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Abstract

The European Union (EU) has established a Comminaityework for water

protection and management. The Directive 2000/603Ethe European Parliament and
of the Council of 23 October 2000 establishes méw@ork for Community action in the
field of water policy. “Member States must ident#figd analyze European waters, on
the basis of individual river basin[s] and dis{is¢t They shall then adopt management
plans and programmes of measures adapted to edglobwater.” The Water
Framework Directive 2000 has a number of objectireduding preventing and
reducing pollution, promoting sustainable watergesgrotecting the environment ,
improving aquatic ecosystems, and mitigating thect$ of floods and droughts. An
analysis of the implementation of the Directive #imel policies developed to manage
each river basin can show how to effectively achigwe goals proposed by the
Directive. In addition, the study of regional akldion mechanisms such as aqueducts
can provide strategies to promote resilience toate change and reduce the impact of
drought conditions. Significant changes in the fuaind availability of water

resources is an expected consequence of climatgeh®oreover, climate change is
causing stresses on water through changes in egmp and rising temperatures,
which are causing serious damage to the environarehtsociety. This analysis of the
current water management legislation and policigbé context of water scarcity and
drought in the European Union shows the lack qiexsic regulation addressing these
issues. There is therefore a need to develop aN®aarcity and Drought Directive.
Moreover, the results and conclusions of this nesegeveal how aqueducts, such as the
Aqueduct Tajo-Segura are an example of good prctimitigating the effects of
climate change while ensuring sustainable developme
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l. Introduction

The Water Framework Directive (WFD) adopted in 2088 established an integrated
approach for EU water policy, focused on river basanagement with the objective of
all EU waters achieving a good status by 2015 (@0 Commission Environment
Water, 2015). The WFD has a number of objectiviesh @s promoting sustainable
water usage, protecting the environment, and ntitigahe effects of droughts
(Directive 2000/60/EC). The European Commission lesjzes the need for a
combination of adaptation measures in water pditdeaddress the issues of water
scarcity and drought (European Commission, 2012hik line, an analysis of the
Directive and the policies developed to manage eaeh basin can shed light on how
to effectively achieve the goals proposed by the®ive.

The River Basin Management Plans and the Prograrofrideasures are essential
tools in implementing the Directive. In 2009, thrstfRiver Basin Management Plans
and Programmes of Measures were adopted, althaugtirees such as Spain were not
able to do this. These instruments are currenilygoepdated and were subject to public
consultation at the™European Water Conference during the first haZ@if5, with the
aim of final adoption by the end of 2015 (Europ€ammission, Water, 2015). The
Aqueduct Tajo-Segura Irrigators Association (SiathcCentral de Regantes del
Acueducto Tajo-Segura) participated in this confeeeand emphasized the need of a
water scarcity and drought regulation able to emglue provision of sufficient water to
the dry European regions through adaptation meshensuch as aqueducts. In fact, a
Water Scarcity and Drought Directive was the maijuest of Mediterranean countries
at the 4' European Water Conference.

This article focuses on the WFD and water poliailesut water scarcity and
droughts. It also provides a study of the Aquediapb-Segura as an example of good
practice according to the WFD. The Aqueduct TajgtBa applies the supplementary
measures established in the WFD such as the promatiadapted agricultural
production through mechanisms such as drip irogetiechnology and low water
requiring crops (Directive 2000/60/EC), (Soto, 2D14

The Aqueduct Tajo-Segura transfers surplus waben the headwaters of the River
Tajo to the River Segura, which suffers a strudtdedicit of water resources for use by
the population and for irrigation. This is genaraérest in its purest form. The volumes
transferred supply water to over 2.5 million pecmbel over 40 million trees. When the
water flow of the aqueduct is continuous and stabknsures sustainable development,
promotes resilience to climate change, and mitgytite impact of drought conditions.
The water transferred is drawn from the excesh@btsin of origin. The basic rule of
the aqueduct is to prioritize the demands of the Basin, including environmental
needs. Spanish Law 21/2013 always preserves terg@nees of the donor basin and
respects the determinations of its water plann8gaish Law 21/2013, BOE n. 296) .
The ecological flow is protected, avoiding any haothe Tajo Basin (Spanish
Government, 2009). The level of agricultural praduty from water of the Aqueduct
Tajo-Segura is very high because of the specialatk and geological conditions in
southeastern Spain. This factor is especially egieto provide high levels of food
production and shall be of special interest andict@ration by the European Union



because regions like this ensure food securityuirofe and around the world
(PricewaterhouseCoopers, 2013).

1. TheWater Framework Directive

The Directive 2000/60/EC of the European Parlianagat of the Council of

23 October 2000 (Water Framework Directive, 200(E€), establishes a framework

for Community action in the field of water policihe current climate change situation
is expected to aggravate the existing stressesater whrough issues such as changes in
precipitation, and rising temperatures. (Europ@ammission, 2012). Although, the
WFD has provided guidelines to manage water sgaacitl droughts, the present and
forecasted effects of climate change demand additimeasures at the legislative level
to provide resilience and ensure water availabibtgry areas such as southeastern
Spain.

The purpose of the WFD is “to establish a frameworkhe protection of inland
surface waters, transitional waters, coastal watedsgroundwater which:

[..]

(e) Contribute to mitigating the effects of floaaisd droughts” (Directive
2000/60/EC)The WFD specifically emphasizes the need to mitigiae¢ effects of
droughts and establishes as a mechanism to déramework for the protection of
water. The WFD does not specifically address homitmate the effects of droughts in
dry regions which are dependent on a water bagmmovides a non-exclusive list of
supplementary measures which Member States witith gver basin district may
choose to adopt as part of the programme of measeqeired under Article 11(4).
Supplementary measures may be designed and impiedneraddition to the basic
measures, in order to achieve the environmentalitibgs of Article 4. The
supplementary measures list includes demand mareageneasurester alia,
promotion of adapted agricultural production sushoav water requiring crops in areas
affected by drought (Directive 2000/60/EB&h example of the implementation of this
demand management measure is the Aqueduct TajassegBpain, where the best
available technology is applied to ensure low waser (Islestudio, 2008).

According to the WFD, the irrigation of dry land the Aqueduct Tajo-Segura
promotes adapted agricultural production througlhraeisms such as drip irrigation
technology and low water requiring crops. Howettee, way the WFD addresses
drought is only to meet the environmental objedivEhe social and economic impact
of drought on society are not addressed in the WFD.

The WFD approaches drought as an unforeseen optixeal circumstance, which
must be solved to achieve good water status. k& abdrought, all practicable steps
must be taken “to mitigate the adverse impact ersthtus of the body of water”
(Directive 2000/60/EC). Moreover, the WFD estal@isithat if droughts are the result
of “circumstances of natural cause of force majewtech are exceptional and could
not reasonably have been foreseen, in particudopged droughts, the Member State
may determine that additional measures are notipaéte, subject to Article 4(6)”
(Directive 2000/60/EC). The WFD addresses drougla aegative effect on the good
water quality of the basin but does not addressidgative impact on the society
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depending on a specific basin. There is no praiedbr arid or semi-arid regions such
as the southeast of Spain, which suffer a strulctleficit of water resources for use by
the population and for irrigation.

Under the WFD “member States shall collect and taairinformation on the type
and magnitude of the significant anthropogenic guess to which the surface water
bodies in each river basin district are liable ¢osbibject, in particular estimation and
identification of the impact of significant watdowW regulation, including water transfer
and diversion, on overall flow characteristics arater balances” (Directive
2000/60/EC). At the regional level, this assessngeassential to guarantee the correct
allocation of water according to its use, espegialldrought regions such as
southeastern Spain where the Aqueduct Tajo-Segavédes water to one of the most
arid regions in the EU. In fact, “south-easter@i§jthe Murcia and Valencia regions
and eastern Andalucia] has been experiencing dtawgh the last 25 years (European
Commission, 2014).

Although the WFD incorporates the transfer and idio® of water as mechanisms
to manage water flow, there is no specific provissdressing transfer of water in
order to mitigate the effects of drought in sociatyl more specifically in the
agricultural sector. This situation is affectingifeeastern Spain, which requires
additional measures to protect society, the sustéendevelopment of the region, and
current agricultural practices and uses.

The European legislation lacks a specific regutatar establishing a framework
that is able to mitigate the impact of drought onisty and the economy. This is
especially relevant in the agricultural sector, ahhis the largest water user in Europe.
The WFD does not establish any protection for adfice and the dignity of farmers to
continue with their activity in case of drought.dém the Universal Declaration of
Human Rights “everyone, as a member of societyti@sight to social security and is
entitled to realization, through national effortdanternational co-operation and in
accordance with the organization and resourceadf 8tate, of the economic, social
and cultural rights indispensable for his dignibhgldahe free development of his
personality” (U.N. 1948). Farmers as members oietp, have the entitlement to
cultural rights indispensable for their dignity. Whwater from the Aqueduct Tajo-
Segura is not sufficient, additional sources ofevatust be guaranteed in order to
protect agricultural activity and therefore farmelignity. The WFD lacks a regulation
ensuring the supply of water for agricultural aiti@s in case of drought. There is
therefore no protection of the use of water foi@gtural purposes, which means
farmers' dignity as a fundamental human right ispnotected.

[11.  Water Policy

The Commission emphasizes the need for a combmatiadaptation measures in
water policies to address water scarcity and dro(Iginective 2000/60/EC). The EU
has developed a desertification and drought relapdidy according to the implicit
requirement of the WFD to properly manage watentjtyain the EU. “The
Environmental Council of 30 October 2007 suppottelCommission’s 2007
Communication and invited the Commission specifyctl review and further develop



the water scarcity and drought policy by 2012” @wean Commission, 2012). The
Report on the Review of the European Water ScaacityDroughts Policy, 2012
specifically establishes that “the use of Europ@aestment Bank (EIB) funds for
Member States” actions to address [water scancdtydeought] WS&D is still low”
(European Commission, 2012). Moreover, there didistitations in the integration of
Drought Management Plans with river basin managémlans (European
Commission, 2012). In addition, “[l]imited progresas been made with the use of EU
Solidarity Funds in the area of droughts” (Europ€ammission, 2012). There are
several gaps in the current Water Scarcity and @htsupolicy, including conceptual
gaps, information gaps, and policy, governanceiapiementation gaps (European
Commission, 2012). While the assessment and mareaderhflood risk are regulated
under the Directive 2007/60/EC, there is no spedfiective related to water scarcity
and drought. The lack of legal instrument combiwéti inadequate policies to address
these issues contributes to economic and sociedjdilbrium between regions in EU.
Therefore, there is a clear need to regulate thesament and management of water
scarcity and drought. In addition, aqueducts shbeldecognized as a tool to promote
integrity between Drought Management Plans andrBasin Management Plans.

Aqueducts are used in several countries suchead .tB.A. (especially in California,
Texas and Arizona), Australia and South Africa [iHIr998). Like southeastern Spain,
these countries suffer continuous drought condstemd therefore a structural deficit of
water resources for water use in population supptyirrigation. All of these countries
share the common factor of arid and semi-arid regand the accompanying need to
establish adaptable measures able to support thardis of society while protecting
the environment. In this context, agueducts argungents able to provide inter-basin
water transfers contributing to the developmerdamfiiety through the water excess of
the basin of origin. This guarantees the proteatiothe minimum stream flow meeting
the requirements of both biological and physicdliteés (Ghassemi and lan, 2007)
(Hirji, 1998).

In the European Union, several countries use aquie@s an appropriate instrument
to deliver and transfer water. Examples includentia@y Roman aqueducts, which are
still in use today. These demonstrate both thevaglieuse of aqueducts throughout
European history and the essential role of intesirbransfers of water in current
society. The source of the Aqueduct Aqua Virgd fids the famous Trevi fountain in
Rome, Italy. Another example is in Frejus, Frawgeere the current water supply
system follows the same course as its ancient pesder to a large extent, although its
water is now used only for irrigation (Roman Aqueidy 2015).

The United Kingdom has over 30 aqueducts, inclutiegDevonport Leat, which was
constructed in the 1790s to carry fresh drinkingew&rom the high ground
of Dartmoor to the expanding dockyards at Devonpaetvon, England (Hawkings,
1987). The New River, a man made waterway in Emjlapened in 1613 to
supply London with fresh drinking water over a drste of 38 miles (62 km) (New
World Encyclopedia, 2015). Another example in theted Kingdom is the Stratford-
upon-Avon Canal, located in the South Midlands. Taeal, which was built between
1793 and 1816, runs for 25.5 miles (41.0 km) ialt@€Cumberlidge, 2009).



In Greece in 1975, the World Bank contributed US#dlion to the East Vermion
Irrigation Project, which consisted of the constiat of 15 new concrete lined primary
irrigation canals, with a combined length of abbd® km with water coming from the
Aliakrmon and Edessa Rivers (The World Bank, 19Pg)tugal also has a long
tradition in irrigation canal aqueducts such aslt&eadas canals in Madeira Island. The
Levadas originated out of the necessity to bringdamounts of water from the west
and northwest of the island to the drier southeelsére water is used by the population
and for agriculture. Today the Levadas not onlypspvater to the southern parts of
the island, they also provide hydroelectric powezrdres, 2015).

Aqueducts also have a large tradition in Spain.gxample, in Merida an aqueduct
starting at the antique Proserpina dam still segpie local farmers in the area (Roman
Aqueducts, 2015). Other relevant inter-basin trenssére the Guadiaro-Guadalete
transferring 110 hm3 per year; the Negratin-Almaazgueduct, which transfers 50
hma3 per year, the Zadorra-Arratia transferring b&6@ per year from the Ebro River to
the Gran Bilbao, and The Ter al Llobregat, whi@ngfers 8 m3/s to Catalufia. All of
these aqueducts have the grantor region and tee/ireg region in the same
autonomous community. This has helped to avoidntiaieconflict and has brought
solidarity between people living in the same autoaos community. However, where
the transfers are between different autonomous aamtras as in the Aqueduct Tajo-
Segura, water conflict has been an issue, withattleof solidarity between regions
being the main problem (Claver, 2008).

IV. TheAqueduct Tajo-Segura Geographical L ocation and History

In Spain, water is poorly distributed, with the gmast being dry and the north wet. For
example, regions along the Ebro Basin in the naghsuffer regular floods, causing
serious damage to society and the environmenadi) the autonomous community of
Aragon alone has already lost €25 million due ¢odling in 2015 (El Mundo, 2015).

By contrast, the southeast of Spain suffers fronoge water scarcity and drought. One
potential solution to mitigate the effects of fleagland drought would be the
development of additional infrastructure connedtethe Aqueduct Tajo-Segura. This
infrastructure would be able to store and transkeess water from other basins to the
Tajo Basin in order to be transferred to the scaghasing the infrastructure of the
Aqueduct Tajo-Segura.

Historically, people have diverted river watyother areas which needed water, and
that work has only been limited by the level ofrtieglogical development of the time.
The Aqueduct Tajo-Segura is probably the most itgmbhydraulic work in Spain.

The Aqueduct Tajo-Segura transfers surplus waben the headwaters of the Tajo
River to the Segura River (Spanish Law 21/2013, BOE96). Water from this
aqueduct is essential for southeastern Spain imgutie regions of Almeria, Alicante,
and Murcia (Claver, 2008).

The planning project for the agueduct occumet©93 and was included in the
National Hydrological Plan with the aim of solvitige problem of the shortage of water
resources in southeast Spain. The Aqueduct Tajof8eg in current use, and started
operations according to the Spanish Law 21/197de 29", which in Article 1 set the
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maximum annual amount of 600 hof water surplus to be transferred from the Tajo
Basin to the Segura Basin. Moreover, once the nactgin was complete, the law
allowed the transfer of the maximum annual amofiit@00 hni. The Tajo-Segura
came into operation in 1979, to support irrigaion the domestic water supply for the
population of the Jucar and Segura Basins (Sp&isternment, 2015). See figure 1,
which shows the geographical location of the aqaedu

José Maria Sandoval Rodriguez
Figure 1. Tajo River along the Iberian Peninsuld e Aqueduct Tajo-Segura.

The water transfer begins in the reservoirs ofé&p@fias and Buendia, which have
a total capacity of 2,443 hiniThe water is led through a channel that has aaigpof
33 m¥/s and stretches through tunnels and aqueducoesctihe Aqueduct Tajo-Segura
links the Bolarque Reservoir on the Tajo River with Talave Reservoir on the Segura
River. It is 292 kilometers in lengthlhis aqueduct can guarantee a transfer of 600
cubic hectometers (155 for domestic water suppty445 for irrigation). While it was
expected to transfer 1,000 cubic hectometers,xubmge annual volume transferred is
350 hn¥. This aqueduct is also used today to supply wattre Tablas de Daimiel
National Park and to transport water from the Adarceservoir to Albacete for
irrigation and drinking water (Spanish Governmeo5).

The post-transfer system is a comp#touctureof canals beginning at Talave
Reservoir on the Segura River. This infrastrucamables the management, transport,
and final distribution of water to the various ggent zones in southeastern Spaire
Ojos Dam distributes the water through differerdrufels: the right bank channel, the
Almeria channel, the main left bank channel, themllente channel, the La Pedrera
reservoir and the Campo de Cartagena channelifffrastructure allows efficient
water distribution and the best available technplisgpplied to ensure low water use
(Soto, 2014).

The average yearly water volume transferred into0Sagura Basin from 1979-2014
was 328,000,000 fiper year (55% of the allowed maximum). Volumessgfarred for



public use have not varied greatly over time, wnlikigation transfers, whose average
yearly sum was 204,000,00¢ nalmost half of the allocated quant{§oto, 2014).

V. Sustainable Water Allocation of the Aqueduct Tajo-Segura

An analysis of the Aqueduct Tajo-Segura showsdhateducts are sustainable and
appropriate tools for allocating water in EuropeeTAqueduct Tajo-Segura presents a
solution to the current dry conditions in southegsain. This aqueduct has been
providing drinking water to over 2,500,000 peopimtecting natural parks, and
irrigating 140,000 hectares of farmland since 188ORATS, 2015).

The concept of Sustainable Development was addptéde European Commission
in the 2009 Review of EU Sustainable Developmerdt&gies (SDS) in July 2009
(European Commission, 2009). The European Coulsdl@nfirmed that "Sustainable
development remains a fundamental objective oEtlm®pean Union under the Lisbon
Treaty” in December 2009 (Council of European Unia®09).

The concept of Sustainable Development “standsnfeting the needs of present
generations without jeopardizing the ability ofuté generations to meet their own
needs — in other words, a better quality of lifed@eryone, now and for generations to
come” (European Commission, Environment, 2015). ddrecept includes the
integration of different sectors of society frongdbto global, as well as social,
economic, and environmental aspects, which arataliconnected in regional and
global human progress. An analysis of some of thepects, such as appropriate use of
water in irrigation, economic impact of the Aquetlliajo-Segura, current water
transfer regulation and management, as well a®gioall flow show how this aqueduct
guarantees the concept of sustainable development.

1. Appropriateuseof Water in Irrigation

The Aqueduct Tajo-Segura contributes to guarangetbi@ sustainable development of
the region (European Commission, Environment, 20IB¢ Aqueduct Tajo-Segura
applies the supplementary measures establishég WED. The land irrigated by the
Aqueduct Tajo-Segura promotes adapted agriculprcaiuction through mechanisms
such as drip irrigation technology and the usewfWater requiring crops (Soto, 2014).
Among this technologypcalized irrigation systemapply water directly where the
plant is growing, thus minimizing water loss thrbugyaporation from the soil. This
ensures the most effective use of water. Howekierproblem of water scarcity and
drought in southeastern Spain needs additionatisnBito mitigate the effects of
climate change in the context of the EU to endueestistainable development of the
region.

The reuse of water is also applied in iriig@apractices. In fact, the WFD addresses
the reuse of water as an additional measure tgamgiwater scarcity (WFD, 2000).
Reuse of water has a high value for agriculturebse it ensures the continuity of
water use. The Spanish Royal Decree 1620/2007 (BOE94) establishes specific
national regulation of the reuse of watarthe Murcia Region alone, the average
annual volume of reused water was 103 doring the period 2002-2011 (Soto, 2014).



2. Economic Impact of the Aqueduct Tajo-Segura

Agriculture is essential for the Spanish ecop@nd the progress of the country.
Water transfer related to the agro-food industmytgbutes a total of €2,364 million to
the GDP (PricewaterhouseCoopers, 2013). In addiignculture promotes the
development of industries connected to the secici as transport, engineering, and
sanitation. Agricultural activities related to tAqueduct Tajo-Segura generate more
than 100.000 jobs. Moreover, water from the aguedwates over 320,000 indirect
jobs, contributing to the development of the countiis is especially important in the
current economic crisis in Spain. Water profitdapiper n¥ is very high at between
€0.60/n? and €1.00/rh Moreover, profitability can be as high as €3imgreenhouses
(Soto, 2014). There is a high level of exports fittve southeast. In 2013, 69% of
national vegetable exported were from southeashStpas represents a total of €1,016
million (FEPEX, 2013).

The development of the region is establistetording to the sustainable
development concept, where the Aqueduct Tajo-Sepuoaides ecological value to
society by protecting national parks and improvinthe environment
(PricewaterhouseCoopers, 2013). An example of éhigronmental protection is the
Spanish Law 13/1987, July #.7enacted to provide water for environmental puggos
through the Tajo-Segura aqueduct to the Tablasail@ibl National Park (Ley 13/1987,
BOE n. 171). This National Park receives water frim@ Aqueduct Tajo-Segura thus
maintaining its ecological value. Moreover, the educt irrigates 44.000.000 trees,
which contribute to mitigate desertification andpnove air quality by removing GO
from the atmosphere (SCRATS, 2015).

The Aqueduct Tajo-Segura is also a sourcanobme for other autonomous
communities in Spain through payments to donororegyi The total amount paid to the
autonomous communities located in the Tajo Bas&#435,33 million. This implies an
additional benefit from the aqueduct to other ragi(GCRATS, 2015).

3. Water Transferred

Spanish Law 21/2013 approves management aeggos for the Aqueduct Tajo-
Segura. In February 20015, the Constitutional Cdadlared null some articles of this
law due to a default form when a report from Arag@s not included. The Constitutional
Court established that the nullification of this/Ié&should be deferred for a period of one
year" to run from the date of publication of thecid®n in the Official Gazette (BOE)
(February %, 2015), this gives time to include the report frémagon and correct the
default form. This law establishes a transfereaysbn a monthly basis, depending on
the total water supply available in the Entrepef@éasl Buendia dams in the upper Tajo
River at the beginning of every month. The law lelsshes that the maximum annual
amount of surplus transferred is 650 hm3 (600 lontHe Segura Basin and 50 hm3 for
the Guadiana Basin). The Law defines the rulexplogtation for four different levels.
The Royal Decree 773/2014 (BOE n. 223) regulatesettevels.

Level 1 is established when the water level betwssh dams is equal to or above
1.300 hm3, or when during the last 12 months theemlavel between both dams was
equal to or above 1.200 hm3. In this case, theaeleagency shall authorize a transfer of
60 hm?3 per month, not exceeding the yearly maximum.
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Level 2 is established when the water level betws#h dams is lower than 1.300
hm3 without reaching the volumes given in levedBd when during the last 12 months
the level between both dams was less than 1.200Ihrtfiis case, the relevant agency
shall authorize a transfer of 38 hm?3 per month exaeeding the yearly maximum.

Level 3is established when the total water supply in Erafas and Buendia does
not exceed, at the beginning of the month, theasklhown in the following table:

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep.

m3x 10° | 613 | 609 |605 |602 597 591 |586 645 673 | 688 661 | 631

This is considered an irregular hydrological situatthe relevant agency shall authorize
at its own discretion a transfer of up to 20 hms.

Level 4 establishes that if the water level betwbeth dams is less than 400 hm
water transfers are not allowed (Royal Decree TI2BOE n. 223).

The law also establishes a transitory period oé&ry to achieve the new reference
level of 400 hm3, which defines the level of waserplus. However, the law will be
directly implemented in case of a total level ottevasupply in Entrepefias and Buendia
of 900 hms.

The current situation varies from level 2 to le8gwhere the values are established
according to the transitory period and the rulesxgfloitation set in the law
(SCRATS, 2015). In fact, the level during hydrolmajiyear 2013-2014 was level 2 and
the current hydrological year 2014-2015 has vanddvel from one month to another.
So far in 2014-2015, October, November, and Apeétevat level 2, while December,
January, February, and March were at level 3 (SCRAD15). There is a need to
ensure stable water transfers to southeast Sp&i@.demands of the Tajo Basin using
the headwater, including environmental needs, stimated at 350 hfper year, plus
evaporation of approximately 50 Aer year (SCRATS, 2015) (Spanish Government,
2009). This implies that the water level left afteeeting the demands of the Tajo Basin
with water from the headwater should be transfetoesbutheast Spain. Moreover,
additional transfers of excess water from othemsasuch as the Ebro Basin to the
Aqueduct Tajo-Segura would ensure water availgtiit this region.

4. Ecological Flow

According to the WFD the Agueduct Tajo-Segura essithe protection of the Tajo
Basin. Under the Tajo Basin Hydrological Plan thelegical flow is guaranteed. In fact,
the Tajo Basin Hydrological Plan establishes a mimh flow of 6 ni/s is in Aranjuez
and 10 n¥s in Toledo and Talavera. These flow levels mieetréquirements of both the
biological and physical habitats of the speciesthose river sections (Spanish
Government, 2009). The total water resources in Tt Basin are about 10,000
hm®/year, and the maximum volume transferred is 606G, halich is barely 5.5%
(SCRATS, 2015).
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The Aqueduct Tajo-Segura does not cause enveatahharm to the Tajo Basin. In
2008, an environmental study developed by the Usigtad Politécnica de Madrid
addressed the minimum stream flows in the stret¢theoRiver between Bolarque and
Aranjuez. This study was developed according tde¢h® 'good ecological status'
established under the WFD and transposed intopgheish Water Law (Royal Decree
21/2001, BOE n. 176)Good surface water status" means the status achisva
surface water body when both its ecological statusits chemical status are at least
"good" (Directive 2000/60/EC). The results of thiady show that the environmental
demand established under the Law 52/1980 in 6 wassrespected (Law 52/1980,
BOE, 256). This study concluded that the AquedwgbISegura is not causing harm to
the ecological flow and therefore the good watatust in the Tajo River is guaranteed
(Universidad Politécnica de Madrid, 2008).

In 2013, the Company Ingenieria y Ciencia Amtag SL developed an additional
study addressing ecological flow in the Tajo Ritreough physical habitat modelling
in the stretch between Bolarque Dam and Jarama Rites study was established
according to ARM/2656/2008, which approves the ldilalyical Plan. The results of the
study established that the minimum stream flow & mAder the law in the Bolarque-
Aranjuez section is compatible with the methodsrséte Hydrological Plan to
calculate ecological flow through physical habitaidelling because the habitat result
obtained is between 30%-80% according to the Hpdioll Plan (Ingenieria y Ciencia
Ambiental, S.L., 2013). The conclusions of thege studies prove that the Aqueduct
Tajo-Segura is not causing harm to the environrmaenegative impact on the
ecological flow in the Tajo River.

The main environmental problem in the Tajo Basioad water quality due to sewage
coming from Madrid and the industries located acbMadrid and Guadalajara. This is
mainly a problem of water purifying, which has heten solved yet. It is not admissible
to use more water from the Entrepefias and Bueadiis dpstream to dilute the pollution.
This is against Spanish Law and the WFD. Moreovkis situation confuses the
ecological flows with flow dilution of dischargewhich is a legal fraud that could also
have very negative effects on the Aqueduct TajouBewater transfers (El Soto, 2008)
(lagua, 2015).

As we can see, the Aqueduct Tajo-Segura ensuresdheept of Sustainable
Development as it protects the environment for gmesnd future generations while
promoting the development of the region. The Aquédiliajo-Segura Irrigators
Association (Sindicato Central de Regantes del dAoa® Tajo-Segura) upholds the
interests of all the users of the Aqueduct TajotbadClaver Valderas, 2008). This
association is a key factor in ensuring the suatdendevelopment of the region and
achieving adaptation measures that promote resdiémclimate change.
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VI. Desalination

Desalination has been considered as a potentigi@olto obtain more water for
agricultural proposes. However, desalination calvectn alternative to the Aqueduct
Tajo-Segura due to the large number of issueswedolAmong these issues the higher
level of energy consumption is particularly impattaNVhile the consumption of energy
for the aqueduct is 0,87 kWhnthe consumption for desalination is between
3,5kWh/n? and 4kWh/m3. The substitution of the Aqueduct Taggura with
desalination would therefore require four times¢beent energy consumption (Soto,
2014). Moreover, this increase would be unaccéptalthe EU, which is committed to
reducing the level of energy consumption by 20920%0. Another negative effect of
desalination would be the increase of greenhousesgavhere the use of desalination
would increase the emission of €8y 400% (Soto, 2014).

An additional issue with desalination is thality of the water, which is not
appropriate for irrigation because of the high lefdoron it contains. This would
harm crops such as lemon trees, orange trees, reashapricot trees and fig trees.
Moreover, desalinized water is very low in nutreeahd minerals. This leads to the
need to add fertilizers, with the associated agldéi cost of production and energy
consumption in manufacture. Finally, the cost cfadi@izing water would be €1
while the current cost of water from the AqueduajoFSegura is €0.10 euros/igSoto,
2014).

VII. Food Security

The Food Agriculture Organization of the United idathas estimated that the demand
for food is likely to grow by 70% by 2050 (Europe@ommission, Joint Research
Center, 2015). The Joint Research Center (JR@gi&tropean Commission's in-house
science service and carries out research in oodarovide independent scientific advice
and support to EU policy. Among one of the chalEngddressed by the JRC is to
establish international trade from productive agtigal areas to deficit areas, through
greater integration of regional agricultural poid&uropean Commission, Joint
Research Center, 2015).

It is therefore highly relevant that regiavigh a combination of water, sun, soil and
excellent climate conditions such as southeastpanSan produce large amounts of
food, which can be exported to other regions engunod security in EU. For
example, exports from southeast Spain, whichigated with water transfers from the
Aqueduct Tajo-Segura, included 3,199,626 tonsegktables and 2,025,855 tons of
fruit in 2013. An interesting aspect of this isttii@e EU is by far the largest consumer
of these exports at 90% (FEPEX, 2013).

The European Union should protect semi-aggians with privileged soil and
climate conditions, which are able to produce lag®unt of food. The Joint Research
Center (JRC) has also established that these egidhe EU can “contribute to global
food security, being important suppliers of agtictdl and food products in a growing
world market” (Joint Research Center, 2014). Indbetext of climate change, it is
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essential to protect those productive regions, wkitsure the production of food for
present and future generations. In order to prakestsource of food, the first step is to
ensure the availability of water for the irrigatiohsemi-arid regions. Therefore, it is
essential to develop a Water Scarcity and Drougtgdive in order to protect semi-
arid regions, such as southeastern Spain, whichldeeto ensure food security for
Europe and other countries.

VIIl. Conclusion

The primary conclusion is the need for a Water 8gaand Drought Directive This
Directive must ensure the concept of sustainableldpment where not only the
environment is guaranteed, but also society anditferent water uses It is
particularly important to protect the continuityadricultural activities. The agricultural
sector is the largest consumer of water and ensooéssecurity for the European
Union and other countries. In order to achieve gjoial, new European legislation must
incorporate the regulation of inter-basin watensfars as a solution to mitigate the
effects of drought. The Water Scarcity and Drouginéct should specially address the
integration of Drought Management Plans with RBasin Management Plans. Water
Management Plans must include inter-basin watestea in regions such as
southeastern Spain, which lack natural access tierwdoreover, according to the
Universal Declaration of Human Rights, the digmfyfarmers must be protected by
enabling them to continue with their activity iretbase of water scarcity and drought.
The case of the Aqueduct Tajo-Segura shows howdagteare an appropriate tool to
allocate water in a sustainable manner protectiegetivironment. However, semiarid
regions like southeastern Spain need the guarahtadficient water to cover all their
needs for present and future generations.
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