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Summary 

During the last 30 years, Spain has experienced two major changes that have 
had impact on its fresh water resources: climatic change and the transition 
from dictatorship to democracy. 
 
Climate has been changing in Spain demonstrably during the last 30 years. 
Over large areas of the country, mean summer temperature has increased by 
some 2 degrees, while winter precipitation has decreased. This has resulted in 
decreasing fresh water resources. The consequences of the warmer and drier 
climate are noticeable especially in the south. 
 
After the transition from dictatorship to democracy in 1975, Spain has 
changed dramatically in many aspects. One of the most influential acts by the 
new King and Spanish government was the separation of Church and State, 
which decreased the influence of Catholicism on everyday life. Traditional 
family values (e.g. large families, living under one roof until marriage) now 
no longer hold, especially in the large cities. Despite a decrease in birth rate, 
population has grown from 35.5 million in 1975 to over 45 million in 2005. 
The decline in birth rate was counteracted by increased life expectancy and 
immigration (mainly from South America and Eastern Europe). Spain's 
population is concentrated in some big cities and in a strip 10 km wide along 
the Mediterranean coast. In these zones, pressure on fresh water resources is 
enormous. 
During the course of the last century, Spain has developed from an 
agricultural country into a diversified economy with strong service sectors. 
Tourism (about 60 million tourists visit Spain every year), (petro-) chemical 
industry, heavy industry and food and beverages industry form the main 
economic forces. Until recently, most industries did not treat their waste 
waters, which accounts for the high levels of residual products from chemical 
industries. The lack of treatment of waste water was also common practice in 
agriculture, leading to high levels of nitrates, phosphates and pesticides in 
surface water. 
During the last 10 years a change in attitude with regard to contamination has 
taken place. Water treatment plants are being built by industries, hotels and 
irrigation projects. Accent lies on the reduction of emissions by both end-of-
pipe technology and clean technology, aiming at improved production 
processes. 
Apart from this systematic contamination of the natural system, Spain has 
also experienced some calamities with dramatic environmental impact: an 
offshore ship disaster with diesel leakage, a waste lagoon dam break are some 
examples of disasters with terrible impacts, partly because of the lack of 
control and of emergency plans. 
 
Agriculture is responsible for 80% of Spain's total fresh water consumption. 
Water losses in agriculture are high due to evaporation and leaks in 
distribution networks. As agriculture is an important factor for Spain's 
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economy and therefore forms a powerful body, no government has imposed 
any limitations on its water use nor enforced large-scale modernisations in its 
irrigation system. The solution was traditionally sought in the construction of 
more reservoirs. 
 
One could say that the main objective in Spain's water management has 
always been the meeting of the water demands. It is exactly this approach, in 
combination with climatic change that have led to all kinds of water related 
problems: regional water deficits, (especially in the south east) contamination, 
floodings, while deforestation (in order to transform forests into agricultural 
land) resulted in erosion. 
The several years of extreme drought that have occurred since the mid 
nineties and the expected climatic change have led to the belief that a radical 
change in water management was necessary. Sustainability, along with water 
savings and conservation are steering principles in the new approach to water 
management which has been described in detail by the White Book of Water 
and the National Hydrologic Plan. 
An example of this new approach to conserve fresh water resources is the 
central government's decision to use Spain's knowledge in desalination 
technology in order to overcome the water deficits. Furthermore, programs 
have been started to increase the citizen's awareness that water is a limited 
natural resource. Sustainability is now to play an important role in water 
related projects. 
Spanish water and environmental laws meet the EU-standards. However, 
lack of control in complying with the laws still form a serious problem. 
 
Most interesting regions to study in more detail in phase 2 are the 
Confederación Hidrográfica del Ebro, the Confederación Hidrográfica del 
Segura and the Confederación Hidrográfica del Guadalquivir. 
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1 Introduction 

1.1 Formulation of the problem 
In Spain, as in many other countries, the consequences of changing 
temperature and precipitation regimes can easily be detected: reservoirs only 
partially filled, dry riverbeds, crop failures, desertification, but also floodings. 
Climate change and its consequences (e.g. rationing of drinking water) have 
become hot items in Spain. Both national, regional and local press pay 
attention to water almost on a daily base. Judging by what newspapers say, 
water quality seems to be of minor importance. 
 
Being a mediterranean country, Spain has always had to deal with low 
precipitation and high evaporation rates. Within the country, large regional 
variation exists however. In the northwest, precipitation is as high as 2,400 
mm/yr, while in the southwest, yearly precipitation sometimes doesn't reach 
100 mm/yr. 
 
In the 1930s, agriculture was a very important sector, which employed the 
major part of the working population active. However, in the southeast, 
meteorological circumstances did not favour agriculture. To give this zone an 
agriculture boost, already in 1933 a National Hydrological Plan (PHN) was 
drawn up, planning to transport water from the North to the South by 
building channels, agriculture being the main beneficiary. Particularly the 
eastern and southeastern parts of Spain would act as recipient areas. 
Propositions in the 60s and 70s add urban and industrial demands as 
essential elements to the plan. The rough draft of the Law of the PHN (1993) 
adds the environmental conservation as leading principle in the discussion on 
transfers of water. The report states that the use of water for environmental 
objective may not be regarded as any other water demand. It should rather be 
considered as a limitation of available water resources. 
These considerations originated from a point of view of water quantity. 
Nowadays, it is inevitable that water quality and the effects on the 
environment also form criteria in determining the pros and cons of large-scale 
water transfers. 
The actual PHN is based on the Plan presented in 1993. Since then, the 
circumstances in hydrological planning have altered substantially. The most 
striking difference is the approval of the Hydrological Plans of the Catchment 
(Planes Hidrológicos de la Cuenca) in which the River Authorities 
(Confederaciones Hidrográficas) present, on a regional scale, solutions to the 
hydrological problems (groundwater, surface water, water quantity, water 
quality, ecology, water supply). Other relevant differences are the changing of 
the Water Law (1999), the completion of the Libro Blanco del Agua, legislative 
reforms, technological improvements and the elaboration of some extensive 
technical documents on national planning. For a good part, these documents 
are based on modern hydrological points of view. Finally, the approval of the 
Water Framework Directive of the European Union required an adaptation of 
the 1993 PHN. 
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During the last 15 years, not only the situation with regard to hydrological 
planning has changed; about 70 years after the first PHN, the hydrological 
situation has changed as well, be it in negative sense. The actual droughts 
form a threat to more people, the area of agricultural land has expanded, 
while the available water resources have not increased. This has led to the 
situation that even tourism – one of the main economical factors- is 
experiencing serious problems due to water insufficiency. 
 
Due to expected climate change, actual water problems may become so 
serious in the future that current methods of water supply may no longer 
guarantee a reliable, uninterrupted supply of water. In order to deliver water 
with a high level of compliance with standards and of minimal risk to human 
health these methods may need to be adapted. 
 
In 2004, the Spanish government decided to turn to desalination plants in 
order to overcome the water deficits. Recently, a plan was presented to build 
tens of thousands of apartment complexes along the coast, which inevitably 
will lead to a further increase of water consumption. It is precisely along the 
Spanish coasts where most serious water problems occur, due to tourism (e.g. 
drinking water leading to peak use in summer, golf courses demanding large 
water volumes). 
 
This report presents a picture of both the actual problems in the field of water 
in its broadest sense in Spain and the ways Spain's authorities intends to cope 
with these problems in order to manage well functioning water supply 
systems. 

1.2 Objectives 
The TECHNEAU case study Spain will be realized in two phases. This report 
presents the results of the first phase of the project which serves three 
objectives: 

1. map out the recent climatic changes in Spain; 
2. map out the relevant recent developments in Spain within the six 

"SEPTED-fields" 
3. map out the present hydrological situation in Spain; 

 
Based on the results of the third objective, three regions with a variety of 
problems related to water are to be selected. These problems may be related 
to groundwater, surface water, water quality, water quantity, drinking water, 
distribution etc.  

1.3 Additional comments 
The two phases of the TECHNEAU case study Spain are: 
 
Phase 1 
Determination of past trends in availability and quality of water resources in 
Spain. By means of six SEPTED-factors (Socio-cultural, Economical, Political, 
Technological, Ecological and Demographical) Spain's recent history will be 
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described. In this phase, recent changes in temperature and precipitation will 
be taken into account as well. 
 
Phase 2 
Elaboration of both the consequences of climate change for drinking water 
production in Spain and the measures proposed to guarantee a sound water 
supply (from source to tap) 
Analysis of the main SEPTED factors that may lead to changes in drinking 
water production in three specific regions in Spain. For the same regions, the 
consequences of un unchanged operational management in drinking water 
production will be determined, as well as the measures proposed in order to 
be able to guarantee the reliable supply of high quality water for the next 
generations. 
 
This report describes the activities and results of the first phase. Chapter 2 
presents the recent climatic development in Spain. Chapter 3 deals with the 
historical SEPTED analysis, while in chapter 4, the current hydrological 
situation in Spain is described. This is done on national scale. A description 
on regional scale can be found in Annex B. 
 
In order to draw up this report, many documents have been studied. Besides, 
much information has been obtained from the internet. Quotation of the 
sources used throughout the text would decrease the readability of the report 
considerably. Therefore, the sources referred to are only mentioned in the 
Bibliography (Chapter 5). Sometimes, information was obtained from 
institutes, either directly or from documents mentioning data having been 
provided by these institutes. These institutes are included in Chapter 5 as 
well. Where possible, sources of the figures have been mentioned. 

1.4 List of abbreviations 
Throughout the report, the following abbreviations are used: 
 
AGUA Actuaciones para la Gestión y la utilización del Agua; Water 

Management and Utilization Actions 
AOGCM Atmosphere Ocean General Circulation Model 
ATS  Acueducto Tajo – Segura; Transfer Tagus – Segura 
CA   Comunidad Autónoma 
CED  Centre d'Etudis Demogràfics; Centre for Demographic Studies 
CH   Confederación Hidrográfica; River Authority 
COAS  Control Oficial de Abastecimientos; Official Control of Water 
Supply 
EIA  Environmental Impact Assessment 
EPA  Encuesta de Población Activa; Active Population Inquiry 
FEWS   Flood Early Warning System 
HadCM3 Hadley Centre Coupled Model, version 3 
INE  Instituto Nacional de Estadística; National Institute for 
Statistics 
INM  Instituto Nacional de Meteorología; National Meteorological 
Institute 
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ITGE Instituto Tecnológico Geominero de España;  Spanish 
Technological Mining Institute 

MMA  Ministerio de Medio Ambiento; Ministry of Environment 
PHC  Plan Hidrológico de la Cuenca; Hydrological Plan of the 
Catchment 
PHN  Plan Hidrológico Nacional; National Hydrological Plan 
PNSD Plan Nacional de Saneamiento y Depuración; National 

Sanitation and Treatment Plan  
Red COCA Red de Control de Calidad de las Aguas Superficiales; Surface 

Water Quality Monitoring Network 
Red ICA Red Integral de Calidad de las Aguas; Integrated Water 

Quality Network  
ROCAS Red Oficial de Control de Calidad de las Aguas Subterráneas; 

Official Groundwater Quality Monitoring Network 
SAIH Sistema Automático de Información Hidrológica; Automated 

Hydrological Information System 
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2 Spain’s climate 

2.1 Introduction 
This chapter describes the past and current climate in the mainland of Spain, 
thus excluding the Canary Isles, the Balearics and the two Spanish enclaves in 
north Africa, Ceuta and Melilla. In order to better understand the climate 
types, section 2.2 first describes the topography of the country. Section 2.3 
presents the current climate, including temporal fluctuations and spatial 
variations, while section 2.4 ends up this chapter with an analysis of recent 
changes in climate in Spain in the period 1971 - 2001. Figure 2.1 serves to 
place the topographical names used in this chapter. 
 

0 100 km0 100 km0 100 km

 

2.2 Physical description 
Spain is one of Europe's larger countries with 492,503 km2, so it is not 
surprising that it experiences several climatic types: continental, maritime, 
and Mediterranean. To understand the climate, one must be somewhat 
acquainted with the Spanish topography (Figure 2.2). 
 
Spain covers the major part of the Iberian peninsula, and also includes the 
Balearic and Canary Isles, as well as the African territories of Ceuta and 
Melilla. The mainland lies within the northern latitudes of 36º00’03’’ and 
43º47’24’’, and the longitudes of 9º17’56’’W and 3º19’13’’E. 

Figure 2.1 Main rivers, regions and cities 
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Three main topographical regions can be defined within the peninsula: (1) the 
inner part (Meseta Central), which is formed by two high plateaus, divided 
by the Sistema Central mountain range, (2) the northern coast, and (3) the 
southern and eastern areas. The inner part features a continental climate, with 
hard winters and hot summers. Average rainfall is around 500 mm per year, 
and mean temperatures range between 5 and 25ºC. Most of this area is 
occupied by crops (olives, grapes and cereals) and pasture land.  
The northern coast has an Atlantic climate, with higher precipitations, and 
milder temperatures. Land is devoted mainly to pastures.  
As for the southern and eastern regions, their climate is Mediterranean, with 
warm temperatures and little rainfall. Here, the most cultivated crops are 
olives, citrus, and horticultural products.  
 
All three areas feature large extensions of natural vegetation, a large part of it 
characteristic of the Peninsula. Several protected areas exist, some of which 
have been declared to be of special value by international institutions, due to 
their high-value biodiversity. Forests make up some 30% of the land, half of it 
corresponding to timber forests, and the rest being low forests, or 
Mediterranean forest. The main timber species are pine and eucalyptus, while 
in natural forests other species like the oak and chestnuts are also 
predominant.  
 

Figure 2.2 Topography of the Iberian peninsula 
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2.3 Present climate 
The locally generated continental climate covers the majority of peninsular 
Spain, influencing the Meseta Central, the adjoining mountains to the east 
and the south, and the Ebro-basin. A continental climate is characterized by 
wide diurnal and seasonal variations in temperature and by low, irregular 
rainfall with high rates of evaporation that leave the land arid. Annual 
rainfall generally is thirty to sixty-four centimetres; most of the Meseta region 
receives about fifty centimetres. The northern Meseta, the Sistema Central, 
and the Ebro Basin have two rainy seasons, one in spring (April-June) and the 
other in autumn (October-November), with late spring being the wettest time 
of the year. In the southern Meseta, also, the wet seasons are spring and 
autumn, but the spring one is earlier (March), and autumn is the wetter 
season. During the wet seasons, rain is irregular and unreliable. Continental 
winters are cold, with strong winds and high humidity, despite the low 
precipitation. Except for mountain areas, the northern foothills of the Sistema 
Ibérico (see Figure 2.2) are the coldest area, and frost is common. Summers 
are warm and cloudless, producing average daytime temperatures that reach 
21° C in the northern Meseta and 24 to 27° C in the southern Meseta; night 
time temperatures range from 7 to 10 ºC. The Ebro Basin, at a lower altitude, 
is extremely hot during the summer, and temperatures can exceed 43 ºC. 
Summer humidity is low in the Meseta Central and in the Ebro Basin, except 
right along the shores of the Ebro where humidity is high. 
 
Temperature 
Figure 2.3 shows the mean annual temperature in Spain over the period 1971 
- 2000. 
 

Mean Annual
Temperature
(1971 – 2000)

Mean Annual
Temperature
(1971 – 2000)

 

Figure 2.3 Annual mean temperature (source: INM) 
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Although the distribution of the mean annual isotherms provides quite a 
good reproduction of the hypsometric map, the latitudinal differences 
between northern and southern Spain, even excluding the Canary Isles, along 
with the different characteristics of the Atlantic ocean and the Mediterranean 
sea, give rise to certain differences. From Figure 2.2 it is clear that 
• along the eastern Mediterranean coast, mean annual temperature 

ranges from 15ºC in some sectors of the Catalonian coast to 18ºC on 
the coast of Almeria, whereas on the Balearic Isles, the values next to 
the sea are between 16 and 18ºC;  

• the mean annual temperature can be negative above an altitude of 
2,800 m in the northern half of the Peninsula (Pyrenees) and in 
shaded areas above 3,100 m in the south (Sierra Nevada);  

• the northern plateau presents values of between 10 and 12.5ºC and 
the southern plateau, between 12.5 and 15ºC, in general;  

• the lowlands of the Ebro basin have mean annual temperatures a 
little above 14ºC, those of the Guadalquivir valley are between 17 
and 18ºC. Temperatures in Extremadura are slightly over 16ºC;  

• the values decrease in the coast-inland direction;  
• the values increase from north to south, at equal altitude;  
• inland, values decrease from west to east. 

 
Precipitation 
Modest amounts of precipitation fall in vast areas of the territory and have a 
high temporal and spatial variability. The mean annual total has traditionally 
been used to distinguish three large zones: rainy Spain, dry Spain and 
semiarid Spain. The dividing line between the rainy and dry parts of Spain is 
usually established by the 800 mm isohyet (line of equal precipitation) and, in 
some cases, the 600 mm or intermediate one. The dividing line between dry 
Spain and semiarid Spain is established by the thresholds of 300 or 350 mm. 
The representation of three categories is not perfectly separated in space, but 
is interspersed in numerous sectors. Thus, the map of mean annual rainfall in 
Spain is a very complex one, with many enclaves with high or low 
pluviometry inserted into regions presenting the opposite sign (Figure 2.4). 
Rainy Spain fundamentally comprises, in a continuous manner, almost all of 
the north and northwest of the country. In most cases, mean values are above 
1,000 mm, and in the sectors most exposed to wet maritime airflow, 2,000 mm 
can be surpassed. There are also numerous sectors of the peninsula and even 
of the islands, that surpass the threshold of 800 mm, almost always in 
mountain ranges.  
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The largest area, dry Spain, occupies a huge area in the centre of the Iberian 
Peninsula, taking in the flatlands of the two Plateaus, the lowlands of the 
Ebro basin, the Guadalquivir Basin, and much of the eastern coast, except for 
the southeast and the southern Mediterranean and south Atlantic coasts. 
Values of around 500 mm are quite frequent in dry Spain.  
Semiarid Spain is represented mainly by the southeast of the Peninsula, that 
is, much of the province of Almeria and sectors of Murcia, Granada and 
Alicante. There are also some small enclaves in the Ebro and Duero basins. 
 
Seasonal variations 
The mean values of temperature and rainfall are important indicators of the 
climate as are the seasonal distributions of these data. Figure 2.5, based on 
regional climate models, shows the mean temperatures (left) and 
precipitation (right) in winter (DJF) and summer (JJA) simulated by the 
AOGCM HadCM3 (upper row), by the Climate Research Unit (CRU) of East 
Anglia University (middle row) and by the Promes model (lower row). In all 
cases, the period simulated is 1961 – 1990. Note that the colours and values in 
temperature scales per model are different on each map, but those for 
precipitation are the same. 
 

Figure 2.4 Mean yearly precipitation in mm (source: INM) 
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The figure shows that, according to HadCM3, mean temperature in winter is 
12 – 16 º lower than mean summer temperature. CRU-figures render similar 
results, while Promes presents variation slightly lower. Broadly speaking, 
temperature increases from the north to the south, both in winter and in 
summer. According to the three regional climate models, variation in 
temperature is higher in the south than in the north. 
As to precipitation, the models show comparable results. The west-to-east 
decrease that prevails during the winter months shifts to a north – south 
gradient during summer. 

2.4 Recent changes in climate 
In order to illustrate the climatic differences within Spain, an analysis was 
made of changes in temperature and precipitation for both the summer 
months (June, July, August) and the winter months (December, January, 
February) for the period 1970 – 2000. Figure 2.6 shows the evaluation of these 
parameters. For this analysis, data were used from four remote regions in 
Spain: the northwest (Pontevedra), the northeast (Huesca), the southwest 
(Jerez de la Frontera) and the southeast (Murcia). As Figure 2.3 and Figure 2.4 
already showed expressly, these regions show different patterns in both 
temperature and precipitation. In order to be able to analyse the patterns 
adequately, trend lines have been added for each region. 
The two figures on the left show the changes in mean temperature in summer 
(upper diagram) and winter (lower diagram). Mean summer temperature 
shows an increase of about 2 degrees for the northwestern, the southwestern 

Figure 2.5 Comparison between mean temperature (º C) and precipitation (mm/d) in winter and summer (source 
Ministerio de Medio Ambiente, 2005) 
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and the southeastern parts of Spain. In Huesca (in the Pyrenees), no change in 
mean summer temperature was registered. 
In the winter months, increase is more moderate: the mean temperature 
increased in the south by about half a degree. In the northeast, increase was 1 
degree, while in the northwestern no significant change took place. 
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As for the precipitation figures, note that the vertical scales are different. 
Main precipitation takes place in the winter, recharging the natural water 
resources. Therefore, changes in winter precipitation have a bigger impact 
than those in mean summer precipitation.  
In summer, precipitation decreased all over Spain. Already quite low in 1971, 
it decreased by about 10 mm for all stations except Huesca, where decrease in 
precipitation was 30 mm (about 60 %!). 
Mean winter precipitation fell from 260 mm to 160 mm in the northwest 
(Pontevedra), the wettest region of Spain. In the northeast, decrease in 
precipitation was about 15 mm, while precipitation increased by about 15 mm 
in the two southern regions. 
 
Thus, in terms of regional differences, one can state that temperature 
increases from north to south in the summer. In winter, temperature in the 
various regions is more or less the same (10 – 12 ºC), except for Huesca, which 
is located in the southern foothills of the Pyrenees. 
In the southeastern part, the combined effect of rising temperature (higher 
evapotranspiration rate) and low precipitation is most perceptible. 
Desertification is advancing and people move, leaving behind lands more 

Figure 2.6 Historical evolution of precipitation and temperature (source MMA) 
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difficult to cultivate every year. In the region around Jerez de la Frontera, 
effects are less dramatic, as precipitation is higher and furthermore, the rivers 
Guadalquivir and Guadiana have their lower courses here. 
In the northern parts, mean summer and winter temperatures (and hence 
evaporation) are lower. Although steadily in decline since the 70s, 
precipitation in Pontevedra is still extremely high. In Huesca precipitation is 
lower, but spread evenly over the year. 
The peak precipitation in the winter of 1996-1997 in Jerez de la Frontera (3 – 4 
times the normal value) was caused by an exceptional 20 days´ snow event, 
the peak in Pontevedra (2 times the normal value in 1978) by a prolonged 
rainy period. 
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3 Historical SEPTED-analysis 

3.1 Introduction 
Based on the idea that knowledge of the (recent) past is the key to understand 
the present and predict the future, this chapter gives insight in developments 
in various aspects of Spanish society since 1975. A so-called SEPTED-analysis 
is a useful tool to provide this insight. Such an analysis comprises the driving 
forces behind changes in a society: Socio-cultural, Economical, Political, 
Technological, Ecological and Demographical aspects. 
 
The year 1975 has been chosen as starting point for the analysis because it was 
the year that Franco died and Prince Juan Carlos de Borbón became King of 
Spain. Obviously, the change from a dictatorial regime to a democracy has 
brought about enormous changes in all fields of Spanish society. 
For the sake of a sound understanding of the developments it was in some 
cases necessary to mention events that took place before 1975. If possible, 
attention has been paid explicitly to the influence of the changes in the 
SEPTED-factors on water management. 
 
Most of the SEPTED-developments that have taken place since 1975 cannot be 
placed exclusively in one of these fields. Rather, a certain overlap exists. For 
example: large-scale migration from the countryside to big cities lead to socio-
cultural and economical changes, while the phenomenon itself is 
demographic. Therefore, it is inevitable that some of the descriptions overlap 
as well. 
 
After the restoration of democracy, the changes in everyday Spanish life were 
as radical as the political transformation. These changes were even more 
striking when contrasted with the values and social practices that had 
prevailed in Spanish society during the Franco years, especially during the 
1940s and the early 1950s. In essence, Spanish social values and attitudes were 
modernized at the same pace, and to the same degree, as were the country's 
class structure, economic institutions, and political framework.  

3.2 Socio-cultural aspects 
Well into the 1980s, Spain was quite a conservative and in many ways a 
traditional country. Church and State had not been separated for almost 40 
years and even nowadays, the influence of Catholicism is still tangible in 
education and politics. The very conservative Opus Dei has enormous 
influence in many aspects of Spanish society, although this will never be 
recognized publicly. 
Spanish social values under Franco were very conservative. Both public laws 
and church regulations enforced a set of social structures aimed at preserving 
the traditional role of the family, distant and formal relations between the 
sexes, and controls over expression in the press, film, and the mass media, as 
well as over many other important social institutions. By the 1960s, however, 
social values were changing faster than the law, inevitably creating tension 
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between legal codes and reality. Even the church had begun to move away 
from its more conservative positions by the latter part of the decade. The 
government responded haltingly to these changes with some new cabinet 
appointments and with somewhat softer restrictions on the media. Yet 
underneath these superficial changes, Spanish society was experiencing 
wrenching changes as its people came increasingly into contact with the 
outside world. To some extent, these changes were due to the rural exodus 
that had uprooted hundreds of thousands of Spaniards and had brought 
them into new urban social settings. In the 1960s and the early 1970s, 
however, two other contacts were also important: the flow of European 
tourists to "sunny Spain" and the migration of Spain's workers to jobs in 
France, Switzerland, and West Germany. The result was an increase of 
inhabitants in the big cities and along the coast. 
Even for several years after the transition, Spain possessed a socioeconomic 
class structure typical of countries entering the advanced stage of 
industrialization. In general terms, society was becoming more differentiated 
along class, occupational, and professional lines, with an expanding middle 
class and a decreasing proportion of rural poor. Although Spain had not yet 
reached the degree of social differentiation seen in other advanced industrial 
democracies in Western Europe, it was clearly moving in the same direction. 
As in other areas, however, Spain was modernizing in a distinctly Iberian 
style, retaining some important social characteristics from an earlier era. 
Although Spaniards experienced many of the same social and class cleavages 
that occurred in other advanced industrial societies, they retained a 
distinctive commitment to greater income equality. 

3.3 Economical aspects 
Spain was a latecomer to economic and industrial modernization. Early in the 
twentieth century, economic progress was made in fitful starts, but in the 
1960s the process of renewal began in earnest. Before then, the Spanish 
economy was one of the most underdeveloped in Western Europe, and it was 
sometimes characterized as a Third World economy. A spectacular period of 
growth and modernization during the 1960s and the early 1970s profoundly 
transformed the Spanish economy, bringing it much closer to the West 
European consumer society prototype. However, in late 1975, when the 
authoritarian rule of Franco came to an end, and democratic processes were 
restored, there were huge increases in the price of imported oil upon which 
Spain was heavily dependent for its energy needs. Vigorous economic 
expansion was replaced by recession, stagnation, and a dizzying increase in 
the number of unemployed wage earners.  
In the 80s, the government started a program of industrial renewal and 
economic modernization and lowered the rate of inflation. Spain's accession 
to the EC on January 1, 1986, was a driving force behind the country's 
accelerated modernization effort. Efforts to modernize and to expand the 
economy were greatly aided by a number of factors that fostered the 
remarkable economic boom of the 1980s: the continuing fall in oil prices, 
increased tourism, a sharp reduction in the exchange value of the United 
States dollar, and a massive upsurge in the inflow of foreign investment. In 
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the second half of the 1980s the economy experienced a growth rate and a 
level of foreign capital investment that were the highest in Europe. 
 
As Figure 3.1 shows, since 1970 Spain has been transformed from a rural, 
backward, agricultural country into a nation with a diversified economy with 
strong service sectors. 
Today, the economy of Spain is the fifth largest in Europe, accounting for 
around 9% of EU output. Per capita income, at 78% of the EU average is 
among the lowest in the EU, although it is well ahead of Ireland, Portugal and 
Greece. Spain's main trading partners are France, Germany and Italy for 
exports and Germany, France and Italy for imports.  
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Figure 3.1 Historical evolution of employment distribution per sector (source: EPA) 

 
The Basque country and Catalonia are the Spanish economy's main industrial 
regions and just five of Spain's provinces (Barcelona, Biscay, Madrid, Navarre 
and Oviedo, all situated in the north and east) produce over half the country's 
industrial output. Catalonia, where some 85% of companies are located in 
Barcelona, is Spain's economic powerhouse and one of Europe's most 
important industrial regions. Figure 3.2 gives insight in the regional 
distribution of the income per capita in US$, 1996. Spain's mixed capitalist 
economy supports a Gross Domestic Product that on a per capita basis is 
three-fourths that of the four leading West European economies. 
 
In the early nineties, Spain experienced one of the worst recessions in the EU, 
resulting in falling output, reduced investment, an increasing public deficit, 
numerous bankruptcies, and rising inflation. In 1993 it was also the end of the 
seven year EU 'honeymoon' transition period, during which the country's 
tariffs and quotas on EU imports were phased out, thus exposing the 
economy to the full force of EU competition. Huge investment was needed for 
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Spain's infrastructure, including roads, railways, airports, water supply and 
communications and the country received $22.8 billion between 1995 to 1999 
from the EU specifically for this purpose.  
 
Spanish industry is firmly rooted in small and medium sized family concerns 
and has only three companies in Europe's top 100 (Telefónica, Endesa and 
Repsol) and a further six in the top 300. It is significant that Spain's economy 
hasn't got one manufacturer among Europe's largest companies and most 
manufacturers are too small to compete globally. Spain has relied heavily on 
foreign investment (three-quarters of it in Barcelona and Madrid) for much of 
its recent growth, although many investors turned their backs on Spain 
during the recession. Over 30% of Spanish industry is foreign-owned, 
including some 50% of its food production which is mostly French owned.  
 
The Spanish economy is handicapped by its lack of modern machinery and 
technology (over 90% of Spanish industrial plants is out of date and needs 
replacing), particularly computer technology, coupled with poor efficiency 
and organisation. All Spain's economies largest companies are state-owned 
and loss making, and include the national airline, Iberia, steel foundries, 
munitions, petrochemicals, mining and chemical companies. Main water 
consuming industries are the chemical (35.5%), the paper (15.2%) and the 
metal (15.0%) industry. 
 

 

 

Figure 3.2  Distribution of the income per capita in US$ (source El País, 1999) 
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In the early 90s the government started the long process of privatising state 
owned companies. Spain's dependence on agriculture has diminished in the 
last few decades, while tourism and other service industries have grown 
considerably in importance. In 1993 agriculture accounted for just 3.5% of 
GDP and employed some 10% of the workforce, almost half of the figure for 
1985 and down from 27% in 1960 when around 40% of the population worked 
in agriculture). One third of the workforce is employed in industry, while 
services account for some 60% of jobs. 
 
Spain's most important industries include tourism, chemicals and petro-
chemicals, heavy industry and food and beverages. Spain is Europe's fourth 
large manufacturing country after Germany, France and Italy. Tourism and 
property development are among the principal growth areas. Tourism is one 
of Spain's most important industries, especially in Andalusia, earning about 
4% of the GDP and employing some 10% of the workforce, both directly and 
indirectly.  
 
The country is also the world's largest producer of olive oil, fourth largest of 
dried fruit and the sixth largest of citrus fruits. Spain's vineyards are the 
largest in the world and some 60% larger than France's, although it's only the 
fourth highest producer of wine-grapes and ranks third in wine production. 
Other important crops include barley, wheat, maize, rice, potatoes, sugar-
beet, peppers, avocados, tomatoes, tobacco, hops, oil bearing fruits and cork. 
Spain, with an area of 505,000 km2, has over three million hectares (6%) of 
land under irrigation and employs widespread artificial watering which often 
isn't cost effective. Spanish farmers have been particularly badly hit by falling 
prices and drought in recent years. 
 
In the last years Spain has been forced to live within its means and state 
spending has been slashed to control the soaring budget deficit. Like many 
European countries, Spain has found that it can no longer afford to pay the 
high social security benefits that its citizens have become accustomed to in the 
last few decades and this continues to be one of the most pressing concerns of 
the current government – together with revamping the antiquated labour 
laws which stifle small business incentive.  
 
Since the mid 1990s, the government has continued to advocate liberalization, 
privatization, and deregulation of the economy and has introduced some tax 
reforms to that end. Unemployment, nonetheless, remains the highest in the 
EU at 16%. The government, for political reasons, has made only limited 
progress in changing labour laws or reforming pension schemes, which are 
crucial to the sustainability of both Spain's internal economic advances and its 
competitiveness in a single currency area.  
 
The wealth of the country is not distributed evenly. Imagine a line drawn 
from about the middle of the north coast, in Asturias, southeastward to 
Madrid, and then to Valencia (Figure 3.2). To the north and east of the line 
lived the people of Rich Spain, an area already substantially modernized, 
industrialized, and urbanized, where the transition to an information and 
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services economy was already well under way in the 1980s. To the south and 
west of the line lay Poor Spain, where agriculture continued to dominate and 
where semi-feudal social conditions could still be found. To aggravate this 
cleavage still further, Rich Spain, with the exception of Madrid, tended to be 
made up disproportionately of people who felt culturally different from the 
Castilians and not really "Spanish" at all.  
 
Indicators of economic disparity are strong reminders that not all Spaniards 
shared in the country's economic miracle. The CAs of Catalonia, the Basque 
Country, and Madrid accounted for half of Spain's gross national product 
(GNP) in the late 1980s. Income per capita was only 55 percent of the Catalan 
level in Extremadura, 64 percent in Andalusia, and 70 percent in Galicia. In 
Galicia, 46 percent of the population still worked on the land; in Extremadura 
and the two Castilian regions, 30 to 34 percent did so; but in Catalonia and 
the Basque Country, only 6 percent depended on the land for their livelihood. 
In Andalusia, unemployment exceeded 30 percent; in Aragon and in Navarre 
(Spanish, Navarre) it ran between 15 and 20 percent. A 1987 report by Spain's 
National Statistics Institute revealed that the country's richest CA, Madrid, 
exceeded its poorest, Extremadura, by wide margins in every economic 
category. With the national average equal to zero, Madrid's standard of living 
measured 1.7 while Extremadura scored -2.0; in family income, the values 
were Madrid 1.0, Extremadura, -2.1; in economic development, Madrid, 1.7, 
Extremadura, -2.0; and in endowment in physical and human resources, 
Madrid, 1.4, Extremadura, -1.7. 
 
Price of drinking water 
Like distribution of wealth, the prices for drinking water are not equal 
throughout Spain. Table 3.1 presents the price for drinking water for 2002 and 
2003 per CA. 

Price in euros/m3  
2001 2002 2003 

Andalusia 0.64 0.69 0.79 
Aragon 0.59 0.62 0.66 
Asturias 0.55 0.59 0.65 
Illes Balears 1.45 1.48 1.42 
Canarias 1.66 1.67 1.68 
Cantabria 0.52 0.55 0.60 
Castilla y León 0.45 0.49 0.53 
Castilla – La Mancha 0.48 0.52 0.57 
Catalonia 0.91 0.98 1.04 
Comunidad Valenciana 0.72 0.78 0.83 
Extremadura 0.74 0.76 0.73 
Galicia 0.60 0.61 0.62 
Madrid 0.76 0.81 0.86 
Murcia 1.02 1.08 1.08 
Navarre 0.59 0.63 0.73 
País Vasco 1.09 1.14 1.15 
Rioja 0.42 0.44 0.54 
Ceuta y Melilla 0.63 0.68 0.74 
Spain 0.76 0.81 0.86 
 

Table 3.1 Drinking water price per CA (source: website INE) 
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The average cost of drinking water in 2003 can be divided into 0.64 €/m3 for 
supply and 0.22 €/m3 for water treatment. Drinking water from desalination 
plants is more expensive than drinking water from surface water. Because 
technology has improved, prices have dropped over the last years. In 1995, 
the price for the consumer was 0.75 €/m3, while "conventional" drinking 
water cost 0.63 €/m3. In 2000, depending on the volume of water desalinated 
at a plant, the production price varies between 0.42 and 0.93 €/m3. In the 
same year, total costs (production and transport) were calculated to range 
from 0.60€ at the coast to over 1.80 € at the centre of Spain.  
The prices for the consumer of conventional drinking water also differs from 
one CA to another, as Table 3.1 shows. In Castilla and Leon, for example, 1 
m3 costs 0.53 €, while in the Canary Isles, the price is 1.68€. 
Figure 3.3, based on 1990 – 1991 data, clearly shows that water consumption 
in Spain is inversely related to the price water. 
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3.4 Political aspects 
In the decade after the death of Franco in 1975, Spain experienced several 
powerful transformations. The political transition from a rigid dictatorship to 
an active parliamentary democracy was widely acknowledged as a highly 
significant event in West European history. 
 
In 1978, the Constitution defined seventeen regions as autonomous 
communities, each of which includes one or more provinces. The autonomous 
communities vary greatly in size and population, as well as in economic and 
political weight as can be illustrated by the fact that Andalusia, nearly the size 
of Portugal, encompasses 17 percent of Spain's land area. Castilla La Mancha 
(larger than Ireland) and Castilla y Leon (larger than Austria) account for 15.6 

Figure 3.3 Relation between water consumption and water price (source: Libro Blanco del Agua) 
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and 18.7 percent, respectively, of Spain's total area. These three large regions 
combined account for about 52 percent of the country's total territory. No 
other autonomous region contains more than 10 percent of the total. The three 
richest, most densely populated and most heavily industrialized regions 
(Madrid, Catalonia, and the Basque Country) together account for 9.3 percent 
of the total. The remaining 40 percent is made up of two medium-sized 
regions Aragon and Extremadura, each of which holds 8 to 9 percent, and 
seven much smaller regions that together account for about 20 percent of the 
national territory. 
When defining the boundaries of the regions, regional economic disparities 
between "Rich Spain" and "Poor Spain" were also highly significant, and they 
continued to shape the country's political debate despite a century of efforts 
to redistribute the wealth of the country. 
 

 

The jurisdiction between central government and local governments is not all 
together clear. The areas enumerated as belonging under the exclusive 
jurisdiction of the national government include international affairs. Whereas 
the central government clearly is granted exclusive jurisdiction in these and in 
other matters, the provision that sets forth the rights of the CAs is stated in 
less precise language. It declares that these communities may assume 
authority (a more equivocal mandate) over certain areas. These include the 
organization of their own institutions of self- government, municipal 
boundaries, town planning, housing, public works, forestry, environmental 
protection, cultural affairs and organizations, tourism, sports and leisure 
events, social welfare, health and hygiene, and non-commercial ports and 

Figure 3.4 Autonomous Communities in Spain (source CSIC-IRNAS, 1999) 
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airports. In addition, the state may delegate to the communities part of its 
authority in areas reserved to its jurisdiction. Therefore, although the regions 
have very limited primary authority, the Constitution permits the extension 
of this authority by subsequent delegation.  
 
Administration in Water Management 
In 2004, newly elected prime minister Zapatero, announced a new water 
policy, a policy that would take into account both the economic value, the 
social value and the environmental value of water. The objective of this policy 
is to guarantee availability of good quality water, optimizing its use and 
rehabilitation of ecosystems. 

 
In the constitution, the tasks and competences of the representative instances 
have been established. 
 
The General Regulations for Public Water Management are: 

• Water is a public domain, but the State is its manager; 
• The State is responsible for water collection, decentralisation of 

responsibilities, coordination of projects, efficiency and users 
participation. 

• The State is responsible for river management, taking into account 
that some rivers are transboundary on the level of CAs. 

 
The tasks of the State in the field of public water management are: 

• Planning and execution of governmental plans regarding 
infrastructural projects; 

• The execution of measures aiming at complying with the 
international regulations regarding water works; 

• The granting of concessions and authorisations regarding water 
projects that are to be executed in several CAs. 

 
Its competences are: 

• Article 149.1.22 of the constitution: legalization, regulation and 
concessions of the water collection fall within the power of 
attorney of the State when the river runs through various 
provinces, as is the authorisation of electrical installations 
(collection, transport) when CAs have conflicting interests. 

• Article 149.1.24 of the constitution: the construction of public 
works for public interest or projects that may influence the interest 
of one or more CAs. 

 
The tasks of the Autonomous Communities in the field of public water 
management are: 

• Planning and execution of governmental plans regarding 
infrastructural projects; 

"... quiero anunciar una nueva política del agua, una política que tomará en consideración tanto el 
valor económico como el valor social y el valor ambiental del agua, con el objetivo de garantizar su 
disponibilidad y su calidad, optimizando su uso y restaurando los ecosistemas asociados." 
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• The execution of measures aiming at complying with the 
international regulations regarding hydrological affairs; 

• The granting of concessions and authorisations regarding water 
projects that are to be executed in its CAs; 

• The representation of users through associations of companies or 
consumers 

 
Its competences are: 

• Article 148.1.10 of the constitution: The realisation and 
management of projects in the field of water collection (digging of 
channels, exploiting water sources etc.) that serve the public 
interest of the CAs. 

 
The CAs have the authority to decide about the administration of its water 
resources. In some cases however, e.g. the exploitation of strategic resources, 
the National Congress must approve. The CAs have the authority to grant 
licenses to companies for starting the exploitation of mineral water. 
In the period 2004 – 2008, the CHs will be reorganised. A special commission 
will determine water prices per CH, based on real costs of water collection 
and treatment. The drinking water distribution will be improved and the 
control on waste water treatment and waste water discharges will be 
intensified. 
 
No explicit information has been found on interaction between CAs, CHs and 
drinking-water companies. This is an aspect that will be cleared in phase 2, 
when interviews with experts will be held. To make things more complex, 
farmers using irrigation form so-called irrigation communities, which, apart 
form being the biggest water users, are quite a powerful party when talking 
about water use. 

3.5 Technological aspects 
Only few real Spanish high-quality technological industries exist. After 1975 it 
still took some years before multinationals discovered the possibilities of the 
country, while Spaniards themselves simply did not have the know-how or 
the money to start such a business. One of the successful companies is 
Telefónica, a big player in the field of telecommunication. 
In 2004, in the whole of Spain 160,000 persons worked in the R&D sector, 
which is about 0.9% of the working population. In the statistics found, only 
high technology industries in Madrid, Barcelona, Navarre and the Basque 
country are included. These are the regions that have Gross Regional 
Products above Gross National Product. Investments in R&D in technology 
come from several groups, industry being the biggest investor  
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Nowadays, Spain occupies a solid, though not leading position in the 
European field of technology (development). Exceptions are 
telecommunications (Telefónica), solar energy (CIEMAT) and astronomy. 
Several international research teams are working on the Canary Isles where 
some of the world's largest telescopes are (being) built. In the field of 
desalination, the capacity of the desalination facilities in Spain (2,000 Mm3/d) 
is ranked 4th in the world. Only Saudia Arabia, the united States and the 
Untied Arab Emirates have a larger capacity. 
 
Environmental technology 
In the end of the 90s, Spanish experts mentioned that Spain had an arrear of 
about 5 years with respect to countries from the north of Europe in both 
consciousness and use of and willingness to invest in improvements in 
environmental technology. 
 
Spanish industry has been putting a lot of effort and costs in environmental 
technology lately: 1,000 M€ in 2000. The three major industrial water 
consumers (and biggest contaminators), chemical industry, metal industry 
and graphical and paper industry pay about 50% of these costs. Key words in 
the investments are reduction of emission, on which over 1/3 of the budget is 
spent. About 6% is reserved for installations to save and reuse water. Spain 
wants to reduce emissions by applying both end-of-pipe technology and 
clean technology (aiming at improved processes). 
In 2003, the Spanish Government spent 950 M€ on clean technology 
development. So-called Research Centres or Technology Centres promote this 
technology within the business world. Still, both supply and demand of 
technologically advanced environmental solutions are scarcely out of the egg. 
Expertise is sought abroad, amongst others in the Netherlands (Stork Agua, 
Paques and Nijhuis). 
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 Figure 3.5 Expenses (M€) on R&D in the period 1990 – 2004 (source: INE) 
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As for water, one of the objectives of the PHN is that new technology will 
result in an increase of water savings and a more efficient water use. This will 
facilitate the supply of drinking water to all inhabitants. Therefore, reuse of 
water and desalination of sea water and brackish water are expected to 
increase considerably during the next years. To make people and companies 
actually use this water, it has to have a fair price. Recently, new technologies 
have been developed which would make it possible to produce fresh water 
out of sea water for a price below 0.60 €/m3 (cost price). In 1990, this price 
was still 1.00 €. 
 
As far as water is concerned, it is well known that during recent years, 
between 80 – 85 % of all fresh water resources is used in agriculture. As the 
prices of water are still very low compared to those in northern Europe, users 
had no urge to use water thriftily. Nowadays, this is changing; amongst 
others in Basque Country and Catalonia, consumers and industries are 
encouraged to save water. At the same time, Spain is looking for ways to 
increase the amount of available fresh water, e.g. by importing large volumes 
of water from France (600 Mm3/yr) and the building of large desalination 
plants. 
A large variation exists in water quality. In most industries, waste waters are 
not treated at the source, explaining the high levels of nitrates, pesticides and 
residual products from chemical industries in the rivers. No information is 
found on special protection zones of water bodies for drinking water 
abstraction. 
A study by the Organisation of Consumers and Users (2002) showed that 30% 
of the drinking water (at the tap) contained toxic substances (trihalomethane 
(THM, an undesired by-product of water treatment by chloride), herbicides 
and volatile components). In February 2006, in 15 big cities, the level of THM 
exceeded the drinking water standard (150 µg/l). In another 15 big cities, the 
standard that will be in vigor as from 2009 (100 µg/l) was exceeded. Clearly, 
Spain is very concerned about the future should management remain 
unchanged. 
 
Since the 90s, Spain has been working hard on water management and on 
building water treatment plants. These have been built for industries, hotels 
and irrigation projects. In the public sector a lot of work remains to be done, 
although in the last ten years the biggest water treatment plant of the country 
has been built (capacity 420,000 m3/d) apart from numerous smaller 
municipal treatment plants. In 2015, about 1,000 of these small scale plants are 
planned to be operational. 
In the latest version of the National Hydrological Plan of Spain, emphasis lies 
on building of new desalination plants which use membrane techniques. At 
the moment, the capacity of the 900 plants installed is 1.54 Mm3/d. The 
capacity of most of these plants is inferior to 600 m3/d. According to figures 
of the INE, these installations function at only about 25% of their capacity. In 
2003, desalination plants supplied about 3% of all water used in Spain. 
In 2005, the Spanish government started a mega project constructing 26 new 
desalination plants. The first plants were operational in 2006 already, near 
Murcia and Alicante. The costs to produce fresh water are 0.50€/m3. For 



 

  
© TECHNEAU - 30 - March, 2007 

 

irrigation of agricultural land, a price of 0.30 €/m3 excluding transporting 
costs will be charged. Desalinated water being used for consumption or 
irrigation of golf courses will not be subsidized. 

3.6 Ecological aspects 
Spain's population is concentrated in some big cities and in a strip 10 km 
wide along the eastern coast from Gerona to Murcia. The rest of the country is 
very sparsely populated. As environmental awareness had not been 
developed until recently, people considered the almost uninhabited parts of 
Spain as natural waste sites: waste water was discharged directly on streams 
and rivers, while legal and illegal litter was dumped at municipal waste sites, 
normally located some kilometres out of the built-up area, but also at non-
official dump sites in the wild. "Out of sight" seems to be more important 
when getting rid of redundant machinery and furniture than the possibility of 
contaminating the environment. 
The next example touches upon one of the most serious problems in Spain 
with regard to environment: the practical absence of organized control of 
complying with the country's environmental regulations and inspection 
procedures (which are EU-proof). 
 
In 1981, Spain experienced a major public health disaster, a "toxic syndrome" 
still unexplained, but believed to be connected with the consumption of 
rapeseed oil intended for industrial use, but marketed by door-to-door 
salesmen as olive oil. More than 300 people died from this substance, and 
hundreds more were permanently disabled.  
The rapeseed tragedy was only one of a number of man-made or man-
aggravated disasters that Spain has experienced since it crossed the threshold 
into industrial society. Airplane crashes, train derailments, bus collisions, 
hotel fires, gas explosions, these and other tragedies were nearly 
commonplace in Spain. Far more people died in train accidents in Spain, for 
example, than in any other country in Europe. Spain suffered these disasters 
largely because of a combination of the advanced technology of an 
industrializing and urbanizing society, low standards of professional 
competence and private sector morality (themselves the product of rapid 
growth), and the state's unwillingness or inability to step in to regulate this 
increasingly sophisticated and complex society. Apart from the public health 
problem, environmental contamination is a problem of special importance. 
 
Rapid and uncontrolled industrialization and urbanization had left a legacy 
of air, water, and noise pollution that would take a major government effort 
many years to correct. The rivers flowing through Spain's major cities, such as 
Madrid or Bilbao, were little more than open sewers. One survey of Bilbao's 
Rio Nervion showed that 385 factories dumped their untreated effluents into 
it, and that the oxygen content was only 5 percent compared with the 60 
percent, needed to sustain fish. In Madrid, air pollution was a major problem 
during the late 1970s and the early 1980s, when the suspended particle count 
reached an average of more than 200 micrograms per cubic meter of air, 
compared with the government's recommended maximum level of 80. 
Bilbao's atmospheric carbon dioxide level was the highest of all the cities in 
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Western Europe. Air pollution was a problem, due to the heavy automobile 
traffic (in the late 1970s only seven countries in the world had more registered 
passenger cars than Spain), oil-fired space heating, and heavy industry.  
Although there had been significant improvement in environmental 
protection in such large cities as Bilbao and Madrid in the late 1980s, the mid-
sized industrial cities around the country were still experiencing rising 
populations and pollution at alarming rates. 
 
Spain keeps thirteen official National Parks. One of them, the Doñana 
National Park is Europe's largest wildlife reserve. Besides, tens of regional 
accorded natural parks exist and hundreds of wetlands of international, 
national or regional importance, especially in the south. Agreement exists on 
the obligation that these wetlands be protected. The PHC therefore provides 
measures to preserve the minimal ecological discharges (the volumes 
necessary to maintain or rehabilitate important ecologic values in wet 
ecosystems within the catchment). All of these wetlands have an official 
status, implying a certain degree of protection. However, as the pressure on 
the water from non-environmental uses is enormous, hardly any priority is 
given to environmental claims. Until now, no real studies have been 
performed in order to determine the minimal sanitary or environmental 
discharges. 
 
Wetlands form the most important exponent of ecology in southern Spain. 
Nowadays, these are threatened by uncontrolled dumping of solid and liquid 
waste, tourist overexploitation, and the use of the wetlands as land suitable 
for agriculture or urbanisation. Furthermore, the recent dry periods and the 
lowering of the groundwater table form a threat. This is illustrated by the 
developments in the wetland of the Mancha some 200 km south of Madrid 
(see section 4.3.2, Figure 4.4), proclaimed a wetland of exceptional 
international importance. This ecosystem, home to many water birds, is 
threatened by the decrease in hydraulic resources. In 1967 it consisted of 
25,377 ha of wetland, in 1984 this had decreased to about 13,400 ha. 
 
In April 1998, a waste lagoon dam of a lead-zinc mine in Aznalcóllar (south-
west Spain) breaks. Five million cubic metres of toxic sludge and acid waters 
flow over 60 kilometres of the Guadiamar River, the salt marshes, eliminating 
aquatic life and depositing heavy metals throughout the area. The avalanche 
of water and sludge is stopped just before arriving at the Doñana National 
Park.  
 
In November 2002, a Bahamian ship gets in trouble at a distance of 50 km 
from the Galician coast. While losing diesel oil already, it is towed into the 
open sea, thus contaminating about 200 km of Spanish coast line. A week 
later, the ship finally sinks, having lost at least 17 ton diesel oil. One month 
after the catastrophe, diesel still continues to wash ashore. Between 10,000 
and 15,000 sea birds are killed and the Iberian eagle is suddenly threatened 
with extinction. 
In spite of the plea of King Juan Carlos to really come to the Galician aid, 
Spanish politicians try to make capital out of the event, instead of acting. 
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Spanish soldiers have already returned to their barracks when foreign 
soldiers are still working, along with volunteers. 
 
These two events may be called symptomatic for the way Spanish politics 
deals with ecological disasters. Indications of calamities-to-be are too often 
not taken seriously, and once having occurred, it becomes evident that no 
adequate contingency plans exist. 
 
When good legislation does exist, this forms no guarantee that it is actually 
executed adequately: for most of the rivers in Spain a minimal ecological 
discharge has been determined, based on use of the water, and the ecological 
potentials of the river branch. According to all PHCs, these discharges have 
very high priority. However, when push comes to shove, in actual practice, 
people play fast and loose with these priorities. 
 
After Spain suffered some severe ecological disasters in the 90s, several 
ecological action groups have been founded. Judging by the amount of 
articles in the press and the number of magazines dedicated to ecology and 
the environment, these groups are organizing themselves quite professionally 
and are becoming a powerful voice in Spain. 
Other indicators of a changing consciousness in the field of ecology are 
environmental education children receive at school nowadays and the 
ecotourism that is increasing in those parts of Spain where nature is still 
unaffected by human interference.  
 
Chapter 4 and Annex B give more insight in the current state of ecology in 
relation to hydrology. 

3.7 Demographical aspects 
An important sign of cultural change after the transition involved the size and 
the composition of the family, which had interesting demographical 
consequences. To begin with, the marriage rate (the number of marriages in 
proportion to the adult population) has declined steadily since the mid-1970s. 
After holding steady at 7 per 1,000 or more for over 100 years, the marriage 
rate declined to about 5 per 1,000 in 1982, a level observed in West Germany 
and in Italy only a few years earlier. Fewer people were marrying in Spain, 
and the family structure was changing dramatically as well. 
In 1970, of the 8.8 million households recorded in the census, 59 percent 
consisted of small families of two to five persons, 15 percent were somewhat 
larger nuclear families that included other relatives as well as guests, and 10.6 
percent were households of unrelated individuals who had no nuclear family. 
Large families of more than three children were only 9 percent of the total.  
In a 1975 municipal survey that dealt only with families, the following results 
were registered: couples without children constituted 16 percent of all 
families; and two-child families made up 34 percent of the total. Although the 
number of family units increased more than 20 percent between 1970 and 
1981, the average size of the family decreased by about 10 percent, from 3.8 
persons to 3.5. The typical extended family of traditional societies (three 
generations of related persons living in the same household) hardly appeared 
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at all in the census data. Clearly, that characteristic of Spanish cultural values 
was a thing of the past. Figure 3.6 illustrates the demographical consequences 
of the cultural changes after the transition. 
Falling birth rates combined with an increased life expectancy produced a 
rapidly aging population that grew at an extremely slow pace. Spain also 
experienced massive shifts in the location of its people. Between 1951 and 
1981, more than 5 million individuals left the poverty of rural and small-town 
Spain. Many headed for the more prosperous countries of Western Europe, 
but the more significant flow was from farm and village to Spain's exploding 
cities, especially Madrid, Barcelona, and Bilbao.  
The poverty of rural Spain led to a marked shift in population as hundreds of 
thousands of Spaniards moved out of the poor south and west in search of 
jobs and a better way of life. Between 1951 and 1981, more than 5 million 
Spaniards left Poor Spain, first for the prosperous economies of France and 
the Federal Republic of Germany (West Germany), then for the expanding 
industrial regions of Spain itself. Nearly 40 percent, or 1.7 million, left 
Andalusia alone; another million left Castilla y Leon; and slightly fewer than 
1 million left Castilla-La Mancha.  
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By 1970 migrants accounted for about 26 percent of the population in Madrid, 
23 percent in Barcelona, and more than 30 percent in the booming Basque 
province of Alava. In the years after Franco's death, when the economies of 
some of the industrial areas, especially the Basque region, began to sour, 
some tens of thousands of these people returned to their provinces of origin. 
The majority of the migrants of the 1960s and the 1970s, however, were 
husbands and wives who had moved their families with the idea of staying 
for a long period, if not permanently. Thus, the great bulk of the migrants 
stayed on to shape the culture and the politics of their adopted regions. In the 
long run, this may turn out to be the most significant impact of the Spanish 
economic miracle on the country's intractable regional disparities.  

Figure 3.6 Population pyramids for 1975 and 2000 (source: CED) 
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During the last decade of the Franco era and the first decade of democracy, 
the population became steadily more urbanized, although Spain was already 
a fairly urban country even in the 1960s. Between 1965 and 1985, the 
population living in urban areas rose from 61 to 77 percent of the total, a level 
slightly higher than the average for the advanced industrial countries. 
Urbanization intensified during the 1960s and the 1970s, when cities grew at 
the rate of 2.4 percent annually, but the rate slowed to 1.6 percent during the 
first half of the 1980s. The mid-decennial census of April 1, 1986, showed that 
the Madrid area, accounting for 12.5 percent of the total population, 
continued to dominate the country. The six cities of over half a million 
(Barcelona, Madrid, Malaga, Seville, Valencia, Zaragoza) together accounted 
for approximately 19 percent.  
 
A comparison of population densities among the provinces (Figure 3.7) 
illustrates the drain of the rural population toward the major cities. In 1981 
Spain's overall population density was 79 persons per square kilometre, about 
the same as that of Greece or Turkey and far below the average of such 
heavily urbanized countries as West Germany. Population densities ranged, 
however, from the practically deserted interior Castilian provinces, like Soria 
(9 per square kilometre) and Guadalajara (12), to some of the most densely 
populated territory in Europe, such as Madrid (607 per square kilometre), 
Barcelona (592 per square kilometre), and Vizcaya (527 per square kilometre). 
In terms of the CA system, four regions -Madrid (4.9 million people), 
Catalonia (6.0 million), Valencia (3.8 million), and Andalusia (6.9 million)-
held 50 percent of the country's population in 1986. None of the remaining 13 
autonomous regions had more than 2.8 million people.  
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Figure 3.7 Population density in 2001 (source: INE) 
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In the 1960s and 1970s, internal migration concentrated primarily on the huge 
cities of Madrid and Barcelona, but by the 1980s a significant change began to 
appear in the migration data. An examination of the data for 1983 and 1984, 
years in which, respectively, 363,000 and 387,000 persons changed residence 
in Spain, revealed several trends. First, the major losers of population were 
small towns (of fewer than 2,000 inhabitants each), which sustained a 
combined net loss of about 10,000 people each year, and large cities (of more 
than 500,000), which together had a net annual loss of more than 20,000. 
Second, the major net gains in population were made by cities of between 
100,000 and 500,000, which had a net annual increase of more than 20,000. 
Third, all the other town or city size categories either had stable populations 
or experienced only small losses or gains. Thus, while provinces like 
Barcelona, dominated by a single huge city, actually lost population (more 
than 15,000 people in each of the years 1983 and 1984), provinces like Seville 
or Las Palmas, with large cities that had not yet reached the bursting point, 
experienced significant net immigration. This reflected a more mature form of 
population relocation than the simple frantic movement from the farm to 
Madrid or Barcelona that had characterized the earlier decades of the Spanish 
economic boom. 
 
A conclusion with regard to the demographic evolution of Spain until 2000 is 
that on a national scale, changes in population size are caused by falling birth 
rates combined with an increased life expectancy, while on regional scale, 
migration is the main cause. 
Since 2000 many South-Americans and Eastern Europeans have come to 
Spain. The vast majority works in the catering, thus it is not surprising they 
came to places where population density was already high: the big cities and 
the Mediterranean coast, thus increasing the pressure on the water resources 
even more. 
 
Figure 3.7 also reflects the regions where pressure on fresh water resources is 
highest. One must add to this figure the millions of tourists that visit Spain 
every summer, especially the big cities and the east coast. It will be 
understood that this puts extra pressure on the water resources that are 
already under enormous strain.  
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4 Actual hydrological situation 

4.1 Introduction 
This chapter presents the current hydrological situation in Spain. It is 
inevitable to include history of water management in order to better 
understand the relevance and underlying thoughts of decisions made at 
present. The next paragraph deals with the Plan Hidrológico Nacional (PHN 
– National Hydrological Plan). The last paragraph describes the actual water 
management in Spain. A more detailed overview of regional hydrological 
items is presented in Annex B. 

4.2 National Hydrological Plan 

4.2.1 Introduction 
For years and a day, Spain has seen itself confronted with periods of serious 
droughts. Franco sought the solution in constructing reservoirs, which could 
serve both for supply of water during dry periods and as electricity generator.  
Since the mid 90s, Spain has experienced the driest period ever recorded. 
Spain was finally waking up to the fact that its policy of exploiting more 
resources to meet the water demands would be disastrous to the country in 
the long run. Therefore, it once more turned to the Plan Hidrológico Nacional 
(PHN – National Hydrological Plan) for solutions. 
 
The PHN is a plan that had been approved by the former Spanish parliament. 
The main objective is to answer hydrological questions that can only be 
tackled on national scale. Core of the plan was the transfer of water from the 
north (Ebro) to the southeast (Murcia). 
The plan has aroused a storm of protests. To give an impression of the 
criticism, some of the arguments the opponents use are mentioned: 

• The PHN does not support a sustainable development.  
• The PHN encourages the cultivation of olives, while Spain already 

exceeds its European quota.  
• The funds used for PHN comes from the European Union and were 

never meant for supporting this plan.  
• The proceedings for approval of the financing of the plan lack 

transparency.  
 
The Zapatero-government has adapted the plan in that the main source of 
fresh water in the drier regions is to come from desalination of seawater. The 
Libro Blanco del Agua, hammering at sustainability, at the fact that fresh 
water is a limited natural resource and thrift, has been important input for the 
changes proposed by the new government. Much information presented in 
this chapter has been obtained from the Libro Blanco. 

4.2.2 History 
The idea of a National Hydrological Plan is not new in Spain. Already in 
1933, a water transfer plan on this level was drawn up, agriculture being the 
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main beneficiary. In particular the eastern and south-eastern parts of Spain 
would act as recipient areas. Propositions in the 1960s and 1970s add urban 
and industrial demands as essential elements to the plan. The rough draft of 
the Law of the PHN (1993) adds the environmental conservation as leading 
principle in the discussion on transfers of water. The report states that the use 
of water for environmental objectives may not be regarded as any other water 
demand. It should rather be considered as a limitation of available water 
resources. 
These considerations originated from a point of view of water quantity. 
Nowadays, water quality and the effects on the environment also form 
criteria in determining the pros and cons of large-scale water transfers. 
The actual PHN is based on the Plan presented in 1993. Since then, the 
circumstances in hydrological planning have altered substantially. The most 
striking difference is the approval of the PHCs. Other relevant differences are 
the changing of the Water Law (1999), the completion of the Libro Blanco del 
Agua, legislative reforms, technological improvements and the elaboration of 
some extensive technical documents on national planning. For a good part, 
these documents are based on modern hydrological points of view. Finally, 
the approval of the Water Framework Directive of the European Union 
required an adaptation of the 1993 PHN. The PHN must not be seen as a 
finished product. Progressing understanding of the problems, politics and 
new technologies are some of the factors that make it necessary to adapt the 
PHN continually. 

4.2.3 General guidelines 
For the sake of completeness, the main general guidelines of the PHN are 
presented here: 
• Maximum respect to the international agreements, especially those with 

Portugal with respect to cross-border catchments; 
• Eradication of the water deficit, with priority to guarantee the 

consolidation of the actual uses; 
• Reduction of the expected increase of the urban consumption based on 

the forecasts on demographic evolution by the International Institute of 
Statistics; 

• Special attention to the improvement and modernisation of the actual 
hydraulic systems; 

• Transformation of new irrigation zones in accordance with the National 
Plan of Irrigation; 

• Consideration of the hydro-electric demands in hydrological planning, 
including the (negative) impacts of the PHN on the actual system of 
hydro-electric production; and 

• Large-scale water transfers between catchments should be seen as the 
ultimate solution. 

 
The policy propagated by the PHN is one of saving and management of 
water, optimisation of the combined use of surface water and groundwater 
and maximum use of non-conventional resources (e.g. exhaustion of 
regulation possibilities of resources within the catchment, increase of reuse of 
water, increase of pumping and combined use, savings in the urban 
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distribution network and improvements and modernisation of existing 
irrigated areas). Furthermore, it is thought inevitable to transfer water 
between catchments to eliminate water deficits in certain zones. But, however 
urgent these transfers may be, it is crucial that, before legal approval, 
technical, economic and environmental studies supporting the global 
feasibility be carried out. 
 
The PHN clearly states that within the receiving catchments, the surface of 
irrigated areas may not be extended with water that is imported from other 
catchments. The imported water is meant for improved water supply and for 
environmental aspects. Furthermore, no new regulation structures are to be 
built for the transfers, neither in the receptive, nor in the ceding catchments. 
 
The PHN gives high priority to consolidate the existing uses, the stability of 
the ceding catchments, the consideration of environmental uses as restrictions 
in the exploitation systems and, finally, the contribution of technical, 
economic and environmental justification to permit the verification of the 
general feasibility of the transfers proposed. 

4.2.4 Recommendations on the PHN 
The National Water Board, having studied the PHN, has made the following 
recommendations: 

• In order to realize the projects in the PHN, coordination on a high 
level is necessary. 

• With regard to small-scale water transports, these also should be 
discussed with the CH in question. If this does not happen, the CH 
cannot have a complete picture of the hydrological situation. This may 
be harmful as a decision based on incomplete information may very 
well not be the right decision. 

• Water transfers must not jeopardize the water resources in the ceding 
catchments. These catchments should make up a yearly report, stating 
the hydrological situation. In the receiving areas, the CH must make 
an effort in order to increase the availability of its own water resources 
by the local government thus improving the sustainability of the 
hydrological situation. 

• For the receiving catchments the following measures and warnings 
hold: 

• The obligation that for all water uses, both urban water supply 
and irrigation, the water is managed rationally and efficiently. 

• Verify whether the (according to the PHN) unsustainable 
ecosystems that will be attended to, still exist (unsustainably). 

• Only those entitled legally to do so should have access to the 
transported water. 

• Before defining the utilization and the zones of application for 
the transported water it is absolutely necessary that the 
managing CH delimit every zone and establish a strict balance 
of its resources, thus enabling a well-tuned application of the 
transported water to the different needs in each zone. 
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• As far as aquifers in unsustainable situations are concerned, the 
transported water should help diminishing the unsustainability, 
thus leading to a "more natural" balance of those aquifers. 

• Once the use and zones of application are defined, the 
corresponding concessions should be granted or modified. 

• Next to the droughts, also the inundations should deserve special 
attention in the PHN. Measures may consist of removal of objects or 
constructions from the "river areas" or "wet zones" that are publicly 
accessible (public hydraulic domain). Therefore, the National Water 
Board recommends that the Ministry of Environment stimulate the 
procedures to mark out the public hydraulic domain in those parts of 
the waterways where prevention, control and protection of these 
domains is necessary. 

• The realisation of a control program of groundwater extractions is 
proposed. The user communities should be actively involved in this 
program. 

 
It is unclear whether a new PHN will be published with incorporation of 
these or future recommendations; fact is since its delivery it has been changed 
considerably (desalination plants versus large scale water transfers for 
example) and parts of the PHN are already in execution (desalination plants). 
 

4.3 Water management in Spain 

4.3.1 Spain-actual 
 
Drought of 2004/2005 
The summer of 2005 broke many records in Spain. According to the 
Meteorological Institute of Spain the period 2004-2005 was the longest dry 
period since 1947; precipitation was absent from October till May. Some 
rivers and most of the brooks ran dry and forest fires were daily news. Some 
instances already talk about a true natural disaster with far-reaching 
economical, agricultural and environmental consequences.  
 
Spain has always been a dry country. Mean precipitation is 700 mm/yr. In 
2005, precipitation was 440 mm, about 63%. River discharge was 56% less 
than the mean discharge. An average of two third of total volume of 
precipitation evaporates, leaving 114,000 Mm3 available for water collection. 
Figure 4.1 shows that precipitation in the eastern and southeastern parts of 
the country is less than 300 mm/yr. 
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Emergency measures 
In 2005, an emergency situation was proclaimed for some provinces in the 
southeast of Spain.  
Plans have been developed to bring into use channels that were dug during 
the period of drought of 1991 – 1995, reuse of waste water, and exploiting 
new groundwater resources. Some cities (Malaga, Jaen, Teruel and Grenada) 
have been granted to use strategic reserves (wells) in order to guarantee 
urban water supply. People are encouraged to use water economically, while 
the agricultural sector has been put on rations.  

4.3.2 Water resources in Spain 
In this chapter, the various fresh water sources are presented. 
 
Rivers 
The main Spanish rivers are the Ebro, the Guadalquivir, the Duero, the Júcar 
(discharging into the Mediterranean south of Valencia) and the Tagus (Tajo). 
The rivers in Spain discharge into three different seas, see Figure 4.2: the 
Cantabrian Sea, the Atlantic Ocean and the Mediterranean Sea. Those 
discharging into the Cantabrian Sea are relatively short rivers with a big 
gradient. Those flowing out into the Atlantic Ocean (flowing both through 
Spain and Portugal) are long as they spring in the eastern parts of Spain. 
Discharge and level fluctuate heavily because of the lack of precipitation 

Figure 4.1 Mean precipitation (source: INM) 
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during summer months. With the exception of the Ebro, the "Mediterranean 
rivers" are quite short and run dry regularly. 
 

 

The administration of river management is divided into eleven 
Confederaciones Hidrográficas (CH - Hydrographical Confederations), the 
boundaries of which are based on the catchments of the major rivers. In 
Annex B, the CHs are presented separately. Every CH has its own 
administration and is responsible for its own water management. As most 
catchments overlap with several CAs, no individual CA can have full 
responsibility. Instead, the administration of a catchment is carried out by one 
CH, cooperating with regional authorities and reporting to the Ministry of 
Environment.  
 
Lakes 
Spain has about 2,500 lakes, none of which has influence on the water 
reserves, as their extent is limited. Recharge only takes place during only a 
few months every year. 
 
Reservoirs 
Spain has an age-long tradition in the field of water management. The first 
reservoirs were built about 200 B.C. At present, over 1,200 big reservoirs exist 
with capacity exceeding 50,000 Mm3. One third of these reservoirs were built 
before 1960. The building and maintenance of these reservoirs have always 
formed a substantial part of Spain's GNP. This is probably one of the main 
reasons there was no urge to look for other ways to meet the water demands. 

Figure 4.2 Main rivers in Spain (source: Ministerie van Economische Zaken, 2005) 
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Groundwater 
Figure 4.3 gives an overview of the aquifers in Spain. Except in the central-
eastern part of the country, Spain has got extensive areas without aquifers. 
Almost all areas with exploitable aquifers have seen the groundwater table 
lower, as Spain has been overpumping its aquifers for decades. Because 
groundwater forms a relatively cheap way to get access to clean water, both 
industries and private persons have extracted groundwater during a long 
time.  
 

Areas without aquifers
Karstification determined permeability
Porosity determined permeability
Areas with isolated aquifers

Areas without aquifers
Karstification determined permeability
Porosity determined permeability
Areas with isolated aquifers  

One of the most striking examples of groundwater mismanagement is found 
in the Daimiel National Park. In a 20 year period (1979 – 1997), the 
groundwater table lowered over 30 m (Figure 4.4), destroying hundreds of 
wetlands. The water extracted was used for irrigation. For the period 1991 – 
1997, no data were available. The increase since 1997 is caused by 2-year 
period with rainfall of over > 30% above mean precipitation. Besides, 
extraction of groundwater was reduced considerably. 
 

Figure 4.3 Geohydrological map of Spain (source: Ministerie van Economische Zaken, 2005) 
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Wetlands 
At the moment, the Directorate General for Biodiversity of the Ministry of 
Environment is realizing an inventory of all wetlands in Spain. Until 2006, 
over 2,500 wetlands had been listed already. The objective of this inventory is 
to determine the state of the areas and to regard the possibility of using water 
for irrigation or drinking water. For the time being, practically no water from 
wetlands has been used for this purpose. 
 
Desalination 
As water demands are increasing while at the same time the recharge 
(precipitation) is diminishing and the pumping of groundwater is not 
allowed to be increased, desalination is an interesting option to meet the 
demands. 
In 2005, total capacity of desalination plants is over 1.5 Mm3/d (547.5 
Mm3/yr). Judging from figures of actual use of desalinated water (128.2 
Mm3/yr), it becomes clear that only about 25% of the total capacity is 
operational. 
 
Recent water reserves 
The water reserves in the reservoirs are registered constantly. These numbers 
are actualized on a weekly base and published on the website of the Ministry 
of Environment. Table 4.1 presents an example of the format in which the 
information is displayed. It shows that in April 2006, the water reserves in the 
reservoirs amounted to 59% of its total capacity (53,252 Mm3), 1% less than in 
April 2005. The 10 years mean is about 68% of the total capacity.  
 

Figure 4.4 Piezometric evolution in Tablas de Daimiel (source: Rodríguez y Almagro, 2004) 

Table 4.1 Volumes of water stored in reservoirs in April 2006 (source: MMA) 
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4.3.3 Water use 
Agriculture uses about 80% of the total water supply in Spain, the civil sector 
uses about 14%, while the remaining 6% is used by industry and cooling. 
Absolute figures are shown in Figure 4.5: This figure shows that irrigation 
uses almost 24,000 Mm3, approximately 5,000 Mm3 of which is reused. This is 
a poor reuse percentage compared to urban water supply (80 %), industry 
(83%) and cooling (93%). 
 

Reuse Consumption

Urban

Industrial

Irrigation

Cooling

Reuse Consumption

Urban

Industrial

Irrigation

Cooling

 

 
 

Figure 4.5  Consumption and reuse of main water uses in Mm3/yr (source: Libro Blanco del Agua) 
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Agriculture 
Approximately 3,700,000 ha is equipped with an irrigation system. In 2008, 
this will be augmented by 228,518 ha. Channels dug in the soil form the water 
distribution system in 735,000 ha. Here, water loss is about 50%. About 
1,295,000 ha are irrigated with water which has been transported through 
concrete channels. Water loss is less (28%), but still considerable because of 
overdue repair. 
 
Figure 4.6 shows the zonal distribution of sources of irrigation water. Of 
course, "surface water irrigation" takes place in areas around reservoirs and 
rivers. Groundwater is used mainly along the Mediterranean coast.  
 

Surface water
Groundwater
Mixed

Surface water
Groundwater
Mixed

 

In 2003, water consumption in agriculture was 17,634 Mm3, being about 80% 
of total volume of water used. The civil sector used about 14%, industry about 
6%. In Table 4.2, agricultural consumption per autonomous region is 
presented. Regions with consumption less than 1 % are not included 
separately. Clearly, in the south of Spain, the volume of water consumed is 
highest. The last column presents the change in water consumption in 2003 
relative to 2002. 
 
 

Figure 4.6 Map with irrigated areas with source of irrigation water (source: Libro Blanco del Agua) 
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 2002 2003 Change 
 Mm3 % Mm3 % % 

Andalusia 4,507 26,4 4,611 26,6 2,3 
Aragon 2,201 12,9 2,302 13,3 4,6 
Castilla y León 2,077 12,2 2,207 12,7 6,3 
Castilla – La Mancha 1,905 11,1 1,984 11,4 4,1 
Catalonia 1,419 8,3 1,482 8,5 4,4 
Comunidad Valenciana 1,854 10,9 1,830 10,5 -1,3 
Extremadura 1,372 8,0 1,469 8,3 7,1 
Madrid 167 1,0 148 0,8 -11,5 
Murcia 630 3,7 681 3,9 8,1 
Navarre 393 2,3 404 2,3 2,8 
Rioja 194 1,1 199 1,1 2,4 
Rest 366 2,1 319 1,8 -12,8 
Spain 17,083  17,634  3,2 
 
It is interesting to subdivide the agricultural water consumption into types of 
cultivation and irrigation techniques. Table 4.3 presents these figures. Gravity 
irrigation, the type most frequently used, is not the most efficient type of 
irrigation as water losses (leakage and evaporation) are high. It is expected 
that, with the new sustainable vision on water as a limited natural resource, 
in the long run measures will be taken to diminish the losses in agriculture. 
 

 2002 2003 Change 
Per crop type Mm3 % Mm3 %  

Herbaceous 6,572 38,5 7,615 43,2 15,8 
Fruit 2,599 15,2 2,811 15,9 4,0 
Olive and vineyards 1,050 6,1 1,024 5,8 -2,5 
Potatoes and vegetables 1,248 7,3 1,666 9,4 25,4 
Other types 5,613 32,9 4,619 26,2 -17,7 
Total 17,083  17,634  3,2 

Per irrigation type      
Sprinkling 2,747 16,1 2,820 16,0 2,7 
Dripping 1,349 7,9 1,804 10,2 33,8 
Gravity 11,351 66,4 12,193 69,1 7,4 
Other types 1,636 9,6 817 4,6 -50,1 
Total 17,083  17,634  3,2 
 
The volume of irrigation water used fluctuates over the year, as Figure 4.7 
shows. Logically, July and August are the months of highest water use in all 
CHs included, although the weight of these summer months on the total 
agricultural water use varies between 15 and 30%. 
 

Table 4.2 Agricultural water consumption in 2002 and 2003 (source: INE) 

Table 4.3 Water consumption per crop in 2002 and 2003 (source: INE) 
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Industry 
Three zones constitute over 60% of the total Spanish industrial capacity: 

• Mediterranean coast from Gerona to Murcia (37.8%) 
• Zone around Madrid (13.5%) 
• Cantabrian coast (12.5%) 

 
In 2004, increase in industrial water use was 1.2% less than prognosticated, 
thanks to a more careful use of water and a better use of waste water. The 
sector has invested in new installations. Main water consuming industries are 
the chemical (35.5%), the paper (15.2%) and the metal (15.0%) industry. 
 
Urban water supply 
According to the Libro Blanco del Agua, mean water use in Spain is about 300 
l p.p.p.d. Lowest water consumption takes place in the northwest (245 l), 
while near Valencia consumption is highest (377 l). 
In 2003, about 5 Mm3 of water was available for urban water supply, about 
81% of which was actually delivered at the homes and industries. The rest 
was lost by leakages during transport in the public urban distribution 
networks, most of which have been installed in the 1970s or even earlier. 
 
It is interesting to look in some detail into the sources of the urban water use 
(about 4,500 Mm3), being drinking water. Table 4.4 presents the 2002 figures 
per CA. It shows that over 68% of the water used is surface water, 
approximately 28% groundwater (60% of which is used in 3 CAs only) and 
desalinated water about 3%. At the end of the 90s almost 90% of the water 
used was surface water and approximately 11% groundwater, thus 

Figure 4.7 Temporal fluctuation in agricultural water use (source: Libro Blanco del Agua) 
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desalination and other sources (reuse) were practically absent. The 
percentages listed refer to the percentages per source. 
 
Figure 4.8 shows the temporal fluctuations of urban water use in the Segura 
catchment, a southeastern region around Murcia. Total urban water use is 
quite constant over the year, 8 – 10% of the total water use in the catchment. 
The most striking feature is the fact that in August (Spain's month of national 
holiday) water use in tourist municipalities and the modern conglomerates is 
even higher than irrigation. 
 

  Total  Surface water Groundwater Desalination Other 
 Mm3 % Mm3 % Mm3 % Mm3 % Mm3 % 
Andalusia 676.71 16.4 503.64 18.0 169.93 14.7 3.15 2.5 0.00 0.0 
Aragon 105.48 2.6 92.12 3.3 13.14 1.1 0.00 0.0 0.23 0.6 
Asturias 91.38 2.2 76.35 2.7 15.04 1.3 0.00 0.0 0.00 0.0 
Balears 67.10 1.6 16.85 0.6 43.37 3.7 6.88 5.4 0.00 0.0 
Canaries 127.95 3.1 14.71 0.5 42.42 3.7 70.82 55.2 0.00 0.0 
Cantabria 80.18 1.9 71.87 2.6 8.31 0.7 0.00 0.0 0.00 0.0 
Castilla y Leon 318.83 7.7 223.78 8.0 90.06 7.8 0.00 0.0 4.98 13.8 
Castilla la Mancha 210.70 5.1 113.68 4.1 88.44 7.6 0.00 0.0 8.58 23.7 
Catalonia 459.41 11.1 234.91 8.4 213.64 18.4 0.00 0.0 10.86 30.0 
Valencia 488.78 11.8 174.12 6.2 292.00 25.2 22.66 17.7 0.00 0.0 
Galicia 307.76 7.5 226.69 8.1 72.61 6.3 0.00 0.0 8.46 23.4 
Madrid 670.96 16.3 650.31 23.2 20.64 1.8 0.00 0.0 0.00 0.0 
Murcia 62.87 1.5 45.17 1.6 16.95 1.5 0.73 0.6 0.00 0.0 
Navarre 76.53 1.9 37.35 1.3 39.18 3.4 0.00 0.0 0.00 0.0 
Basque Country 318.49 7.7 279.26 10.0 17.96 1.6 18.33 14.3 2.94 8.1 
Rioja 43.89 1.1 41.43 1.5 2.46 0.2 0.00 0.0 0.00 0.0 
Ceuta and Melilla 20.95 0.5 2.79 0.1 12.33 1.1 5.66 4.4 0.18 0.5 
Total 4214.16 100 2870.10 100 1179.61 100 128.22 100 36.24 100 

 
 

Table 4.4 Overview of sources of drinking water used in 2002 per CA (source: INE) 
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4.3.4 Drinking water quality and waste water treatment 
Introduction 
Clean drinking water is no longer obvious in Spain. Many rivers (60%), lakes 
(80%) and reservoirs (70%) contain contaminants of chemical or organic 
origin. Aquifers often contain high concentrations of nitrate. Chemical 
contamination, mainly consisting of heavy metals, insecticides and pesticides, 
is found in the vicinity of industries.  
In 1997, 74.5% of the municipalities of less than 10,000 inhabitants did not 
have decent water treatment plants and 44.2% of the Spanish cities 
discharged directly on the rivers.  
 
The Plan Nacional de Saneamiento y Depuración (PNSD – National 
Sanitation and Treatment Plan) has already achieved some positive results as 
far as improvement and extension of sewer system in urban areas is 
concerned. However, little has been realized in the field of industry and 
agriculture, while it is exactly these two activities that are responsible for 
most of the current contamination of water. As rivers form the main source of 
drinking water, it is of utter importance that surface water contamination be 
reduced and treatment comply with strict standards. 
 
Two main factors enable organic contamination to have great influence: on 
the one hand the increase in population and the increase in consumption per 
capita, on the other hand the lack of self-cleaning capacity of the water bodies 
against these increases. 
Organic contamination is responsible for eutrophication which has affected a 
great number of rivers, lakes and reservoirs. 
 

Figure 4.8 Temporal fluctuation in urban water use in Segura catchment (source: Libro Blanco del Agua) 
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Water quality monitoring 
Spain disposes of a computerized system to control the drinking water 
quality. In 1962, the Control Oficial de la Calidad del Agua (COCA – Official 
Control of Water Quality) became operational. It was a complement to the 
existing system Control Oficial de Abastecimientos (COAS – Official Control 
of Water Supply) that controlled the water distribution to households. A year 
later, the Red Integrada de la Calidad de las Aguas (ICA – Integral Water 
Quality Network) was called into being. This network integrated the COCA 
and the COAs, thus enabling the control from source to tap. The ICA disposes 
of conventional measurement stations but also of stations that transfer real 
time data to the control centres. Since 1978, also radioactivity is monitored. 
In order to improve the groundwater quality, the Instituto Tecnológico 
Geominero de España (ITGE – Spanish Technological Mining Institute) 
developed a method to monitor continually the data from the Red de 
Observación de la Calidad de Aguas Subterráneas (ROCAS – Groundwater 
Quality Monitoring Network). Thus, it is possible to detect contamination and 
salinization in an early stage. The network has a density of 1 station per 1,000 
km2. The European Environmental Agency prescribes the minimal sampling 
network density. Spain does not comply with these regulations as it does not 
have at least 20% of the measuring points close to densely populated areas 
and at least 20% in sparsely populated areas. Before 2006, the network must 
be adapted in order to meet these demands. The CHs are responsible for the 
control, detection, prevention and maintenance of the catchments, including 
the water quality. 
 
Drinking Water Standards 
The RD 927/880 standard states that raw water intended for human 
consumption must be classified according to the corresponding treatment 
method. 

• Class A1: simple physical treatment and disinfection 
• Class A2: normal physical treatment, followed by chemical 

treatment and disinfection 
• Class A3: Intensive physical treatment and disinfection 

 
Table 4.5 presents the limits of treated water for each class. 
 

Parameter Unit Class A1 Class A2 Class A3 
pH   6.5-8.5 5.5-9 5.5-9 

Colouration mg/l Pt scale 20 100 200 

Suspended solids mg/l 25     

Temperature ºC 25 25 25 

Conductivity at 20º µS/cm 1000 1000 1000 

Nitrate mg/l NO3 50 50 50 

Fluorides mg/l F 1.5 0.7-1.7 0.7-1.7 

Dissolved iron mg/l Fe 0.3 2 1 

Manganese mg/l Mn 0.05 0.1 1 

Copper mg/l Cu 0.05 (O) 0.05 1 

Table 4.5 Physical and chemical standards for drinking water (75/440/CCE) 
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Zinc mg/l Zn 3 5 5 

Boron mg/l B 1 1 1 

Arsenic mg/l As 0.05 0.05 0.1 

Cadmium mg/l Cd 0.005 0.005 0.005 

Total chromium mg/l Cr 0.05 0.05 0.05 

Lead mg/l Pb 0.05 0.05 0.05 

Selenium mg/l Se 0.01 0.01 0.01 

Mercury mg/l Hg 0.001 0.001 0.001 

Barium mg/l Ba 0.1 1 1 

Cyanides mg/l Cn 0.05 0.05 0.05 

Sulphates mg/l SO4 250 250 (O) 250 (O) 

Chlorides mg/l Cl 200 200 200 

Detergents mg/l (lauryl sulphate) 0.2 0.2 0.5 

Phosphates mg/l P2O5 0.4 0.7 0.7 

Phenols mg/l C6H5OH 0.001 0.005 0.1 

Dissolved or emulsified hydrocarbons mg/l 0.05 0.2 1 

Polycyclic aromatic hydrocarbons mg/l 0.0002 0.0002 0.001 

Total pesticides mg/l 0.001 0.0025 0.005 

COD mg/l O2 - - 30 

Dissolved oxygen % saturation 70 50 30 
BOD mg/l O2 3 5 7 
Nitrogen by Kjeldahl method  mg/l N 1 2 3 
Ammonium mg/l NH4 0.05 1.5 4 
Substances extractable with chloroform mg/l SEC 0.1 0.2 0.5 
Total coliforms 37º - 50 5,000 50,000 
Faecal coliforms 100 ml 20 2,000 20,000 
Faecal Streptococci 100 ml 20 1,000 10,000 
Salmonella - absent in 5,000 ml absent in 1,000 ml - 

 
Many Spaniards are not content with the quality of their drinking water. 
Although it complies with the legal quality standards, mineral water becomes 
more popular every day. Mean consumption of mineral water p.p.p.y in 2004 
was 120 l, an increase of 2% with respect to 2003. For 2005, a minimal increase 
of 10% was expected. 
 
Drinking water cycle 
Three groupings exist for the drinking water management: the government, 
private groupings and a mix of both. Drinking water management comprises 
the whole course from supply of treated water to collection and treatment of 
wastewater, which can be split up into five phases: 
 
Phase 1 - Water collection 
Water is being collected from rivers, lakes, aquifers or (more and more) from 
desalination plants. 
 
Phase 2 - Transport 
In this phase, water is being transported from the collection points to the 
water treatment installations. Transport takes place both by open channels 
and by large diameter pipes. 
 
Phase 3 - Water treatment 
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The water is treated biologically and chemically and is disinfected, so its safe 
use as drinking water can be fully guaranteed. 
 
Phase 4 - Water distribution 
The potable water is being transported from the water storage tanks to the 
users (households, companies, industries), which are connected to the urban 
water distribution network. 
 
Phase 5 - Waste water 
The final phase consists of collecting the waste water and transporting it to 
the treatment plants. 
 
In the past, only government was responsible but because of the 
decentralization policy more and more private companies are granted 
concessions and now work for local authorities. These companies are united 
in interest groups. The most important are AGA, AEAS and ASA. 
• The Asociación Española de Empresas Gestoras de Servicios de Agua a 

Poblaciones (AGA – Spanish Management Companies Association of 
Urban Water Service) was founded in 1995, it attends to approximately 
75% of the Spanish population with a yearly invoice of 2,900 M€. It 
employs 16,000 persons. Its objectives are threefold: 
o To support its members by defending their common interests, solving 

conflicts, facilitating information to its members and realizing projects 
aimed at improving the services offered to their clients. 

o To promote relations with other social and businesslike organizations, 
stimulating the approach and solution of common needs, like the 
definition of collective convenants or the harmonization of policy with 
other business organizations in defence of the sectorial interests. 

o To maintain a permanent and good relation with public governments 
in order to situate AGA as an interesting, indispensable partner in 
matters connected to water and, more specifically, in matters related 
to legislation. 

 
• The Asociación Española de Abastecimiento de Agua y Saneamieto 

(AEAS – Spanish Association of Water Supply and Sanitation) was 
founded in 1987 and has 373 members. Its objectives are similar to those 
of AGA, be it that AEAS is oriented more at research and consult. AEAS 
participates in several other associations: IWA (International Water 
Association), EUREAU (European Union of national associations of water 
suppliers and waste water services) and AENOR (Spanish 
Standardisation Institute). 

 
• The Asociación de Abastecimientos de Aguas y Saneamiento de 

Andalusia (ASA - Andalusian Association of Water Supply and 
Sanitation) has over 130 members. It organises special assemblies and 
courses and cooperates with the authorities in the field of outsourcing of 
projects. 
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Waste water 
Waste water from urban areas and industry must be collected, treated and 
discharged into rivers and channels according to resolution 91/271, approved 
by the European Commission in 1991. 
The Spanish Ministry of Environment has adjusted laws concerning the 
control on spills. For every discharge by industry or municipality a permit 
must be requested. Approval from the Ministry is obligatory. The water 
companies work together with the authorities in the water distribution , 
waste water treatment and the distribution network maintenance. The 
contracts with the water companies are closed periodically and are put out to 
tender officially. 
 
Contamination of surface water 
Contamination of rivers increases every year. Last year was an exceptional 
dry year. Because of the 2005 drought, it was impossible to dilute river water 
with fresh ground water. The waste piles up and gets washed away with the 
first wet period and gets distributed over the catchment. The law specifies 
some criteria that determine the water quality: 
 
1 The Indice the Calidad General (ICG - General Quality Index) 
With the aid of the ICG, consisting of 23 parameters, it is possible to depict 
the contamination numerically on a 0 – 100 % scale. Figure 4.9 presents  
Annex A deals in detail with the calculation of the ICG This figure shows that 
water quality in amongst others Catalonia is bad. This is caused by intensive 
cattle breeding, agriculture and industry.  
  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

G
al

ic
ia

 C
os

ta

N
or

te
 I

N
or

te
 II

N
or

te
 II

I

D
ue

ro

Ta
jo

G
ua

di
an

a 
I

G
ua

di
an

a 
II

G
ua

da
lq

ui
vi

r

Su
r

Se
gu

ra

Jú
ca

r

Eb
ro

C
.I.

 C
at

al
uñ

a

IC
G

Class V  < 50        Unacceptable

Class IV  50 - 65   Acceptable

Class III   65 - 75   Intermediate

Class II   75 - 85    Good

Class I    85 - 100  Excellent

 

Figure 4.9 General Quality Index of the CHs in 2000 (source: Libro Blanco del Agua) 



 

  
© TECHNEAU - 54 - March, 2007 

 

In September 2005, the European Union rapped Catalonian Government's 
knuckles as permission had been given to distribute drinking water 
containing 300 mg/l nitrate. The solution is sought in transporting 
desalinated water from the coast inland or pumping groundwater. 
 
2 Criteria for organic contamination 
To measure organic contamination, the BOD5-content is used. With the 
exception of some sites in the rivers Segura, Guadalquivir and Ebro, this 
content is not alarming. 
 
3 Biological index 
Nowadays, the biological index is used to determine the water quality, rather 
than physical/chemical index (Table 4.5). The biology (micro-organisms) of 
an ecosystem reflects the quality of its habitat and is less sensible to 
fluctuations. Besides, it is much cheaper. 
 
4 Discharges 
Although it is specifically prohibited by Article 92 of the Water Law, still 
uncontrolled discharge of waste water into rivers and channels takes place. 
About 300.000 discharge points are registered that discharge on surface water. 
Eighty percent is discharged indirectly, being transported to treatment plants 
by sewer system and open channels. The remaining 60,000 points discharge 
directly on surface water, 10,000 of which are municipal, 10,000 industrial and 
40,000 are related to cattle breeding. 
 
Groundwater contamination 
At several places, groundwater is heavily contaminated. High concentrations 
of metals are caused by mining and industrial activities. High nitrate 
concentrations originate from agricultural activities, while high sodium and 
chloride concentrations indicate the presence of seawater intrusions (by 
overpumping aquifers near the coast). 
 
Offically, there are not enough data on pesticide contamination in Spain. The 
high costs of pesticide analysis are seen as the main cause for this. At present, 
only the principal water supply companies (Valencia, Barcelona, Madrid) 
realize pesticide analysis. Pesticide producers are legally bound to indicate on 
how the pesticides may affect human health. The producers provide 
experimental data on degradation conditions in ideal conditions which differs 
from reality. 
 
The consequences of organic contaminations (agricultural products, cleaning 
and degreasing substances) for the environment are not yet known. 
 
Contamination types 
Diffuse contamination originates from agriculture and cattle breeding. Apart 
from pesticides, nitrate and phosphor, also contamination in rivers of urban 
and industrial origin can be considered as diffuse. Because of the limited 
amount of recharge, this latter type of contamination increases every year. 
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Thermical contamination consists of the big temperature fluctuations caused 
by man, leading to biochemical reactions. The main cause of thermical 
contamination is formed by air conditions and cooling systems, the paper 
industry, the metal sector and the petrol industry. Between 30 and 60% of the 
heat generated at nuclear power plants and desalination plants also ends up 
in the environment. 
Toxic and other dangerous substances are granted special attention in 
standard 76/464/CEE. Industry and agriculture are responsible for spills of 
toxic and dangerous substances. Several action plans have been developed in 
order to decrease the contamination at the source, but the effect of these can 
only be measured after several years. Special sanitation programs have been 
carried out for some years now, but the control on illegal spills and use of 
forbidden substances is inadequate. 
 
According to (Ministerie van Economische zaken, oktober 2005), the most 
important contaminators are: 
 
Chemical industry 35% 
Automobile industry 11% 
Metal industry 10% 
Food industry 8% 
Paper industry 8% 
Other 30% 
 
Much domestic solid waste is dumped on land or in rivers without having 
been treated. This waste forms a big threat to ecosystems in rivers and nearby 
water sources. At present, all official waste sites in Spain have been sealed. 
 
Although the Red Nacional de Vigilancia Radiológica (National Network of 
Radiological Vigilance) has not measured any artificial increase in gamma 
radiation, permanent control is of national interest as Spain generates energy 
in nuclear power plants. 

4.3.5 Flood protection 
Floodings 
In Spain, floodings occur on a regular base, resulting from excessive 
precipitation in certain periods. As large parts of Spain have been deforested, 
overland flow in combination with less permeable soils can easily lead to 
floodings (often accompanied by mud flows) which sometimes leads to the 
loss of life. The zones most prone to floodings are 
• The Cantabrian coast, where the river gradients are very high. Showers 

with precipitation of over 500 mm/d have been registered here. Some 300 
high risk zones are known. 

• The Mediterranean zone has 173 high risk zones. Typical mediterranean 
downpours (with precipitation of almost 900 mm/d) lead to enormous 
floodings. The culprit is the so-called gota fría (cold drip). At the end of 
the summer, when the sea water is relatively warm, the supply of colder 
air leads to enormous whirling masses of clouds that absorb warm water 
vapour from the sea. Because of atmospheric instability the clouds 



 

  
© TECHNEAU - 56 - March, 2007 

 

discharge large volumes of water, sometimes accompanied by hail, 
squalls or even mini-tornadoes. 

• The eastside of the Pyrenees is also considered a high risk zone with over 
172 dangerous sites known. The damage however is normally limited as 
this part of Spain is afforested. 

 
Prevention against floodings consists of building dikes or digging channels in 
the potential flooding zones. 
 
Erosion 
Human activity is the main cause of erosion. Because of cutting down of the 
forests, the building of houses, asphalting of formerly vegetated land, wrong 
use of water and land, mining industry and cattle breeding, hundreds of 
hectares are transformed into deserts every year. About 13 million hectares 
(26% of the total area) have been affected severely by erosion, with sometimes 
over 100 ton loss of soil per hectare. About 14 million hectares have been 
affected less heavily. In Almeria, Murcia and Granada, over 50% of the total 
area has been affected. 
Another cause of erosion is the climate. Every year the dry periods are more 
common while on the other hand, the autumn showers are more intensive, 
flushing away more dry soil. Because of the drought, forest fires are more 
common, which in its turn paves the way to more erosion. 
 

4.3.6 Governmental programs 
The Spanish Government is responsible for the constant supply of good 
quality drinking water. By building reservoirs Franco was able to combine 
water management with the generation of energy. 
Since 1975, the democratic governments have continued and extended his 
water management policy. Large parts of the Libro Blanco are ideas copied 
from the then hydraulic engineers. The present Government has changed the 
accents of water management by stating that highest priority was the saving 
of water instead of finding new sources. In order to reach that objective, a 
number of measures have been proclaimed, the most important of which are 
presented here. 
 
Libro Blanco del Agua 
In 1998, the White Book of Water was published, its objective being the sketch 
a general picture of the hydrological problems Spain has to deal with at 
present. Before 1998, no fundamental or systematic ideas on national water 
management were published. The White Book also goes into acute problems 
and possible solutions. The White Book is continually actualized and serves 
as a dialogue between government and citizens and action groups. 
It deals with issues like 

• What is the current situation with respect to water supply in 
Spain? 

• What are the current hydrological problems? 
• What is the water quality in Spain? 
• How do supply and demands relate to each other? 
• How and for what purpose is water used? 
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• How is water management registered? 
• What laws are applicable? 
• What projects will be executed in the near future? 
• What is the content of the PHN? 
• How to overcome periods of drought? 

 
The LIFE Program 
The LIFE program is the EU´s one and only financial instrument that goes 
totally to the credits of the environment. Its objective is to support the 
integration of the international and national environment policy and the 
stimulation of sustainable solutions to problems. It consists of three central 
themes: nature, environment and other countries of the EU. Most attention in 
Spain goes out to the environment. Innovating projects are jointly financed by 
Spain and the EU. 
 
Plan Hidrológico Nacional 
Of all governmental plans and projects, the PHN is the most comprehensive. 
It is a continuation of the Libro Blanco del Agua. Still, the two plans differ 
considerably.  
The Libro Blanco deals with water resources and makes assessments for the 
next years while the PHN describes some propositions to handle with 
hydrological problems directly. It can be seen as an instrument to find 
equilibrium between sustainable use and environmental rehabilitation. It is 
not so much about the water supply and demand in general, but more about 
solving existing water management problems, the effect on economy 
(irrigation, agriculture, industry) and the consequences for the environment 
(protection of aquifers, treating of surface water). 
The objectives of the PHN must be realized between 2000 and 2008. These are 
based on the Water Law and the Royal Decree 927/1998. This decree tries to 
tune the demands to the water supply by sound hydrological planning. The 
final law, Ley 11/2005, was approved in July 2005. 
 
The PHN is comprised of several documents: 

• Approval "Ley 11/2005", Plan Hidrológico Nacional 
• Definition of the catchments 
• Analysis of Spanish history in relation to water collection 
• Analysis of the hydrological systems 
• Environmental analyses 
• Economical analysis 

 
AGUA Program 
The Actuaciones para la Gestión y la utilización del Agua (AGUA - Water 
Management and Utilization Actions) program is an informative program 
aiming at the reorientation of Spanish water management. It is especially 
designed for the Mediterranean coast and explains specifically the actions 
that form the base of the renewed water policy. This policy should guarantee 
a continuous clean drinking water supply throughout the whole country. Its 
points of departure are 
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• Water is both a right and a responsibility to every inhabitant. 
• Water has an economical, social and environmental-technical value. 
• As it forms part of the EU, Spain must follow and maintain the European 

standards (Directive 2000/60). 
• Technical innovation results in water savings and efficient water use, 

which makes it easier to redeem the promise of supply of clean water to 
everybody. 

• One must realize that the cost price of water countervails the general 
interest. 

 
The program will be executed from 2004 – 2008. First the CHs will be 
reorganised. They will fall under the responsibility of the CAs. For each 
catchment, a General Water Bank will be set up that will redistribute the 
historical water rights of each catchment in the community concerned. At the 
same time, a commission will set new water tariffs, based on the real costs of 
water collection and treatment. The drinking water distribution will be 
improved and the control on water treatment and spills will be tightened up. 
Although this program involves the whole country, priority is given to the 
water collection zones near the Mediterranean coast. Here, local authorities 
are already realizing measures like the building of more desalination plants 
and the improvement of water management (reuse of water, better control on 
water treatment and on spills, modernization and restructure of hydraulic 
infrastructure, dredging of channels, and improvement of drinking water 
quality). Total costs will be 2,405 M€, leading to water savings of 559 
Mm3/yr, which corresponds to 3% of total water use. 
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5 Conclusions 

Spain is a country with large meteorological variation. Spatial variation in 
mean annual temperature is considerable: from 6 – 8 ºC in the north to 16 – 
18ºC in the south. Mean annual precipitation decreases from over 1,800 mm 
in the northwest to less than 250 mm in the southeast. Therefore, the southern 
part of Spain has a semi-arid climate. 
The climate has been changing in Spain demonstrably during the last 30 
years. Over large areas of the country, mean summer temperature has 
increased by some 2 degrees, while winter precipitation has decreased. 
 
The climate change has had severe consequences for Spain's fresh water 
resources, especially in the south: desertification, rationing of water in some 
regions during the summers of the recent extremely dry years by cutting off 
public water supply during fixed hours. Some villages even had to be 
supplied with fresh water by trucks. 
 
Most important economical zones are Madrid, the Basque Country and 
Barcelona. Together with Navarre and Oviedo, these zones produce over half 
the country's industrial output. Of course, population density is relatively 
high in these three zones (over 500 habitants/km2). In most of southern 
Spain, this figure is 80 – 120, though big temporal and regional fluctuations 
exist as approximately 60 million tourists visit Spain every year. Main tourist 
draws are still the big cities and the Mediterranean coast, which puts extra 
pressure on the fresh water resources locally. 
 
In the 1970s, about one third of the working population was active in the 
agricultural sector. Nowadays, this doesn't even amount to 10%. 
Contemporary Spain is a country with strong over 60% of the working 
population employed in the service sectors. Nevertheless, agriculture uses 
about 80% of total fresh water. Because of losses during transport and 
evaporation, irrigation is a very inefficient process currently. Franco started 
the construction of reservoirs to dispose of fresh water (and electricity). Due 
to the recent decrease in precipitation, these reservoirs are only partly filled. 
Instead of continually exploiting new resources which had been the 
traditional way of thinking for decades, the Zapatero government opted for a 
new water policy: saving the country's fresh water resources. 
 
One of the elaborations of Spain's new water management was the decision to 
turn to desalinating seawater (a field in which Spain has high-grade 
knowledge) along the east and south coast instead of transferring water from 
the relatively wet areas in the north as was foreseen originally in the Plan 
Hidrológico Nacional. Next to water savings, other key words in the new 
water policy are sustainability and general awareness that water is a limited 
natural resource. 
 
Until recently, most industries did not treat their waste waters, which 
accounts for the high levels of residual products from chemical industries. 
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The lack of treatment of waste water was also common practice in agriculture, 
leading to high levels of nitrates, phosphates and pesticides in surface water. 
In several reservoirs in south Spain, eutrophication has been detected. During 
the last 10 years, the attitude with regard to contamination has changed. 
Water treatment plants are being built by industries, hotels and irrigation 
projects. Accent lies on the reduction of emissions by both end-of-pipe 
technology and clean technology, aiming at improved production processes. 
Although Spain's environmental laws meet the EU-standards a major 
problem is the lack of control in complying with the laws. 
 
Most interesting regions to study in more detail in the second phase are the 
CH del Segura in the southeast, the CH del Ebro in the northwest, and the CH 
del Guadalquivir in the southwest. The Segura catchment is a zone with 
severe water deficits. The Ebro catchment is a region of great agricultural 
activity, thus extensive irrigation. It does not yet experience serious water 
deficits, but most probably will in the near future. The Guadalquivir 
catchment mainly suffers the consequences increasing temperature as mean 
winter precipitation (two times higher than in Murcia) has not changed 
significantly over the last 30 years. Furthermore, the river Guadalquivir, a 
permanent source of fresh water, has its lower course here. Still, the 
catchment suffers all kinds of water related problems: water quality, urban 
water supply, irrigation, floodings. 
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 I Calculating ICG 

General water quality control is realized by sampling 47 monitoring stations 
of the COCA network, situated in various river branches: upstream, middle 
branches and downstream of the most significant spills. The objective is to 
obtain a global and representative idea of the water quality in a catchment. 
For this purpose, since 1981 an index –the ICG- has been used that integrates 
the results of the most individual chemical substances into just one number.  
The ICG is obtained by applying a formula that assigns to the concentrations 
of 23 physical-chemical parameters a weight between 0 (worst quality) and 
100 (best quality). These parameters are either basic or complementary. Basic 
parameters, which are considered significant, independent of their value, are 
always included in the ICG. Complementary parameters are those that only 
affect the water quality when they exceed certain limits.  
The weighing factors assigned vary between 1 (most important) and 4 (least 
important). The factors are: 
 

Variable Unit Weighing factor 
(a) 

Basic 
variable 

Complementary 
variable 

Dissolved oxygen  mg/L de O2  1 *     

Suspended solids  mg/L  1 *     

pH  udpH  1 *     

Conductivity µs/cm  1 *     

BOD5 mg/L O2  1 *     

Total coliforms  n.m.p. /100 ml  1 *     

COD  mg/L O2  3 *     

Orthophosphates  mg/L PO4  3 *     

Nitrates  mg/L  3 *     

Detergents  mg/L L.A.S.  1    *  

Cyanides  mg/L  1    *  

Phenols mg/L  1    *  

Cadmium  mg/L  1    *  

Chromium-6  mg/L  1    *  

Mercury  mg/L  1    *  

Chlorides  mg/L  2    *  

Sulphates  mg/L  2    *  

Copper  mg/L  2    *  

Lead mg/L  2    *  

Zinc mg/L  2    *  

Calcium mg/L  3    *  

Magnesium  mg/L  4    *  

Sodium mg/L  4    *  

 
By administering standardized water quality curves to the results of the 
analysis, for every parameter a value (load) is obtained, ranging from 0 (very 
bad quality) to 100 (excellent water). Grouping of these loads is done by 
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weighted arithmetic average. For that purpose, a weight is assigned to every 
parameter in order to determine the influence of every single one on the 
general water quality. The arithmetic mean of these loads is the General 
Quality Index (Índice de Calidad General - ICG), that ranges from 0 to 100. 
The formula of ICG is: 
 

∑ ∑
=

==
n

i
PiQinFFI

1
*),(2*)(1 λλ  

 
with: 
λ:  the parameter analyzed 
N:  the number of parameters analyzed 
F2 (λ, n) or Pi: the weight or relative influence of the parameters 
F1(λ) or Qi: Function of equivalence, which assigns a load to every 
parameter. 
 
A classification is used in order to distinguish between several types of water 
quality: 
 
Less than 50:  Unacceptable 
Between 50 and 60: Acceptable 
Between 60 and 75: Intermediate 
Between 75 and 85: Good 
Between 85 and 100: Excellent 
 
The 23 physical-chemical variables are representative of the type of 
contamination that could affect the water quality. These can be grouped into 
four indicator types: physical, organic, inorganic and toxic. The partial results 
of the ICG with respect to each of these groups make it possible to identify 
the contamination type. 
 
The grouping of parameters into the four types of contamination is: 
Indicators of physical contamination: 
Suspended solids 
pH 
 
Indicators of organic contamination: 
Dissolved oxygen 
COD 
BOD5 
Total coliforms 
Phosphates 
Detergents 
 
Indicators of inorganic contamination: 
Conductivity 
Nitrates 
Calcium 
Magnesium 
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Sodium 
Chlorides 
Sulphates 
 
Indicators of toxic contamination: 
Cadmium 
Chromium-6 
Mercury 
Copper 
Lead 
Zinc 
Cyanides 
Phenols 
 
Sampling frequency 
Sampling takes place on a monthly base. Frequency of parameter analysis 
depends on the category of the sampling station: normal, preferred or special. 
On the base of the analysis frequency of every parameter in every category of 
sampling station, the following classification can be made: 
 
Group A 
Discharge, water temperature, air temperature, aspect, dissolved oxygen, % 
of dissolved oxygen saturation, suspended solids, pH, conductivity, COD and 
BOD-5. 
 
Group B 
Dissolved solids, permanent hardness, alkalinity, chlorides, sulphates, 
calcium, magnesium, sodium, potassium, phosphates, nitrates, nitrites, 
ammonium, carbonates, bicarbonates, detergents and total coliforms. 
 
Group C 
Silica, grease, cyanides, phenols, fluorides, cadmium, total chromium and 
mercury. 
 
Group D 
Arsenic, copper, iron, manganese, lead, zinc, antimony, nickel and selenium. 
 
 Parameter group 
Type of station A B C D 
Normal monthly half-yearly yearly yearly 
Preferred monthly (three-monthly)* (three-monthly)* (half-yearly)* 
Special monthly monthly (monthly)* (monthly)* 
 
* The frequency in brackets indicate that only those parameters are 

analyzed that did not have zero values in the previous year.They are 
analyzed less frequently if the values encountered the year before 
were zero. 
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 II Confederaciones Hidrográficas 

Introduction 
This annex presents the Confederaciones Hidrográficas (CHs), mentioned 
several times already in the report. Most of the information presented comes 
from the Planes Hidrológicos de la Cuenca (PHC – Hydrological Plans of the 
Catchment).  
In order to put the figures as mentioned in the general descriptions of the 
catchments (sections A.2 – A.11) in the right perspective, table A.1 presents 
some relevant hydrological figures. 
 
Table A.1 General hydrological data Spain 
Surface 506,470 km2 
Population 39,238,000 
Mean precipitation 684 mm/yr 
Natural hydraulic resources 113,812 Mm3 
Specific discharge 0,255 Mm3/km2 
Reservoir capacity 56,063 Mm3 
Groundwater discharge 20,881 Mm3 
Subsurface reserves 180,000 Mm3 

 
The CHs presented in this report are presented in table A.2. 
 
Table A.2 General data CHs 

  
  
  

Area 
  

(km2) 

Population 
  
  

Summer 
population 

  

Total 
length 

of rivers 
(km) 

Precipitation 
  

(mm/yr) 

Discharge 
  

(Mm3/yr) 
Cuencas Internas de 
Cataluña 16,492 5,400,000 8,000,000 812 728 2,739 
Ebro 85,362 2,700,000   12,000 656 18,217 
Júcar 42,989 4,089,900 4,800,000 10,200 475 - 
Segura 18,815 1,445,500   400 400 1,976 
Sur 18,425 2,100,000 2,700,000 - <2 - > 2,000 - 
Guadalquivir 63,972 4,707,300   3,158 - - 
Guadiana 48,836 1,681,200   33,707 567 6,168 
Tajo 55,810 6,000,000   - 655 12,220 
Duero 78,952 3,316,000   - - - 
Galicia – Costa 13,072 2,033,000       12,642 
Norte 40,894 - - - 1,300 - 
Total 483,619 33,472,900         
 
As the CHs of the Canary Isles (Confederación Hidrográfica de las Islas 
Canarias) and of the Balearic Islands (Confederación Hidrográfica de las 
Baleares) and Spain's enclaves in north Africa (Ceuta and Melilla) are not 
included in table A.2, a discrepancy exists between tables A.1 and A.2. 
 
The recent decision of the Central Government to construct desalination 
plants in order to overcome the serious water deficit problems has not yet 
been elaborated in the PHCs. However, this will have an enormous impact on 
water management as a new source of fresh water will come available. The 
PHCs on which the annex is based are drawn up in the 1990s They do 
mention desalination, but merely small-scale installations. Therefore, the 
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solutions offered to water related problems in this annex will be partly 
superseded. Still, it gives an idea of the way people (used to) think about 
solving the problems. 
 
Figure A.1 depicts the location of the territories of the CHs. The main rivers in 
the four CHs bordering Portugal discharge into the Atlantic Ocean. In 1998, 
Spain and Portugal have signed an agreement to manage these 
transboundary watercourses. 
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Figure A.1 Location of the CHs studied 
 
The main tasks of a CH are: 
1. The elaboration of a Hydrological Plan of the catchment, as well as the 

continuation and revision of the plan. 
2. The management and the control of the public hydraulic domain. 
3. The management and the control of the uses/profits of general interest or 

those that affect other CHs. 
4. The project, the construction and exploitation of the works realized with 

funds from the CH itself and those entrusted by the State 
5. Those tasks that derive from the conventions with CAs, Local 

Corporations and other public or private entities, or those agreed upon 
with private individuals. 

 
In accordance to the law, every CH has drawn up a Hydrological Plan of the 
Catchment. Aims of the PHC are: 
(1) to give guidelines helping to meet the water demands as good as possible;  
(2) to balance and harmonize the regional and sectorial development 

increasing the availability of resources, protecting its quality, economizing 
the investments and rationalizing its uses in harmony with the 
environment and other natural resources. 
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The environmental objective of the plan is the maintenance of the 
dynamics of the existing ecosystems, or when these are in a state of 
degradation, their recovery. 

 
In this annex, for every CH, a description is given of the main hydrological 
features. Besides, the hydrological problems in recent times will be discussed. 
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Confederación Hidrográfica de las Cuencas Internas de Cataluña 

General description of the catchment 
Surface of the catchment: 16,492 km2 
Population:    5,400,000 inhabitants 
 in summer, including tourists: 8,000,000 inhabitants 
Total length of the rivers: 812 km 
Mean annual precipitation: 728 mm 
Mean annual discharge: 2,739 Mm3 
 
Hydrologically, the catchment consists of three different parts: the northern 
part (Pyrenees) with an excess of water, the southern part (coastal plain) with 
a water deficit and in between a densely populated zone with large urban 
water demands.  
While the catchment only covers about 3% of the surface of Spain, 15% of the 
population lives here and 25% of people working in Spanish industry are 
employed here.  
Irrigation is not very common in this catchment; only 4% of total surface is 
irrigated area. 

Main hydrological features 
This is a catchment without major rivers. Lots of relatively small-scale rivers 
flow from the mountains down to the coastal plain, see figure A.2. The 
catchment contains lots of reservoirs.  
 

 
Figure A.2 Fluvial network of the CH de las Cuencas Internas de Cataluña 

 
About 50% (1,350 Mm3/yr) of the available volume of water is regulated by 
reservoirs. With new regulation works, the volume of available resources is 
calculated to amount to 1,535 – 1,610 Mm3/yr.  
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To compensate for the spatial difference in available water, various 
waterways within the catchment transfer water from the north to the south. 
 
In water supply, groundwater and surface water both supply about half of 
the water used. Urban water supply is the largest demand, followed by 
industry and agriculture. Table A.2 depicts the main yearly water demands. 
 
Table A.3 Demands per use 
Use Demands (Mm3/yr) 
Urban use 675 
Industrial use 310 
Agricultural use 290 
Total 1,265 

 
Energy use and other uses are minor players and are neglected here. 

Problems and solutions 
Flooding 
Although flooding is an ancient phenomenon in this region, the first recorded 
flooding dating from 1617, these occur more often nowadays because of 
deforestation, according to the PHC. 
 
Water balance 
The demands are about 80% of the total volume of water available. In some 
subcatchments, especially those in the coastal plain, this leads to a structural 
deficit. At times, even urban water supply in the summer is a problem. Still, 
non-conventional resources are practically not used. 
On catchment scale, demands can be met by resources at the moment, albeit 
barely. In the future, demands are expected to exceed the resources. Import 
from outside resources is therefore necessary.  
The losses in the urban and industrial uses are relatively high: about 27% of 
the urban volume, about 20 % of the industrial volume. 
 
Water quality 
As for water quality, main contaminants in surface waters are the urban and 
industrial waste loads. These are seen as reversible contaminations.  
For groundwater, the problems are qualitative (for the moment). Marine 
water intrusions in the coastal plains form the main problem. 
The qualitative problem cannot be seen separately from the quantitative. If 
withdrawals do not decrease, in the long run also quantitative problems will 
occur. At the moment, already fresh water is being transported to the 
northern part of the Costa Brava. 
 
Solutions 
In order to cover all deficits, import of water from the Ebro is seen as 
inevitable in the future. Besides, a better and more extensive use of 
wastewater, especially in the coastal zone, will be seen as part of the solution 
to the water problem. Reuse of wastewater must be under monitoring and 
control network. 
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In order to minimize the negative effects of the poor water quality in the 
groundwater in the coastal zone, a decrease of groundwater extraction is 
supported.  
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Confederación Hidrográfica del Ebro 

General description of the catchment 
Surface of the catchment: 85,362 km2 
Population:   2,700.000 inhabitants 
Total length of the rivers: about 12,000 km 
Mean precipitation:  656 mm 
Mean annual discharge: 18,217 Mm3 
 
Recent studies show that since the 1950s, discharge of the Ebro has 
diminished. These studies eliminate the idea that diminishing natural 
resources are the cause. The only factor responsible for the decreasing 
discharge is the increased development of irrigated areas. Actual activities 
can proceed like before when transfer of water to other catchments is 
restricted to about 5,200 Mm3/y. This figure is believed not to alter due to 
climatic changes, decrease of water supply from tributaries or more efficient 
water use and saving. 

Main hydrological features 
The catchment counts 347 rivers. Figure A.3 depicts the network of rivers in 
the catchment. 
 

 
Figure A.3 Fluvial network of the CH del Ebro 
 
In the catchment, 40 reservoirs are operational, with a total capacity of 3,170 
Mm3. Furthermore, 7 reservoirs (with a total capacity of 1,090 Mm3) are 
under construction. 
 
Table A.4 presents the order of priority of the water use. For the three most 
important uses, the water demands (in Mm3/yr) are included. 
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Table A.4 Most important water uses and volumes used 
 Use Volume used (Mm3/yr) 
1 Urban water supply 315  
2 Irrigation and agricultural uses 6,310  
3 Industrial use (power plants) 
4 Other industrial uses }415 
5 Aquaculture  
6 Recreational uses  
7 Navigation and aquatic 

transport 
 

8 Other uses  

 
In all uses except urban water supply, minimal ecological volumes and 
conditions should be respected. 

Problems and solutions 
Following from model simulations, the future situations show that, in the 
long run and on catchment-scale, deficits will increase. In most of the 
subcatchments, the main problems are/will be: excess of demands, water 
deficits (demands met will be less than 90%) and low water supply 
guarantees (< 90%).  
In order to combat these problems, an action program has been developed. 
Besides, in order to optimise insight in the hydrological processes from 
measurements in the catchment, a plan has been drawn up: an Integrated 
Protection Plan of the Ebro Delta. Key element should be a coordinating 
entity that groups together all relevant organisations: Ministry of 
Environment, CH of the Ebro, Generalidad de Cataluña, Local Corporations, 
Communities and Unities of irrigating farmers, managers of Natural Parks, 
hydroelectric companies etc. The plan should contain as major elements: 

• The definition of a hydraulic regime that permits the development of 
ecologic functions in the ecosystems of the river, delta and offshore; 

• The definition of measures to be taken in order to avoid the 
subsidence of the delta, like the transport of sediments or the 
promotion of halophytic vegetation; 

• The improvement of the water quality; 
• The improvement of the physical habitat of the ecosystems (rivers, 

channels, lagoons, bays) and of its connections; and 
• The interrelation between present human activities in the Delta with 

the discharges and the nutrients, necessary for the natural ecosystems. 
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Confederación Hidrográfica del Júcar 

General description of the catchment 
Surface of the catchment:  42,989 km2 
Population:   4,089,900 inhabitants 
 in summer, including tourists: 4,800,000 inhabitants 
Total length of the rivers: about 10,200 km 
Mean precipitation:  475 mm 
Mean annual discharge: unknown 
 
Agriculture is the most important water use in this catchment. About 42% of 
the surface is used for agriculture. Only 22% of this agricultural land is 
irrigated (9% of the total surface). In the last decade, new crops have been 
cultivated, making it necessary to irrigate a larger surface. Next to agriculture, 
industry and tourism are the most important economic activities. The latter 
causes seasonal problems with regard to water quantity. 

Main hydrological features 
As far as knowledge of the hydraulic resources is concerned, the catchment 
(see figure 3.4) can be divided into three parts: 
1. For catchments of the main rivers (Júcar, Turia and Mijares), a lot of 

knowledge is available, regarding both surface water and groundwater. 
These three catchments cover over 80 % of the total surface.  

2. For the catchments of the rivers Serpis and Palancia, less information is 
available. To meet the demands, both surface water and groundwater are 
used. 

3. Finally, the small-scale river systems in the northern part of the 
catchment, which are of minor importance for water supply. 
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Figure A.4 Fluvial network of the CH del Júcar 
 
In the Júcar catchment, 18 reservoirs are in operation (total capacity 3,132 
Mm3), 2 are under construction, while 5 are still in the design phase. 
 
Table A.5 presents the order of priority of the water use. Between parentheses 
the volume of water used per year is given. 
 
Table A.5 Most important water uses and volumes used 
 Use Volume used (Mm3/yr) 
1 Water supply 563 
2 Agriculture 2,284 
3 Hydro-electric power  
4 Energetic cooling 
5 Industry, other than the two mentioned before } 115 
6 Aquaculture  
7 Recreation  
8 Other water uses  
 
About 320 Mm3/yr is transferred from the Júcar to other subcatchments. 

Problems and solutions 
Generally, there are no quantitative problems in the water supply for the 
larger cities. In the smaller towns, however, this is not the case. A cyclical 
deficit of water leads to new groundwater withdrawals. Therefore, in this 
region, import of water (total amount of 300 Mm3/yr when measures like 
reuse of water and intensification of groundwater use are included) is 
necessary to meet all demands. This may either be achieved by water through 
the ATS or through a piping from the lower Ebro. Economic and 
environmental aspects must decide whether to opt for the first or the second 
option.  
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In the southernmost part of the catchment, the groundwater withdrawals lead 
to salt water intrusions. The water quality problem (nitrate) has serious 
consequences for the local water supply as most of the water for urban water 
supply comes from groundwater. 
 
Another problem is the erosion, mainly caused by deforestation. Every year, 
122 Mton is lost. 
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Confederación Hidrográfica del Segura 

General description of the catchment 
Surface of the catchment: 18,815 km2 
Population:   1,445,500 (1996) 
Mean annual precipitation: 400 mm (with big zonal differences) 
Potential evaporation:  700 mm/yr 
Mean annual discharge: 15% (the lowest of the peninsula) 
Length of water supply drains: about 500 km 
 
At the end of the 1920s, excessive irrigation started in this region. For reasons 
irrelevant here, the “hydraulic government” in the catchment took no actions. 
Therefore, in 1935, the Ministry of Public Works set up in the catchment of the 
Segura a Water Board and a body of River Policy with competence to arrange 
the use of the public hydraulic domain. Both were the first of its kinds in 
Spain. In 1941, the CH took over the functions of the water board. 
 
A National Irrigation Plan has been developed. The policy of irrigation 
remains in the hands of the national irrigation plan and the PHN. The link 
between the latter and the agricultural policy is sustainable maintenance and 
improvement of the existing exploitations, leading to a greater guarantee of 
water supply. The irrigated surface is about 269,029 ha (253,001 ha excluding 
area outside the catchment). However, no expansion of the irrigated areas is 
foreseen in the catchment’s hydrological plan or the approved directives. 
 
As is the case in all PHCs, decisions in this PHC may at all times be overruled 
by those in the PHN. For this catchment, very important decisions have been 
made on national scale regarding the construction of desalination plants.  

Main hydrological features 
In this catchment, two waterways are of major importance: 

• The river Segura is by far the most important river in the catchment. 
Figure 3.5 shows a topographical map of the catchment, in which 
course of the Segura is conspicuous. Most of the other (ephemeral) 
streams discharge directly into the sea. The resources of the rivers are 
located at the upper end. Downstream, at the right bank some minor 
rivers drain permanently into these rivers. At the left bank, water 
flows into these streams only after severe rainfall. 

• Another very important waterway is the Acueducto Tajo – Segura 
(ATS). The ATS became operational the end of the 1970’s. It is 
constructed to import 600 Mm3/yr into the Segura catchment (first 
phase). In cases of excessive water in the Tagus, an additional 400 
Mm3 can be imported (second phase). About 17% of the net volume of 
“ATS-water” is used for water supply, the remaining 83% for 
irrigation. 
The volume of water transferred through the ATS depends on the 
Tagus discharge off the intake. Official figures point out that since 
1979 (the beginning of the transfers) the mean water body transported 
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was about 300 Mm3/yr. Therefore, every year, the amount of 
transported water was below 400 Mm3. Until now, never has the full 
capacity of the ATS been used!  

 
All basic tapping and distribution systems are interconnected. Various 
superpositioned subsystems that are interconnected at several locations form 
one of the main characteristics of the hydraulic system in this catchment: the 
complexity. Also, the distribution channels and drains form an extensive and 
dense network. 
 
Potential hydraulic resources in the area could amount to a total of 1,535 
Mm3 (including about 540 Mm3/yr from the ATS). However, ATS normally 
imports about 300 Mm3/yr. Besides, only part of the resources can actually be 
used. This results in a deficit of about 460 Mm3/yr. 
 
From the Segura-catchment, water (92 Mm3/yr) is exported to the CHs of 
Júcar and Sur. Of this amount, 30 Mm3 comes from the catchment itself; the 
rest is water originating from the ATS. Adding the groundwater component, 
103 Mm3/yr is being exported, 41 of its own, 62 from the ATS. All in all, the 
volume exported out of the catchment is about 35% of the volume import.  
 
The 29 reservoirs present have several functions: general regulation of the 
catchment, regulation of irrigated areas, water supply, hydroelectric power 
and flooding prevention. Total capacity is 1,149 Mm3.  
 

 
Figure A.5 Fluvial network of the CH del Segura 



 

  
© TECHNEAU - 81 - March, 2007 

 

Table A.6 presents the priority in water use in this CH. 
 
In the catchment, a very high grade of reuse is reached. This is illustrated by 
the fact that over 40% of the urban waste water is used for agriculture. In this 
catchment, water use in irrigation is very efficient (4,650 m3/ha/yr). This is 
extremely low, 6,000 – 7,000 m3/ha/yr being the mean value generally 
accepted. Yearly, only 50 Mm3 of the total volume of 1,600 Mm3 in the 
catchment discharges into sea. 
 
Table A.6 Most important water uses and demands 
 Use Demand 

(Mm3/yr) 
1 Urban water supply, including small industries connected to the distribution 

network 
240 

2 Irrigated areas and agricultural use 1,330 
3 Industrial uses, other than power plants 25  
4 Industrial uses for power plants  
5 Aquaculture  
6 Recreational uses  
7 Other uses  
  
One could say that all water remaining after the demands of urban and 
industrial functions have been met is used for irrigation. The source of the 
water for this use is the water from the reservoirs in the catchment itself, 
groundwater (either from natural wells or pumped), reused water 
(agriculture and urban use), water from the ATS and, recently, desalinated 
water. 
 
Almost all of the 1,000 Mm3/yr available as the catchment’s own water 
resources is used! The water discharging into the sea has a very bad quality. 
Extra withdrawals from groundwater do not offer the best solutions as can be 
seen from the actual groundwater balance: 
 
In: 820 Mm3/yr 
Out: 1,050 

Mm3/yr 
Deficit: 230 Mm3/yr 
 
Several desalination plants have been built already recently. More will be 
built in the near future. The total capacity of the new plants is not known yet. 

Problems and solutions 
General 
A major problem is the fact that the existing infrastructure is not appropriate 
to meet all the demands and minimum ecological discharges, even if 
unlimited amounts of water were to be imported. The reason for this is a 
bottleneck in the main channel on the right bank downstream of the ATS. 
Two solutions are offered: 

• Enlargment of the inflow installation till it drains the reservoir of 
Algeciras in Almería, thus increasing the right bank channel, the 
system can meet all demands if the external inflow is 1,050 Mm3/year, 
650 Mm3/y of which is to enter through the ATS. 
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• Another option is to make a new coastal circulation system that can 
transport 1,050 Mm3/y. Again, 550 Mm3/y is to be imported through 
the ATS. 

 
It is clear that external sources are necessary in order to obtain a sound 
hydrological situation in this region. Possible extreme savings in water use 
would be counterparted by expected climatic changes. Hence, import of 
water is absolutely necessary. 
The total quantity of water that should be imported into the catchment is 
1,020 Mm3/yr in order to obtain a satisfying hydrological situation. This 
should lead to the elimination of the overexploitation of the aquifers, the 
fulfilment of all demands (including environmental demands) and the 
maintenance of seasonal freeboards in the reservoirs. 
(Now that desalination plants will supply large volumes of fresh water, 
import of fresh water from other CHs will no longer be necessary.) 
 
The efficiency in water use is very high. The efficiency may be further 
increased by trying to decrease the water losses: based on official figures of 
the water supply (registers and invoices), 37% of the urban water supply is 
lost during transport! The losses in agriculture are about 15%. For the ATS, 
measurements were carried out in 1971. These showed a loss of 22% of the 
transported water: 10% in the ATS and 12% in the catchment itself. 
Other solutions proposed are the extra withdrawal of groundwater (which 
will increase the groundwater deficit!) and making full use of the reservoirs. 
However, the infrastructure downstream of the reservoirs is not adequate to 
transport large volumes of water. Thus either the existing channels should be 
re-dimensioned or new channels should be built. 
 
Apart from the structural deficit, the junctures of drought seriously affect the 
hydraulic potentials within the catchment. Therefore, measures have been 
developed to reduce the negative effects and to minimize the frequency and 
intensity of the droughts (availability of resources, external transports etc.). 
Most striking elements in this plan figure are a FEWS and better public 
information (on how to save water for every use). 
 
ATS 
The ATS can only import about 900 Mm3/yr (assuming continuous regime). 
However, the “need” in the catchment is greater (1,020 Mm3/yr). Therefore, 
in the second phase the ATS should be re-dimensioned. Another possibility is 
to collect more water from the hinterland into the Segura. For this solution, 
new waterways should be built.  
Desalination looks like a very sound solution to the water problems in this 
catchment. 
 
Floodings 
Of the almost 19,000 km2, 14,400 km2 belong to the catchment of the Segura 
itself. Most of the other streams are ephemeral. Exactly these streams are the 
cause of most of the inundations. Deforestation, absence of vegetal cover and 
low infiltration capacity of the soil (because of erosion!) are important factors. 
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In addition to all infrastructural works against floodings, FEWS is seen as 
help in preventing inundations. International experience has shown that the 
most efficient defence against flooding are the zonification of floodable areas, 
the regulation of the uses and the establishment of management of measures. 
For defence against flooding, concrete action programs have been developed, 
both for short term and middle long term. These comprise feasibility studies, 
calculation of time to flooding after a dam burst, damage assessments and 
real time FEWS. 
 
Water supply 
Until now, all urban water demanded could in fact be met. The real problem 
however lies in the resources. More water is being extracted than replenished. 
Another problem is the loss of water in the water supply network. For 
industrial water supply, the sources are the same as the sources for urban use, 
thus the water quantity problems are alike. 
 
Irrigation 
For irrigation, five types of water sources are distinguished. Each source has 
its own specific problem. 
1. Traditional irrigation, in the fertile pains of the Segura 
2. Irrigation with water from rivers in the catchment, not being the Segura 
3. Irrigation with water from the ATS 
4. Irrigation with pumped groundwater 
5. Irrigation with reused water. 
 
1. This system is very old and should be modernized in order to have a 

better guarantee for good water supply. The increasing pressure on the 
Segura plains (urbanisation) has a triple effect: the gradual loss of the 
agricultural character, the fragmentation of the area, hindering the 
economic exploitation and the intensification of non treated waste waters 
into the irrigation system, leading to a deterioration of the water quality. 
The low price of the water is an additional problem. This means there is 
no incentive for the people to save water, nor does it lead to the 
introduction of new crops or other techniques that would improve the use 
of the resources. At the moment, the infrastructure of the fertile plains 
near the Segura is subject of modernisation actions. These plans involve 
the improvement of the conduction channels, eventually leading to water 
savings. 

 
2. For these areas, more or less the same problems exist, though talks about 

modernization and improvements are going on. The distribution network 
often is nothing else but a pipe in the ground with inappropriate sections 
and (too) high intakes of water. 

 
3. The main problem here is the lack of guarantee of the import of water 

through the ATS. 
 
4. The overexploitation of groundwater has led to the decrease of water 

available and to an increase in costs for pumping water. This price 
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increase is passed on to the water users, which leads to an economic use 
of water. The water quality of these waters tends to deteriorate, which 
makes it more difficult to use this source for irrigation purposes. 

 
5. The main problem in the areas using wastewaters is the water quality. 
 
Water quality 
Upstream, the water quality meets the drinking water requirements. The 
most serious problems as far as water quality is concerned are found in the 
downstream area. This is the place where eventually all water, being used 
and reused (several times), has a high content of contaminants and salts.  
 
Another problem in the catchment is the incapability to purify all wastewater 
(domestic, industrial, urban). A total of 876 spills are registered. Again, in the 
lower part of the Segura, these problems are most serious. 
The plan states that control on spills should increase. The number of 
purification installations is not enough and one could say that a serious 
situation exists because of the high number of uncontrolled spills. 
 
Eutrophication in the reservoirs is a consequence of abundance of 
phosphorus. Therefore, measures must be taken to decrease the load of this 
element. Lake studies are to be carried out, studying the actual state of 
eutrophication, the actual load of phosphor into the reservoir, the desired 
eutrophication conditions in the reservoirs, the decrease of waste loads 
needed and the best way to realise this decrease. 
 
In the smaller communities, where groundwater is the main source for 
drinking water, the deteriorating water quality is a serious problem. 
Desalination (of sea water and salty groundwater) is seen as an important 
tool to diminish the water problems without further endangering the 
hydrological situation. Already, salty groundwater is used to produce 35 – 40 
Mm3/yr in small-scale plants. The risk of overexploitation remains, as the 
source of the water is groundwater. 
 
Groundwater 
For groundwater, the same general remarks can be made as for surface water: 
upstream the water quality is good, downstream it is inadequate. The main 
sources of groundwater contamination are (infiltration of) urban and 
industrial wastewaters, (infiltration of) brackish irrigation water and marine 
intrusions. 
 
The studies executed for the PHC showed that, for decades, serious 
overexploitation of the aquifers had taken place, which in the end might lead 
to the complete disappearance of the resources. Reason for this was that that 
the groundwater did not pertain to the public domain. Therefore, no control 
existed as to how much water was extracted. That’s why, in 1986, a new law 
came into force, regulating groundwater withdrawals. 
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Ecology 
Agreement exists on the fact that wetlands must be protected. The problems 
in the wetlands may have to do either with water quality or water quantity. 
Most wetlands have an official status, implying a certain degree of protection. 
However, as the pressure on the water from non-environmental uses is 
enormous, hardly any priority is given to environmental claims. Until now, 
no real studies have been performed in order to determine the minimal 
sanitary or environmental discharges. 
 
Erosion 
In this catchment the loss of soil is the highest of Spain. Apart from increasing 
the probability and impact of flooding, erosion has a negative impact on the 
potential age of reservoirs as these are slowly filled up with sediments. With a 
surface of 1,815 km2, a total of 45,949,438 tons of soil are lost yearly. 
Solutions proposed comprise: 

• Replanting, reforestation and tree nursery; 
• Dikes and channelling; and 
• Conservation, maintenance and restoration of forested surfaces. Forest 

nurseries. 
 
Hydrological data 
This abundance of data leads to a new problem: how to manage them? How 
to get useful information out of the measurements? The CH does not dispose 
of an integrated program to do so. Another problem is that much of the 
sources are old and the reliability may not be too high. 
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Confederación Hidrográfica del Sur 

General description of the catchment 
Surface of the catchment:  18,425 km2 
Population:    2,100,000 inhabitants 

in summer, including tourists: 2,7000,000 inhabitants 
Total length of the rivers:  -- 
Mean precipitation:   <2 mm (east) to >2,000 mm (west) 
Mean annual discharge:  -- 
 
The catchment is located along the south coast of Spain. It extends stripwise 
(length about 350 km, width about 50 km) along the Mediterranean coast. Its 
orography leads to large contrasts in precipitation and climate.  
 

Figure A.6 Fluvial network of the CH del Sur, also indicating the areas prone to floodings 
 
The eastern part can be regarded as a desert, while more to the West, 
precipitation can be over 2,000 mm/yr. 
 
Water use 
The priorities in water use, plus volumes used, are presented in table A.7. 
 
Table A.7 Priorities in water use 

Volume used   
Use Mm3/yr % 

1 Urban water supply 245 17.8 
2 Ecologic discharges 225 16.4 
3 Irrigation and agricultural uses 850 61.8 
4 Industrial uses for the production of energy 
5 Other industrial uses } 30 

 
} 2.2 
 6 Aquaculture 

7 Recreational uses } 25 } 1.8 
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8 Other uses   
 
Total natural resources are estimated at about 2,480 Mm3/yr, a little under 
25% of the mean annual precipitation. Tables A.8 and A.9 present an 
overview of actual and future demands and available resources. 
 
Table A.8 Overview of origin of available resources (Mm3) 
 Actual Future 
Surface water: 445 410 
Groundwater: 550 1,015 
Non conventional: ?? 115 
Total: 995 (40%) 1,540 (62%) 
 
Table A.9 Overview of actual and future available water resources (Mm3) 

Actual Future 
Resources Demands Balance Resources Demands Balance 

995 1,375 -370 1,540 1,705 -165 
 
Water quality 
Information on the historical and actual state of the water quality is rather 
sparse. The only reference to water quality is the remark that standards are 
available for water quality, taking into account the use of the water and the 
location of the river branch, the aquifers or reservoirs. 
 
Ecology 
In the Sur catchment, no less than 22 natural zones are protected, while 42 
wetlands are found here. This gives an idea of the ecological wealth of this 
part of Spain. 

Problems and solutions 
Biggest problems are droughts and inundations. The dry periods coincide 
with the summer, exactly when most water is needed. On the other hand, 
relatively short rain showers, that sometimes may be very intensive, can 
result in discharges at the outlet of a catchment that are equivalent to the 
mean annual precipitation. Large areas within the catchment are prone to 
floodings (see figure A.6). Alternating events of droughts and inundations 
lead to erosion. In some parts, over 500 t/ha/yr is lost, the highest figure in 
Spain. The dry periods have already led to the process of desertification, 
especially so in the eastern part of the catchment. 
In order to stop or slow down erosion, reforestation and soil conservation 
plans have been drawn up. Another important action in the battle against 
erosion is the fact that governmental forces have been reorganized so that 
now, all forces involved are joined. 
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Confederación Hidrográfica del Guadalquivir 

General description of the catchment 
Surface of the catchment: 63,972 km2 
Population:    4,707,309 inhabitants (1991) 
Total length of the rivers: 3,158 km 
Mean annual precipitation: --  
Potential evaporation:  -- 
Mean annual discharge: -- 
 
Geographical setting 
The Guadalquivir catchment is situated in the central south of Spain. Its rivers 
discharge into the Atlantic Ocean in south-western Spain, near Cádiz. The 
topography of the catchment can be characterized by a central wide valley 
that is surrounded by mountains up to 3,000 m. Figure A.7 depicts the fluvial 
network of the CH. 
 

 
Figure A.7 Fluvial network of the CH del Guadalquivir 

Main hydrological features 
Surface water 
The most important rivers are the Guadalquivir, the Genil and the Guadiana 
Menor. 
 
Reservoirs 
In this catchment, with its big height differences, reservoirs are seen as the 
best protection against floodings. As table A.10 shows, the total volume of the 
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actual reservoirs is almost 9,000 Mm3. This is more than the natural resources 
(about 8,000 Mm3/yr). 
 
Table A.10 Overview of the reservoirs 
 Number of reservoirs Volume (Mm3) Purpose 
Actual number of reservoirs 63 8,758 Regulation 
In study phase 1 90 ? 
In development 3 113 Regulation (71 Mm3) 
To be built shortly 4 547 Regulation (310 Mm3) 
 
The PHC contains many objectives, the most important being: 
 
Hydraulic resources and water supply 
One of the main objectives is to increase the hydraulic resources by  

• the joint use of groundwater and surface water; 
• reduction of water consumption; 
• irrigation systems will be modernised in order to increase the 

efficiency and the savings of water; and 
• priorities for reuse will be determined. 

 
Natural resources are 8,070 Mm3/yr. At this moment, about 37% of these 
resources are available (3,020 Mm3/yr). Most of the available resources are 
stored in reservoirs (2,115 Mm3/yr). Groundwater accounts for 495 Mm3/yr, 
the remaining part (410 Mm3/yr) comes from base flow. 
Plans to increase the available resources within 10 years to a maximum of 
3,945 Mm3/yr (49% of the natural resources) consist of building new 
regulation works. Within 20 years, by applying the best set of regulation 
rules, this should lead to an available volume of 4,040 Mm3/yr (about 50% of 
the natural resources). 
 
Water use - irrigation 
Irrigation accounts for about 70% of the total water demand. It will be clear 
that for this reason, much attention is paid in the PHC to improving the 
current irrigation system, while complying with the national rules with 
reference to irrigation as mentioned in section 3.6.5. 
 
The objectives in improving the actual irrigation systems are: 

• conservation and improvement of the hydraulic infrastructure in the 
irrigation zones from the intake points at the reservoirs down to the 
outlet points; 

• water savings by improving the efficiency of the transport systems, 
distribution systems and the application of irrigation; 

• optimisation of exploitation methods adapting the water supply; 
• reduction of the exploitation costs and maintenance of the 

infrastructure, once this is modernised; and 
• transfer to the users of the exploitation and conservation of the user’s 

installations in order to make them responsible of its proper 
functioning. 
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The current surface of irrigated areas is 306,498 ha. According to recent 
agricultural analyses, about 1,300,000 ha are apt for irrigation. Within 20 
years, the irrigated surface must be 527,008 ha (minimal alternative) or 
655,042 ha (maximal alternative). 
The maintenance and the improvement and modernization of actual 
irrigations have higher priority than starting off new irrigation areas. 
 
The efficiency in irrigation (the ratio between the gross volume of water used 
for irrigation and the water actually used by the vegetation) must increase 
from 0.6 to 0.72. This should lead to a reduction of water use from 8,085 
m3/ha to 6,775 m3/ha. 
 
Demands 
Main water demand is irrigation. Table A.11 presents an overview of the 
water demands in the CH. 
 
Table A.11 Overview of the most important water uses 
 Volume (Mm3) % 
Urban / industrial 426 11.8 
Industrial 76 2.1 
Irrigation 2,874 79.7 
Flooding defence 57 1.6 
Environmental 173 4.8 
Gross total demand 3,606 100 
Return flow 405  
Net total demand 3,201  
 
Balance between resources and demands 
Five alternatives, in which available resources (surface water and 
groundwater) and surfaces to be irrigated were varied, have been calculated. 
All calculations include return flow, which will diminish with increasing 
human consumption. For each of the horizons contemplated (10 and 20 
years), a series of alternatives has been calculated. 
The PHC only presents the results of the maximal alternative. This 
alternative, with a maximum volume of water available and a maximum 
irrigation surface, results in a total deficit of 459 Mm3/yr. The conclusion was 
that import of water must be considered (nothing is said about alternative 
resources or savings of water). 
 
Water quality and ecology 
Not much information on the actual water quality situation has been found. 
Guidelines for the water quality and ecology are: 
• after urban water supply, the minimal ecological discharge is the second 

priority; 
• establishment of ecological demands in order to obtain the quality 

objectives per river branch; 
• determination of microbiologic quality conditions for reuse water; 
• description of quality objectives for hydrogeological units and surface 

water; 
• quality control and general rules for the ordering of waste loads; 
• ordering of (solid, agricultural and various liquid) waste loads; 
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• establishment of rules for the protection against diffuse contamination; 
and 

• establishment of criteria for the elaboration of programs to decrease 
contamination. 

 
Groundwater 
For groundwater the only objective found is the maintenance and 
improvement of the actual situation by establishing of protection zones in 
permeable zones and near water sources used for urban water supply and 
combat urban and agricultural contaminations. 
 
Environment 
Although not elaborated extensively, environmental objectives are: 

• soil conservation and the execution of hydrologic forest plans; and 
• diminishment of the environmental impacts of water power stations. 

Problems and solutions 
Floodings 
Both structural and management actions will be based on the following 
objectives: 

• all riverbeds must be able to cope with discharges of at least 50 year 
return periods; 

• within cities, stream beds must be able to cope with 500 year return 
periods discharge; 

• no activity within the river zones may affect the discharge capacities; 
and 

• reference discharges for dimensioning structural actions will be in 
accordance with those mentioned in the Study of Extreme Regimes 

 
Droughts 
Because of the occurrence of droughts during the last years, the hydraulic 
resources management allowed for some criteria to be established: 
 

• it is necessary to fix minimal reserves necessary to guarantee the 
urban water supply. 

• saving objectives and the appropriate control systems must be 
established in order to diminish the human water consumption. 

• the availability of water for agricultural use must be determined once 
the urban water demands are met. 

• negative consequences of droughts must be borne proportionally by 
those irrigating their lands. Therefore, these must be interconnected. 

• the pluriannual crops, for which the non-appliance of water will result 
in irreversible damage, must have a higher priority in water supply 
than the other crops. 

• control standards and sanctions must be established and these must 
be realised. 
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Irrigation 
Largest problem in irrigation is formed by the considerable water losses due 
to the antiquity of the transport and distribution infrastructure. Added to this 
the fact that water use is charged per ha irrigated land and not per volume of 
water used, and the main factors for the very high water consumption are 
mentioned. 
 
Erosion 
Several decades ago, about 40% of the area (equivalent to 2.4 Million ha) 
consisted of forested areas. Nowadays, 45% of these 2.4 Million ha has been 
deforested, 19% is covered by shrubs, while 13% is agricultural land. In 
Guadalete (126,900 ha), these percentages are 51, 19 and 3. Because of human 
cultivation, 2.7 million ha of land suffer erosion rates of over 50 t/ha/yr. 
The PHC presents an action plan to minimise erosion. 
 
General solutions  
A number of solutions are mentioned to minimize the water deficits. These 
are: 

• increase of efficiency in water use after modernisation and the 
improvement of the management by adequate consumption control; 

• increase of regulation by means of new reservoirs that will guarantee 
availability of resources after the EIA for these reservoirs will have 
been carried out; 

• redistribution of the resources by proper transport systems within 
each system and between systems; 

• reordering of the exploitation of groundwater using under-exploited 
aquifers up to a maximal use that equalises the natural recharge; 

• Integrated groundwater and surface water management; and 
• reuse of treated waste waters 

 
Now that seawater is being desalinated, it remains to be seen if these 
solutions will be realized.  
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Confederación Hidrográfica del Guadiana 

General description of the catchment 
Surface of the catchment: 48,836 km2 (60.361 km2, including Portuguese 
territory) 
Population:    1,681,235 inhabitants (1991) 
Total length of the rivers: 33,707 km 
Mean annual precipitation: 567 mm 
Potential evaporation:  700 – over 1,000 mm/yr. 
Mean annual discharge: 6,168 Mm3 
 
For the Guadiana catchment, two hydrological plans have been drawn up. 
The first covers the part of the catchment that runs from the sources of the 
Guadiana down to the rivers Múrtiga (about 53,400 km2); the other part only 
comprises the Guadiana catchment in the province of Huelva, downstream 
from the confluence with the Chanza river (about 7,000 km2). In this chapter, 
both plans are summarized and presented (as much as possible) as one. 
Figure 3.8 depicts the position of the two territories. 
In the process of writing the PHC, many parties have been involved, thus 
increasing the social basis. Annex B gives an overview of the parties involved. 
 
Geographical setting 
The northern part of the catchment can be split up into the Cuenca Alta 
("High Catchment") and the Cuenca Media ("Medium Catchment"). The 
names do not necessarily refer to the elevations: in the north (Cuenca Alta), 
elevation is between 700 and 1,000 m. Further south, the maximum elevation 
varies between 600 and 800 m. In the extreme south of the Cuenca Alta, 
where the river Guadiana rises, maximum heights exceed 1,000 m. Due to 
relatively large differences in elevation, which ranges from 200 – 1,000 m, 
precipitation shows considerable variation (350 – 1,000 mm/yr). Cuenca 
Media has heights between 200 and 1,400 meter. In the southern part of the 
catchment, elevations are from sea level to about 1,000 m in the eastern part. 
Precipitation in this part is concentrated in the period October – April. In the 
remaining months, it is practically zero. This pattern leads to irregular 
discharges which form the major weakness of the hydrologic system. 
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Figure A.10 Fluvial network of the CH del Guadiana 
 

Main hydrological features 
Surface water 
Most important rivers, apart from the Guadiana, are the Cigüela, the Záncara, 
the Azuer, the Córcoles, the Chanza, the Guadiana, the Odiel, the Tinto and 
the Piedras. 
 
Agreement Spain - Portugal 
The Guadiana is a transboundary river. In 1998, Portugal and Spain signed an 
agreement to manage the river. The observing of these regulations is 
monitored at two locations: 

• near the dam of Badajoz (Spain) 
• at the discharge measuring station of Pomorao (Portugal) 

 
Near the dam of Badajoz, except in times of exceptional drought, the regime 
of the Guadiana, must be as presented in table A.12. 
 
Table A.12 Overview of discharge regulations at the dam near Badajoz (Mm3/yr) 

Cumulative precipitation exceeding mean precipitation, measured 
March 1st 

Total volume of water stored in 
some specific reservoirs (Mm3) 

> 65% < 65% 
> 4.000 600 400 
Between 3.150 and 4.000 500 300 
Between 2.650 and 3.150 400 exception 
< 2.650 exception exception 
 
At the dam in Badajoz and in Pomarao, the mean daily discharge must be 2 
m3/s. 
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The period of exception ends at the beginning of the first month after 
December in which the total volume of water in the reservoirs mentioned in 
table 3.14 exceeds 3,150 Mm3. 
 
Groundwater 
Part of the underground is very permeable (because of karstification and 
abundance of fissures), resulting in high infiltration of river water. On the 
other hand, zones characterized by a very low permeability are found. 
 
Water use 
Tables A.13 and A.14 summarise the actual and future demands of the most 
important water uses. 
 
Table A.13 Overview of actual and future demands in the northern part 
 Actual Within 10 years Within 20 years 
 Mm3/yr % Mm3/yr % Mm3/yr % 
Agricultural 2,156.95 89.5 2,453.94 8739 2,645.17 87.76 
Urban* 118.72 4.93 12634 4.50 13733 4.56 
Industrial 36.51 1.48 39.16 139 43.08 1.43 
Cattle 17.68 0.73 17.68 0.63 17.68 0.59 
Environmental 78.97 3.28 168.97 6.02 168.97 5.61 
Other uses 2.02 0.08 2.02 0.07 2.02 0.07 
Total 2,409.95 100 2,808.12 100 3,014.26 100 
* The urban demands are equivalent to 251, 258 and 268 l/p/d respectively, taking into account the 
expected growth of population. Population will increase to 1,343,252 within 10 years and to 1,406,387 
within 20 years.  
 
Table A.14 Overview of actual and future demands in the southern part 
 Actual Within 10 years Within 20 years 
 Mm3/yr % Mm3/yr % Mm3/yr % 
Agricultural 127.781 54.61 300.237 69.09 420.605 74.08 
Urban 38.107 16.28 48.015 11.05 55.078 9.70 
Industrial 52.517 22.44 57.769 13.29 63.546 11.19 
Cattle 2.661 1.14 2.661 0.61 2.661 0.47 
Environmental 12.929 5.53 25.858 5.95 25.858 4.65 
Total 233.995 100 434.540 100 567.748 100 
 
In the south, about 80% of the water is returned to the natural water cycle 
after use, but as most of the population lives near the shore, reuse of water is 
practically zero.  
 
Irrigation 
In the north, water for irrigation comes from rivers and small aquifers (about 
15% with a low level of guarantee), larger aquifers (about 50%, which does 
not meet the demands), or from large reservoirs (meeting the demands, 
except for extremely dry periods). 
Also in the south, the degree of satisfaction of the demands from irrigation 
depends on the origin of water used. In zones without regulation works, the 
guarantee of supply is low. In those zones where water is supplied by 
reservoirs, there normally is no problem. The third kind of zones (about 50%) 
is the one where groundwater is used. Main problem here is formed by salt 
water intrusions during the 1980s. 
 
Compared to other CHs, the efficiency of water use for irrigation in all 
subcatchments is quite high. The least efficient use is caused mainly by high 
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evaporation, lack of control of waste waters into the larger irrigation 
waterways without automation in its management and the incorrect use of 
water by many farmers. 
Industry gets its water from large channels and groundwater, but also from 
the urban water supply, the net volume of which is therefore smaller than the 
figure mentioned in tables 3.14 and 3.15. 
 
Urban water supply 
Not all municipalities have access to sufficient water throughout the year. 
Paragraph 3.8.4 will deal in more detail with problems in urban water supply.  
 
Other uses 
These uses (energy, cooling, aquaculture, recreation, fish culture) are 
subservient to the three main uses and have not been developed extensively. 
The water quality, that is bad locally, may partly be held responsible for this. 
 
Water balance 
In the north, the volume of the natural resources (mean volume 4,875 Mm3) is 
subject to temporal variations, both within a year and within a period of 
several years. These resources consist of (1) the volumes in the reservoirs, (2) 
the volumes that can be extracted from groundwater without causing 
overexploitation, (3) the rivers and (4) return water from several uses. 
In the south, natural resources are 1,292.88 Mm3. Regulated resources are 
only 345 Mm3/yr. These consist of 275 Mm3/yr in reservoirs, 60 Mm3/yr 
from groundwater and 10 Mm3/yr from surface water (rivers). In the future, 
more reservoirs will be built here, increasing the reservoir volume by 410 
(within 10 years) and 435 Mm3/yr (within 20 years) respectively. The other 
resources will remain unchanged. 
 
Table A.15 clearly shows the effect of a dry climate on the water balance. It 
also shows new that reservoirs only partly counterbalance the negative 
impacts of a drier climate. 
 
Table A.15 Balance in the exploitation system (in Mm3) 
 Actual situation Within 10 years Within 20 years 
 N S N S N S 
Current climate -10 110 10 320 -85 210 
Dry climate (25% less regulated resources) -480 40 -535 145 -660 30 
Dry climate, no new reservoirs -- 40 -730 -160 -930 -295 

 
For the northern part, table A.16 gives a more detailed insight in the 
exploitation system 
 
Table A.16 Detailed water balance (in Mm3) in the northern part.  
 Actual situation Within 10 years Within 20 years 
Population 1,293,800 1,343,342 1,406,207 
Irrigated surface (ha)    
 Governmental 150,039 174,039 199,539 
 Private parties 171,431 174,931 174,931 
 Total 321,470 348,970 374,470 
Demands (Mm3)    
 Urban water supply 120 125 135 
 Irrigation 2,155 2,455 2,645 
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 Industrial use 40 40 45 
 Cattle 20 15 15 
 Others 0 0 0 
 Environmental demands 80 170 170 
 Total 2,415 2,805 3,010 
Reservoirs    
 Number of reservoirs 142 161 168 
 Larger than 0,5 Mm3 69 88 95 
 Total capacity (Mm3) 8,930 9,900 10,290 
Resources available (Mm3)    
 Regulated resources 2,200 2,475 2,580 
Balance (Mm3)    
 Natural resources 4,875 4,875 4,875 
 Regulated resources 2,200 2,475 2,580 
 Demands* 2,210 2,465 2,665 
 Global balance -10 10 -85 
*: Demands depending on reservoirs and groundwater 
 
Water quality 
In the catchment, water quality varies considerably. In general, it is quite 
satisfactory, but especially near urbanisations, water quality is poor. The 
contamination originates from leaching from solid urban, industrial and 
agricultural wastes. 
 
Ecology 
In this CH, a lot of wetlands of high ecological or environmental importance 
are found. The wetlands in the higher grounds form one of the most 
interesting ecological wetlands of Mediterranean Europe. The Guadiana 
catchment contains no less than 167 wetlands of international, national or 
regional importance! One of them, the Doñana National Park is Europe's 
largest wildlife reserve. 
The PHC therefore provides measures to preserve the minimal ecological 
discharges in order to enable the rehabilitation of the wetlands. 
In the south, a study has been performed to assess the biologic water quality 
in the reservoirs, which turns out to be good. Of the 10 reservoirs analyzed in 
1993 in the southern part, only one turned out to be hypertrophic, four were 
eutrophic, one meso-eutrophic, one mesotrophic and three oligo-mesotrophic. 
However, another study presents other results: out of the 30 reservoirs 
analyzed, 17 reservoirs were classified as meso-eutrophic (6), eutrophic (7) or 
hypertrophic (4). It is expected that the water quality in the reservoirs will 
decrease because of the increasing loads of nutrients. 
 
Public Hydraulic Domain 
The PHC dedicates special attention to the public hydraulic domain. These 
could be described as the "wet" zones that are publicly accessible. The PHC 
presents the following objectives related to the protection and rehabilitation 
of the public hydraulic domain: 

• to obtain and maintain an adequate level of water quality; 
• to prevent the accumulation of toxic or dangerous compounds in the 

subsoil that could contaminate the groundwater; 
• to prevent whatever other accumulation that could cause a 

degradation of the soil and groundwater; 
• to establish the conditions to be met by the waste waters; 
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• to establish of rules of use of the public hydraulic domain; 
• to determine the protection zones of the aquifers, wetlands, lagoons, 

and reservoirs; 
• to realize the demarcation of the public hydraulic domain; and 
• limitation of the exploitation of (actual and probably future) 

overexploited aquifers. 

Problems and solutions 
Two major kinds of problems exist: those related to the physical and chemical 
aspects of water and its environment (contamination, encroachment of the 
riversides, illegal water extractions etc.) and those related to the management 
of the public hydraulic domain. 
 
Problems of the first group are: 

• contamination of surface water and groundwater because of urban 
and industrial spills of waste water; 

• water consumption exceeding the volumes granted; 
• lack of demarcation of the public hydraulic domain; 
• lack of a central urban-fluvial planning; and 
• illegal use of the river sides for tree plantations. 

 
Problems of the second group are: 

• problem of control of spills of waste water because of the extension of 
the area and the lack of qualified personnel; 

• problem of control of the private irrigations; 
• problem of illegal wells in overexploited aquifers; 
• the deficient state of part of the infrastructure; 
• problems arising from the inappropriate use of a terrain. By 

compulsory purchase, this problem could be tackled, however, 
financial resources are not available; and 

• legal problems with reference to the control of inappropriate use of 
the public hydraulic domain. 

 
In order to face up to the possible problems with respect to the available 
resources, the CH wants to increase the water resources. This can be done by: 

• building new reservoirs. In the next 10 years, 22 reservoirs will be 
built in the south with a total volume of 1,031 Mm3. In the following 
decade, 7 more will be built (330 Mm3); 

• improving the use of groundwater (better knowledge of aquifers and 
a better exploitation); 

• saving water by applying a better water resources management and 
by decreasing the losses; 

• reuse of water as long as the water quality demands are being met; 
and 

• improving the water quality (by controlling the spills). 
 
The problems and solutions will be presented themewise. 
 
 



 

  
© TECHNEAU - 99 - March, 2007 

 

Irrigation  
Measures to improve the efficiency in irrigation have a relatively large 
impact, irrigation being the largest water use. In agriculture, the efficiency of 
water use is low. An important reason could be the fact that farmers pay a 
fixed price per hectare cultivated and not per volume of water used. Other 
problems are: 

• the poor state of the infrastructure of the water transport system; 
• low level of “technical education” of the farmers; 
• a low incentive to save water and to use better resources management 

techniques; 
• low efficiency of the water use (application), because of the water loss 

in the transport and distribution pipelines, and the use of low 
efficiency irrigation methods on the parcel itself; 

• scarcity of water resources in several zones to meet the actual and 
future irrigation water demands; and 

• use of water with high chloride content in part of the catchment due to 
overextraction (in the south). 

The solution to the last problem is believed to be the change from 
groundwater to surface water. 
 
Urban water supply 
One of the main problems in urban water supply (water deficits) is clearly 
illustrated by table A.17. 
 
Table A.17 Urban water supply situation 
 Number of municipalities 
 North South 
Total of municipalities 377 59* 
Municipalities with sufficient water throughout the year 283 41 
Municipalities with water deficits during summer 56 14 
Municipalities with water deficits throughout the year 38 4 
*: In the south, only municipalities with over 7.500 inhabitants are included in this overview. 
 
Especially in those municipalities where the water supply is insufficient 
throughout the year, groundwater is used by private parties in order to meet 
their demands. These groundwater withdrawals are mostly uncontrolled by 
local governments. 
 
Other problems related to urban water supply are: 

• the water supply network itself is not appropriate in 77 municipalities; 
and 

• in several municipalities the sewer system is insufficient, thus waste 
waters are not treated. In places where industrial waste water systems 
are connected to the urban waste water system this leads to severe 
water quality problems. 

 
Floodings and inundations 
Although in general, precipitation is moderate, the problem of floodings 
exists in this CH. Both short, intensive precipitation and longer, less intensive 
precipitation may lead to floodings because of the low permeability of the soil 
(and the lack of drainage system). Furthermore, fences and other 
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constructions built in the river beds decrease the natural discharge capacity. 
Flooding occurs especially along the middle branch of the Guadiana. In some 
parts floodings even caused the loss of lives. A study has been performed 
leading to the identification of 51 risk areas in this CH. 
In order to diminish the risk of floodings, lots of reservoirs have been 
constructed already. Still, in relatively large rivers like the Tinto and the 
Odiel, reservoirs to prevent flooding are absent. The aim of these reservoirs is 
to decrease the discharge of once every 500 years (input in reservoirs) to once 
every 100 years (output of reservoirs). 
 
Water quality 
With respect to water quality, a fundamental characteristic of the catchment is 
the absence of infrastructure to treat wastewater in most of the municipalities. 
The current installations show infrastructural deficiencies, although mention 
must be made of recent improvements in this respect. 
 
The PHC contains an extensive enumeration of the water quality in both 
surface water and groundwater. Most rivers in the CH act as collectors of 
waste waters, while in groundwater the problems in groundwater are salt 
water intrusions and high nitrate contents in agricultural areas. In order to 
combat the general deterioration of the water quality, the PHC concentrates 
on the sources of contamination, i.e. waste waters should meet some quality 
demands. The most common sources of contamination are: 

• urban waste water; 
• leaching from terrains surrounding the rivers (especially sulphates 

and phosphates, and in minor degrees Ca, Mg, Cal and NO3); 
• industrial waste water. A serious problem caused by industry is the 

fact that its waste water is sometimes reused while the water quality is 
bad; and 

• in parts of the catchment, leaching from mining activities (which 
started about 2,000 years ago) forms the main contaminant in the 
rivers. As, according to current ideas in Spain, nothing can be changed 
about that, no effort is paid to reduce this. And, according to the same 
ideas, since the major contaminant cannot be reduced, what is the use 
of reducing the effects of minor sources of contaminants? 

Within the reservoirs, the risk of eutrophication exists. 
 
Ecology 
The most important exponent of ecology in the catchment is formed by the 
wetlands. Nowadays, these are threatened by uncontrolled “dumping” of 
solid and liquid waste, tourist overexploitation, and the use of the wetlands 
as land suitable for agriculture or urbanisation. Furthermore, the recent dry 
periods and the lowering of the groundwater table form a threat. This is 
illustrated by the developments in the wetland of the Mancha, proclaimed a 
wetland of exceptional international importance. This ecosystem, home to 
many water birds, is threatened by the decrease in hydraulic resources. In 
1967 it consisted of 25,377 ha of wetland, in 1984 this had decreased to about 
13,400 ha. 



 

  
© TECHNEAU - 101 - March, 2007 

 

Confederación Hidrográfica del Tajo 

General description of the catchment 
Surface of the catchment:  55,810 km2 
Including Portuguese territory: 88,700 km2 
Population:    over 6,000,000 inhabitants 
Including Portuguese territory: over 9,000,000 inhabitants 
Also including SE-Spain: over 11,000,000 inhabitants 
Total length of the rivers:  -- (Tagus within Spain: 827 km) 
Mean precipitation:   655 mm/yr 
Mean annual discharge:  12,220 Mm3 
 
This is a special catchment since two European capitals (Madrid and Lisbon) 
depend on its water management. Besides, Europe’s biggest water transfer 
starts here, supplying irrigation water to about 230,000 ha of land outside the 
catchment. Heights are between 200 (near the Portuguese border) and 2,000 m 
(in the eastern and middle section). 
 

 
Figure A.11 Fluvial network of the CH del Tajo 
 

Main hydrological features 
General 
The peninsula's longest river (the Tagus) flows through this catchment. It 
springs in the Sierra de Albarracín in the eastern part of Spain. The total 
length of the Tagus is 1,100 km, with 827 km flowing through Spain and 230 
km through Portugal. In the remaining 43 km, the Tagus forms the border 
between the two countries. The mean discharge of the Tagus, the river with 
highest degree of regulation in Spain, is over 10,000 Mm3/yr. Other 
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important rivers in this CH are the Guadarrama, the Henares, and the 
Alberche. 
 
Precipitation in the catchment is between 200 and 2,000 mm/yr. The 
renewable hydraulic resources have been assessed at about 12,230 Mm3 (in 
the Spanish part: 11,235 Mm3), including groundwater. Specifications as to 
which part of these resources can be used have not been found in the sources 
consulted. 
Reservoirs with a total capacity of 12,000 Mm3 have been constructed for 
several purposes (irrigation, urban water supply, protection against flooding, 
hydropower). 
 
This catchment forms the starting point of the ATS that has already been 
discussed in section 3.5.2. Originally designed to transport up to 1,000 
Mm3/yr, this volume is now considered to be too optimistic. Over the period 
1978 - 1999, the mean volume transferred is about 290 Mm3/yr with a 
maximum of 561 Mm3/yr. 
Before the decision is taken to export water, the demands in the catchment 
must be met. Secondly, in two of its reservoirs, 240 Mm3 must be stored 
before the actual transfer to the south-eastern part of Spain may take place. 
Nowadays, the volume exported may never exceed the value of 650 Mm3/yr. 
 
Agreement Spain - Portugal 
The Tagus is a transboundary river. In 1998, Portugal and Spain signed an 
agreement to manage the river. The observing of these regulations is 
monitored at two locations: 

• at the Cedillo cascade (Spain) 
• at the discharge measuring station of Ponte Muge (Portugal) 

 
In normal circumstances, the discharge at Cedillo must be 2,700 Mm3/yr and 
at Ponte Muge 4,000 Mm3/yr. These rules may be deviated from when 

• reference cumulative precipitation in the catchment from the start of 
the hydrological year (October 1st until April 1st is less than 60% of the 
mean cumulative precipitation in the catchment over the same period; 
or 

• reference cumulative precipitation in the catchment from the start of 
the hydrological year (October 1st) until April 1st is less than 70% of the 
mean cumulative precipitation in the catchment over the same period 
and reference cumulative precipitation in the catchment from the start 
of the preceding hydrological year has been less than 60% of the mean 
annual precipitation. 

 
The period of exception ends at the beginning of the first month after 
December in which the reference cumulative precipitation in the catchment 
since the beginning of the hydrological year exceeds the mean cumulative 
precipitation in the same period.  
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The use of the resources 
The PHC analyses the existing demands and resources and presents a 
balance. From this balance, excessive demands are deduced. It also presents 
limits to the volumes of water to be used by each use while criteria for water 
supply guarantee are established, thus reducing the vulnerability to and 
increasing the defence against extreme hydrological events. 
 
Table A.18 presents the actual and future water demands 
 
Table A.18 Actual and future water demands (in Mm3/yr) 
 Actual Situation Within 10 years Within 20 years 
Use Urban 

and 
industrial 

Irriga-
tion 

Environ-
mental 

Cooling Urban 
and 
industrial 

Irriga-
tion 

Environ-
mental 

Cooling Urban 
and 
industrial 

Irriga-
tion 

Environ-
mental 

Cooling 

Total 770 1,170 765 1,395 850 1,060 765 1,395 940 2,050 765 1,395 
% 18 29 19 34 21 26 19 34 18 40 15 27 

 
For urban water supply, a price per m3 used is charged, while in irrigation, 
users are charged a price per ha irrigated, which of course does not incline to 
savings of water in this sector. Environmental and cooling demands are not 
necessarily consumptive uses. They can be combined with other uses, 
although no information on this has been found. 
 
Priorities in use of water resources are: 

1. Urban water supply 
2. Irrigation and other agricultural uses 
3. Energy plants 
4. Other industries 
5. Aquaculture 
6. Recreation 
7. Other uses 

 
Mention should be made here of the fact that environmental use is not 
mentioned. 
 
Urban water supply 
Urban water supply has the highest priority. At the moment, about 95% of 
the population is served by official water supply systems.  
 
Irrigation 
Irrigation is a relatively large water demand: 29% of the total water demand 
is used for 4% of the surface.  
Total irrigated area is 230,720 ha. Part of this is irrigated by private 
organisations (116,220 ha), part by public organisations (114,500 ha). 
 
Water quality 
Water quality is practically neglected in the PHC. Water quality objectives per 
river branch are presented. For withdrawal zones water quality criteria are 
mentioned.  
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Groundwater 
Groundwater resources are 4,700 Mm3. Recharge is about one third of this 
volume (1,540 Mm3), which forms the volume of groundwater that can be 
exploited without depleting the resources. Groundwater is used for urban, 
industrial and agricultural activities. Table A.19 presents the volumes of 
water demands per activity. As is shown in this table, recharge is 11 times 
higher than the total groundwater use. 
 
Table A.19 Groundwater used (Mm3/yr) 

Use Total use Recharge Ratio (use/recharge) 
Urban and industrial Agriculture   % 

40 100 140 1,540 9 

 

Problems and solutions 
Floodings 
Floodings are a problem, although no details have been found as to frequency 
or location. Protection against floodings involves both structural (in particular 
building of reservoirs) and administrative actions. 
Before reservoirs were built, floodings produced huge damage to the villages 
and its population, including the loss of human lives. 
Within 10 yrs, the discharge capacity of the river branches, the flooding 
zones, artificial obstacles and the feasibility to remove these will be analysed. 
As far as prediction of floods is concerned, the Sistema Automático de 
Información Hidrológica (SAIH - Automated Hydrological Information 
System) is seen as a very handy tool. 
 
Droughts 
Mean potential evapotranspiration (761 mm/yr) exceeds mean precipitation. 
Naturally, biggest problems with regards to droughts occur in summer.  
An emergency plan has been drawn up for periods of drought. This plan 
specifies, amongst others, the volume of water that can be used by each (type 
of) water demand during periods of droughts. Also the priority in water use 
for these periods is given. 
 
Water supply 
A total demand of 85 Mm3/yr cannot be satisfied. These deficits, for which 
no solution is offered in the PHC, occur in irrigated areas. Whether these 
zones are relatively unimportant or whether it is too complex to transfer 
water to these zones is not known. Still, it seems strange that water is 
exported through the ATS while not all water demands can be fulfilled.  
 
Protection of the aquatic medium 
The PHC tries to harmonize the water use with the environment and the 
natural resources. For this reason, some rather global environmental 
protection rules are presented: 

• Water quality (to combat and control the water pollution); 
• Environmental demands (related to both water quantity and water 

quality); 
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• Demarcation of protection zones and rehabilitation of resources: the 
PHC determines criteria and priorities to demarcate protection zones 
in the wetlands and most important lakes for birds; and 

• Forest (reforestation and planning of the agricultural zones that drain 
into reservoirs). 
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Confederación Hidrográfica del Duero 

General description of the catchment 
Surface of the catchment:  78,952 km2 
Including Portuguese territory: 97.290 km2 
Population:    3,316,000 
Including Portuguese territory: 4,125,000 
Total length of the rivers:  -- (Duero within Spain: 572 km) 
Mean precipitation:   -- 
Mean annual discharge:  -- 
 

Main hydrological features 
General 
The administration of the CH del Duero regulates one of the largest of all 
CHs. The length of Spanish part of the river Duero is 572 km. The gradient is 
quite high, about 3.7 m/km. The reservoirs near the Duero enable the 
generation of electricity by numerous power plants. In Portugal, the length of 
the Duero is 213 km with a gradient of 0.6 m/km. 
 
Agreement Spain - Portugal 
The Duero is a transboundary river. In 1998, Portugal and Spain signed an 
agreement to manage the river. The observing of these regulations is 
monitored at three locations: 

• at the Miranda reservoir (Spain) 
• at the Saucelle reservoir (Spain) 
• at the discharge measuring in the river Águeda (Portugal) 
• at the Crestuma reservoir (Portugal) 

 
In normal circumstances, the discharge at Miranda must be 3,500 Mm3/yr, at 
Saucelle and the Águeda 3,800 Mm3/yr and at Crestuma 5,000 Mm3/yr. 
These rules may be deviated from when reference cumulative precipitation in 
the catchment from the start of the hydrological year (October 1st) until April 
1st is less than 65% of the mean cumulative precipitation in the catchment 
over the same period. 
 
The period of exception ends at the beginning of the first month after 
December in which the reference cumulative precipitation in the catchment 
since the beginning of the hydrological year exceeds the mean cumulative 
precipitation in the same period.  
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Figure A.12 Fluvial network of CH del Duero 
 
Water use 
In this CH, irrigation for vineyards forms the main water demand, 93%. The 
CH is sparsely populated, which explains the relatively low demand for 
urban water supply (6%), The remaining 1 % is used by industry.  
 
Priority in water use in this CH is like the priority in other CHs. 

1. Urban water supply 
2. Irrigation and other agricultural uses 
3. Energy plants 
4. Other industries 
5. Aquaculture 
6. Recreation 
7. Other uses 

 
Irrigation 
In order to improve the efficiency of the existing irrigation systems, the total 
area of which is 550,328 ha, water is to be saved by decreasing the loss of 
water during transport. Besides, the actual system will have to be optimized. 
Improvement of the actual system will cost about 681 M€. 
At the moment, 98,000 ha of the irrigated zones have to contend with water 
deficits. The majority of these deficits are believed to be solved once the water 
regulation in these zones is finished as foreseen in the PHC. 
The CH plans to increase the area of irrigated zones by about 306,000 ha 
within the period until 2017. 
 
Reservoirs 
A total of 703 reservoirs exist in this CH with a total capacity of 2,751 Mm3. 
These are closely monitored. Data on volumes of water in reservoirs and data 

Main rivers 
Secundary rivers
Main rivers 
Secundary rivers
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on discharges of rivers in major cities can be consulted on line on the internet. 
Apart from volumes of water, also the water quality and the trophic level in 
the reservoirs are monitored. 
All reservoirs providing urban water supply are subject to protection. A zone 
around the reservoirs is protected in order to diminish the risk of 
contamination. 
Upstream of the reservoirs, monitoring networks control wastewater loads 
from possibly contaminating activities. 
 
Ecology 
The CH del Duero contains about 1,000,000 ha of special protection zones 
(national parks, wetlands). This is about 12.5% of the total area of the CH.  
 

Problems and solutions 
No direct information on contamination of surface water or groundwater is 
found, but several future plans indicate that a lot of effort is put into 
preventing this. 
All water exploitation zones are to be protected. All activities in the 
surroundings will be subject to investigation whether or not contaminating 
activities take place. 
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Confederación Hidrográfica del Norte and Galicia - Costa  

General description of the catchment 
The north-western part of Spain consists of two CHs: the CH de Galicia – 
Costa and the CH del Norte. For reasons unknown, the CH del Norte has 
been divided up into three parts, I, II and III, each with its own PHC. As the 
four PHCs closely resemble each other (regarding both contents and 
structure), this section includes descriptions of all CHs. 
Although not directly related to hydrology, one important remark must be 
made about these CHs. Although they form part of Spain, they differ greatly 
from the other CHs as far as culture and language is concerned. The PHC of 
Galicia – Costa is written in Galician while main language in the catchment 
Norte III is Basque.  
 
    Galicia  Norte I  Norte II  Norte 
III  
Surface of the catchment: 13,072 km2 17,717 km2 17,332km2 5,845 
km2 
Population:   2.033.000 --  --  1,888,000 

Total length of the rivers: --  --  --  -- 

Mean precipitation:  --  1,200 mm/yr 1,350 mm/yr 1,500 
mm/yr 
Mean annual discharge: 12,642 Mm3/yr --  --  -- 
 

Main hydrological features 
General 
Figures 3.11 to 3.14 show the fluvial networks of the CHs described in this 
section. Please note that the maps are not depicted on the same scale! 
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Figure A.13 Fluvial network of CH Galicia - Costa 
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Figure A.14 Fluvial network of the CH del Norte I 
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Figure A.15 Fluvial network of the CH del Norte II 
 

 
Figure A.16 Fluvial network of the CH del Norte III 
 
This zone of Spain is very mountainous with maximum elevations of about 
2,700 m. Lying close to the sea, slopes are quite steep. This fact added to 
precipitation falling normally in heavy showers, leads to floodings on a 
regular base. 
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The CHs are characterised by an abundance of small rivers, all discharging 
into the Atlantic Ocean (Galicia - Costa) or the Cantabrian Sea. Main rivers 
are the Miño (Norte – I) and the Nalón (Norte – II). 
The figures in table A.20 come from the summaries of the PHC of the several 
CHs del Norte. However, a few question marks are in order here since figures 
of CH del Norte II are exactly the same as those of the Norte – III. 
Furthermore, in one section of the PHC it is stated that water is imported 
from CH Galicia – Costa, while another section reports that water transfers 
take place between these catchments and the CH del Ebro (see A.3). The table 
presents surface water resources, which forms 95.5% of all water available in 
Norte – I, 85.5% in Norte – II and Norte – III. In Norte – I, a majority of the 
surface water is regulated, while in Norte - II and III, most surface water 
resources is found in rivers and smaller streams. 
 
Table A.20 Surface water resources (%) 
 Regulated Natural Return water Imported 
Norte – I 59.7 23.6 16.5 0.2 (Galicia – Costa) 
Norte – II 40.8 52.2 6.5 0.5 (Galicia – Costa) 
Norte – III 40.8 52.2 6.5 0.5 (Galicia – Costa) 
 
In the CH del Norte I, the soil is characterised by a high impermeability. 
Therefore, baseflow is almost zero, causing a considerable decrease in 
discharges during summer, in most catchments to values as low as 5% of the 
annual mean discharge. Besides, wells run practically dry during summer. 
 
Agreement Spain - Portugal 
The Miño is a transboundary river. In 1998, Portugal and Spain signed an 
agreement to manage the river. The mean discharge must be 3,700 Mm3/yr at 
the Frieira cascade (Spain), except when exceptional circumstances occur: 
these rules may be deviated from when reference cumulative precipitation in 
the catchment from the start of the hydrological year (October 1st) until July 
1st is less than 70% of the mean cumulative precipitation in the catchment 
over the same period. 
 
The period of exception ends at the beginning of the first month after 
December in which the reference cumulative precipitation in the catchment 
since the beginning of the hydrological year exceeds the mean cumulative 
precipitation in the same period.  
 
Priority in water use 
Priority in water use is in line with those in other CHs, albeit that 
environmental use is not mentioned: 

1. Urban water supply 
2. Agriculture (excluding irrigation) 
3. Small industries 
4. Irrigation 
5. Other industries 
6. Hydropower plants 
7. Aquaculture 
8. Recreation 
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9. Navigation 
10. Other uses 

 
For the CH de Galicia – Costa, figures on water resources were found (see 
table A.21). It shows that demands exceed the resources available. Striking is 
the fact that the ecological discharge is by far the largest water demand. Main 
reason for the water deficits is the fact that only about 10.8% (1,365/12,640) of 
the total resources are available for exploitation. The water deficits occur 
throughout the year. Section A.8.4 deals with this problem. 
 
Table A.21 Volumes of water in CH de Galicia – Costa (in Mm3/yr) 
Superficial 
resources 

demands demands plus 
ecological discharge 

resources  
available 

balance 

12,640 900 2,175 1,365 -810 

 
The demands can be split up into urban (225 Mm3/yr), industrial (135 
Mm3/yr) and agriculture (540 Mm3/yr) demands. The minimal ecological 
discharge is by far the largest water demand (1,275 Mm3/yr, being 10% of the 
mean annual discharge). The negative balance is caused mainly by the fact 
that the resources available amount to only 10.8% of the resources available. 
 
Future demands are expected to increase to 925 (2007) and 980 Mm3/yr 
(2017). 
 
In the CH del Norte, as in the CH de Galicia – Costa, water deficits exist, 
albeit that these occur mainly during summer (see A.8.4). 

Problems and solutions 
Floodings 
As stated in 3.8.2, the combination of steep slopes and high intensity rain 
showers results in floodings in the lower areas. In order to minimize the 
damage due to floodings, some guidelines have been established. For 
example, building in zones that are subject to flooding once every 500 years is 
only possible under strict regulations. 
No indications are found that, until now, any infrastructural works have been 
built. However, the construction of reservoirs, correction and protection of 
river beds, canalizations, modification of obstacles, dredging and drainage 
works will be studied as possible solutions. 
 
Water deficits 
In practically all (sub) catchments, water deficits exist.  
In the CH Galicia – Costa, the non-existence of water regulations is seen as 
main cause for the deficits that occur in spite of the abundance of water 
resources. The solution is sought in construction of infrastructural works and 
reduction of assignments to several uses. 
Since 1998, in CH del Norte I, water has been imported water from the CH 
Galicia - Costa. 
In CH del Norte II, in the past, several rivers ran dry during summer because 
of the fact that industries used (too) much water. The problem has been 
resolved by exporting water during winter to the Ebro-catchment. The same 
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volume is imported during summer, thus forming the first two-way water 
transport system in Spain. 
In CH del Norte III, the high human water consumption and the water 
quality demands made it necessary to import water, which is imported from 
the CH del Ebro through two canals. Total volume of water imported is 166 
Mm3. 
 
Water quality 
In many regions in the CH Galicia – Costa, waste water from cities and 
industries does not meet the water quality standards. Therefore, in order to 
improve the water quality, sewage systems will be built in all urban zones 
within the period until 2017. Furthermore, all urban and industrial waste 
water will be treated before discharging into the rivers. 
 
Water quality protection zones have been defined in areas where water is 
intended for human consumption. In these zones, possibly contaminating 
actions are prohibited or limited according to strict regulations. 
 
Finally, the PHC offers standards for the use of the water resources in order 
to minimize the chance of contamination during use. 
 
Groundwater 
Standards are established in order to prevent the salt water intrusions in the 
aquifers adjacent to the sea. Besides, extractions are never to exceed 90% of 
the mean annual precipitation. 
 
Ecology 
Erosion forms a major problem in this CH. In order to minimize erosion, 
areas are being reforested. 
 


