®

Check for
updates

Chapter 6

Climate and Water on the Spanish
Mediterranean Coast: Challenges
for the Future

Jorge Olcina Cantos and Maria Hernandez Hernandez

Abstract The study of two basic resources, climate and water on the Spanish
Mediterranean coast, has evolved in recent decades in relation with the conceptual
changes, changes of focus and of method that have taken place in Spain in relation
with both concepts. Furthermore, in the current context of spatial sustainability, new
processes have appeared that are marking the actions for planning and management
of these two elements of the natural environment. This is the case of climate change
and its associated effects, with repercussions, moreover, on the availability of water,
where a change of paradigm has been recorded. Contrary to the traditional criterion
of unlimited supply, the planning of water resources is now governed by the prin-
ciples of demand management. An analysis has been made of the evidence of cli-
mate change on the Spanish Mediterranean coast and the changes in the regulation
of water resources introduced in the last two decades. Lastly, an agenda is proposed
with actions to be implemented in this region in the east of the Iberian Peninsula, to
allow the conciliation of socioeconomic development and environmental
sustainability.

Keywords Mediterranean coast - Climate - Water - Climate change - Water planning
- Future challenges

6.1 The Study of Climate and Water in the Last Two
Decades: Thematic Changes and Changes of Focus

The study of climate and water on the Spanish Mediterranean coast has progressed,
in the last two decades, from conceptual and theoretical approaches to visions of an
applied nature since these two elements are essential for the development of
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economic activities in this geographical area. In turn, increasing consideration is
given to the risk component of both elements of the geographic environment, since
growing pressure has been applied to natural resources in a context of changes in the
physical environment, especially in its climatic component which is subject to an
undeniable warming process. The last two decades have been plagued with transfor-
mations in the physical environment of the Spanish Mediterranean coast and with
changes in the way such alterations are interpreted. The intensive use of natural
resources has given rise, furthermore, to situations of risk that, in some cases, have
been derived in crisis situations owing to the development of events of an extraordi-
nary range. Natural resources and risks have merited various studies by Spanish
geographers in recent years that have included conceptual, methodological and
diagnostic aspects, as well as assessments of status and planning and management
proposals. All of these have enriched the corpus of environmental analysis by
Spanish geographers, incorporating new circumstances that have led to the incorpo-
ration of ideas, concepts and methods and where increasing weight is given, fortu-
nately, to sustainability as the governing principle for spatial actions.

Table 6.1 shows the new topics that have arisen in the studies of climate and
water on the Spanish Mediterranean coast over the last 20 years, in relation with the
thematic and methodological renewal of geographic focuses and their adaptation to
the spatial processes experienced in this dynamic geographic space.

These changes of focus have been accompanied by the appearance of regulations
(European, state, autonomous community) that have favoured the applied focuses.
This is the case of the regulations on land, water and environmental impact, which
include the obligation to prepare reports and mapping of these elements of the phys-
ical environment, as resource and risk, in land-use transformation processes.
Table 6.2 summarizes the processes of study, analysis and planning of the resources

Table 6.1 New focuses in studies of climate and water on the Spanish Mediterranean coast. (Own
elaboration)

Element | Process behind change New topics of study

Climate | Climate change and associated | Effects of climate change on climatic elements, on
atmospheric risks water resources and on economic activities

Increased temperature of the Mediterranean Sea and
its climatic effects (risks and comfort)

Atmospheric extremes and their effects on the
territory

Climatic risk mapping

Water | Demand-side planning and Demand-side water planning

management of resources Social behaviour in the light of situations of scarcity
New “nonconventional” water resources (reuse and
desalination)

Water from risk to resource: rainwater harvesting and
new urban drainage systems

Proposals for adaptation of water quality according
to requirements of use (““fit for purpose”)
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Table 6.2 Planning of resources and risks with regard to climate and water and the role of
geography (2000-2018). (Own elaboration)

Element | Processes Role of geography

Water | Water Framework Directive (60/2000) | Studies on planning and management of
water: for and against the measures of the
national hydrological plan (NHP)

Water Law (2001, amended 2007 and Creation of platforms for sustainable
2016) management and new water governance
(new water culture)

Law on the National Hydrological Plan | Preparation of studies and mapping of flood

(2001, amended 2005) risks

Preparation of new River Basin District | Studies on hazards and vulnerability. New

Plans focus on risk analysis (role of the human
being as creator of risk territories)

Floods Directive (60/2007) Studies on the relationship between climate
change and water resources (for the purpose
of planning)

Important flood episodes Studies on drought risk management

Risk mapping. Creation of the National
Mapping System of Flood-Prone Areas
(SNCZI)

Drought management plans. New
guidelines 2017

Autonomous community risk reduction
plans (floods)

Climate | Climate Change Reports (IPCC, 2007, | Studies on climatic elements
2013-2014)
Climate Change Report Spain (2005) Studies on atmospheric dynamic (isobaric
connection processes: ENSO, NAO, WeMO)

Autonomous community climate Participation in international, national and
change reports (Catalonia and Basque | autonomous community reports on climate
countries) change

Intense episodes of atmospheric Studies on the effects of climate change:
pollution in large cities postures for and against the hypothesis of

warming owing to the greenhouse effect

Climate Change Bill (2018) Studies on atmospheric pollution

Proliferation of amateur meteorology Participation of geographers in amateur
associations meteorology associations

and risks linked to climate and water that have been developed on the Spanish
Mediterranean coast between 2000 and 2018. It also indicates the role played by
geography in each case and which has materialized in the form of studies, participa-
tion in research projects, official reports and plans or platforms for the defence of
new values in natural resource planning (Olcina 2012).

The resources and risks of climate and water are at a nexus of union in the diagno-
ses of the analyses performed since the undue or excessive use of these resources in
the area has led, in many cases, to the creation of risk situations and spaces (Olcina
2014). And the application of these processes in the territory shows that planning is,
to a great extent, incorrect, inappropriate, inefficient or, simply, inexistent.
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Significant changes have also been observed, however, from the point of view of
consideration of these aspects since the 1990s (Hernandez et al. 2016). With regard
to both rainwater and wastewater, scientific literature points to a clear change of
paradigm since, from originally being considered from the point of view of an envi-
ronmental risk (floods, pollution, etc.) they have progressively come to be dealt with
from the point of view of flows that can be harnessed (Sedlak 2014; Stec and
Kordana 2015). In the case of rainwater and urban drainage, the changes in land use
generated during recent decades in the urban and tourism nuclei of the Mediterranean
coast have in many cases caused a disorganization and alteration of the natural
drainage systems that, together with the proliferation of soil sealing, have led to an
increase in the frequency and seriousness of diffuse flood episodes (Lopez-Zavala
et al. 2016). The increase of urbanized areas and the apparent inability of the con-
ventional drainage systems to confront new urban growth, as well as the flows cir-
culating in situations of high hourly intensity and the effects of sealing on the urban
water cycle, have, since the 1990s, given rise to proposals of “sustainable urban
drainage systems” (SUDS) which advocate the adoption of strategies that are more
respectful towards the environment and the water cycle (Morote and Hernandez 2017).

6.2 Climate: Resource and Risk — The Uncertainties
of Climate Change

The increasingly evident manifestations of the global warming process have encour-
aged studies of its effects on the Spanish Mediterranean coast. Climate is a funda-
mental element for an understanding of the evolution of this regional space
throughout history, and, especially since the middle of the twentieth century, it has
been the foundation for the consolidation of a dynamic economy based on activities
that depend to a great extent on atmospheric conditions (market agriculture and
tourism).

Climate studies have undergone changes with regard to the topics analysed, in
the light of the climate change processes that are forecast. And there has been an
increase in approaches of an applied nature with the objective of preparing precise
and useful analyses for the implementation of new land uses or the reduction of risk.
Table 6.3, which follows, includes the new study topics in relation with the effects
of climate change that have been undertaken in recent years on the Spanish
Mediterranean coast.

The function of a geographic space is defined on the basis of factors that favour
the development of economic activities. The existence of social dynamism, entre-
preneurial capacity, the possibilities of access to natural resources, the development
of fast transport and communication networks, the consolidation of financing mech-
anisms or the introduction of public policies are basic to the understanding of the
greater or lesser success of the initiatives for economic development. All of these
aspects comprise the set of endogenous and exogenous factors that, since the
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Table 6.3 New topics of study in relation with the effects of climate change on the Spanish
Mediterranean coast. (Own elaboration)

New topics of Temperature increase (warming)

study Increase of “tropical nights” (temp. > 20 °C)

Loss of climatic comfort

Changes in the seasonal nature of precipitations

Increase in intense precipitations (hourly) and effects on urbanized spaces

Changes in local wind patterns (breezes)
Increase in atmospheric extremes (gales, heavy rain, heat waves)

Climatic risk mapping

nineteenth century, have enabled the consolidation of the different forms of eco-
nomic organization of the geographic area, with their evident socio-spatial effects.
And, together with these, the existence of a natural environment with features that
favour the activities introduced by societies that have developed in the area, are a
basic component, especially in those sectors that depend to a large extent on these
elements of the physical environment.

The excellent climatic conditions of the Spanish Mediterranean coast are ideal
for the implementation of agricultural, leisure and recreational activities which are
the main foundation for its economic development. The main climate characteristics
can be summarized in: mild temperatures during a large part of the year, high num-
ber of sunny days (in other word, not cloudy), coastal breezes and sufficient annual
rainfall for the development of the economic activities and to supply urban water
demands. Added to the generally fair Mediterranean climatic conditions is the pre-
dominance of warm waters on the shore of the Mediterranean during the 6 months
of summer, especially in the second half, when they are very propitious for sun and
sand tourism (26 °C on average), still reaching around 21 °C in autumn.

Some of the effects of global warming are already apparent in the climatic ele-
ments of the Spanish Mediterranean coast. In general, Spain is a territory especially
exposed to possible climate changes owing to its geographic position in the middle
latitudes and in the Mediterranean basin. The Mediterranean coast is especially vul-
nerable, with a concentration of population and economic activities with a high
economic value that may be affected considerably by the effects of climate change.
Five atmospheric processes are already apparent in the features of the Mediterranean
climate and which have direct implications on the territory and socioeconomic
effects:

* Increase in atmospheric extremes (greater climatic hazard).

e General reduction of precipitations and, therefore, of water volumes available.

e Increase in the irregularity and hourly intensity of precipitations.

e Increase in average temperatures (0.8 °C in the last century).

* Increase in tropical nights, which have tripled, on average, on the Mediterranean
coast as a whole, from 1980 to date.



126 J. Olcina Cantos and M. Herndndez Herndandez

Table 6.4 Changes in the main climatic variables® of the regions of the Spanish Mediterranean
(2100 Horizon) (AEMET 2015; Arahuetes and Olcina 2019, p. 768)

Balearic
Catalonia | Is. Valencian C. | Murcia Andalusia
Max. temperature (°C) +1.5to +2.5t0 +1to+5 +2to+5 | +2.5to+5.5
+5.5 +5.5
Duration of heat waves (no. | 10-35 10-25 5-35 10-45 7-27
of days)
Warm days (%) 20-50 25-55 15-50 20-55 20-50
Min. temperature (°C) +2.5to +2 to +5 +1 to+4.5 +2.5to +2to +4.5
+5.5 +4.5
Warm nights (%) 20-50 20-50 15-50 20-50 20-50
Change in volume of 0 to+5 —5t0—10 |0to—10 0 to-5 —7to—15
precipitation (%)
Change in intense Oto—=5 Oto-25 |0to—-7 +lto—-1 |+2to -5
precipitations (%)
Duration of dry periods (no. |0 0to+2 0to+2 Oto+2.5 |+2to+4
of days)
No. of rainy days (no. of +2to+10 | =5 —2t0+5 -25to =5
days) +2.5

“The interpretation of these variables can be found at http://www.aemet.es/es/serviciosclimaticos/
cambio_climat/result_graficos/ayuda. (Consulted: August 2018)

Related to these atmospheric processes, Arahuetes and Olcina (2019, p. 767)
highlight:

The report climate projections for the twenty-first century (AEMET 2015), as an update of
the projections prepared in 2011, has handled three variables (maximum temperature, mini-
mum temperature and precipitation) in the analysis of the modelled evolution of the climate
in Spain for the forthcoming decades. It is interesting to highlight the values of different
temperature and rainfall variables calculated in this report, with a 2100 horizon, for the
regions of the Mediterranean coast, since the planning of economic activities and water
planning itself, a basic factor to guarantee the supply of water resources in this large
regional space, will depend on their future evolution. Table 6.4 summarizes the change
values of the climatic variables for the territories of the Mediterranean coast of the Iberian
Peninsula.

In relation with temperatures, the most notable aspect of climate change that is
already apparent in the series of the principal cities of the Mediterranean coast is the
considerable increase in hours of nocturnal heat, expressed in the increase of what
are known as “tropical nights” (temp. > 20 ° C). From 1970 to date, they show a
very notable rising trend, with their number actually tripling at present, compared
with that base year (Fig. 6.1).

The rise in the temperature of the Mediterranean Sea is, without doubt, the base
for this important increase in nocturnal heat which, furthermore, is a source of cli-
matic discomfort in the cities of the Mediterranean coast. For the Mediterranean
basin as a whole, an absolute increase has been estimated of 0.22 °C per decade,
from 1973 to 2008 (Skliris et al. 2012). Shaltout and Omstedt (2014) have pointed
out that the maritime sector of the Balearic Sea has experienced the sharpest
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Fig. 6.1 Evolution of the annual number of “tropical nights” (>20 °C) in the city of Alicante
(1970-2017). Observatory of Ciudad Jardin. (AEMET — Open Data, own elaboration)

temperature increase in the western basin of the Mediterranean (a rising trend of
0.033 °Cl/year between 1982 and 2012). In the central sector of the western basin of
the Mediterranean (Balearic Sea), the increase of these, a surface temperature cal-
culated from satellite images (NOAA), has been 1.3 °C from 1980 to date (Pastor
et al. 2017). A significant detail is that the increased warming of the waters of the
Mediterranean Sea off the coast of Spain especially takes place during the months
of spring and early summer (April-June) and, to a lesser extent, October. Thus,
confirmation is provided not only of the trend for an increase in seawater tempera-
tures, which in the midsummer months can reach values of up to 28 and 29 °C
(Fig. 6.2), but the above-mentioned prolongation of the annual period with warm
waters off the Spanish Mediterranean coast.

With regard to precipitation on the Spanish Mediterranean coast and Iberian
Peninsula, in recent year various studies (Arahuetes and Olcina 2019; CEDEX
2017; De Luis et al. 2010; Marcos-Garcia and Pulido-Veldzquez 2017; Serrano
2017) have pointed to the development of changes in precipitation. These stud-
ies show:

(a) Decrease in rainfall, although this is not uniform.

(b) An increase in the intensity of precipitation which is evident in the Spanish
Mediterranean regions.

(c) A significant negative trend in the analysis of the maximum annual precipita-
tion in one day, for the 1950-2012 period (Arahuetes and Olcina 2019; Serrano
2017). This means that a smaller quantity of total precipitation is accumulated
in the most extreme events.
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TEMPERATURAS DEL AGUA DEL MAR EN GRADOS CENTIGRADOS
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Fig. 6.2 Sea surface temperature in the western basin of the Mediterranean. 29 August 2018
(NOAA-19) (AEMET. Open Data)

(d) A positive trend in the contribution of intense precipitation to the accumulated
annual totals, which means that the episodes of intense rain are more frequent,
although the quantity accumulated in them is lower (Serrano 2017).

Taking into account these changes in precipitation, the study of rainfall extremes
has become a priority subject in various studies. For the 1805-2014 period, Gonzalez
Herrero and Bech (2017) show that no records have been broken in the last 20 years
with regard to absolute maximum quantity, but the values for intense precipitation
in a short time span have become more frequent. Also worth noting is the fact that
these record values for rain in less than 60 minutes have been recorded in weather
stations located on the Mediterranean coast.

The increase in the intensity of rain (Fig. 6.3) is an aspect of great relevance for
the planning of urban spaces and the problem of floods, which have been seen
increasingly in recent decades (Olcina et al. 2010). The analysis of this matter in the
city of Alicante serves as an example (Olcina 2017). Specifically Arahuetes and
Olcina (2019, p. 768) highlight:
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Fig. 6.3 Evolution (a) and trend (b) of precipitation episodes of hourly intensity in Alicante
(1977-2016) (AEMET 2015; Arahuetes and Olcina 2019, p. 769, own elaboration)

e Episodes of short and intense downpours show a decrease in their number
between 1977 and 2006, with a really significant upturn during the last decade.

e With regard to episodes between 50 and 100 mm, there was a significant reduc-
tion during the 1987-1996 period.

In summary, the climate of the Spanish Mediterranean coast already shows
aspects of change, which may intensify in future if the forecasts of the climate mod-
els for the end of this century are accurate. This is an evolution towards a climate
with more extreme features that requires the adoption of measures to avoid
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considerable economic damages or the loss of human lives. This affects both tem-
peratures, regarding which the effects of the progressive increase of average values,
and of the hours of nocturnal heat and the increase in extreme events (heat waves),
are already apparent, and precipitations, which have lost seasonal regularity and
gained hourly intensity. It is not currently possible to establish a single, set period of
torrential rains in the annual flood risk calendar. Episodes of this type can occur at
any time of the year and not exclusively in autumn as was usually habitual until the
end of the last century. And, moreover, excessive quantities of precipitation of above
300 mm/24 h. are not necessary to cause serious economic damage or human vic-
tims in conditions of great atmospheric instability with the downpour of abundant
rains. Rains of between 50 and 100 mm. that fall in 60—90 minutes are sufficient for
that. It is possible to affirm that the episodes of intense rain with flooding occurring
on the Spanish Mediterranean seaboard are closely related to the increased tempera-
ture of the Western Basin of the Mediterranean Sea. This fact is at the origin of the
intensification of the rainfall processes that has been recorded, since 2000, in locali-
ties of the Spanish Mediterranean coast.

6.3 Water: From Supply Paradigm to Demand Management

Studies on water resources have undergone changes with regard to the topics of
analysis as a result of the increase in demand and the pressure on a resource consid-
ered to be of vital importance for socioeconomic development and the availability
of which is conditioned by environmental, regulatory and economic factors.
Table 6.5 shows the new topics in relation with water resources that were developed
between 2000 and 2017 in the territory of the Spanish Mediterranean coast.

In Spain, during the second half of the twentieth century, the expansion of irri-
gated land, urban development, industrialization, the development of tourism activi-
ties and hydroelectric power meant a sharp increase in demand for water, exceeding,
on occasions, the natural supply of available resources (Rico 2004). Regarding
urban uses, a notable increase in water consumption on the Spanish Mediterranean

Table 6.5 New topics of study in relation with the water resource on the Spanish Mediterranean
coast. (Own elaboration)

New topics of Urban development types and water consumption

study Demand-side planning and management of water resources

Scarcity of resources and conflicts in access to water

Incorporation of nonconventional resources (treatment and desalination)

Incorporation of alternative water resources in urban areas (grey water and
rainwater)

Drought plans

Governance and participation of agents in water management

Social and institutional players, values and discourses related to water
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coast has taken place, to a great extent, since the 1960s and 1970s, reaching maxi-
mum peaks at the end of the 1990s and the beginning of the twenty-first century (Gil
et al. 2015). The increase in urban demand is related to the increase in population
and in residential properties and urbanized land that has taken place in recent
decades, especially coinciding with the latest real estate boom (1997-2007) (Burriel
2008; Lois et al. 2016). This has been based on the proliferation of low-density
urban sprawl, characterized by high consumption levels (Rico 2007). In the city of
Alicante, for example, consumption per property per day in detached houses
amounts to 1052 litres, whilst in the compact urban development type (households
without gardens or swimming pools), this is reduced to 244 litres (Morote et al.
2016). This is related to the presence of private garden areas and swimming pools,
which may represent more than half of the daily water consumption of the whole
household. The analysis of plant types and formations in the gardens, in which there
is a predomination of Atlantic-type vegetation, not very appropriate for the climatic
conditions, explains these high-water requirements. Some of the studies that have
analysed these topics have been carried out in the Metropolitan Area of Barcelona
(Domene and Sauri 2006; Parés et al. 2013), Girona (Garcia 2013; Llausas et al.
2018; Padullés et al. 2014), the Balearic Islands (Hof and Wolf 2014), Seville
(Fernandez et al. 2011), Zaragoza (Salvador et al. 2011) and in the province of
Alicante (Morote 2017).

This increase in demand was accompanied by the different political administra-
tions and regimes in Spain and by a “traditional water policy” (water basin transfers,
reservoirs and groundwater harnessing,) based on an increase in the supply of water
to attend to the growing demands. A paradigmatic action was the opening of the
Tagus-Segura Aqueduct (ATS). The arrival of flows from the Upper Tagus to the
Segura Basin was decisive in guaranteeing the supply for urban and residential-
tourism uses and, to a lesser extent, irrigated areas (Herndndez and Morales 2008).
But it also generated notable expectations, both urban and for the transformation of
unirrigated land into new irrigated areas, which, in turn, required obtaining new
water resources.

The growing problems in environmental, social and economic terms associated
with conventional measures such as the regulation of river courses by means of the
construction of reservoirs and river basin transfers appear to have led to a general
reconsideration of these solutions, as was demonstrated by the National Hydrological
Plan of 2001 and the strong opposition faced by its principal project, the Ebro trans-
fer (Sauri and Del Moral 2001). Based on the Water Framework Directive 2000/60/
EC and on the appearance of movements such as the New Water Culture, different
authors call into question infrastructures of this type in Europe. This is owing to
their high level of environmental impact and the socioeconomic conflicts they gen-
erate between donor and recipient regions. And they also support the need to con-
template water planning alternatives that consider to a greater extent the preservation
of water bodies, the environmental and cultural values of water, the participation of
agents in water management and the demand-side management of this resource
(Del Moral and Silva Pérez 2006; Ferreira 2013; Hernandez-Mora et al. 2010).
During recent years, the idea has been reinforced that water management should be
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understood as an instrument at the service of an explicit spatial policy and that the
latter, moreover, should be supported by the growing demand for integration
between water management and sectoral policies, a key concept of the Water
Framework Directive (Del Moral 2009). The progressive incorporation of this new
focus has been favoured, furthermore, by the change of paradigm in the manage-
ment of drought risk, one of the principal risks in Spain owing to its geographic
position. There has been a change from initiatives integrated in what has been called
the “crisis management focus” to a “risk management focus”, measures of a proac-
tive nature and aimed at prevention and mitigation of the impacts (Vargas and
Paneque 2017).

Until the Iberian drought, recorded from 1992 to 1995, the solution to the prob-
lems of shortage of water resources was based on the possibility of obtaining, and
making available to users, new volumes of water that guaranteed these demands.
Priority was given to actions and policies aimed at generating a greater supply of
resources without adopting measures to control demand (Morales 2001;
Swyngedouw 2015). In support of these arguments, studies have been performed
that relate the increase in water resources with a greater risk of hydrological drought
(Del Moral and Giansante 2000; Hernandez-Mora and Del Moral 2015; Morote
etal. 2017a, b). The lack of water infrastructures, the increase in consumption or the
precarious management of the supply have extended their effects to regions theo-
retically well-endowed with resources, such as the Atlantic Coast (Olcina 2001). As
Del Moral et al. (2017) argue, unlike meteorological drought (which only takes into
account precipitation in the affected area), hydrological drought is frequently merely
the state that has been brought about by a policy of continued increase in water supply.

This period of scarcity in precipitation opened the debate on the need for inte-
grated exploitation and management of the totality of potentially useful resources,
focusing attention on what are known as nonconventional sources, which include
treated wastewater and the production of desalinated water and, to a lesser extent,
the use of rainwater and grey water (Rico et al. 2016). Together with the incorpora-
tion of these nonconventional resources in recent years, reference has been made to
the possibility of using water of different qualities according to its final use. This is
what is known as “fit for purpose” (Herndndez et al. 2016). Higher quality water
(desalinated water, conventional resources) can be set aside for human consump-
tion, whilst that of a lower quality (reclaimed treated water or grey water) can be
allocated to other uses such as watering the garden, washing the streets or agricul-
tural uses (Morote and Hernandez 2017).

Desalination was given a great boost with the National Hydrological Plan (2001)
and the AGUA (Actions for the Management and Use of Water) Programme (2004).
One of the central features of this programme was the replacement of the 1050 hm?
contemplated in the repealed Ebro transfer with resources provided by desalination.
The adoption of desalination has been considered the most appropriate alternative
supply to stabilize water balances in the deficit basins. On the one hand, it would put
an end to the interregional conflicts and social tensions generated around the con-
struction of water transfers. And, on the other, it represents an efficient measure in
the light of scarcity of resources in the Mediterranean regions, accentuated in
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periods of drought, thanks to the availability of a resource (seawater) that is inde-
pendent from climatic conditions (Morote et al. 2017a, b). According to the Spanish
Association of Desalination and Reuse (Asociaciéon Espafiola de Desalacion y
Reutilizaciéon, AEDyR), at the end of 2017, Spain had some 900 desalination plants,
for both brackish and seawater, with a production capacity ranging from 100 to over
100,000 m*day and reaching a capacity of approximately 1.2 million m?/day
(438 hm?/year) of which 700,000 m*/day corresponds to the desalination of seawa-
ter (58.33%) and the rest to brackish water (aquifers). The highest production capac-
ity for desalinated water on the Mediterranean coast is concentrated in the area
served by the Taibilla Canals Association (Mancomunidad de los Canales del
Taibilla, MCT) (San Pedro del Pinatar I and Alicante I and II plants) with 96 hm?
(Fig. 6.4).

The adoption of this nonconventional resource has not been exempt from contro-
versy linked to matters relating to energy dependence, the cost of this resource, the
environmental impacts or its very consideration as a resource able to combat water
scarcity whilst at the same time generating social scarcity linked to the final price of
the resource, which makes access difficult for certain users (farmers and more mod-
est urban classes) (March et al. 2014; Swyngedouw and Williams 2016). Together
with these questions, reference is also made to the strategic nature of this resource
and its substitution for other resources and drought situations.
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Fig. 6.4 Location of the desalination plants on the Spanish Mediterranean coast (Ministerio de
Medio Ambiente 2006; Morote et al. 2016, Own elaboration)
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Desalination has become a key water resource in arid and semiarid areas (March
et al. 2015). In the Mediterranean Basin, for example, this resource is already con-
sidered an ordinary supply source in some regions and, especially, in many island
areas. The incorporation of water from desalination to the water resources available
in the Segura basin has notably reduced the drought threshold for urban uses. The
population nuclei on the coast of this territory have been guaranteed a supply of
water, regardless of the drought circumstances that may arise. During the drought of
2015-2018, transfers from the ATS were replaced by desalinated water, satisfying
without problems the demands for urban (and in some cases agricultural) uses and
avoiding cuts in supply and restrictions. Since desalinated water has been supplied
(2003), water originating from the ATS represents 48.74% and desalination 20.25%.
Its production has increased during recent years owing to the cuts in transfers from
the ATS as a consequence of the drought. Between May 2017 and April 2018, a
period in which the ATS was closed as the reserves in the headwaters of the Tagus
were below the non-transfer threshold (400 hm?®), desalination has represented
approximately 60% of the water supplied by the MCT. The 2017 was the year in
which the most desalinated water was produced (85.3 hm?) of the 96 hm? possible
(88%). Its generalization as a substitute resource for the transfers from the ATS will
be accentuated in the medium and short term because of the reduction of the intakes
from the headwaters of the Tagus in light of more frequent drought episodes,
increased demand in the headwaters and management rules that are more conserva-
tive and fairer for the donor basin (Morote et al. 2017a, b).

Reclaimed treated water has become an alternative to supply certain types of
consumption and expand the supply of water resources. This interest increases,
especially, coinciding with episodes of drought, since the pressure on conventional
resources is reduced, allowing a greater margin for manoeuvre to guarantee the sup-
ply of potable water. The considerable development of these resources since the end
of the twentieth century is due, partly, to compliance with the Water Framework
Directive (WFD 2000/60/EC) and to the Community Directives 91/271/EEC and
98/15/EC on the treatment of urban wastewater which oblige wastewater to be
treated before being discharged or reused (Rico et al. 2016).

According to data of the Ministry of the Environment and Rural and Marine
Affairs, reflected in the National Water Quality Plan, in 2010 the volume treated
exceeded 3300 hm?, and there were more than 2533 Wastewater Treatment Plants
(WWTP). Andalucia (545 treatment plants; 21.5%), Catalonia (281; 11.1%) and the
Valencian Community (270; 10.6%) were the autonomous communities with the
greatest number of facilities. According to Olcina and Molt6 (2010) in that year, in
theory, more than 4500 hm?¥year of water was treated, although its effective use
(reuse) was limited to just 450 hm?® (10%). According to the latest data available
from the National Statistics Institute, in 2014, the volume of treated water amounted
to 4942 hm?, 530 hm?® (10.7%) being reused. However, notable regional differences
can be observed: 25% of all the volume reused in Europe is used in the Valencian
Community and the Region of Murcia (Spain). The analysis on a regional scale
reflects the relevance acquired by these resources in the regions of Murcia and the
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Table 6.6 Volume treated and reused in Spain per Autonomous Community (2014). (Instituto
Nacional de Estadistica 2016)

Autonomous com. Volume treated Volume reused % of water reused
Andalusia 732.1 57.3 7.8
Aragén 201.6 1.5 0.7
Asturias 201.5 13.9 6.9
Balearic Islands 122.3 55.6 45.5
Canary Islands 139.6 27.7 19.8
Cantabria 97.4 1.9 2.0
Castilla y Leén 390.6 39 1.0
Castilla-La Mancha 192.7 5.5 2.9
Catalonia 629.6 25.2 4.0
Valencian com. 419.8 248.9 59.3
Extremadura 162.1 55.1 34.0
Galicia 330.1 0.4 0.1
Madrid 613.8 14.5 2.4
Murcia 132.8 66.8 50.3
Navarra 78.8 0.0 0.0
Basque Country 4259 6.7 1.6
Rioja, La 54.0 0.0 0.0
Ceuta and Melilla 16.6 0.1 0.6
Spain 4942.0 530.7 10.7

Valencian Community, both in terms of the percentage reused and in relationship
with the absolute volume treated (Table 6.6).

With the passing of time, these resources have gradually gained weight, becom-
ing an alternative source to mitigate water insufficiency in Spain (Pérez et al. 2014).
This is connected to the growing concern regarding the availability of water in suf-
ficient quantity and of sufficient quality, as well as the need to progress towards a
focus on sustainability in the planning and integrated management of water resources
(Del Moral 2009). And, in addition, in recent years use has been made of rainwater
and grey water. The examples of the use of grey water and rainwater in urban envi-
ronments refer to the metropolitan area of Barcelona associated with approaches of
degrowth and the circular economy (Domenech and Sauri 2011; Domenech et al.
2013; Valles-Casas et al. 2016). The importance of these nonconventional resources
(and with growing attention being paid to the use of rainwater) is accentuated even
more if one takes into account the consequences of, and adaptation to, climate
change, which constitutes one of the greatest challenges for societies on a global
scale (IPCC 2014). In Spain, the highest number of actions for reduction and adap-
tation in light of climate change have been related to improvements in the manage-
ment of energy and water, especially in areas with a shortage of water resources
such as the Spanish Mediterranean coast and the Canary Islands (Gabarda-Mallorqui
et al. 2017; Hof and Blazquez 2015), territories in which the importance of tourism
as an economic sector is undeniable (Olcina and Vera-Rebollo 2016). Taking into



136 J. Olcina Cantos and M. Herndndez Herndandez

account the possible effects of climate change in the Spanish Mediterranean area,
the policies for mitigation have been oriented towards new forms of diversification
with alternative sources of water and towards water resource planning and manage-
ment that lean increasingly towards demand-side management.

In parallel with the incorporation of new nonconventional resources, actions
have been adopted from the point of view of management, in both urban and agri-
cultural uses. Although between the 1980s and 1990s a spectacular increase was
recorded in water consumption for urban uses, since the middle of the decade of
2000, a decrease has been observed in empirical lying urban areas of developed
countries (Gil et al. 2015; Morote 2016; Valles-Casas et al. 2017). This decrease is
due to an amalgam of multiple and interrelated causes, both structural and circum-
stantial, such as:

(a) The improvement in efficiency of the volume of water supplied associated with
technological improvements and better management (installation of smart
meters, control of leaks, fraud, etc.) introduced in the supply network to improve
water performance and the volume of water recorded and billed.

(b) The installation of water-saving devices in the home and the presence of domes-
tic appliances that consume water more efficiently. Their introduction has led to
savings of around 40-60% in the use of washing machines and dishwashers
compared to traditional models and 50% in dual-flush cisterns and baths (Gil
et al. 2015).

(c) The increase in tariffs and the price paid for water and, at the same time, the
decrease in the level of economic income of families since the beginning of the
crisis (2008). Some authors argue that the tariffs and price of water are consid-
ered as a tool for the control of consumption (Arbués et al. 2003; Sdnchez and
Blanco 2012).

(d) A greater environmental awareness of the population linked to the encourage-
ment of more sustainable practices in the use of this resource and fostered in
many cases by episodes of drought March, Domenech and Saur{ (2013).

(e) The use of reclaimed treated water and rainwater, as mentioned above.

Management of the demand associated with irrigation is connected to the efficiency
of irrigation systems and the improvements introduced for their modernization.
These initiatives are considered key for various reasons: (a) the agricultural sector is
of considerable economic, social and cultural importance, being, moreover, the
main consumer of water, and (b) the modernization of irrigation allows savings in
water consumption but also an improvement in the management and efficiency of
water resources, so that such savings can serve to meet environmental targets in
both groundwater and surface water bodies. This interest is accentuated in river
basin districts such as those of the Segura and the Jucar, where the deficit in water
resources is greater.
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6.4 Challenges for the Future in the Planning of Climate
and Water Resources

The two major processes that are conditioning the recent evolution of climate and
water resources on the Spanish Mediterranean coast (climate change and demand-
side planning and management) imply the need to adopt measures to reduce their
socioeconomic and spatial effects (Olcina 2013). Basically, it is a matter of planning
the future exploitation of climate and water resources in order to be able to maintain
a level of development in this regional space, which favours sustainability as the
guiding principle for the actions to be undertaken in forthcoming decades.

The guiding principles that should be considered in the planning of these two
elements of the natural environment in different economic sectors and territorial
scopes are as follows:

6.4.1 Agriculture

Mediterranean agriculture should be based on quality productions that make pru-
dent use of water. It should be pointed out that unirrigated agriculture, with no
guarantees of auxiliary irrigation, may be seriously affected if intense droughts
occur more frequently as shown in the climate change models for the Mediterranean
region. Likewise, some crops will see changes to their cultivation calendar, and
some cultivation practices will have to be modified. As for irrigated agriculture, this
should adapt its productions to the existing water resources. An increase in produc-
tion costs will be experienced because the proportion of areas irrigated with non-
conventional resources will be higher. On the other hand, new crop varieties may be
introduced (fruit trees) adapted to the new temperature conditions. Irrigated agricul-
ture under plastic will reduce its production costs since the need to provide extra
heating will drop owing to the reduction in cooler hours per year. Furthermore,
greater coordination will be required between agricultural policies and the manage-
ment of water resources. The creation of irrigated areas and the conversion of tradi-
tional unirrigated to irrigated crops have been encouraged in search of higher
productivity, and new farmlands have been introduced without taking into account
the impacts on water resources or the profitability of these farmlands. Taking into
account the consequences deriving from uncoordinated actions, the need is imposed
for the implementation of a state agricultural policy in which irrigation is contem-
plated from a perspective of efficiency in two respects, economic and social, caus-
ing the lowest environmental impact and respecting European guidelines, both with
regard to the CAP and to the natural environment and the management of water
resources. In this respect, it will be necessary to adopt the regulation of irri-
gated crops.
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6.4.2 Tourism

For tourism activity, an essential component of the economy of the regions of the
Spanish Mediterranean coast, climate change will entail alterations to climatic com-
fort, especially in the midsummer months, as well as the need to have a guaranteed
water supply, of sufficient quantity and quality, in the light of the perspectives of the
forecast alteration of the rainfall regime. The tourism sector must be prepared for
the certain possibility of a prolongation of the calendar of the “high season” (cur-
rently centred on mass influx in the months of July and August) towards June
(beginning) and September — beginning of October (end) which will be more appro-
priate months for tourism stays in this geographical area (Olcina and Vera-Rebollo
2016). The sector must tackle the need for climatic adaptation of tourism establish-
ments, of residential properties and urban layouts to a more habitual situation of
high temperatures and increased humidity, both day and night, in order to compen-
sate for the thermal discomfort which is expected to increase in coastal areas, espe-
cially from the middle of this century (Olcina et al. 2018).

6.4.3 Water

The adoption of demand-side management in the planning of water resources on the
Spanish Mediterranean coast is an indispensable process with no going back.
Overcoming the traditional paradigm, based on the continuous supply of resources,
which is not appropriate in a climate change scenario with less precipitation and a
decrease in surface water resources, the growing use of “nonconventional” water
resources is presented as a need for the forthcoming decades on the Spanish
Mediterranean coast, within the paradigm of demand management and sustainable
water use. It will be necessary to carry out improvements to the wastewater treat-
ment facilities to obtain water that is adequate for the quality requirements of crops
(tertiary systems and with desalination treatment) as well as the construction and
improvement of infrastructure to allow the use of current flows. A relevant line of
action is that relative to the perception of these flows by users. The rejection of their
use by potential users may considerably condition their potential future use. In col-
laboration with the state administration, studies should be performed for the intro-
duction of new strategic desalination plants for urban and agricultural use. This
would involve seeking European aid aimed at reducing the costs of desalinated
water, which should be considered a necessary resource in the areas of the Spanish
Mediterranean coast with greater scarcity of water resources (Alicante, Murcia and
Almeria). Furthermore, actions should be encouraged for cooperation between
urban and rural areas for the assignment of water between them.
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6.4.4 Sustainable Spatial Planning

Management of the climate and water in a scenario of global warming poses a con-
siderable challenge for spatial and urban planning. In addition to the need to advo-
cate “zero-emission” territories and cities and with a decarbonized economy,
territories should adopt sustainable planning of the land uses to be implemented.
The handling of the “green infrastructure” tool should be assumed as a normal prac-
tice in spatial planning, together with the approval of municipal bylaws for adapta-
tion to climate change and urban planning adapted to the new climatic conditions
(green zones, sustainable transport). Cities, in collaboration with private agents of
the sector, should have well-designed water supply systems to minimize the forecast
reduction in available volumes of surface water. Lastly, specific protocols should be
designed for civil protection and public health, since the risk calendars will be
altered with regard to certain hazards with a climatic cause (storms and heavy rain
owing to the presence of warm waters in the Western Mediterranean during a longer
period of the year) as well as the frequency and intensity of the appearance of atmo-
spheric extremes (heat waves and their effects on at-risk groups). Regarding this
matter, it will be necessary to improve the systems for the drainage of intense pre-
cipitations in the cities of the Mediterranean coast with a view to reducing the sec-
tors at risk of inundation and flooding and in turn to be able to make use of the flows
which, conveniently treated, are inserted into the hydro-social cycles of the cities.

The Spanish Mediterranean coast is a territory at risk from climate change, its
environmental effects and its associated risks (increase in atmospheric phenomena
of extreme range, reduction of precipitations and surface water resources). The
forthcoming decades will be decisive in confirming the current working hypotheses
of the Intergovernmental Panel on Climate Change, improving climatic modelling
even further to reach more detailed scales. The need to maintain climate research
with a view to confirming all the details of the main working hypothesis (green-
house effect caused by anthropic actions) should not mean inaction by the public
authorities or private agents with regard to the measures for mitigation and adapta-
tion that should be applied in the territories. On the contrary, the next few years are
crucial for the design of policies in the light of climate change and the sustainable
planning of water resources in this Spanish territory that will make it possible to
anticipate the events that may develop. Geography has a fundamental role to play,
as a spatial and social science, in the formulation of proposals that convert climate
change into an opportunity for socioeconomic development according to the prin-
ciples of environmental and spatial sustainability, overcoming the paradigm of
growth without limits and predation of resources that has characterized recent
decades with the effect of a radical transformation of landscapes.
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