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Summary 

In this second phase of the TECHNEAU case study Spain, the projected 
future climate in Spain is described. On the basis of interviews held with 
experts from waterworks and relevant authorities in the three catchments 
selected in the first phase (Ebro, Segura and Guadalquivir), this investigation 
attempts to procure a picture of SEPTED-factors that may have influence on 
future drinking water production (from source to tap). 
The interviews also served for obtaining an impression of the ways drinking 
water companies and authorities in Spain are preparing themselves for the 
expected impacts of climate change. 
 
Climate 
Spain’s climate is extremely varied as a result of its complex topography and 
geographic location. Interannual climatic variability is high and is 
conditioned to a great extent, specifically with regard to rainfall, by 
atmospheric circulation patterns in the northern hemisphere. 
The tendencies of future climate depend upon the socioeconomic scenarios 
used and vary according to the general climate models applied.  
 
Taking into consideration the average results of the set of six global climate 
models, temperature increases are projected on the Iberian Peninsula which 
are essentially uniform throughout the 21st century, with an average tendency 
of 1.2ºC every 30 years in winter and of 2ºC every 30 years in summer for 
scenario A2, and of 1.1ºC and 1.8ºC respectively, for scenario B2. With regard 
to precipitation, the change tendencies throughout the century are generally 
not uniform, with notable discrepancies among the global models, which 
makes the result less reliable. All of them, however, coincide in a significant 
reduction of total annual precipitation, somewhat greater in scenario A2 than 
in B2. These reductions are maximum in spring and somewhat lower in 
summer. 
The low spatial resolution of the global climate models do not allow for 
spatial discrimination of the projection of climate change in Spain, because of 
its relatively small geographic area. For this reason, the results provided by a 
regional climate model were studied, with a resolution of 50x50 km2, nested 
in one of the previous global models. 
 
The most relevant changes projected by the regional model for the last third 
of the century in relation to present climate can be summarised in the 
following points: 

a) On the inland Peninsula, the temperature increases in relation to 
the present climate in scenario A2 reach values of between 5ºC and 
7ºC in summer and between 3ºC and 4ºC in winter. In scenario B2, 
the distribution of warming is similar to that of scenario A2, but 
generally 1ºC less intense. On the coast of the Peninsula and of the 
Balearic Isles, the warming projected is around 2ºC less than that 
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on the inland Peninsula in all the seasons of the year, and in the 
Canary Isles, around 3ºC less in summer and 2ºC less in winter; 

b) The changes projected for accumulated precipitation are spatially 
more heterogeneous. In winter there are slight increases in the 
Northwest and slight decreases in the Southwest in both emission 
scenarios. In spring there are greater generalised decreases, 
although somewhat higher in scenario A2 than in B2. In summer, 
the increase in precipitation is maximum throughout the whole 
territory, except in the Canary isles. In autumn, a slight increase in 
the Northeast is projected for scenario A2, and a decrease in the 
Southwest, both of these less intense than in scenario B2; 

c) An increase is projected in the range and frequency of monthly 
temperature anomalies in future climate in relation to the present 
climate. Although this increase is not noted in a regular manner 
throughout the whole territory, in all the seasons of the year and in 
the two emission scenarios the increases in range remain at around 
20%. Furthermore, no significant alterations have been observed in 
the frequency of monthly precipitation anomalies, although this 
conclusion is especially questionable; and 

d) The frequency of days with extreme maximum temperatures on 
the Iberian Peninsula tends to increase significantly in spring and, 
to a lesser degree, also in autumn, whereas in the Balearic and 
Canary Isles, no appreciable changes have been noted, the same as 
what occurs in the other two seasons of the year throughout the 
whole territory. The frequency of days with extreme minimum 
temperatures on the Peninsula presents a downward tendency. 

 
Considering the set of results of climate change projected throughout the 21st 
century for Spain by the different climate models considered in this report, 
their degree of reliability can be arranged, in a descending order, in the 
following manner: 

1. Progressive tendency towards an increase in average temperatures 
throughout the century; 

2. More accelerated tendency towards warming in the more 
accelerated emission scenarios (A2); 

3. Increases in average temperature are significantly greater in 
summer months than in winter ones, with intermediate values in 
the remaining months; 

4. Warming in summer is greater in inland areas than close to the 
coast; 

5. Generalised tendency towards less annual accumulated rainfall in 
both emission scenarios throughout the century; 

6. Greater range and frequency of monthly temperature anomalies in 
relation to the present climate; 

7. Greater frequency of days with extreme maximum temperatures 
on the Peninsula, particularly in summer; 

8. The greater reduction of precipitation on the Peninsula is projected 
in the months of spring in both emissions scenarios for the last 
third of the century; 
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9. Increase in precipitation in the West of the Peninsula in winter and 
in the Northwest in autumn; and 

10. Changes in precipitation are in general greater in the more 
accelerated emission scenario (A2). 

 
SEPTED-analysis 
Information obtained during interviews with experts on water management 
and drinking water production provided some insight on SEPTED-
developments that may have impact on future water management. 
 
General belief is that the zones that at present already experience the biggest 
difficulties to meet the drinking water demands (coastal strip) will suffer the 
most severe consequences of climate change. 
During recent years, most immigrants come from South-America and 
Eastern-Europe and are mostly rather poorly educated. In search of jobs, they 
settle in the places with the best prospects, being the tourist zones, thus the 
coastal strip which increases the pressure on the local fresh water resources. 
The Spanish government thinks that desalination plants form the solution to 
the drinking water deficits in southern Spain. The expanded drinking water 
supply is aimed at meeting the demands in tourist zones, tourism being a 
very important economic factor. Agriculture –the biggest sectorial water use- 
will not benefit from the desalinated water. 
 
The alternative for desalination is water transfer from the north to the south. 
This idea, supported by the former government, aroused massive protests 
from northern Autonomous Authorities. Main counter-argument against 
water diversion from the Ebro to the Segura is that this solution would not be 
sustainable and furthermore would add to current water quantity (and in the 
longer run water quality) problems in the regios that depend on water from 
the Ebro. However, not everybody is convinced that desalination leads to 
sustainable water management. Desalination cannot meet the agricultural 
demands (and water diversion can according to critics of desalination), in the 
long run it is more expensive and it may have to cope with technological 
setbacks as desalination technology has not yet been brought to perfection. 
 
The European Water Framework Directive has awoken high expectations. It 
is more or less seen as the deus ex machina that will solve the water related 
problems. One is well aware that a lot of work needs to be done in order to 
come to a proper implementation, but no explicit ideas have been perceived 
of how the Framework should be converted into daily practice. 
 
Regional impacts 
Climate change has a significant and still growing impact on Spain's water 
resources, both with regard to water quantity and water quality. Adaptive 
measures are urgently needed to deal with these impacts, e.g. application of 
modern irrigation techniques (reducing water consumption by agriculture), 
restrictions to urbanization and golf courses along the coastline, advanced 
treatment of communal and industrial effluents, etc. To do so, a change in 
perception towards water (management) is needed. Public awareness and 
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water management should be based on the principle that water is not an 
unlimited resource. 
 
In accordance with this vision is the extensive study on national scale (MMA, 
2005) to determine the impacts of the most probable climate scenarios for the 
21st century. This study gives recommendations on various types of 
adaptations in order to be prepared for the changes that will take place due to 
climate change. However, the findings of the study don't seem to have been 
put into everyday practice yet at the Confederaciones Hidrográficas (CH) and 
other regional and local authorities or drinking water companies. 
The same reactive attitude is found with respect to the implementation of the 
European Water Framework Directive. Expectations of the consequences of 
its implementation are high, though no initiatives are displayed as to how the 
implementation (and control on complying with the Framework) should take 
place. 
 
The three catchments studied -Ebro, Segura and Guadalquivir- are situated in 
different parts of Spain and therefore might be expected to experience 
different water related problems. However, after having talked to experts 
from several institutes in all catchments, it proved that it is not a difference 
between these catchments that jumps out, but rather a similarity. All experts 
know that temperature in Spain will rise, and the temporal precipitation 
pattern will change in the future. And everybody is convinced that this will 
have serious impact on the fresh water resources, and thus on water 
management. Furthermore, everyone agrees on the fact that climate change is 
already taking place. The more curious it is to notice that no explicit actions of 
any kind are being realized in order to change the water management and 
thus guarantee safety (in the field of drinking water supply, against droughts, 
floodings, etc) in the long run. 
However, operational management at the CHs and drinking water companies 
is neither an unchanging apparatus. It is constantly being adapted to new 
technological developments or changes in demands. The general intention is 
to keep processing this way, thus changing bit by bit when necessary, a 
modus operandi which has been functioning satisfactorily for decades in 
Spain. 
One exception to this attitude must be reported. The CH del Ebro has 
executed a water distribution study in the catchment of the river Huerva. The 
impact of climate change has been simulated by applying the expected 
reduction in precipitation (10%). Taking the diminished amount of fresh 
water available as a boundary condition, the objective was to come to a water 
distribution that would be acceptable to all regional and local interest groups 
and professional organizations (thus would meet all water demands in a 
sustainable way), whilst at the same time maintaining a minimal discharge in 
order to guarantee a sound ecological state of the river. For the river Huerva, 
this has been reached by actively involving these parties in the process of 
decision making. It is the CHE´s intention to process all subcatchments in the 
same way as the Huerva-subcatchment. 
 



 

  
© TECHNEAU - 5 - March, 2007 

 

All in all, on regional scale, the study did not reveal the more or less expected 
list of explicit adaptations that would prepare the catchments for the impacts 
of climate change. Instead, more or less forced by lack of financial means and 
personnel, a typical characteristic of Spain came to light: problems of today 
must be solved today, those of the future will be resolved in the future. 
A positive signal is the CHE´s active attitude in anticipating the future. This 
CH is studying the possible allocation of fresh water in a situation where 
fresh water resources have diminished by 10%, which equals the projected 
decrease in fresh water resources in the Ebro catchment. 
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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 pays 
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 adaptations 
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 water supply methods 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 various projected climate changes in Spain, factors that 
may jeopardize the actual drinking water supply and the ways Spain's 
authorities intend to cope with these problems in order to manage well 
functioning water supply systems 

1.2 Objectives 
The TECHNEAU case study Spain has been realized in two phases. This 
report presents the results of the second phase which serves four objectives: 

1. A description of the projected future climate in Spain; 
2. A description of the impacts of the climate change on drinking water 

production; 
3. A description of SEPTED-factors that may have impact on drinking 

water production; 
4. A description of the measures foreseen in order to guarantee the 

future delivery of good quality drinking water (from source to tap). 
 
In Phase 1, three catchments have been selected: Ebro, Segura and 
Guadalquivir. Except for the description mentioned in objective 1 (which 
covers all of Spain), the descriptions are aimed at these three zones.  

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, 
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Economical, Political, Technological, Ecological and Demographical) 
Spain's recent history is described. In this phase, recent changes in 
temperature and precipitation are taken into account as well. This 
phase has been reported in (AGUAFLOW, May 2006) 

 
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 an 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 second phase. Chapter 2 
presents the projected future climatic development in Spain (objective 1). 
Chapter 3 deals with the SEPTED-factors that may have impact on drinking 
water production (objective 2), while chapter 4 deals with objectives 3 and 4. 
Interviews with experts from several authorities and institutes formed the 
input for this chapter. The conclusions are drawn up in chapter 5. The sources 
consulted are mentioned in the Bibliography (Chapter 6).  

1.4 List of abbreviations 
Throughout the report, the following abbreviations are used: 
 
AOGCM Atmosphere Ocean General Circulation Model 
CA   Comunidad Autónoma 
CEDEX  Centro de Estudios y Experimentación - Centre for 
Studies and 

Experimentation 
CH   Confederación Hidrográfica; River Authority 
CHE  Confederación Hidrográfica del Ebro 
CHG  Confederación Hidrográfica del Guadalquivir 
CHS  Confederación Hidrográfica del Segura 
DDC-IPCC IPCC´s data distribution centre  
GHG  Greenhouse Gas  
HadCM3 Hadley Centre Coupled Model, version 3 
IPCC  Intergovernmental Panel on Climate Change  
MMA  Ministerio de Medio Ambiente; Ministry of Environment 
PHC  Plan Hidrológico de la Cuenca; Hydrological Plan of the 
Catchment 
PHN  Plan Hidrológico Nacional; National Hydrological Plan 
SRES  Special Report on Emissions Scenarios 
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2 Spain’s climate 

2.1 Introduction 
This chapter deals with the expected future climate in Spain. Several models 
have been used to predict the future climate. As will be seen (and is to be 
expected), results differ in absolute values. However, a trend in relation to 
temperature and precipitation is clear. In order to present an extensive insight 
in the future climate projections as complete as possible, evapotranspiration 
has been included in the investigation as well. 

2.2 Models used 
Six AOGCMs, details of which are listed in Table 2.1, have been used to make 
global simulations considering different evolutions of levels of Greenhouse 
Gases (GHGs) and sulphate aerosols throughout the 20th and 21st century. In 
the table, The horizontal size of the atmospheric and oceanic cells is expressed 
in degrees of latitude-longitude, and the number of levels in the vertical 
direction appears in brackets). 
 
Table 2.1 Characteristics of AOGCMs considered (source: MMA, 2005) 

Name of the 
model 

Centre (country) Atmospheric 
resolution 

Oceanic 
resolution 

Simulated SRES 
scenarios 

CGCM 1,2 CGCM 1,2 (Canada) 3.7x3.7 (10) 1.8x1.8 (29) A2, B2 
CSIRO-Mk2 CSIRO-Mk2 (Australia) 5.6x3.2 (9) 5.6x3.2 (21) A1, A2, B1, B2 
HadCM3 HadCM3 (UK) 2.5x3.75) 1.25x1.25 (20) A1, A1F1, A2, B1, B2 
CCSR/NIES 2 CCSR/NIES 2 (Japan) 5.6x5.6 (20) 2.8x2.8 (17) A1, A1F1, A1T, A2, B1, B2 
ECHAM4/OPYC3 ECHAM4/OPYC3 (Germany) 2.8x2.8 (18) 2.8x2.8 (11) A2, B2 
GFDL R30 c GFDL R30 c (USA) 2.25x3.75 (14) 1.875x2.25 (18) A2, B2 

 
The simulations carried out generally cover a period of 240 years, from 1860 
to 2100. In the first 140 years (1860-2000) the concentrations of GHGs 
observed in the atmosphere are considered, together with estimates of 
sulphate aerosols, and after this year, different emission scenarios are taken 
into account. These scenarios depend on different suppositions regarding 
population growth, the evolution of socio-economic activities and of 
technological progress throughout the 21st century. 
Although none of the SRES scenarios can be presumed to be more probable 
than any of the others, in this report, only scenarios A2 and B2 are presented, 
due to being the only two models considered by all AOGCMs. In scenario A2, 
the global CO2 concentration would reach 850 ppm in the year 2100 (120% 
higher than at present), while in scenario B2, the global CO2 concentration 
would be around 760 ppm, approximately double the present value. 
As Table 2.1 and Figure 2.1 show, the grids of the six models have different 
horizontal resolutions. 
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CGCM                          CSIRO                       HadCM3 NIES-2                      ECHAM-4                       GFDLCGCM                          CSIRO                       HadCM3 NIES-2                      ECHAM-4                       GFDL
 

Figure 2.1 Illustration of the meshes of the six AOGCMs considered (source: MMA, 2005) 

2.3 Change in climate parameters 
This section is split up in three subsections, each dealing with one of the main 
parameters (temperature, precipitation and evapotranspiration). For the first 
two parameters, the arrangement is as follows. First, the projected seasonal 
changes in the centre of the Iberian peninsula, as calculated by the six 
AOGCMs, are presented. Next, for all cells covering the peninsula, the 
seasonal changes as predicted by HadCM3 are presented. Finally, the results 
provided by a regional climate model (PROMES) are considered, with a 
resolution of 50x50 km2, nested in the HadCM3 model. This is done because 
the relatively low spatial resolution of the global climate models does not 
allow for spatial discrimination of the projection of climate change in a small 
geographic area like Spain. No AOGCMs-results of evapotranspiration have 
been found, only regional model results (PROMES), which are described in 
2.3.3. 
It should be pointed out that the projections with the regional model 
presented here only refer to the last third of a century (2070-2100) and 
correspond to the regionalisation of the climate change simulated by one 
single global model. For this reason, although they present greater spatial 
detail and the results essentially coincide with that of eight other European 
regional models nested in the same global model, the reliability of the results 
should theoretically be considered lower than those of the average of the 
ensemble of the six global models. 

2.3.1 Temperature 
Global predictions by six AOGCMs  
In order to present insight in the range of expected changes in temperature, 
Figure 2.2 shows the changes in the mean seasonal temperatures for emission 
scenarios A2 and B2, projected for the centre of the Iberian Peninsula in each 
third of the 21st century calculated by the six AOGCMs mentioned in section 
2.2. In order to make a simple comparative analysis, only the results of the 
changes in seasonal temperature obtained in the cell of the mesh of each 
model that includes the centre of the Iberian Peninsula are considered. 
Each figure shows the changes in each third of the 21st century in relation to 
the present climate. The average seasonal changes (in ºC) of the set of six 
models considered are shown in the boxes. The results of the six models show 
differences in the changes simulated for each one, but also similarities. The 
differences lie in the specific values of temperature change for each period, 
season and emission scenario. The NIES2 model is the one that generally 
simulates the biggest warming, whereas the differences between the others 
are somewhat smaller. However, it must be taken into account that this lack 
of coincidence in the values of temperature change could partly be related to 
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the different spatial resolution over the Iberian peninsula of the different 
AOGCMs. All the models coincide in the progressive warming throughout 
the century in relation to the 1961-1990 period. In all of these, maximum 
warming is projected for the summer months and the minimum for winter, 
and it can also be seen that in emission scenario A2, the temperature increases 
are greater than in B2. The qualitative coincidence in this set of results is 
indicative of their high degree of certainty. 
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Figure 2.2 Mean surface air temperature changes (ºC) projected by six AOGCMs in the cell which 

includes the centre of the Peninsula (see figure Figure 2.1). (source: MMA, 2005) 
 
Considering the values of the mean temperature increases of the set of models 
framed in Figure 2.2, it can be seen that the highest rhythm of seasonal 
warming corresponds to the summer of scenario A2 and the lowest one to the 
winter months of scenario B2. It can also be seen that in scenario A2 the 
warming rhythm accelerates in all seasons as the century elapses, whereas in 
scenario B2, the evolutions of warming generally present a more linear 
tendency. 
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Global prediction by HadCM3  
Figure 2.3 shows the results of the spatial distributions on the Iberian 
peninsula of the change in mean seasonal surface air temperature (at a height 
of 2 metres) in relation to the mean values simulated for the 1960-1990 period, 
considering the three thirds of the 21st century mentioned. The spatial 
distribution of the changes is presented in a discretised manner, in 
accordance with the cell sizes of the HadCM3 model. The projections 
presented correspond to two SRES emission scenarios: A2 and B2. 
 
What is seen clearly in the figure is a progressive warming throughout the 
century in the whole region, although the intensity and cadence differ, 
depending on zones and SRES scenarios. This warming is generally more 
intense and rapid in the summer months (JJA) than in the winter ones (DJF), 
more in scenario A2 than in B2 and more in the inland areas than in the 
coastal ones. The progressiveness of the warming is almost linear in all the 
zones, although it is a little more accelerated at the end of the 21st century 
than at the beginning. In most of the Peninsula, the rhythm of the increase in 
mean temperatures is between 2 and 3ºC every 30 years in the summer 
months and between 1 and 2ºC in the winter ones, the highest values 
corresponding to the A2-scenario. The maximum increases in mean seasonal 
temperature in the last third of the century exceed 6ºC in summer in the 
whole Peninsula in scenario A2, and in the southwest in scenario B2. The 
average warming in the winter months for this period, however, remains 
below 4ºC in the SRES-A2 and below 3ºC in the SRES-B2. Finally, it can be 
seen clearly that differences in warming between the two emission scenarios 
increase throughout the century. 
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Figure 2.3 Projections of changes in air temperature next to the ground (at 2 m), averaged for each season 

of the year (source: MMA, 2005) 
 
Regional predictions by PROMES  
This sub-section includes the changes projected for the seasonal averages of 
mean daily temperatures in the two emission scenarios SRES-A2 and SRES-
B2, corresponding to the last third of the 21st century (2071-2100), with 
respect to the modelled values in the control simulation (1961-1990 period). 
Although it cannot be assumed that the evolution of these changes 
throughout the century shows a perfectly linear growing behaviour pattern, it 
seems reasonable to presume that in periods previous to this one, these 
changes would register lower values, as can be deduced from the results 
obtained with the AOGCMs. The simulations were carried out by the regional 
climate model PROMES (Gallardo et al. 2001), having a grid of 50*50 km2. 
The projections of seasonal change in mean daily temperatures are shown in 
Figure 2.4, reference period for which is 1961 – 1990. The isolines in the 
figures show the percentages of changes in interannual variability (positive in 
continuous line, negative in broken line and zero in continuous thick line. 
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Figure 2.4 PROMES-projections of changes in daily mean surface air temperature (ºC), averaged for each 

season of the year in the period 2071 – 2100 (source: MMA, 2005) 
 
The general behaviour pattern shows that the most intense temperature 
increases correspond to the scenario A2. The differences between scenarios 
A2 and B2 are around 1ºC. The winter months are those that present smaller 
increases in daily temperature, with values of between 2 and 4 ºC for scenario 
A2 and between 1 and 3 ºC for scenario B2. The spatial distribution of these 
changes in winter is similar in both scenarios, the smallest increases 
corresponding to the northeast of the Peninsula, and the biggest ones to the 
southeastern half of the Peninsula.  
The season in which temperature increases are greatest is the summer, with 
values exceeding 6 ºC in A2 and over 5 ºC in B2. These big changes occur in 
the inland of the Peninsula. A clear gradient between the periphery and the 
inland zone can be perceived, which could be related to the regulating effect 
of the sea breezes. In spring and autumn, the projected increases reach 
intermediate values between the winter and summer ones. Increases in 
autumn, however, are greater than those of the spring, particularly in 
scenario B2.  
Although they are not shown graphically, the projected changes for the 
seasonal averages of maximum and minimum daily temperatures present a 
spatial distribution similar to those of mean temperatures. However, the 
values of the changes are around 1 ºC higher for the maximums than for the 
minimums, those of the latter being similar to those of mean temperatures. 
This means that the range of daily thermal oscillation increases compared to 
the present climate. This behaviour can be seen in all seasons and in most of 
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the areas of the territory, except on the islands or very close to the coast. In 
their essential aspects, the previous results are similar to those obtained by 
Räisänen et al. (2004) who used another regional climate model within the 
framework of the European project PRUDENCE. 
On September 9th, El País published some results of a recent study realized 
by the MMA. In spite of not finding underlying information (models used, 
scenarios considered etc), the very fact that the country's most read 
newspaper dedicates a whole page to the report proves that the subject is 
taken seriously. Figure 2.5 shows the change in mean maximum daily 
temperature per season for the period 2070 – 2100. Reference period is 1960 – 
1990. 
 

+2º +3º +4º +5º +6º +7º +8º

SON DJF MAM JJA

+2º +3º +4º +5º +6º +7º +8º+2º +3º +4º +5º +6º +7º +8º

SON DJF MAM JJA

 
Figure 2.5 Increase in mean maximum daily temperature (source: El País, 2006)  
 
In order for the readers to really understand what this temperature rise 
means for Spain, a "translation" has been added in the form of the mean sea 
level rise. Figure 2.6 shows that the most vulnerable zones are situated near 
the Ebro Delta (CHE), Albufera de Valencia , Manga del Mar Menor (CHS) 
and Doñana.  
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Figure 2.6 Beach regression and most vulnerable zones to sea level rise (source: El País, 2006) 
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2.3.2 Precipitation 
Global predictions by six AOGCMs  
The spatial and temporal irregularities appreciated in the projected changes 
in rainfall indicate the greater uncertainty that they present, if they are 
compared with those obtained in the case of temperatures. This is essentially 
due to the fact that the occurrence of rainfall in any place and at any time is 
associated with physical processes that are more difficult to simulate correctly 
with the models, whereas the processes determining air temperature close to 
the ground are more conditioned by the seasonality of solar radiation 
reaching the planet throughout the year, the calculation of which is made 
with a high degree of certainty. The most reasonable procedure for reducing 
the uncertainty of projected changes in rainfall lies in considering the results 
provided by an ensemble of AOGCMs. 
 
Figure 2.7 shows the comparison between the changes projected by the six 
AOGCMs for rainfall in the centre of the peninsula. The average seasonal 
changes (in mm/d) of the set of six models considered are shown in the 
boxes. Compared to the calculated temperature changes (Figure 2.2), more 
discrepancies can be seen between the models, which indicates the lower 
degree of reliability of the projections of changes in rainfall in relation to 
those of temperature. This, however, could be partly due to the greater spatial 
variability of the changes in rainfall simulated by all the models, which makes 
the different sizes of the cells over the Peninsula more determinant than in the 
case of changes in temperature. Still, some similarities can be observed in the 
results of the AOGCMs analysed. For example, almost all of them coincide in 
projecting decreases in rainfall in the future climate in relation to the 1960-
1990 period, although some models simulate certain seasonal positive 
changes. Likewise, a majority of models projects a progressive decrease in 
seasonal rainfall in scenario A2 throughout the century, although this 
behaviour is not evident in scenario B2. 
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Expected change in precipitation in the centre of the Iberian Peninsula  
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Figure 2.7 Changes in mean precipitation (mm / day) projected by six AOGCMs in the cell which includes 

the centre of the Peninsula (see figure Figure 2.1) (source: MMA, 2005)  
 
In the centre of the Iberian peninsula, the HadCM3 model simulates the 
greatest decreases in rainfall in spring, summer and autumn, whereas it 
projects increases in rainfall in winter months. The progressiveness of these 
changes throughout the century is more in this model than in the others. The 
models showing the lowest projections of changes in rainfall are CSIRO and 
GFDL, but the progressiveness of these changes is quite irregular. This is 
important because the values of the changes included in the figure 
correspond to differences between seasonal rainfall simulated for each third 
of the 21st century and those simulated for the 1960-1990 interval. Thus, if the 
value of a change were greater in a previous third than in a subsequent one, 
this would signify a relative increase in rainfall between the first one and the 
second one. 
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Considering the joint averages of the six AOGCMs, the values of which are 
framed in Figure 2.7, it can be seen that in scenario A2, the progressiveness of 
the changes is quite regular in all seasons, which means that the absolute 
value decreases throughout the century. Calculating the units of change used 
in the figure, the results of average diminution of annual rainfall changes in 
the three periods of the century are: 61.2, 85.5 and 137.7 mm/year. However, 
what can be seen in scenario B2 are absolute values of annual change which 
are lower in the middle third of the century (78.3, 73.8 and 87.3 mm/year). 
This means that the middle third would be less dry than the other two. 
Furthermore, this different progressiveness of the change in annual rainfall 
throughout the century in both scenarios (A2 and B2) can be seen in the 
results of most of the AOGCMs considered, which endows this result with a 
degree of certainty 
 
Global predictions by HadCM3  
Changes in precipitation generally present greater spatial variability when 
they are expressed in percentages. TO a great extent this is due to the fact that 
current climate precipitation in some areas is so scarce, that a small future 
climate change is seen in an extremely high percentage. This is why it is 
preferable to analyse changes in rainfall using differences between values for 
future climate and for the present one. Obviously, this type of analysis has a 
disadvantage, in that one same change in absolute values would have greater 
relative importance in a dry area than in a rainy one. But, on the other hand, 
the values of absolute change facilitate a more direct quantification of 
alterations of water availability in any of the areas. Thus, Figure 2.8 presents 
the absolute changes projected in seasonal precipitation throughout the 
century in relation to the period 1960-1990, expressed in mm/day. In order to 
deduce the changes in precipitation accumulated in each season, the values in 
mm/day would have to be multiplied by the number of days of this period, 
which is 90, because in the simulations with climate models, the years are 
considered with a uniform duration of 360 days. 
 
In contrast with the changes simulated for temperature, which always have a 
positive sign (warming), those for precipitation do not have the same sign in 
the different zones and times of year. Thus, changes in the amount of 
precipitation in the winter months (DJF in the figure) generally have a 
positive sign in all the zones of the Iberian peninsula, and this occurs for the 
two emission scenarios considered. In the other seasons, however, above all 
in spring and summer, there is a predominance of changes with a negative 
sign, that is, a decrease in the amount of rainfall in the climate projected, 
compared with the present one. Another characteristic of the evolutions of 
changes in seasonal rainfall throughout the century is that they generally do 
not present as much linearity in the tendency as in the case of temperatures. 
Thus, for example, in scenario B2, the decrease in rainfall in spring is 
somewhat greater in the middle third of the century than in the final third. 
Other non-linear behaviour patterns in the temporal evolution of changes in 
seasonal rainfall can be seen in determined cells situated over the Iberian 
peninsula. Noteworthy among these is the case of the east and northeast of 
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the Peninsula in scenario A2, in which the model projects rainfall increases in 
autumn in the first two thirds of the century and decreases in the final third. 
 
Comparing the changes in seasonal rainfall projected for the two emission 
scenarios, the winter increases can generally be seen to be smaller and the 
decreases in spring and summer bigger in A2 than in B2. However, an 
exception to this general behaviour can clearly be observed in the changes 
projected for the middle third of the century during spring, when the 
opposite occurs. 
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Figure 2.8 Projections of changes in mean precipitation (in mm/d), averaged for each season of the year 

(source: MMA, 2005)  
 
 
Regional prediction by PROMES  
The changes projected for mean seasonal rainfall by PROMES for the two 
emission scenarios A2 and B2 are presented in Figure 2.9. The changes 
correspond to the period 2071-2100, reference for the changes is the control 
simulation (1961-1990). The isolines in the figures show the percentages of 
changes in interannual variability (positive in continuous line, negative in 
broken line and zero in continuous thick line). It must be pointed out that it 
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would not be correct to use a simple temporal interpolation to deduce 
changes in rainfall in periods previous to 2071-2100. This can be seen in the 
results obtained with the AOGCMs represented in Figure 2.7, where it can be 
observed that no AOGCM simulates a uniform tendency of change in 
seasonal rainfall on the Iberian peninsula throughout the 21st century. When 
multiplying the values presented in Figure 2.9 by the number of days in each 
season, which is 90, (in the climate model simulations the years are 
considered with a uniform duration of 360 days), the changes can be deduced 
in the total amounts of seasonal rainfall. What can be appreciated more 
clearly in the figure is that the changes have a greater absolute magnitude in 
scenario A2, regardless of their sign. Thus, in winter there are increases in the 
northwest of the peninsula that exceed the value of 1 mm/day in scenario A2, 
whereas in B2 these remain below 0.5 mm/day in this region. Something 
similar occurs in autumn, but in the northeast of the Peninsula. This result 
tallies with that obtained by Sumner et al. (2003), who used the simulations 
made with another global model (ECHAM4 of the Max-Planck Institut für 
Meteorologie in Hamburg). Apart from these two exceptions, the changes in 
precipitation in Spain have a negative sign. This means that decreases in 
seasonal precipitation in relation to the present climate are projected for the 
last third of the 21st century, which are generally of greater magnitude in 
scenario A2 than in B2, except for the vicinity of the Pyrenees for the summer 
months, in which the magnitude of the changes are similar in both scenarios. 
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Figure 2.9 PROMES-projections of changes in precipitation (in mm/day), averaged for each season of the 

year in the period 2071 – 2100 (source: MMA, 2005) 
 

2.3.3 Evotranspiration 
In order to assess the impact the climate change has on available water 
resources, apart from temperature and precipitation, also evapotranspiration 
is an essential parameter. Therefore, the differences obtained between the 
seasonal averages of daily surface evapotranspiration projected for the last 
third of the 21st century, and the ones simulated in the control experiment 
(present climate) are presented. The amounts of water that evaporate from 
the surface were simulated with a parametrisation scheme implemented in 
the PROMES regional climate model. The scheme therefore provides a good 
link between atmospheric and edaphic processes. This scheme, developed by 
Decoudre et al. (1993), does not only calculate the amount of water that 
evaporates from the ground, but also the water that transpires from the 
different types of plant cover included in each cell of the model (Arribas et al. 
2003). It should also be pointed out that in all the simulations (control and 
scenarios) the same types of land use have been maintained. The results 
obtained from the two emission scenarios considered (A2 and B2) present a 
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notable percentage decrease in the average amounts of water evapotranspired 
in summer and autumn in most of the peninsula compared with the values 
obtained in the simulation of the present climate. The maximum reductions 
are observed in the southern half of the Peninsula during the summer 
months. In some areas these reach values of around 60% in scenario A2 
(Figure 2.10), whereas in autumn they remain below 40%. The values in 
Figure 2.10 correspond to change in terms of percentage between the 
simulation of the scenarios A2 and B2 and the control one in relation to the 
control one. In scenario B2, the decreases in evaporation are more moderate, 
and in general these do not exceed 40% in summer and 20% in autumn. In 
both seasons, a slight increase in evapotranspiration in the northern third of 
the peninsula can be observed, which does not surpass 20% in the two 
scenarios simulated. In the winter months, however, increases in surface 
evapotranspiration are projected for practically the whole peninsula, and in 
some areas the increases exceed 40%, although in most of the territory, they 
remain below 20%. No significant differences are appreciated between the 
results obtained for the two emission scenarios considered. Lastly, in the 
spring months, slight decreases in evapotranspiration are obtained in the 
southern half of the Peninsula (less than 20%) and increases in the northern 
half, exceeding a value of 40% in the Northeast. 
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Figure 2.10 Projected changes (%) in evapotranspiration in winter and summer months (source: MMA, 

2005) 

2.4 Climate change impact 
The preceding section described the projected climate change in Spain. As 
least as important as the climate changes are the impacts these changes may 
have on all kinds of sectors. In 2005, the MMA published an extensive study 
(A Preliminary General Assessment of the Impacts in Spain due to the Effects 
of Climate Change). This report resulted from the efforts of a large group of 
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experts, aimed at determining the changes that will take place throughout the 
21st century in Spain’s climate as a consequence of the global warming of the 
planet and how these changes can affect the natural environment, the 
resources thereof, some of the main production sectors and human health in 
the country. In sixteen volumes, the possible impacts are described. Apart 
from climate, fifteen thematic areas relating to impacts were selected. 
 
The report has been drawn up by fifty authors, in collaboration with other 
experts belonging to a wide range of Spanish universities and research 
centres. Its results undoubtedly constitute a basic element and the key, on one 
hand, to learning more about the vulnerability of our ecosystems and sectors 
to the impacts of climate change and, on the other hand, to developing and 
establishing adaptation policies enabling the Public Administrations and the 
private sector to adopt measures. 
 
In order to give an idea of the themes studied, the next section shows the 
main impacts for every theme. The study however does not only describe the 
impacts, but also gives recommendations for policies in a scenario of climate 
change and presents the main needs for research and data for the detection of 
climate change. The recommendations and needs in the field of hydrologic 
resources are entered in this report, those for the other themes are listed in 
Appendix A.  
 
Main recommendation for policies in a scenario of climate change for 
hydrologic resources 
The change will necessarily involve re-modelling and redefining new policies 
such as those related to science and technology, hydraulics, energy, 
agriculture, environment and land planning. It is recommended to continue 
with the tradition of measurements established in Spain by means of control 
systems, which are generally well-established or being improved. However, it 
must be stressed that designing and establishing, or improving, the water use 
control networks, in relation both to surface and groundwater, along with the 
flow gauge network in fountains and springs is recommeded. 
 
Main needs for research and data for the detection of climate change for 
hydrologic resources  
In relation to climate change, there is a vital need to conduct research aimed 
at improving predictions of rainfall and temperatures and of the spatial and 
temporal distributions thereof; of those tending to define methods of 
generation of data climate series based on scenarios; of those providing better 
and more reliable methods of evaluation of evaporation and 
evapotranspiration; the role of rainfall interception and use of water by 
plants, data for the more reliable establishment of aquifer recharge and the 
development of models for computerising calculations of inflow and storage; 
watershed management models.  

2.4.1 Main impacts of climate change in Spain 
Terrestrial ecosystems 
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Climate change will affect the structure and functioning of terrestrial 
ecosystems, will alter the phenology and interactions among species, will 
favour the spread of invasive species and pests and will increase the impact 
of both natural and anthropic disturbances. The areas and ecosystems most 
vulnerable to climate change are islands and isolated ecosystems, such as 
edaphic islands and high-mountain systems, and ecotones, or areas of 
transition between systems.  
 
Inland aquatic ecosystems 
With a high degree of certainty, climate change can be expected to make 
many of Spanish continental aquatic ecosystems (SCAE) change from 
permanent to seasonal; some will disappear. The biodiversity of many of 
them will be reduced and their biogeochemcial cycles will be altered. The 
magnitude of these changes cannot yet be established. The ecosystems most 
affected will be: endorheic environments, lakes, lagoons, rivers and high-
mountain streams (1600-2500 metres), coastal wetlands and environments 
depending upon subterranean waters.  
 
Marine ecosystems and the fisheries sector  
The effects of climate change will differ for upwelling ecosystems or those 
comprising stratified areas and for coastal or oceanic areas. Reduced 
productivity is expected in Spanish waters, given their characteristics as 
subtropical or warm temperate seas. The changes will affect many groups of 
organisms, from phytoplankton and zooplankton to fish and algae. There will 
be changes in the marine trophic networks, affecting resource species, 
especially in their larval phase and in recruitment. Species distribution will 
change, with an increase in temperate waters and subtropical species and a 
decrease in boreal species. There will be a possible increase in invasive 
species. Marine cultures provided with no food supplement could be affected 
by the reduced marine productivity. Increases are to be expected in the 
appearance of species of toxic phytoplankton or parasites of cultivated 
species, favoured by the temperature increase in coastal waters. The areas and 
systems most vulnerable to climate change are benthic communities; fields of 
phanerogams will be the most affected.  
 
Plant biodiversity 
The direct impacts of climate change on plant biodiversity will occur through 
two antagonistic effects: warming and reduced hydrologic availability. The 
“Mediterranisation” of the North of the Peninsula and the “aridification” in 
the South are the most significant tendencies. The biggest indirect impacts are 
those deriving from edaphic changes, changes in the fire regime and a rise in 
sea level. Interactions with other components of global change and the 
modification of interspecies interaction constitute another potential source of 
impacts for which evidence is now beginning to accumulate. High-mountain 
vegetation, forests and deciduous thickets sensitive to summer drought, 
sclerophyllous and lauroid forests in the South and Southwest of the 
Peninsula and coastal vegetation are among the most vulnerable types. 
Structural simplification and the predominance of local extinction over re-
colonisation constitute recurring tendencies of the different impacts. The loss 
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of floristic diversity is of particular relevance in Spain, given that our country 
contains a high proportion of Europe’s plant diversity.  
 
Animal biodiversity  
Spain is possibly the EU’s richest country with regard to animal species, and 
the one with the highest number of endemisms. Climate change will cause: 1) 
Phenological changes in populations, with advances (or delays) in the 
initiation of activity, arrival of migratory species or reproduction; 2) 
maladjustment between predators and prey due to differential responses to 
climate; 3) displacement in the distribution of terrestrial species northwards 
or towards greater altitudes, in some cases with a clear reduction of their 
distribution areas; in rivers, displacement of thermophilic species upstream 
and a decrease in the proportion of cold water species; in lakes and lagoons, 
altitude, latitude and depth have similar effects upon communities in relation 
with temperature; 4) greater virulence of parasites, and 5) an increase in 
populations of invasive species.  
 
Hydrologic resources 
In Spain, climate change will cause big decreases in water resources. For the 
2030 horizon, average decreases in hydrologic resources in natural regime of 
between 5 and 14% can be expected, whereas for 2060 an average global 
reduction of hydrologic resources is expected of 17% on the Peninsula. These 
figures could exceed between 20 and 22% for the scenarios predicted for the 
end of the century. Along with this decrease in resources, an increase is 
expected in the interannual variability thereof. The impact will be noted more 
severely in the Guadiana, Canarias, Segura, Júcar, Guadalquivir, Sur and 
Balearic Isles river basins. 
  
Soil resources 
Much of Spain’s territory is currently threatened by desertification processes, 
especially by the impact of forest fires and fertility loss in irrigated soils due 
to salinisation and erosion. The projected climate changes will exacerbate 
these problems in a generalised manner, especially in the areas of Spain with 
dry and semiarid Mediterranean climates. The projected climate changes will 
probably cause a carbon decrease in Spanish soils, which will negatively 
affect the physical, chemical and biological properties of the soils.  
 
Forestry sector Forests pests and diseases can play a fundamental role in the 
fragmentation of forest areas. Some perforating or defoliating species can 
complete up to two biological cycles per year or increase their colonisation 
area as a consequence of more benign winters. The physiology of most forest 
species could be profoundly affected. There is a high risk that many of our 
forest ecosystems will become net carbon emitters during the second half of 
this century. Tip of mountain areas, the more xeric environments and riparian 
forests could become more vulnerable to climate change. 
 
Agrarian sector 
Changes in CO2 concentrations, in air (and ground) temperature values, and 
variations in seasonal rainfall will have opposing and non-uniform effects 
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upon Spain’s agricultural systems. Climate change could affect the ingestion 
and wellbeing of the livestock and, consequently, the profitability of livestock 
farming systems. From the point of view of animal health, the effects of 
climate change will probably be observed in all parasitic and infectious 
processes the etiological agents or vectors of which have a close relationship 
with climate. 
 
Coastal areas 
The main problems related to climate change in Spain’s coastal areas are 
associated with a possible rise in mean sea level (MSL). Projections by the 
models vary from 10 to 68 cm for the end of the century. For the end of the 
century, a 50 cm rise in MSL can reasonably be expected, with 1 m in the most 
pessimistic scenario. With a generalised rise in MSL, the most vulnerable 
areas are deltas and confined and rigidized beaches. This could lead to the 
loss of many beaches, especially on the Cantabrian coast. Many coastal 
lowlands would be flooded (Ebro and Llobregat deltas, Manga del Mar 
Menor, Doñana coast), some of which might be built up. 
 
Natural hazards of climatic origin 
Flood risk 
Hydrological variability in Atlantic basins will increase in the future as a 
result of the intensification of the positive phase of the NAO index. This 
might reduce the frequency of floods, although not the magnitude of these. In 
the Mediterranean and inland basins, the greater irregularity of the rainfall 
regimes will cause an increase in the irregularity of the regimes of floods and 
flash floods. 
 
Slope instability risk 
Landslides and avalanches are concentrated in the main mountain ranges, 
especially in the Pyrenees, and the Cantabrian and Betic ranges. Slope 
instability currently causes losses of hundreds of millions of Euros annually, 
especially in communication channels and, to a lesser extent, in population 
settlements. The number of deaths caused by landslides has dropped in the 
last few decades, but there has been an increase in those caused by avalanches 
as a result of the mountains being more frequented. While confirmation by 
more accurate climate models is being awaited, increased torrentiality will 
cause a greater number of surface landslides and debris flow, the effects of 
which could be exacerbated by changes in land uses and less plant cover. 
Consequently, increased erosion is expected on slopes, along with a loss of 
quality of surface waters, due to increased turbidity, and a higher rate of 
clogging in reservoirs. 
 
Forest fires risk 
Temperatures and soil moisture scarcity will increase, which will cause 
greater and more long-lasting desiccation of fuels. Fuel flammability will 
therefore increase. Mean danger indices and, in particular, the frequency of 
extreme situations will increase. The average duration of the firedanger 
season will be prolonged. There will be more ignitions caused by lightening. 
There will be an increase in the frequency, intensity and magnitude of fires. 
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Energy sector 
In a scenario of temperature increases and reduced rainfall, an increase is 
expected in the demand for electric energy, which should be covered without 
having to resort to hydraulic energy production, as this would be reduced; an 
increase in the demand for oil and natural gas is also predicted, along with 
reduced deposits of biomass (currently scarce). Only solar energy (in its 
different forms) would be favoured by the plausible increase in hours of 
insolation. If there were to be an increase in episodes of strong winds, there 
might also be an increase in the production of aeolian-generated electricity. 
 
Tourism sector 
The impacts of climate change on the geographic-tourism space could cause 
changes in the associated ecosystems. Water scarcity would cause problems 
related to the functionality or economic viability of certain destinations. 
Temperature increases could cause changes in some activity schedules, 
leading to more travel between seasons. A rise in sea level would threaten the 
current location of certain tourist resorts and the infrastructures thereof. 
These impacts would have a greater effect upon the more deteriorated areas 
with a greater combination of the different climatic effects. There might be a 
reduction in the average stay at each destination, a delay in the moment of 
deciding to travel and a change of destination, foreign tourists thus staying at 
home and nationals travelling to northern coasts or inland. 
 
Insurance sector 
The detection of the effects of climate change upon the Spanish insurance 
sector involves analysis of the claims rates for coverage of flooding, storms, 
frosts, hail and drought, damages being the branch most affected. Storms and 
flooding are the most numerous and costly events. Compensation for 
flooding in the 1971-2002 period increased, most likely due to the increase in 
the insurance index, in exposure and in insured capital. Statistics for 
agricultural insurance show that the eastern half of the Peninsula is the most 
sensitive to climate change. 
 
Human health 
From the point of view of the possible impacts upon human health, the effects 
on morbidity and mortality of extreme temperatures should be considered, 
fundamentally through heat waves, which have been indicated as the most 
frequent with regard to intensity and duration for the coming years. 
Furthermore, the foreseeable increase in fine particles and ozone will 
constitute the main impacts in relation to atmospheric pollution. In addition 
to these impacts, the geographic spread to the country of pre-established 
vectors or the establishment of subtropical ones adapted for survival in 
cooler, drier climates must be taken into account. 
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3 SEPTED analysis 

3.1 Introduction 
This chapter describes the expected changes in SEPTED-factors in the three 
catchments selected in the first phase (Ebro, Segura and Guadalquivir), see 
Figure 3.1. In order to obtain the most reliable and recent information, 
interviews were held with experts from relevant authorities.  
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Figure 3.1 Location of the three catchments selected 
 
During the process of gathering information, it became clear that the three 
regions did not differ much as far as expected changes in SEPTED-factors are 
concerned. For this reason, this chapter has not been split up in "SEPTED-
descriptions" per catchment. Instead, the changes that are expected for all 
catchments are presented first, followed by region specific changes. 

3.2 Socio-cultural and demographical aspects 
It proved difficult to dissociate the socio-cultural aspects from demographical 
developments.  
Until a few decades ago, Spain was ruled by a bond of central government 
(Franco) and the Catholic Church. The changes taking place after Franco's 
death are described in the Phase I report. Nowadays, Spain shows many 
features of a "normal" modern European country, as far as socio-cultural 
aspects are concerned: every year, more people choose to go to university 
instead of taking over their parents´(mostly father's) company, more women 
first get a degree before deciding to raise a family, more couples live together 
without getting married, birth rate is low, etc. 
What could provoke a change in socio-cultural aspects in the near future is 
the fact that yearly many immigrants arrive in Spain. Partly these come (i) 
from South-American countries, with a culture (and religion) not unlike the 
one Spain experienced until Franco's death, and (ii) from Eastern European 
countries where standard of living is less advanced than in Spain. Because 
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these demographic changes probably will result in some kind of socio-
cultural changes, these two aspects are described in the same section. 
 
From the 1970s until a few years ago, most people immigrating to Spain were 
either elder, retired Western-Europeans (mostly English and Germans) or 
North Africans (Moroccans). The former settled mainly along the eastern and 
southern coast. They brought along considerable sums of money, thus the 
Spanish economy derived benefit from these foreigners. The latter group 
mostly consists of semi- and unskilled labourers, working in the agricultural 
sector. In the 21st century, the place of origin changed. At present, especially 
South Americans and Eastern Europeans come to live in Spain. The current 
peak of newcomers consists of young, mostly rather poorly educated persons 
with large families. Normally, they don't have much money to spend. In fact, 
they have come to Spain to look for a better future for themselves and their 
families. Most of them succeed in doing so by working in the numerous 
hotels, restaurants and bars and the building industry in the bigger cities 
(Zaragoza, Murcia, Seville, Granada) and along the coastal strips. Not all of 
them have legal work permits, but as they get work done, they make a 
positive contribution to the Spanish economy. 
Since joining the European Union in 1986, Spain received large amounts of 
money, which was spent to a large extent on the modernization of the 
highway network and the agricultural system (especially the wine sector). 
Nowadays, Spain is a donor country. With the recent (and on-going) entry of 
Eastern European countries into the EU, it has been easier now for inhabitants 
of these countries to travel to Spain to try and find work and a better future. 
In comparison to other Western European countries, Spain still has a low 
percentage of foreigners (around 2% as opposed to almost 9% in Germany or 
5% in the Netherlands). This figure is partly blurred because more than once, 
the Spanish government has given illegal immigrants the chance to 
nationalize. 
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Figure 3.2 (source: Ministry of Education and Science) 
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Figure 3.2 shows the increase of immigration, which seems to have slowed 
down after 2004. This is however due to a change of regulation; since 2005, 
non EU-immigrants only have to register every two years instead of every 
year. Another figure that gives a good impression of the impact of 
immigrants is the fact that in 2004, the arrival of immigrants made up 76% of 
the increase in Spanish population! 
The increase is expected to continue. Especially Segura and Guadalquivir 
catchments, with a relative long coastline, will notice the increase of number 
of immigrants. The effects in the Ebro catchment will probably be restricted to 
the city of Zaragoza. 
 
From a hydrological point of view, the fact that all foreigners settle in the 
same densely populated areas regions forms a disadvantage as it increases 
the pressure on the available freshwater resources even more. 

3.3 Economical aspects 
Section 3.3 of the Phase I report showed that the two southernmost 
catchments have incomes per capita that belong to the lowest of the country, 
while the Ebro catchment can be grouped in the middle to upper class. 
Services form by far the largest source of income in the Ebro and the 
Guadalquivir catchment (data for the Segura catchment were not found): 57 - 
63%. Tourism, an ever growing industry, is concentrated along the coastal 
fringe and in the bigger cities. Industry is the second most important source 
(25 - 29%), while agriculture comes third with percentages of 7 – 10%. 
 
During the last three decades, tourism in these zones has never stopped 
growing. At the moment there is no apparent reason why this development 
would change; all major cities in the three regions have their own 
international airport, Spain is still extending its railway network (including 
high-speed train lines), making it even easier for Spaniards and tourists to 
visit these zones. New hotels are still being built, existing hotels are being 
modernized, golf courses are in development etc. A lot of money is being 
invested in keeping the eastern and southern coast an interesting place to 
spend your holidays. 
The fact that no heavy industries exist near the tourist zones only makes it 
more attractive to develop tourism even more. 
Compared to high-intensive industrial zones like Barcelona, Bilbao or 
Madrid, the three catchments could hardly be called industrially-developed. 
Still, within and near the big cities, industries are found, though heavily 
water consuming industries (e.g. chemical) are generally not found in the 
Ebro, Segura or Guadalquivir catchment. 
 
The Ebro catchment, with a relatively short coastal zone, has less income from 
tourism, but has more industrial activity (e.g. automobile). The industries are 
concentrated in and near the six big cities (Zaragoza, Vitoria, Pamplona, 
Logroño, Huesca and Lérida), which account for 46% of the total population 
in the catchment. 
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The Segura catchment is an important fruit provider for Spain and abroad, 
while the Guadalquivir is one of the main, if not the main, supplier of olives 
and olive oil in Spain. 
 
No indications are found that the current environmental planning is likely to 
change in the near future. Because tourism is expected to increase, so will the 
demand for fresh water.  
Ironically, the solution to the expected longer and more frequent periods of 
drought sought by the actual government –desalination plants- is expected to 
draw more people and industry to the coast, exactly one of the zones where 
pressure on the fresh water resources is high already. 

3.4 Political aspects 
Spain has a two-party political system. The socialists and the conservatives 
traditionally make up for about 80 - 90% of all the votes. Besides the central 
government, the so-called Comunidades Autónomas (autonomous 
communities) have certain authority to govern their territory. These CA´s 
(most of which are split up into 2 to 9 provinces) have their own 
governments, the political preference of which does not necessarily coincide 
with the central government's. With so many authorities, it is inevitable that 
cooperation is not always smooth, neither between central and regional 
government, nor between regional governments or provinces amongst 
themselves. It is easy to imagine that decision-making is difficult in for 
instance the Ebro catchment, which partly overlaps nine CA´s (apart from 
Andorra and a small part of France!). 
It has always been difficult for the two main parties to agree on political 
subjects. Since March 11th 2004 (the day Madrid was the target of a terrorist's 
assault that killed 191 people), however, the gap between the two parties that 
had always existed has taken enormous proportions. They don't seem to be 
able to agree on any theme anymore, including decisions on water 
management. As explained in the Phase I report, it has never been easy to 
come to a national water policy that is supported by both camps. After the 
elections in 2004, only four days after the Madrid massacre, the socialists won 
the elections. Shortly afterwards, they decided not to proceed with the water 
policy as advocated by the conservatives (large-scale water transfers from the 
north to the south). Instead, they opted for the construction of numerous 
seawater desalination plants along the eastern and southern coast, a decision 
which added fuel to the political fire. 
 
The current state of cold war between socialists and conservatives is not 
expected to be ended in the near future. It is not unimaginable that the next 
time the conservatives come into power again, they will try and reverse 
elements of the socialists´ water policy. This childlike tug-of-war is not 
beneficial for Spain's water management. Maybe the implementation of the 
European Framework Directive will force the two parties to cooperate to 
come to a sound, sustainable national and regional water policy. 
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3.5 Technological aspects 
None of the institutes visited during the course of the study break new 
technological grounds. However, they keep a close track of worldwide 
technological improvements and consider the improvement of the water 
treatment and desalination techniques very relevant important technological 
developments. 
Chapter 4 presents all information on future water treatment and 
desalinisation gathered from the interviews with experts in the three 
catchments. 

3.6 Ecological aspects 
In spite of a good legislation, the current state of water quality (described in 
detail in section 3.6 of the Phase I report) is moderate to poor in many parts of 
Spain. Insufficient control on complying with the law combined with a lack of 
interest in the past, the quality of surface water and groundwater has 
deteriorated, mainly due to chemical point sources and leaching of fertilisers, 
pesticides and salts from agricultural land. Figure 3.3 presents the river water 
quality in the three catchments and the mean river water quality in Spain as 
registered by the Biological Monitoring Network Party. The bad water quality 
in the Segura catchment is caused by the fact that little water is available. 
Therefore, the degree of dilution is less and point sources (industrial or 
communal) have a larger deteriorating effect.  
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Figure 3.3 River water quality, samples 1985 – 2000 (source: MMA, 2000) 
 
Water quality in reservoirs is increasingly being affected by the higher 
summer temperatures, causing growing nuisance or even toxic algae blooms 
(cyanobacteria). With chlorophyll, total phosphate and Secchi transparency as 
criteria, the percentage of eutrophic or hypertrophic water in reservoirs in the 
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three catchments has been assessed (see Figure 3.4). In all three catchments 
the level of eutrophication is below the mean level in Spain. 
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Figure 3.4 Level of eutrophication in reservoirs, samples 1990 – 1997 (source: MMA, 2000) 
 
General belief is that the implementation of the European Water Framework 
Directive will lead to a better and sustainable water quality in the near future, 
though no explicit ideas have been perceived of how the Framework should 
be converted into daily practice. 
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4 Climate change on catchment level 

4.1 Introduction 
This chapter presents the hydrological situation in the three catchments 
selected in the first phase (Ebro, Segura and Guadalquivir), see Figure 3.1. In 
order to obtain the most reliable and recent information interviews were held 
with experts from relevant authorities. An extensive questionnaire (see Annex 
B), that was drawn up in cooperation with KIWA, formed the guideline for 
the interviews. 
 
Information offered by the interviewees and literature they recommended are 
the base of this chapter. Every interview shed light on actual and future water 
related problems and climate change from a different angle, which made it 
difficult to hold on to the same order in every section. Furthermore, following 
too stringent a division between the present and the future situation would 
not help to come to a structural view on the way these regions deal with 
climate change. Therefore, only as far as possible, first the actual hydrologic 
situation based on the information from the interviews and recommended 
literature is described∗, followed by the expected future hydrologic situation.  

4.2 The Ebro catchment 
Interviews were held with experts from the Confederación Hidrográfica del 
Ebro (CHE), the Aragonese Water Institute (Instituto Aragonés del Agua) and 
the Integral Water Cycle Service (Servicio del Ciclo Integral del Agua). The 
interviews with the latter two organizations could be dealt with by telephone 
as they have not given any thought whatsoever yet to climate change in 
relation to water management. Thus the information offered in this section is 
merely based on the information offered by the CHE and literature. The 
interviewees were: 

• Miguel Angel García Vera (Senior specialist, Hydrological Planning 
Department, CHE) 

• Fernando López Ribot, (Head of the Exploitation and Regulation 
Department, IAA) 

• José Angel Añon (Head of the Hydraulic Infrastructure Department, 
IAA) 

• Santiago Gonzalo (SCIA) 
 
Recent evolution of the Ebro discharge 
The CHE is convinced of the importance of hydrological planning in relation 
to climate change. Several climate studies have been carried out, both by 
universities and CEDEX (Centro de Estudios y Experimentación - Centre for 
Studies and Experimentation) of the Ministry of Public Works. A study 
carried out by the Hydrological Planning Department of the CHE itself (CHE, 
2005), presented three major conclusions: 

                                                      
∗ A description based on the Libro Blanco del Agua and the National Hydrological Plan is presented in the Phase 1 
report (AGUAFLOW, ref. 050101-C) 
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• Contrary to the public belief, there is no significant tendency of 
decreasing precipitation in the Ebro catchment during the last years of 
the 20th century. 

• It is true that discharge at the Ebro Delta has decreased during the 
course of the 20th century. However, this is not due to a decrease in 
precipitation but rather to increased water use. 

• A phenomenon that may have influence on the diminution of 
discharge as well is the reforestation. Experts do not yet agree on the 
extent of the influence. 

 
Current water related problems 
A serious problem in current water management is the lack of control on 
complying with the environmental laws. Sometimes, the CHE is unconscious 
of the lack of control, while in other circumstances, it is conscious, but finds it 
morally hard to act. This could be the case for instance when a farmer 
withdraws groundwater illegally in the parcel that has been belonging to his 
family for generations, thus has been using groundwater this –illegal- way all 
his life. Exactly for this reason, the CHE finds it difficult to convince this user 
that he should report the amounts of water used. In a way, they understand 
the unwillingness of this user to change from illegal to legal water use. This 
attitude is the more understandable when realizing that this kind of illegal 
use normally concerns only small volumes of water. Currently, it is common 
practice for the CHE to take action, e.g. by installing water meters, only after 
problems have been noticed due to illegal extractions. 
The same attitude (curing instead of prevention) is adopted in the field of 
water quality: measurements of high concentrations of substances don't make 
the CHE act, but problems due to these high concentrations do. At present, in 
20 – 25% of the surface waters the concentration of mostly phosphate and 
nitrate exceed the standards. For groundwater, this percentage is about 33%. 
The CHE is aware that problems will get more serious, should management 
continue in the same way. But the attitude to solving these problems (let 
alone preventing these problems!): all in good time. It must be stated here 
explicitly that this attitude does not stem from unwillingness, but rather from 
insufficient human and financial resources. 
 
An additional problem that may have quite some negative environmental 
impacts is the fact that the authorities involved (CHE, local government, 
regional government) do not always know their own competences, despite of 
being laid down explicitly! In case of emergency, this could make it hard to 
act adequately. 
 
Future water management 
Besides the conduct of curing and little prevention, the CHE is also adapting 
its water management to a future in which less fresh water is available: in 
order to be prepared for the effects of climate change, the CHE is interested in 
assessing the impacts of a 10% reduction in precipitation (the expected 
reduction in 2030 is between 5 and 15%). At the moment, the University of La 
Coruña is assessing the influence of the expected diminishing precipitation on 
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runoff. Once the results are known, CHE can decide upon what distribution 
code to apply for the different water uses. 
At subcatchment level, the CHE is investigating the impact of the 10 % 
reduction in precipitation. For the river Huerva, south of Zaragoza, this 
investigation has been wound off already. On 
http://oph.chebro.es/DOCUMENTACION/DirectivaMarco/Huerva/Huerv
a.htm) the results are published. The amount of available water has simply 
been reduced to 90% of the current volume. The main objective of the study, 
which was executed without the use of any hydrological model, is to come to 
a water distribution acceptable to all regional and local interest groups and 
professional organizations (thus would meet all water demands in a 
sustainable way), whilst at the same time maintaining a minimal discharge in 
order to guarantee a sound ecological state of the river. For the river Huerva, 
this has been reached by actively involving these parties in the process of 
decision making. It is the CHE´s intention to process all subcatchments in the 
same way as the Huerva-subcatchment. 
 
Irrigation is the most important water use. In the future, new concessions will 
be granted to increase the surface of irrigated land, but the amount of water 
available per user will remain unchanged. Therefore, a higher efficiency must 
be attained in order to guarantee a good harvest. No explicit measures exist 
yet on how this higher efficiency should be reached. When the volume of 
water used exceeds the volume granted, the CHE is entitled to enforce 
restrictions in water use. 
 
As for expected future trends, the CHE expects the reservoirs to be the most 
important source for water supply. Therefore, more reservoirs are expected to 
be built. Another trend will be an increased water demand in villages around 
bigger cities to increase because people tend to build their second homes 
there.  
Finally, no indications were found that CHE takes into consideration the 
possibility that in the future, water diversion from the Ebro to the Segura will 
take place.  

4.3 The Segura catchment 
Interviews were held with experts from the Confederación Hidrográfica del 
Segura (CHS), EMUASA (the drinking water provider for Murcia and 
surrounding villages) and the Comunidad Autónoma de la Región de Murcia. 
The interviewees were: 

• Rogelio Bravo Cos (Head of Concessions and Authorizations, CHS) 
• José Juan González Giménez (Director of Planning and Works, 

EMUASA) 
• Miguel Ángel Ródenas Cañada (Director-General, Comunidad 

Autónoma de Murcia) 
 
Current hydrological situation 
The current situation in the Segura catchment is grave, as Table 4.1 clearly 
shows. The enormous "natural" deficit (1,200 Mm3/yr or 60% of the total 
demand) is partly covered by import from the Tagus river (540 Mm3/yr), 
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desalination (40 Mm3/yr) and an intensive groundwater use (which exceeds 
the level that sustainability imposes).  
 
Table 4.1  Water balance in the Segura catchment (source: Ródenas Cañada and Guillamón Álvarez, 2005) 

Supply (Mm3/yr) Demand (Mm3/yr) 
Segura 320 Irrigation 1,660 
Taibilla 40 Urban water supply 280 
Other rivers 50 Ecological discharge 60 
Renewable groundwater 250   
Reuse 140   
Total 800  2,000 
 
This imbalance leads to aquifer overexploitation, reduction of ecological 
discharges, deterioration of general water quality, salinization of soils and a 
process of desertification. 
 
The importance of good water management in this region can be accentuated 
by the fact that at present, the Comunidad Autónoma de Murcia (60% of the 
Segura catchment) provides 20% of all fruit yields of Spain, while it only 
covers 3% of Spain's area. According to Mr. Ródenas Cañada, it is better to 
use the available water management infrastructure and the regional 
commercial knowledge than to rebuild this in another region where water 
availability is bigger (a note that is sometimes heard). The latter decision 
would make Murcia lose an important economic business which would most 
probably leave a practically abandoned region except for the coastal strip. 
 
Desalination versus water diversion 
The Director-General of the CA and the Dean of the Colegio Oficial de 
Ingenieros de Caminos, Canales y Puertos (Official College of Civil 
Engineers) of Murcia have tried to objectively compare the two most serious 
solutions to neutralize the afore-mentioned imbalance: (1) water import from 
the Ebro and (2) large scale desalination (Ródenas Cañada and Guillamón 
Álvarez, 2005). 
According to this article, desalinated water is about 6 times more expensive 
than imported water. Besides, imported water can meet all demands and 
even rehabilitate overexploited aquifers, which fits in with the objectives of 
the European Framework Directive. 
Large scale desalination in California (a state that bears many resemblances to 
Spain) has demonstrated that this technique still has to contend with 
technical, economical and management difficulties. Furthermore, oil is used 
to supply the energy required for desalination, which leads to an increase of 
Greenhouse Gases. The same article states that the new national policy (to 
meet the water demands in the Southeast by using desalinated water instead 
of water diverted from the Ebro) will lead to a higher mean price for water 
(0,31€/m3 against 0,26 €/m3). 
The authors conclude that water diversion from the Ebro is indispensable in 
the development of southeast Spain. Complementary to water diversion, 
desalination can contribute to water supply. 
 
The article shows that several influential people have been thinking about the 
future as far as future water supply is concerned. However, in practice, most 
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of the energy in hydrological Murcia (and probably in hydrological Spain) is 
aimed at complying with meeting the water demands and the demands of the 
European Water Framework Directive, the most important feature in Spanish 
water management at the moment. As a consequence, little energy can be 
spent on other problems. Ideally, attention would already be focussed on the 
future. General opinion in Murcia is that Madrid should play a leading role in 
this process. 
 
Politics forms a factor not be neglected: in 1995, a report was presented 
(Recursos Hídricos y su importancia en el desarrollo de la Region de Murcia: 
Hydraulic Resources and its importance in the development of the Murcia 
Region), by the Consejo Económico y Social de la Región de Murcia 
(Economic and Social Council of the Murcia Region). This report comes up 
with solutions for the water problems. However, these are not carried out. 
The main reason for this is that some of the solutions would bring about 
important and not always popular changes in water management. Any 
politician who dares realizing these changes is bound to lose votes. Even at 
the beginnings of the 21st century, when the Partido Popular (an ardent 
supporter of the diversion of water from the Ebro to the Segura catchment) 
enjoyed an absolute majority in Spanish parliament, the decision to realize the 
diversion of water from the Ebro to the Segura catchment was not taken. 
 
Though not primarily orientated towards the future, changes in water 
management have been taking place lately. For example, in order to 
overcome water deficits, EMUASA successfully works on both water savings 
and increasing sources for drinking water (desalination plants): in 2005, 
population had grown 2,8% with respect to 2004 while water consumption 
dropped with 3%. One of the measures has been to install water-saving taps 
and cisterns in new houses. 
EMUASA is not actively looking for ways to guarantee fresh drinking water 
in the future. Forced by a lack of personnel and money, it is more concerned 
with delivering fresh water today and tomorrow. Yet, this does not mean that 
EMUASA is not aware of changes taking place, both external (temperature 
rise) and internal (different treatment methods). It is constantly adapting its 
modus operandi in order to reach the highest degree of guarantee in 
delivering fresh drinking water. As an example of the effectiveness of this 
approach and of the position of EMUASA may serve the fact that in the field 
of water treatment, EMUASA plays a leading role in Spain. It acts according 
to a five- year plan that can be changed constantly, should this be necessary.  
At the moment, the water supply reaches an efficiency of 84%, the highest 
rate in Spain. This relatively low leakage losses are obtained by using sensors 
(permalogs) which register sound anomalies at night (which may indicate 
leakage). 

4.4 The Guadalquivir catchment 
Interviews were held with experts from the Confederación Hidrográfica del 
Segura (CHG) and EMASESA (the drinking water provider for Seville and 
some surrounding villages). The interviewees were: 

• Victor Cifuentes (Head of Services, CHG) 
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• Antonio Díaz Muñoz (Operational Director, EMASESA) 
 
Current problems 
The meteorological situation in this catchment in the southwestern part of 
Spain is comparable to that in the Segura catchment; high temperatures and 
little precipitation throughout the year. It is not surprising therefore that 
problems in water management are alike. 
 
The catchment bears a resemblance to the Ebro catchment in that 
precipitation has not diminished significantly during the last years, (apart 
from the two last dry years, which are a new episode of drought), though the 
30-years moving average shows a decreasing trend. The temperatures have 
risen. Furthermore, during the last years, summerlike weather has shown a 
tendency of starting earlier and ending later in the year, which leads to drier 
circumstances. 
 
At the moment, the CHG faces many problems with regard to both water 
quantity and quality. These have nothing to do with climate change, but with 
the steady increase of the demands, mainly for irrigation. Otherwise, drought 
is a recurrent phenomenon in this part of Spain and, which is very important, 
is more common to lead to several dry years in a row than an isolated one. 
 
Possibly because of the close cooperation between EMASESA and the 
municipality of Seville, water use in this area has been decreasing during the 
last 15 years. Between 1991 and 2005, total water use dropped from 160 to 120 
Mm3/yr. This has been reached by intensively informing the public and all 
kinds of professional entities (hotels, hospitals, offices, etc). In the same 
period, household use dropped from 192 to 137 l/p/d.  
 
Future water management 
The city of Seville derives its water from the northwestern part of the 
Guadalquivir catchment, where a system of four reservoirs form the water 
supply system. Total volume is about 400 Mm3. With an annual use of 120 
Mm3/yr, EMASESA has a three-year reserve for Seville and surrounding 
villages. As industries are absent in this region, the water quality is quite 
good (A1/A2). According to EMASESA, the absence of industries will not 
change during the next 20 – 30 years, therefore no water quality problems are 
foreseen for the near future. However, EMASESA keeps abreast of new 
developments and adapts its modus operandi should this be necessary. One 
of the projected changes is that the membranes used will have to become finer 
in order to guarantee good quality drinking water. 
Groundwater is officially not used for the production of drinking water, 
though at a small scale farmers do (mostly illegally). 
 
According to EMASESA, the actual water quality monitoring in the 
Guadalquivir catchment does not meet the demands as laid down by the 
European Framework Directory. Therefore, the monitoring will have to 
improve. No plans exist yet on how and when this should be realized. 
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In order to prepare the catchment for the consequences of climate change, the 
CHG is considering at the moment to have the Seville University of Pablo 
Olavide investigate the consequences of climate change on catchment-wide 
water management. Once this study is finished, it will serve as a reference to 
determine which water management scenarios will be more effective in terms 
of safety, water quantity, water quality etc. These should be implemented in 
the new Plan Hidrológico de la Cuenca (PHC). The CHG expects that the 2009 
PHC will come too soon for the scenarios to be fully studied, but for the 2015 
PHC, this should be achievable. 
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5 Conclusions 

Since the 1970s, Spain has been experiencing to an increasing extent the 
impacts of a changing climate: temperature has been rising, while the 
precipitation pattern has been changing. This is not likely to change in the 
future. Instead, according to the extensive study realized by the Ministry of 
Envrionment (MMA, 2005), in which impacts of the SRES scenarios A2 and B2 
have been studied, there will be a progressive tendency of increasing mean 
temperatures throughout the century, more so in summer and in inland areas 
than in winter and near the coast. 
Seasonal increase in precipitation is expected in the West of the Peninsula in 
winter and in the Northeast in autumn, though on an annual base, 
precipitation is expected to decrease. For the period 2070 – 2100, the greater 
reduction of rainfall on the Peninsula is projected in spring. The changes in 
precipitation tend to be more significant in the scenario A2 than in B2. 
Relative to scenario B2 (which takes as starting point a doubling of the global 
CO2 concentration), scenario A2, in which future global CO2 concentration 
will be 120% higher than that at present, projects a more accelerated tendency 
towards warming and greater changes in precipitation. 
 
At present, the eastern and southern coastal zones suffer serious problems in 
water quantity and to a lesser acknowledged degree, water quality. It is quite 
possible however, that water quality problems exist, but have not yet been 
registered as water quality monitoring in natural waters does not always 
comply with the regulations. The central government has opted for large-
scale desalination plants in order to meet the urban water demands. 
Supporters of what seems to be the only real alternative –with water 
diversion from the Ebro to the Segura as main characteristic- argue that this 
solution is not sustainable as the volume of desalinised water does not meet 
the demands from the biggest sectorial water user (agriculture) and does not 
allow for aquifer rehabilitation. 
Most of the immigrants that have been coming to Spain over the last 5 to 10 
years are South-Americans and East-European who settle in the coastal zone 
where job opportunities in the service sectors are good. This will irrevocably 
lead to increased pressure on the fresh water resources.  
 
The most conspicuous fact observed in most of the interviewees is the 
apparent absence of worries about the future. They all are well aware that 
global climate change will have impact on Spain´s water operational 
management. Instead of adopting a (pro-) active attitude in order to be ahead 
of the negative impacts, they assume a reactive attitude. When considered in 
the light of recent climate changes (e.g. a 2º C increase in summer 
temperature in southern Spain in thirty years), this is already less strange. 
During this period, the drinking water companies and CHs have had to adapt 
their operational management constantly. Time, staff and financial resources 
to pay proper attention to the future are simply lacking. Furthermore, the 
day-to-day management at water works and CHs practised has proved 
fruitful until now. Because climate change is not a phenomenon that happens 
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from one day to another, but rather a slow continuous process, common 
belief is that congruently changing operational management will be sufficient 
to solve future water related problems. 
 
As counterweight to these negative signals, the CHE´s active attitude must be 
mentioned. This CH anticipates the future by studying the possible allocation 
of fresh water in a situation where fresh water resources have diminished by 
10%, which equals the projected decrease in fresh water resources in the Ebro 
catchment. 
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 I Main recommendations and needs for 
research 

This annex presents the main recommendations for policies in a scenario of 
climate change in Spain and the main needs for research and data for the 
detection of climate change (MMA, 2005). 
 
A.1 Main recommendations 
Terrestrial ecosystems 
The management of terrestrial ecosystems should involve society as a whole 
and seek creative ways of financing activities aimed at mitigating effects and 
for restoration and research. The conservation of terrestrial ecosystems in a 
scenario of climate change clashes with many human activities, especially in 
relation to the use of natural resources like water. There is a need for 
integrated management of the multiple goods and services provided to us by 
terrestrial ecosystems.  
 
Inland aquatic ecosystems  
The possibilities of adaptation of CAE to climate change are limited. In order 
to mitigate the effects thereof, there is a need for water saving policies, 
improved water quality and an intensification of the measures for the 
conservation of the surrounding terrestrial environments. Given that new 
conflicts over water are to be expected as a result of climate change, it is 
reasonable to expect the conservation of CAE to be the easiest priority to 
ignore. The changes the CAE are really subjected will affect environmental 
conservation and the tourism sector, population protection, water supply and 
continental fisheries.  
 
Marine ecosystems and the fisheries sector  
The management of coastal marine ecosystems and of marine species should 
be considered from a multispecific and ecosystemic perspective. The search 
for solutions that mitigate the effects of direct human activity should be 
promoted, along with medium- or long-term follow-up of actions.  
 
Plant biodiversity  
Avoiding losses of biodiversity caused by the impacts of climate change 
requires global responses. The sectorial strategies designed require a broader 
geographic framework than that of regional or local administrations, upon 
which they currently depend. The network of protected spaces, conservation 
policy, ecological restoration, forest management, the regulation of livestock 
farming and hunting uses, land planning, environmental evaluation and 
education constitute the policies most involved in the challenge of providing 
responses to the impacts of climate change.  
 
Animal biodiversity  
The areas most vulnerable to climate change are coastal areas, wetlands and 
permanent water course which will become seasonal and seasonal ones that 
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will have a more irregular flow or will even disappear, high mountain areas 
and moist pasturelands. Neither the displacement of distribution ranges 
(hypothesis I) nor rapid adaptation to new ecological conditions (hypothesis 
II) appear to constitute feasible solutions for most of the species studied. The 
main management solutions should include the design of nature reserves and 
parks interconnected by biological corridors. The network of protected areas 
should include latitudinal and altitudinal gradients in order to protect 
populations undergoing processes of geographic displacement as a result of 
climate change. The zones or areas especially sensitive to climate change 
should be identified, especially for species with no option for habitat 
displacement.  
 
Hydrologic resources 
The change will necessarily involve re-modelling and redefining new policies 
such as those related to science and technology, hydraulics, energy, 
agriculture, environment and land planning. We recommend continuing with 
the tradition of measurements established in Spain by means of control 
systems, which are generally well-established or being improved. However, 
the convenience should be highlighted of designing and establishing, or 
clearly improving, the water use control networks, in relation both to surface 
and groundwater, along with the flow gauge network in fountains and 
springs.  
 
Soil resources  
The reforestation of marginal, barren land and the practice of a type of 
agriculture aimed at soil conservation, along with an increase in organic 
carbon content and improved edaphic fertility, offer great possibilities with 
regard to counteracting the negative effects of climate change. The 
amendment of the PAC (Agenda 2000) offers possibilities for applying this 
principle. Soil quality should be taken into account in town planning and in 
any re-classification of use. The drafting of the European Strategy for Soil 
Conservation s should established the basis for the development of European 
regulations dealing with the conservation and sustainable use of soils.  
 
Forestry sector  
In view of the foreseeable changes, an adaptational strategy is 
recommendable. Clipping of the underbrush to reduce stump density has 
proved to be an efficient treatment that improves the response of these forests 
to climate change. Control and adjustment of exploitation turns and 
intensities should be considered as an option for optimising the response of 
the forest. Equally important is the careful selection of the origins of the seeds 
in reforestation, for appropriate management of genetic diversity.  
 
Agrarian sector  
In agricultural systems, extensification or forestation should be favoured in 
areas with increased instability, or intensification of stabilisation by means of 
irrigation in other areas, along with the establishment of alternative crops or 
areas of compulsory fallow and new design of integral control of pests and 
diseases. In livestock farming, reduced carrying capacity should be favoured, 
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along with the necessary changes in grazing management; there should be 
support for supplementing and adapting facilities. The farming of 
autochthonous species and vector control should be considered, due to their 
possible repercussions in relation to foreseeable pathologies.  
 
Coastal areas  
Immediate action is required in relation to the human factors affecting the 
stability of the coast, such as the maintenance of discharge and solid deposits 
by rivers as a solution to the “origin” of the problem (the lack of sedimentary 
material). As a solution to the “symptoms” of the problem (excessive retreat 
or mobility of the coast), we can indicate the stabilisation of beaches and 
dunes, the construction of structures for limiting the transport capacity of 
incoming waves and artificial deposits of sediments. Protection of natural 
values (strict land planning to ensure the maintenance and recovery of 
valuable areas) is vital. There is also a need to demarcate and inventory the 
areas and elements that could be affected by a rise in sea level, in order to 
define where to apply abandonment and retreat strategies, or ones related to 
protection.  
 
Natural hazards of climatic origin  
Flood risk  
We must improve the quantification of risk and prevention in relation to 
climatology and land planning, especially in urban areas and tourist resorts, 
particularly in Mediterranean ones; we also need to improve catchment 
prediction systems.  
 
Slope instability risk  
Land and town planning, aimed at avoiding the areas most susceptible to 
slope instability constitute the best and most economical adaptational tool.  
 
Forest fires risk  
Policies on fire fighting, land and forest planning and training and 
information for the public should be adjusted to the new conditions. 
Management schemes based on the total exclusion of fire should be modified, 
providing the possibility to use fire as a tool for reducing the hazardousness 
of certain areas. Plans for conserving biodiversity or for combating 
desertification ought to incorporate the new scenarios of increasing fire-
danger. Management of public spaces for recreational use should take into 
account the growing danger that approaches.  
 
Energy sector  
We seem to be following the right path with regard to energy policy, both in 
the EU and in our country, but our energy production, however, is far from 
being sustainable. We therefore need to study these policies in depth in order 
to adopt specific and additional measures for implementing strategies, in 
order to make our energy production sustainable, especially with regard to 
reducing emissions.  
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Tourism sector  
Implications for public policies, from the incorporation of financial and fiscal 
aid and investment in specific infrastructures, to the modification of existing 
legislation on land planning, delimitation and uses, transport and even school 
schedules. All of this can be established through policies that reinforce 
investment in tourist infrastructures that capitalise on new opportunities in 
new areas, apart from the necessary restructuring of certain destinations and 
traditional products. This will require the vital public leadership and the 
active incorporation of all the companies in the tourism sector.  
 
Insurance sector  
We recommend the follow-up, in each regional autonomy, of the following 
measures, to be analysed and applied at national level: 1) Review of the Basic 
Construction and Design Regulations, and Review of Land Planning and 
Land Uses, in accordance with the climatic risk of each area and the 
foreseeable evolution of this. 2) Promotion of prevention education from 
primary school level. 3) Promotion of insurance as a prevention instrument. 
4) Adaptation by the insurance market to the possible demands in a new 
scenario of climatic risk. 5) Analysis of the variability of agricultural policy in 
future climate scenarios.  
 
Human health  
There is a need for public health action plans based on early warning systems 
aimed at identifying risk situations before these occur, which involves an 
agile and reliable morbidity and mortality database. We need to apply and 
follow up European Directives relating to all the aspects that might affect 
human health, both in the short- and long-term. It is also of vital importance 
to promote and develop specific surveillance and control programmes related 
to vector-borne diseases, and to initiate activities aimed at increasing citizen 
awareness and participation in all the activities related to climate change and 
the implications thereof for human health.  
 
A.2 Main needs for research and data 
Terrestrial ecosystems  
Among the main research needs, we can highlight the consolidation of long-
term ecological follow-up networks, making as much use as possible of the 
existing and favouring the interdisciplinary participation of the scientific 
community, the study of interactions, both between environmental factors 
and between species and trophic levels, and the determination of minimum 
tolerance values (climatic, structural, functional) in systems vulnerable to 
climate change.  
 
Inland aquatic ecosystems  
The knowledge gaps are due to: 1) the lack of reliable long-term data series; 2) 
the fact that there is still scant information on the ecological state and biology 
of the most important species; 3) ignorance of hysteresis processes, and 4) the 
lack of knowledge of the possible effects on the SCAE of abrupt or gradual 
changes in terrestrial plant communities and in the geology of the catchments 
in which they are located. The research needs are many, as practically no 
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study has been conducted of the relationship between CAE and climate 
change.  
 
Marine ecosystems and the fisheries sector  
We need to consolidate the long-term environmental and ecological follow-
up networks, improving and making use of the existing ones. There is a need 
to promote Spanish participation in international programmes, along with 
research plans aimed at establishing the impacts of oceanic change upon 
species and ecosystems, from both a retroactive and prospective perspective.  
 
Plant biodiversity  
The three main lines of research to be promoted are: follow-up of the changes 
underway, including long-term programmes of measures in the field; the 
response by species and communities to changes and the design of predictive 
models, based on the information provided by the former and on the 
projections by climate models.  
 
Animal biodiversity  
There is a need to promote research on taxonomy, and research that includes 
long time series, at both specific and community level. More and better 
knowledge is required of faunistic diversity and the distribution thereof for 
the study of eco/geographic biodiversity patterns. We should not allow the 
deterioration or progressive disappearance of information sources, such as 
the phenological database on plants and animals (birds and insects) started in 
1940 by the Agricultural Meteorological Service, belonging to the National 
Meteorology Institute (NMI).  
 
Hydrologic resources  
In relation to climate change, there is a vital need to conduct research aimed 
at improving predictions of rainfall and temperatures and of the spatial and 
temporal distributions thereof; of those tending to define methods of 
generation of data climate series based on scenarios; of those providing better 
and more reliable methods of evaluation of evaporation and 
evapotranspiration; the role of rainfall interception and use of water by 
plants, data for the more reliable establishment of aquifer recharge and the 
development of models for computerising calculations of inflow and storage; 
watershed management models.  
 
Soil resources  
An initial basic need in relation to edaphic resources involves the inventory 
thereof at a useful scale of management (at least 1:50.000), with which to 
establish an evaluation of their condition, to plan their management and 
project change tendencies. It would be of great use to compile the existing 
information, dispersed throughout institutions at different scales and in 
different formats, and to homogenise and computerise these using the criteria 
from the FAOCSIC database. Long-term basic studies should be promoted in 
order to attempt to detect tendencies in the evolution of soils, along with 
responses to disturbances and to climate change, especially in relation to low-
periodicity events.  
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Forestry sector  
Among the most pressing needs for the future, we can highlight the need for 
more accurate knowledge of the subterranean of our forest species, to 
establish or consolidate networks for the observation and analysis of the 
ecophysiological factors determining regeneration and, as a whole, the 
response of the forest to environmental changes; another aim involves 
promoting the development and application of forest growth models, aimed 
at predicting the response by the forest to environmental changes or 
management patterns.  
 
Agrarian sector  
The development and implementation of dynamic models for simulating 
different crops, in order to describe the interception of solar radiation by 
leaves, the generation of biomass (aerial fraction and roots), water and 
nitrogen balances and the generation of yields. Data on the response by 
agriculture and livestock farming to climate changes in long time series aimed 
at predicting effects on production yield of the different farms. The 
development of simulation models to account for the behaviour of different 
pathogenic agents in relation to climate; their capacity for adaptation to the 
biotope and the seasonal dynamics of the different processes.  
 
Coastal areas  
There is a need for more detailed knowledge of past processes (with annual 
or ten-year resolution). There is also a need for further study of the impact 
that climate changes, in particular with regard to MSL and other driving 
factors such as waves, together with the corresponding morphodynamic 
change, could have on sensitive coastal ecosystems. There is a need for 
follow-up systems and systematic data collection of the necessary parameters 
in order to establish empirical relationships or to design and validate models. 
We need to learn of the impacts of climate change upon wind and wave 
regimes and on the circulation patterns affecting each area.  
 
Natural hazards of climatic origin  
Flood risk  
Development of coupled climate-hydrology regional models in order to 
provide reliable scenarios of hydrological extremes, taking into consideration 
the particularities of the Atlantic and Mediterranean basins. Reconstruction of 
past floods and study of the gauging series, referring these to natural 
conditions.  
 
Slope instability risk  
There is a need for a complete inventory of landslides and better damage 
assessment, as this is much greater than the official figures. More in-depth 
study is needed of the relationships between rainfall events and the different 
types of landslides, in order to appropriately integrate them into the 
hydrological and mechanical models.  
 
Forest fires risk  
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More detailed knowledge is needed of the interactions between drought, fire 
danger, the occurrence of fires and the response by the vegetation in adverse 
situations. We must learn of the synoptic conditions that set extreme events in 
motion, thus allowing to anticipate and prevent fires. Climatic scenarios are 
needed with suitable spatial and temporal resolution, as well as models of 
vegetation response. We require more in-depth knowledge of the sociology of 
fires. Detecting change in the occurrence of fires necessitates maintaining the 
database of the Ministry of Environment on forest fires of Spain, and availing 
of cartography of the fires in order to verify changes in the spatial or temporal 
patterns thereof.  
 
Energy sector  
There is a need for more in-depth knowledge of the possible effects of climate 
change on energy demand at regional level and according to economic 
sectors. All of this is due to different reasons: generalist scenarios of climate 
change could lead to big information losses; thus, we should establish 
whether the foreseeable increase in mean temperature will be homogeneous, 
or whether it will affect certain regions more than others; this obviously 
affects different local infrastructures; and with regard to the series of 
indicators proposed for the detection of climate change in relation to the 
energy sector, there is a need to design models that break down the different 
elements influencing the evolution of these indicators.  
 
Tourism sector  
Research needs focus on critical knowledge gaps: 1) Study of the current role 
of climate in Spain’s tourism system and the impacts of climate change 
according to the most vulnerable zones and products, integrating the 
different scales of manifestation of the phenomenon. 2) Creation of systems of 
indicators of the climate change-tourism relationship in order to detect and 
measure this. 3) Design of management models for optimising the main 
adaptational options and implications for tourism policies. This involves 
setting up and maintaining a specific line of funding for research projects, 
with explicit programmes dealing with this theme, to be integrated into the 
National R+D+I Plan.  
 
Insurance sector  
Greater availability in time, and adjusted to the needs of the sector, of 
meteorological and climatic data. Didactic explanations of the scenarios 
designed by the IPCC and the consequences of these. Experimental studies of 
the vulnerability of structures and crops in the different geographic areas to 
the main meteorological and climatic phenomena in their most extreme 
manifestations. Detailed statistics, prolonged in time, related to claims on the 
Spanish insurance market, according both to areas and to catastrophic events. 
Development of catastrophe models, combining risk and the financial 
parameters of the insurance and reinsurance sectors, in order to recreate 
historic and to estimate future losses.  
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Human health  
There is a vital need for a more in-depth evaluation than the one conducted 
here of the possible impact on health of climate change in Spain, as has been 
conducted in other countries. This evaluation should include the quantitative 
assessment of the impacts upon health, taking into account the different 
scenarios of climate change and predictions of the demographic structure of 
our country. This would involve following the recommendations and 
methodology that the World health Organisation has developed in order to 
establish the degree of vulnerability in relation to human health and to make 
the necessary adaptations with regard to human health and climate change. 
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 II Questionnaire 

Water quantity and quality 
• What are the most serious water quantity problems in the catchment 

at the moment? (natural systems and reservoirs)  
• Do you expect the water quantity status in natural systems and 

reservoirs to improve or deteriorate? Why? 
• What are the most serious water quality problems in the catchment at 

the moment? (e.g. eutrophication, industrial or agricultural spills, etc.) 
(natural systems and reservoirs) 

• Do you expect the water quality in natural systems and artificial 
reservoirs to improve or deteriorate? Why? (e.g. more or less industry 
or agriculture, better water treatment, more or less pressure on natural 
water resources etc.) 

• What are the consequences of poor water quantity and/or quality on 
the different functions of the water systems (ecology, agriculture, 
drinking water production) 

 
Effects of climate change (impact assessment) 
Water resources 

• What will be the impact of climate change on surface water and 
artificial reservoirs (both in terms of water quality and water 
quantity)? 

• What will be the impact of climate change on ground water (both in 
terms of water quality and water quantity)? 

 
Water demands 

• What will be the impact of climate change on water demands 
(agricultural, urban, industrial), both on a yearly and a monthly base? 

 
Effects of drinking water production 

• How will the environmental effects of drinking water production add 
to the effects of climate change (e.g. stronger desertification due to 
increased groundwater withdrawal, increase of salinisation due to 
excessive surface water use)? 

 
Water treatment 

• What effects are to be expected on water treatment (e.g. the effect 
increased temperature may have on the performance of the 
treatment)? 

 
Drinking water distribution 

• What effects are to be expected on water distribution (e.g. the increase 
of bacterial growth due to a higher temperature in the distribution 
network)?  
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Unaltered production process 
• What will happen if the production process will continue unaltered 

(e.g. items mentioned above and quantity and quality of natural water 
resources)? 

• are you aware of other relevant impacts of climate change upon your 
company’s work?  

 
Adaptation 
Undoubtedly, in order to guarantee the supply of good quality drinking 
water in the future as well, adaptive measures will be taken by your 
company. 

• What will these adaptations be? 
 
Operational adaptations  

• Increase of resources: more reservoirs, desalination, reforestation, 
catchment of rainwater or dew, transfers between catchments, 
groundwater, reuse 

• Demand management: public information (education) and the use 
of simple techniques like cisterns, decrease of losses in distribution 
networks, pricing policy, reduction of agricultural growth 
estimates, substitution of high water consuming crops, innovative, 
more efficient, irrigation techniques 

• Improvement and management of water resources system: 
meteorological monitoring networks, simulation models, resource 
databases, better control on contamination prevention 

 
Organisational 

• Investigations (e.g. in order to determine the costs and 
effectiveness of the operational measures) 

• Reorganisation (e.g. personnel specifically dealing with future 
water supply) 

 
Water treatment 

• Adaptations to water treatment to mitigate or eliminate possible 
negative consequences (e.g. other chemicals, more extensive 
treatment process) 

 
Water distribution 

• Adaptations to mitigate or eliminate possible negative 
consequences in the water distribution network (e.g. increased 
chlorination) 

 
Regulations 
At the moment, one of the weak links in Spanish water management is the 
(absence of) control on observing the regulations (industrial and agricultural 
spills, illegal groundwater withdrawals). This has some serious negative 
environmental impacts. 
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• What measures are planned to improve this? (e.g. how will you 
convince people to use water from the urban water supply instead of 
deriving it from their (in many cases illegal) own wells? 

• What's your opinion about the central government's decision to use 
desalination plants to meet the fresh water demands? How will it 
affect your mode of operation?  

• What new technologies do you think will be used in the future (e.g. 
rainwater harvesting, recycling of water, water treatment 

• What will be the costs of these adaptations? 
 
Miscellaneous 

• How exactly is the current cooperation between central Government, 
CH and the drinking water company (communication, decision 
taking, policy making)? Is the cooperation satisfactory? If not, how 
could this improve? 

• If a disaster (floodings, spill accidents, extreme droughts) occurs, what 
actions will be taken? Who is responsible for what? Is there any action 
plan? And will those be valid in the future? 

 
The European Framework Directive will have positive impacts on the quality 
of natural water resources. 

• How will the European Framework Directive affect the way drinking 
water is produced? 

 


