced concerning the WFD's ability to intégrate stakeholders 
and ensure their participation (Videira et al., 2006), the 
estimation of uncertainty of assessment results and the 
accessibility of monitoring data (Hering et al., 2010) or the 
WFD's appropriateness for improving drought preparedness 
and mitigation (Rossi, 2009). Despite these critical voices it is 
clear that the ambitious and transformative principies 
enshrined within the WFD make the need for scientific 
research evident. As a way of providing an accurate scientific 
background for the development of policies the EU has been 
funding a vast number of research projects concerning water 
resources and climate change in Europe. The true challenge, as 
has been identified by Quevauviller et al. (2005), is to transíate 
these scientific findings into policy makingprocesses. In order 
to address some of these concerns, Quevauviller et al. (2005) 
have proposed that scientific inputs should constantly feed 
the environmental policy process in an attempt to keep in line 
with the Sixth Environmental Action Programme. To do so, he 
proposes the development of a science-policy interface that 
helps further the goals of the WFD as a knowledge-based 
approach to water management (Quevauviller et al., 2005). In 
this paper we discuss the contribution of the CIRCE project to 
bridgingthe gap between science and water policy; specifically 
we discuss methodological approaches to link scientific data 
to policy development. 

2. Objectives and components of the analysis 

The focus of this work is the Mediterranean countries. The aim 
is to provide answers to the following questions: How much 
does water management needs to adapt in view of climate 
change? How able are societies to adapt to these changes? We 
address these questions by evaluating the impacts of climate 
change on water resources and their management, the 
adaptive capacity and the policy responses. Fig. 1 summarises 
the methodological framework outlining the objectives and 
the steps in the methodology. 

Priorities for adaptation 

Fig. 1 - Methodological framework. Outer arrows present 
the objectives and inner circle shows steps in the 
methodology. 

Quantitative Índices like the ones presented in this chapter 
can simplify information transfer from water resource experts 
to policy makers. The combined analysis of these Índices helps 
to diagnose the causes of water scarcity under different 
climatic conditions and to anticípate possible solutions. In a 
relatively large región composed of many systems, these 
Índices may also allow for comparisons between systems to 
establish action priorities and budget allocation policies. 

Our analysis bridges the gap between traditional impact 
assessment and policy formulation by directing policy atten-
tion to the causes of the water scarcity and adaptive capacity 
problems. Moreover we provide a platform for determining 
policy responses at the basin level. This evaluation helps 
define the sensitivity of a system to external shocks and to 
identify the most relevant aspects that can decrease the level 
of risk posed by climate change. 

3. Review of impacts 

The Mediterranean is considered to be a región that will 
experience large changes in climate mean and variability; that 
is a climate change "hot-spot" (Giorgi, 2006). Scenarios of 
water resources availability are developed from climate 
projections but need to take into water management, 
infrastructure and demands. Our current understanding of 
Mediterranean climate leads to projected overall temperature 
increase from 2 to 4 °C and precipitation changes of 10% to 
-50% by 2080s (Alpert et al., 2011). The changes are not equally 
distributed across the regions or the seasons. The changes are 
likely to be more pronounced in North África, with tempera-
ture increase that reaches +5 °C by the 2080s in some scenarios 
and an alarming increase of extreme temperature (hot and 
very hot days); drought periods may increase throughout the 
Mediterranean (Giorgi and Lionello, 2008; Christensen and 
Christensen, 2007a,b). As result, evapotranspiration rates will 



increase, soil structure changes will result in increased rates of 
soil erosión. Given an adequate management strategy that 
prioritises adaptatíon, climate change may also produce some 
positive changes in water resources for some áreas. The 
changes may result in risks and opportunities for the water 
system and the environmental and social systems that depend 
on water. 

Scenarios of water resources availability rely first on 
climate projections. Our current understanding of Mediterra-
nean climate points to increases in temperature and reduc-
tions in precipitation over the next fifty years (Alpert et al., 
2011). These projections may result in reductions of average 
annual runoff up to 50% challenging the whole socioeconomic 
model which is based largely on water demanding activities: 
recreation, tourism, and food production. The solution to 
those problems will imply social changes, a progressive 
increase of water demand management and a consensus 
reallocation of water availability to prioritised users. The 
agreement on essential uses remains a controversial issue 
across the región. In this process, policies regulating water 
usage, water accessibility and hydraulic infrastructure, will 
play a critical role in making water available to users by 
overcoming the spatial and temporal irregularities of natural 
regimes. 

Protecting the world's freshwater resources requires 
diagnosing threats over a broad range of scales (Vorosmarty 
et al., 2010) and sectors (Table 2). In the Mediterranean, climate 
change impacts on water will have a large impact on human 
water security and biodiversity (Vorosmarty et al., 2010). There 
are several hundred studies on the potential impacts of 
climate change on water resources in the Mediterranean 
which apply many different approaches (European Environ-
ment Agency, 2009). According to Gleick and Palaniappan 
(2010), more and more watersheds appear to have passed the 
point of "peak water", a concept related to the sustainability of 
water management. These studies have different focus - from 
ecosystems to water pricing to recreational water, a wide 
range of time-frames, different scenarios and spatial scales 
that vary from the local to the global analysis. Although the 
results are diverse and sometimes contradictory, a common 
element is that one of the primary impacts of climate change 

will be a reduction of water availability in the Mediterranean 
(European Environment Agency, 2007, 2009). 

4. Water availability 

4.1. Bálancing water supply and demand 

All water-abstracting sectors require a reliable supply in order 
to provide sufficient water during periods of prolonged lack of 
rainfall. As a result, the storage of surface water in reservoirs is 
commonplace and transfers of water between river basins also 
occur. In addition, the artificial recharge of groundwater by 
river water has been a traditional means of improving supply. 
Finally, the production of freshwater via desalination or 
recycling is also playing an increasingly important role. 

Alteration of hydrological regimes as consequence of 
climate change jeopardises equilibrium of water resources 
systems. The potential effect is very different depending on 
the regulation capacity. There are many studies of the impacts 
of climate change in the natural hydrological regime, but the 
impact in regulated systems is much less known. An analysis 
of climate change in regulated systems in the Mediterranean 
water basins would highlight the effects of adaptive regulation 
as management alternative. This analysis is extremely data 
intensive and out of the scope of this assessment. Here we 
provide an example in a characteristic Mediterranean basin. 

Reservoir regulation has been one of the most important 
water resources management in Mediterranean countries and 
has generated significant impacts. The potential for optimal 
reservoir regulation as an adaptatíon strategy has been 
recognised. A reservoir is a dynamic storage of water, which 
can be controlled, and is used to balance the irregularity of 
water resources. Even though society and reservoir managers 
are fully aware that reservoir operation affects the environ­
ment, and that reservoir construction and structural or 
operational modifications of existing reservoirs are unlikely, 
existing reservoirs are being subjected to intense multi-
objective demands - including water quality - in spite of their 
limited resources. Making water quality a priority requires 
paying cióse attention to current water use patterns (including 

Table 2 - Climate change induced risks and opportunities and degree of expected impacts on different sectors. 

Description 

Risks 

Expansión of área wi th wa te r déficit 

Increase in water d e m a n d (irrigation) 

Increased drought and water scarcity 

Increased floods 

Water quality deterioration 

Increased soil erosión, salinity and desertification 

Loss of snow and glaciers (natural reservoirs) 

Sea level rise 

Opportunities 

Increased water availability 

Increased potential for hydroelectric power 

Increased potential to produce food and bio-fuels 

Sources: Alcamo et al. (2007), Arnell (2004), Barnett et al. 

Milly et al. (2005), Parry et al. (2004), Plan Bleu (2010), 1 

Ecosystem 

High 

High 

High 

Médium 

High 

High 

High 

High 

High 

n.a. 

n.a. 

Urban sector 

Low 

Low 

Médium 

High 

Médium 

Low 

Low 

High 

Médium 

High 

n.a. 

R u r a l s e c t o r 

High 

High 

High 

Médium 

Médium 

High 

High 

Médium 

High 

Médium 

High 

(2005), Blanco-Canqui et al. (2010), Copetti et al. 

Rosenzweig et al. (2004), Vorosmarty et al. (2010) 

(2010; 

Health sector 

High 

High 

High 

High 

High 

Médium 

Médium 

High 

Low 

Low 

n.a. 

Economic activities 

Médium 

Low 

Médium 

Médium 

Low 

Low 

Low 

Low 

Médium 

High 

High 

1, EEA (2009), Iglesias et al. (2009), IPCC (2007), 

, Wreford et al. (2010). 



water supply, flood control, hydropower, navigation, fish and 
wild life conservation, andrecreation). Water quality may also 
be considered a reservoir purpose when water is provided to 
assimilate waste effluents. It is not surprising then that 
defining optimal reservoir operation for reservoirs with 
múltiple water uses is a challenge.Supply scenarios 

Reductions of the water inflow and increase of the 
coefficient of variation may result in significant decreases in 
the water availability, between 20% and 40%. This clearly 
demands adaptation measures that produce large social 
impacts. In most Mediterranean basins, where regulation 
capacity is almost already covered, the reductions in water 
availability will result in impositions of demand restrictions. 
The demand restrictions will have to be almost identical to the 
reductions in water availability.Demand scenarios 

Irrigation water demand scenarios are determined by 
changes in the physical variables of the scenario (precipitation 
and temperature), changes in socio-economic conditions 
(management at the farm level, markets and trade, and 
policy), and changes in technology (agricultural and hydrau-
lic). When policy and technology remain constant, it has been 
shown that agricultural water demand increases in all 
scenarios in the región (Iglesias et al., 2007a). The main 
drivers of this irrigation demand increase are the decrease in 
effective rainfall and the increase in potential evapotranspi-
ration (due to higher temperature and changes of other 
meteorological variables). Even in basins where farmers apply 
efficient management practices and adjust cropping systems 
to the new climate, changes in policy, land use or technology 
will be crucial for lowering future irrigation demand and are 
key determinants of future projections (Iglesias, 2009). It is 
generally accepted that future agricultural and water policy, 
including water pricing and compliance with environmental 
regulations, will have a profound effect in lowering the 
demand of irrigation water. It is also reasonable to assume 
that technology will make water use more efficient. Therefore, 
future irrigation demand may increase or decrease as a 
function of policy interventions and technological develop-
ments, even if to a small degree. 

Scenarios of urban water demand are driven by changes in 
population and lifestyles. Population is expected to increase 
slightly (CIESIN, 2005), projections of increased GDP result in 
lifestyle changes that demand more urban water (from 
collective living to single home living). Unless GDP growth is 
decoupled from urban and industrial water use it is likely that 
the demands from these sectors will continué to grow. 

4.2. Water availability and policy assessment model 

The water availability and policy assessment (WAPA) model 
(Fig. 2) may be used to compute the water availability and 
demand-reliability curve, which provides a simple way to 
evalúate water availability under different policy and climate 
change scenarios. WAPA model architecture, system man­
agement options, system performance evaluation and de­
mand performance analysis. The model has been applied to 
evalúate economic decisions of drought policy and water 
policy in the Mediterranean (Quiroga et al., 2011a,b). The 
model links water supply, demand and management allowing 
the analysis of policy options. The model computes water 

WAPA model architecture 

Climate change 

rainfall, rivers 
aquifers 

esources management 
system 

infrastructure, demand, 
management rules 

Water availability 

Supply for ecosystems, urban, 
food, hydropower, tourism 

Policy assessment 

Supply management (allocation, reliability, restrictions, 
infrastructure) 

Demand management (water rights, risk) 
Extreme events management 

Fig. 2 - Architecture of the water availability and policy 
assessment (WAPA) model. 

availability and reliability as result of implementing climate or 
policy scenarios. 

As it was originally designed to calcúlate surface water 
availability, the WAPA model does not explicitly contémplate 
the inclusión of groundwater in its calculations. That being 
said, the model's results may approximate the joint extraction 
of surface and ground waters. In cases where only groundwa­
ter is extracted, for instance, the calculation of available water 
is analogous to the calculation of aquifer recharge. Also, when 
surface and ground waters are extracted independently 
(except for the case of coastal aquifers) the extraction of 
groundwater is subtracted from the inputs to downstream 
surface reservoirs. For large basins, then, the WAPA results 
can be considered a first estímate of the availability of surface 
and ground water. In its current state, the WAPA does not 
consider the case where ground waters are extracted to 
compénsate for low levéis of water in reservoirs. 

WAPA simulates the joint operation of all reservoirs in a 
basin to satisfy a unique set of demands. Basic inputs to the 
WAPA model are the river network topology, the reservoir 
characteristics (monthly máximum and mínimum capacity, 
storage-area relatíonship and monthly evaporation rates), the 
naturalized stream flow series entering different points of the 
river network, the environmental flow conditions downstream 
of reservoirs and monthly valúes of urban and agricultural 
demands for the entire basin. The model is based on the mass 
conservation equation, and main assumptíons refer to how 
reservoirs are managed in the system: to supply demands for 
any given month, water is preferentially taken from the most 
downstream reservoir available, since spills from upstream 
reservoirs can be stored in downstream ones. In each time step, 
the model performs the following operatíons: 

(1) Satisfaction of the environmental flow requirement in 
every reservoir with the available inflow. Environmental 
flows are passed to downstream reservoirs and added to 
their inflows. 

(2) Computation of evaporation in every reservoir and reduc-
tion of available storage accordingly. 



(3) Increment of storage with the remaining inflow, if any. 
Computation of excess storage (storage above máximum 
capacity) in every reservoir. 

(4) Prioritised satisfaction of demands. Use of excess storage 
first, then available storage starting from higher priority 
reservoirs. In the case of current and future water 
shortages, case-specific decisions will need to be made 
concerning the prioritisation of demands. 

(5) If excess storage remains in any reservoir, computation of 
uncontrolled spills. 

The result of the joint reservoir operation model is a set of 
time series of monthly volumes supplied to each demand and 
monthly valúes of stored volume, spills, environmental flows 
and evaporation losses in every reservoir. Reliability is 
computed for every demand by comparing the actual supply 
valúes during the simulation with theoretical demand valúes. 
A macro is available to repeat the computations changing 
valúes of a given demand type, which allows the computation 
of the demand-reliability curve. 

The regulatory effect is evaluated through water availabili-
ty, i.e., the máximum demand that could be potentially 
attended in a certain point of the fluvial network for pre-
determined guarantee criteria. In order to facilítate the 
comparison, this variable is normalized using the average 
annual flow in a particular point of the system. Then it is 
possible to evalúate the effect of climate change scenarios. 

Management policies may be evaluated in WAPA by 
modification of different coefficients or parameters which 
modify system performance and créate policy scenarios. Two 
broad policy categories may be considered: supply manage­
ment, demand management (Table 3). Model data and data 
sources are summarised in Table 4. 

4.3. Example o/ application in a Mediterranean basin 

The Ebro basin is representative of a médium size water unit in 
the Mediterranean; the system is composed of 34 rivers, 27 
major reservoirs totalling 7.13 km3 of reservoir storage, an 
urban demand of 0.96 km3/yr and current irrigation demand of 
6.35 km3/yr. Climate change scenarios were generated for 

every streamflow point in the Ebro basin by transforming the 
mean and coefficient of variation of the original series as 
suggested by the corresponding climate projection. Environ­
mental flows were fixed at 10% of mean annual flow in every 
location. 

Table 5 shows estimated changes in water availability 
under climate change. The study first estimated changes in 
runoff and runoff variation under a range of climate change 
scenarios, then applied the WAPA model to evalúate optimal 
management that represents the optimal policy options with 
the corresponding trade-off between supply and reliability as 
determined by the WAPA analysis. According to the results of 
the climate change simulations, runoff and water levéis will 
change significantly in the future (Fig. 3). The results are in line 
with the results from previous studies in the Mediterranean 
regions (Iglesias et al., 2007b; IPCC, 2007; European Environ-
ment Agency, 2008; Giorgi and Lionello, 2008); climate change 
results in a modérate increase of flood risk throughout the year 
and a large increase in spring and summer drought. This 
implies the need to establish alternative options for water 
management for all sectors and highlight the importance of 
hydrological forecast to enhance the potential for improved 
regulation planning. 

The WAPA model is also used to evalúate the demand-
performance. For example, if we consider two demand 
components (e.g. ecosystem services and urban) under 
current climate and climate change scenario, the model can 
help in estimating the water availability and reliability for a 
range of management options (Fig. 4). The analysis is 
performed on the climate change scenario demand compo-
nent with a fixed valué of current demand component. 
Performance valúes for demand components need to be taken 
into account. 

The results depend on the risk aversión that stakeholders 
(water managers and users) are willing to take (Quiroga et al., 
2011a). Reducing the water allocated for irrigation (Manage­
ment 2) is the optimal decisión, independently of the risk 
aversión coefficient considered. On the other hand, when 
stakeholders accept a certain amount of risk, reducing water 
reliability (Management 1) is the optimal decisión. Reducing 
water allocation has a lower associated risk level, and would 

Table 3 - Types of policies 

Type of policy 

Supply management policies 

Demand management policies 

and implementation in the WAPA model. 

Actions 

Water allocation for environmental 
and consumptive uses 
Reuse of urban water 

Reduction of water allocation 

Increase water supply 

Increase supply efficiency 
Reduction of per-capita or 
per-hectare water use 
Water rights exchange programs 
Increase resource efficiency 

Implementation in WAPA (example) 

Selected quantile of the monthly marginal distribution to 
specify minimum environmental flow requirements 
A coefficient for internal water reuse within cities that takes 
into account per-capita water requirements and the return 
and reuse coefficients 
Reduction of water allocation for a given use can be analyzed 
through its effect on demand reliability 
Increase of the regulation volume available for water 
conservation or a densification of the water distribution 
networks 
Selected quantile of the monthly availability 
Reduction of per-capita water requirements in the model 

Changes in the required performance for urban demands 
Changes in the required performance for irrigation demands 



Table 4 - Data and data sources used in the water model. 

Type of data 

Topology 
Naturalised streamflow 

Regulation 

Evaporation losses 

Environmental flows 

Urban demands 

Irrigation demands 

Purpose 

Geographical units analysis (sub-basins) 
Naturalized streamflow. Since runoff obtained 
from regional climate models usually presents 
significant bias, average valúes of composite 
runoff from UNH/GRDC were used; these valúes 
combine observed river discharges with a water 
balance model 
Storage volume available for regulation in every 
sub-basin: Reservoir location, storage capacity, 
flooded área 
Evaporation losses from reservoirs 

Monthly minimum required environmental flow. 
Defined as a given quantile in the distribution 
of naturalized monthly flows. 
Population and per-capita water requirements. 
Average return flows from urban demands 
are estimated as a function of per-capita 
water requirement. 
Potential irrigation área and per-hectare water 
requirement. 

Source 

Hydrolk data set 
Regional climate models (e.g. PRUDENCE (Christensen 
and Christensen, 2007a,b), baseline (1960-1990) and 
future projections (2007-2010) (Fronzek and Cárter, 2007). 

ICOLD World Register of Dams (ICOLD, 2003) 

Computed from the evaporation output of the 
regional climate models 
Computed through hydrologic methods 

Sub-basin population from the Global Rural-Urban 
Mapping Project (CIESIN, 2005). Per-capita water 
requirement (Plan Bleu) 

Potential irrigation área was obtained from the FAO 
and Plan Bleu. Average return flows from irrigation 
demands are estimated as a function of per-hectare 
water requirement. 

therefore be preferred by managers that are more risk averse. 
Reducing water reliability has a higher associated risk level 
and would therefore be preferred by those less risk averse. The 
results show that there is no optimal policy response and that 
this is highly dependent on the scenario considered and the 
willingness of the stakeholders to accept risk. 

5. Adaptive capacity 

Adaptive capacity is understood as the capacity of a system to 
cope with or recover from a potentially damaging change in 
climate conditions. In that sense, adaptive capacity is the 
combination of a number of social and economic components 
(Yohe et al., 2006; Iglesias et al., 2010; IPCC, 2007). Here we 
compute an adaptive capacity Índex that integrates determi-
nants of policy in a country or región, based on the aggregate 
social, economic, technological, environmental, and climate 
components of adaptive capacity (Iglesias et al., 2007a). The 
valué of the Índex for a system represents its potential adaptive 

capacity, understood as a modifier of climate impacts. Social 
characteristics depend to a large extent on the type of policies 
implemented in the country or región and they determine the 
degree of social adaptive capacity to climate change; here water 
policies are explicitly considered. The level of economic 
development is an indicator of the capacity of a country to 
invest in development technologies, food security and income 
stabilization. The efficiency in the use of resources for 
production and the adoption of new technologies significantly 
increases a system's adaptation potential. The climate capital 
represents the baseline state conditions that are not modified in 
the short term. Finally to quantify the Índex we: (a) select 
indicators that are policy relevant; (b) normalize the indicators 
with respect to a common baseline; (c) combine the sub-
component indicators within each policy category by weighted 
averages; and (d) quantify adaptive capacity Índex as the 
weighted average of the components. 

Fig. 5 shows the global valúes of the adaptive capacity índex 
for seven Mediterranean countries. The evaluation of adaptive 
capacity at country level hides important regional disparities. 

Table 5 - Simulation of water availability in the Ebro water unit under different management alternatives in the current | 
climate. 

Type of management 

Current management 

Simulated effect of management alternatives that imply 
no further expansión of infrastructure (effects of optimal 
reservoir management) 

Variable 

Annual streamflow mean [hm3/yr] 
Annual streamflow Coefficient Var. 
Storage volume [hm3] 
Water availability [hm3/yr] 

Water availability in the "Local management" 
alternative [hm3/yr] 
Water availability in the "Large distribution networks" 
management alternative [hm3/yr] 
Water availability in the "Global management" 
management alternative [hm3/yr] 

1 
Valué 

16,921.78 
0.27 

7276.00 
2928.31 

9401.56 

11,173.11 

11,464.45 
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Ebro Basin driven by the Hadley Centre GCM HadAM3H under A2 SRES scenario and using different RCMs. 

However, considering that policies to facilítate adaptation are 
often initiated, or promoted at the national level and financing 
may come from central government, it allows us to obtain an 
approximation of the overall capacity of a country as to adapt. 
Further studies could focus on evaluating adaptive capacity at 
lower spatial scales, such as the river basin level. This will 
undoubtedly depend on the availability of data at this level of 
analysis - which still presents a bottleneck to modeling and 
evaluating in many different fields. This may be particularly 
difficult for settings outside of the European Union and other 
OECD countries where data may be lacking or inexistent and 
where, arguably, the evaluation of adaptive capacity and the 
identification of sources of vulnerability is most valuable. 

The scores of the adaptive capacity Índex range on a scale 
of 0 to 1, 0 being the situation where adaptive capacity is least 
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Fig. 4 - Performance of indicators. 

developed and 1 where adaptive capacity is most developed. 
The total Índex is generated as the average of all components. 
The final valué of the índex depends on the valuation of each 
of the component. By looking at the components of adaptive 
capacity that limit the overall valué, the analysis may assist in 
the formulation of adequate policies to respond to climate 
change. This difference is especially evident in the case of 
economic and social capacities (Iglesias et al., 2009). 

Here we present the results of the Índex under a single 
scenario, where all components are valued equally. Ideally, 
the weighting of the components would be adjusted for each 
country or región to reflect the exact importance of each for 
the particular level of analysis. This however is beyond the 
scope of the present study and would make inter-country or 
región comparison more difficult. Especially when making 
future projections, weighting difficulties could help to evalú­
ate different routes of development. For example, a plausible 
scenario may give the social component an additional weight, 
reflecting the assumption that a society with institutional 
coordination and strengths for public participation is less 
vulnerable to climate change. Again, the difficulty in obtaining 
data for future projection at the national, regional or sub-
regional level may present an obstacle to evaluating different 
future scenarios. 

6. Insights for water policy under climate 
change 

Policy is deeply involved in the water sector. Usually, policy 
development is based on historical analysis of water demand 
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Fig. 5 - Adaptive capacity index for selected Mediterranean countries. 

and supply. It is therefore a challenge to develop policies that 
respond to an uncertain future. 

In this chapter we have attempted to face part of this 
challenge by presenting an approach that assesses how people 
- society and policy - may influence water in the Mediterra­
nean under climate change. We have also shown how an 
estimation of adaptive capacity evaluates the extent to which 
a system can respond to climate change. Together - the 
assessment of water risks and adaptive capacity - may be 
useful in singling out áreas of potential water stress and 
conflict. This information may be used to implement and 
develop policy. Here we present a simple characterisation of 
water scarcity to define broad policy thresholds. With these 
thresholds we then formúlate a few policy recommendations. 

6.1. Policy options and thresholds 

Here we summarise a diagnostic tool to identify and evalúate 
climate change adaptation policies in áreas of water scarcity 
based on the Índices of water scarcity developed by Martin-
Carrasco and Garrote (2007). The methodological framework 
comprises a set of three Índices, described below, that must be 
used jointly to quantify the severity of potential water scarcity 
problems in a system, its causes, and possible solutions. The 
Índices are numerical index valúes that are classified in 
qualitative categories: (a) water scarcity index (SI) evaluates 
the system's capacity to supply its demands; (b) demand 
reliability index (RI) quantifies the system's reliability to 
satisfy demands; and (c) potential for more infrastructure 
index (II) evaluates the natural resources available for 
development in the system. 

Fig. 6 shows how the intensity of water scarcity problems in 
water resources systems can be characterised through a 
combined analysis of the water scarcity index and the demand 
reliability index (Martín-Carrasco and Garrote, 2007). In the 
figure, demand reliability index (defined as the supply served 

with acceptable reliability divided by total demand) cannotbe 
greater than demand satisfaction index (defined as the total 
supply divided by total demand) because, by definition, supply 
served with acceptable reliability must be less than total 
supply. The thresholds that define water scarcity problems are 
case-specific and therefore not absolute valúes since they are 
determined by country-specific water management policies 
and environmental conditíons. In Martin-Carrasco and Gar­
rote (2007) the thresholds are defined for the Ebro basin by 
creating intervals for the demand reliability and demand 
satisfaction index valúes. These intervals can greatly facilítate 
the characterisation of water scarcity problems in any system 
and are therefore the first step in the policy intervention 
process. 

A combined analysis of the Índices is proposed to diagnose 
water management problems and the reliability and vulnera-

Intensity of water scarcity 

100% 

0% 70% 85% 100% 
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Fig. 6 - Intensity of water scarcity problems and thresholds 
of demand reliability and satisfactions. 



Table 6 - System charactensation as a function of índex valúes. 

Fully reliable demand Potential more infrastructure 

No new infrastructure 

Partially unreliable demand Potential more infrastructure 

No new infrastructure 

Highly unreliable d e m a n d Potential more infrastructure 

No new infrastructure 

Problems 

1: Vulnerable: wa te r scarcity may produce impor tan t damages 

2: Unreliable: low intensity droughts may lead to water scarcity 

3: Excess of demand wi th respect to natura l resources 

n.a: No water scarcity problems 

No water scarcity 

Problem Solution 

n.a 

n.a 

2 

2 

2 

2, 3 

n.a 

n.a 

D 

A, D 

B, D 

A, B, D 

Low water scarcity 

Problem Solution 

i 

i 

1, 2 

1, 2 

1, 2 

1, 2, 3 

A: Demand m a n a g e m e n t 

B: Supply m a n a 

C: Supply m a n a 

water re-use) 

gement: re 

B 

A, B 
B 

A, B 
B, C 

A, B, C 

Solutions 

gulation 

gement: water transfers or 

D: Efficiency m a n a g e m e n t 

n.a: No solution required 

Communica t ion 

High water 
scarcity 

Problem 

i 

1, 3 

1, 2 

1, 2, 3 

1, 2 

1, 2, 3 

Solution 

B, C 

A, B, C 
B, C 

A, B, C 
B, C 

A, B, C 
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and educat ion 

bility of systems under climate change scenarios and to 
identify public policies to recover equilibrium between water 
supply and demand. The Índices may also be used to evalúate 
the effectiveness of climate change adaptation policies in the 
water sector. In general, systems with high water scarcity 
require actions that increase available resources. Systems 
with low demand reliability generally require structural 
actions to consolídate water supply to demands or non-
structural actions to mitígate drought impacts. When these 
problems coincide with low valúes of potential infrastructure 
development, actions should focus on the demand side, trying 
to improve water conservation by reducing losses, increasing 
water efficiency, encouraging water recycling, and making 
different demands compatible. Table 6 shows how the 
charactensation of water scarcity problems can be combined 
with broad categories of policy solutions. Each category of 
policy solution proposes the utilisation of different tools that 
target different user groups in order to tackle the problem of 
water scarcity flexibly. 

6.2. From Índex thresholds to policy recommendations 

The effect of water policy decisions may be evaluated by 
considering the resulting water availability for nature and 
non-nature use. Fig. 7 outlines how policy interventions may 
modify water for nature and for non-nature uses. Water 
allocation for environmental and consumptive uses is an 
essential policy (type B in Fig. 7). Policy makers establish the 
criteria to authorize water abstractions from rivers based on 
the environmental conditions that should be respected for 
natural ecosystems. In the past, little attention was paid to 
environmental status of water bodies, and abstractions were 
usually approved even if there was no mínimum environ­
mental flow specified. Recently, the Water Framework Direc-
tive has placed emphasis on environmental status, and 
therefore strict control is placed on environmental flows 
before water abstractions are authorized. 

The reuse of urban water may be included in a group of 
policies (types A, C and D in Fig. 7) that will need to become 
increasingly important since future scenarios project higher 
population and per-capita water requirement. Other demand 

side policies could make use of appropriate water pricing 
mechanisms, investments in technology to improve efficiency, 
upgraded distribution networks and making sure that agricul-
tural subsidies are linked to efficient use (European Environ-
mentAgency, 2009). Efficiency policies may playa major role for 
improvingmanagement (type Din Fig. 7).Forexamplereduction 
of per-capita or per-hectare water use that always results in an 
increase of water availability and reliability. 

A number of policies may be implemented to overeóme 
temporary water déficits. Water rights exchange programs 
(type A in Fig. 7) may be implemented to overeóme temporary 
déficits and to increase system performance. Proactive 
drought management measures to increase drought resilience 
may include improved performance for irrigation demands 
(types A and D in Fig. 7). Policies that foster communication 
and education are also since it has been shown that joint 
participative knowledge is an important factor in facilitating 
efficient water management (Huntjens et al., 2010). 

Finally, policies may seek to increase water supply (types B 
and C in Fig. 7) by effectively increase the regulation volume 
available for water conservation or a densification of the water 
distribution networks. Among other measures this may 
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Fig. 7 - Role of policy interventions on the water sector. 



include water recycling and desalination (European Environ-
ment Agency, 2009). 

6.3. Integrating water policy priorities 

Early on we noted the need for developing an approach to 
water-policymaking that is nuanced and makes room for 
regional variations in climate and in socio-economic contexts. 
Indeed, science-policy integration is one of the most complex 
challenges that scientifie and policy making communities face 
in that it involves knowledge sharing and exchange among a 
wide range of disciplines and actors (Quevauviller et al., 2005). 
Despite the challenge, it is possible to achieve this goal. For 
instance, the collaborative governance water programme in 
California is perhaps the most ambitious experiment in 
collaborative environmental policy and adaptive management 
in the world to date (Kallis et al., 2009). 

The methodology presented here is suited to some aspeets 
of policy development required by the WFD and the CIS as well 
as other policy contexts of the Mediterranean because it 
acknowledges socio-economic differences as well as levéis of 
water scarcity both of which are important in developing the 
kind of management structure required. The methodology can 
also easily assess the viability of policies that follow the key 
principies of integrated water management (such as appro-
priate water pricing, river basin management, publie partici-
pation, coordination of objectives, or good status of water 
bodies), enshrined in the EU within the context of the WFD, 
based on their relevance for the different kinds of water 
scarcity and social scenarios. 

The methodology proposed here complements water 
policy developments since it is an appropriate tool for policy 
assessment and policy formulation. By providing an analysis 

of water scarcity levéis and socio-economic features, the 
methodology may complement the CIS in the EU and other 
international policies by providing scientifically grounded 
flexibility to policy development. This is because the method­
ology acknowledges that water resources vary in different 
climate zones and that the kinds of policies that these zones 
require will also vary correspondingly. 

Table 7 summarises a few policy suggestions derived from 
the scientific indicators as they have been presented in this 
paper. The suggested policies are far from comprising an 
exhaustive list, ñor are they to be taken as a set menú of policies. 
Rather they are meant to reflect the kind of policies that may be 
appropriate for redressing weaknesses in adaptive capacity 
where water scarcity is a problem. For instance, in countries 
with considerable social and economic inequality and where 
water scarcity is not as pressing an issue, water management 
policies should focus on ensuring equitable access for disad-
vantaged populations to guarantee health and economic 
benefits. These types of measures are primarily concerned 
with managing the supply of water in a way that maximises 
equality. However, in the same country if water scarcity 
becomes a serious problem, it is likely that emergeney actions 
will have to be enacted to prioritise certain water users over 
others. In such a situation, it is important to ensure that these 
emergeney actions do not aggravate pre-existing socio-eco­
nomic inequalities. This requires enforcing water regulations 
and transfers to guarantee the equitability of supply as well as 
ensuring that demands do notbecome excessive. The suggested 
policy mechanisms are in line with key priorities in European 
and international water policy and are based on the concept of 
integrated water management which is concerned with 
ensuring that all of a region's water resources are efficiently 
managed while making room for social and environmental 
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climate impaets - design of policies 
and priorities of water provisioning 
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Mandatory minimum efficieney 
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flow. 
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extreme events, water rights trading 
and reallocation to priority sectors 



concerns to ensure that water use is sustainable. The 
appropriate policy mechanisms follow from the kinds of policy 
interventions that are required as determined by a combined 
analysis of water scarcity levéis and weaknesses in adaptive 
capacity. 

7. Conclusions 

This paper shows that policies need to be successfully 
balanced to achieve a true integrated water resources 
management, which will require striking a balance between 
human resource use and ecosystem protection. This is no 
surprise (Vorosmarty et al., 2010) but has special relevance in 
the Mediterranean where water policies are often centuries 
oíd and socially embedded. The reality of climate changes 
renders it impossible to use the past as an indicator for the 
future. In this assessment we find reasons to be optimistic 
given the important role that science and technology will play 
in increasing adaptive capacity and improving water accessi-
bility. There are, however, also reasons to be pessimistic. It 
remains to be seen whether the current inequalities that exist 
in the Mediterranean will be successfully redressed given the 
high costs associated with technology transfer for less 
advantaged regions and countries. 

The recent past has demonstrated a high sensitivity of water 
resources to changes in climate and the resulting effects on the 
social system. Adaptation planning is inherently challenging 
and often, restricted by a number of factors, including 
limitations in the partícipatory processes with the stakeholders 
that will have to adapt in the future; the exhaustive data 
requirements for evaluating adaptive capacity; the problems 
related to selecting adequate evaluation methods and criteria; 
difficulties in forecasting water supply and demand; and 
challenges in predicting the future adaptive capacity of the 
water system. Uncertaintíes in climate change science and long 
planning horizons add to the complexity of adaptation 
decision-making. A further important complication is pre-
sented by the difficulties in identifying and linking adaptation 
and development policies in many áreas in the Mediterranean 
where a large proportion of the population does not have access 
to clean water and sanitation. The uncertainty of the cost and 
benefits of the various policies suggested is not addressed here; 
this is a shortcoming of this assessment. 

Knowledge transfer to water managers and users and to 
sectors linked to water use (technology, energy, health, 
agriculture, and tourism sectors) is essential to enable adaptive 
actíon. The indirect impacts of water resources change in these 
other áreas will have additional cumulative effects. Knowledge 
transfer between scientísts, political decision-makers and the 
people directly affected by climate change is currently weak, 
and existínginformation is poorly used. One of the difficulties is 
the number and range of stakeholders involved. Another 
challenge is the inherent uncertainty in climate science and 
impacts projectíons: uncertainty can leadtoconfusedmessages 
and inertía, if it is not communicated in the right way. 

While there is a continuing need to strengthen the climate 
change knowledge base (through research), improved under-
standing of climate change science will be insufficient on its 
own for adaptation policy development and to drive adaptation 

actíon. There is a complementary need to engage stakeholders, 
by developing suitable methodologies for assessment of 
impacts, vulnerabilities and planning as a pre-requisite for 
cost-effective adaptation. 

Wider influences on water users' behaviour, such as 
changes in demand and tariffs, must be considered alongside 
climate change. It is important to consider whether adapta-
tions are sustainable, or rendered irrelevant by other sectoral 
drivers. This holistic approach should also ensure that 
adaptation decisions and investments are both cost-effective 
and proportionate to the risks or benefits that may be incurred. 

The development of adaptation measures must take into 
account future socio-economic scenarios as well as future 
climate change scenarios. Practitioners need to understand the 
relevance of a future climate to a future society, rather than to 
society today. Credible socio-economic scenarios are required to 
provide a framework for adaptation decision-making for practi­
tioners. 

With so many competing pressures and drivers, and so 
many contributing factors to consider, not only in under-
standing the impacts of climate change, but also in developing 
adaptation options, it is likely that the role of training and 
advice facilities for the users and suppliers of water could 
become more important. While there may be many simple 
adaptation measures that could theoretically be introduced to 
address a particular risk or opportunity, these may only be 
practically possible under certain circumstances. For example, 
improving efficiency of irrigation or introducing water meter-
ing may only be options for societies that already have an 
understanding of alternative technologies, and who know 
how to encourage implementatíon. 

A final challenge for consideration is that of finance. Many 
potential adaptation options are low-cost and technically 
manageable by individual water managers. However there are 
also adaptations that require large scale and long-term effort, 
either in water district management or in infrastructure 
development. In order for policy to be able to consider and take 
up such options, it may be necessary for financial support 
mechanisms to be made available. 

The approach to impacts and adaptation developed in this 
study has provided options for wide-ranging problem. 
However, adaptations often involve combined effort across 
many sectors. Water resources are sensitive to the responses 
in many sectors; particularly agriculture, tourism and biodi-
versity conservation, and so adaptation measures for water 
will be strongly influenced by policies in other sectors. 

Adaptation is unlikely to be facilitated through the 
introduction of new and sepárate policies, but rather by the 
revisión of existing policies that currently undermine adapta­
tion and the strengthening of policies that currently promote 
it. If adaptation is to become "mainstreamed", it will be 
necessary for relevant policies, such as the CAP and the Water 
Framework Directive to address the issue more directly. 
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