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1 Introduction 

Drought is a natural and recurring phenomenon that, if not properly managed, can have severe impact 
on socio-economic systems and the environment where the dry spell occurs. The time when a drought 
will start, its duration and severity are difficult to predict, but there is little doubt that it will occur in 
cyclical way and that getting ready to deal with it during wetter periods will increase the overall resilience 
of the society to climate change. During the past decade, the need to move from an emergency 
approach to a risk management approach has been stressed in many international fora and documents, 
including the 2007 EC Communication on Water Scarcity and Droughts (EC, 2007a). Responses to 
drought are put in place at different scales – e.g. a whole country, a river basin, an island - , depending 
on where the impacts of drought occur and which mechanisms and organizations are available to deal 
with it. 

The evolution of past responses to drought is crucial to understand where we come from in terms of 
drought management and where we are heading to. Moreover, a comprehensive ex-post evaluation of 
past policy responses can help learning from the past by identifying strengths and weaknesses in our 
capability to deal with drought. 

This report presents the results of the activities carried out to accomplish Task 2.3 “Identification and 
evaluation of past drought responses”. This includes a comprehensive assessment of drought 
responses and policy options in six case studies (CSs) that cover three different scales of analysis: 
country level, river basin and local scale. In terms of time frame, the analysis considered two past 
drought events in each CS. 

The goal of the document is to provide a snapshot of existing drought policies and their characteristics 
in the CSs, in order to establish a common framework of analysis and to set the basis for an in-depth 
analysis of potential measures for the future. The aim of this type of analysis is to contribute to reduce 
drought vulnerability and to increase the society’s resilience to drought at a European level.  

The elaboration of this report has been coordinated by University Complutense of Madrid (UCM) as the 
task leader, and implemented in collaboration with the case study teams (NTUA, UB-CERTeT, ISA-
CEABN, UPVLC, Alterra and WSL). The Task had a duration of 12 months, from October 2011 to 
September 2012. 

This report discusses the different policy options for drought response that were implemented in the 
CSs during two past drought events. 

After this introductory chapter, the report presents the general objectives and assumptions considered 
in the design of the evaluation (Chapter 2) and describes the resulting methodological framework 
(Chapter 3). Then, the report outlines the main characteristics of the CSs (Chapter 4), and discusses the 
results of the evaluation (Chapter 5). Finally, it concludes with the main policy gaps that could be 
identified within the analysis of the past drought responses in the CSs (Chapter 6). The Annexes 
provide the reader with additional information and data about the evaluation results. 
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2 Rationale and Objectives 

The Document of Work (DoW) of the DROUGHT R&SPI project presents the general basis and 
assumptions for the Task implementation:  

“Task 2.3 will analyze responses (management practices, drought relief and emergency 
responses, risk reduction options) that were put in place to prepare for, or as a result of past 
drought events. In order to provide a concrete starting point for the assessments of Tasks 2.5, 
2.6 and 2.7, the Task will focus on the same events as in Task 2.2, attempting to also denote, 
through perception surveys and questionnaires, the evolution in approaches towards drought 
risk mitigation.” 
“Responses (strategic, tactical and emergency), will be assessed in terms of: (i) their 
effectiveness in alleviating/mitigating drought-relevant impacts, (ii) their contribution in 
enhancing the resilience of local systems and communities, (iii) their impact on long-term risk 
reduction and in fostering coping capacity, and (d) their wider financial, socio-economic and 
environmental implications. Emphasis will be given in identifying “good” (and “not-so-good”) 
practice examples, as well as current policy gaps/integration needs, according to the 
perceptions of local stakeholders and risk experts. Results will feed into Task 4.1, and will be 
disseminated across the CSs and at the European scale” 

Task 2.3 was undertaken in the six Case Studies of the project (Figure 1) and for two drought episodes 
in each case study (Table 1). 

Figure 1. Location of the Case Studies 

 
Source: Own elaboration. Image: ESA/Envisat. 
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Table 1. Case study scale of analysis and drought episodes selected 

Case Study Scale Episode 1 Episode 2 

Syros Island Local 2007 1999-2001 

Júcar River Basin River Basin 2005-2008 1991-1995 

Po River Basin River Basin 2006-2007 2003 

Portugal National 2004-2006 1991-1995 

Switzerland National 2011 2003 

The Netherlands National 2003 1976 

 

Due to the existing differences between the CSs – different scales, sizes, climatic conditions, political 
settings, etc. – the main challenge was to design a methodology that was common to all the CSs but 
also flexible enough to ensure that it could be adapted to the specific characteristics of each CS. To 
achieve this objective, the evaluation of policy responses to drought in each CS started from the 
definition of a general methodological framework. Once this common framework was in place and the 
methods and data collection tools had been defined and agreed upon, the CS teams could partially 
adapt those tools to the specific circumstances and characteristics of their case. 

Objectives 

When designing an evaluation, it is crucial to clearly define from the outset its object (who/what is going 
to be evaluated?), its purpose (what for is the evaluation?) and its final user (who will use the results?). 
In the case of Task 2.3, the object of the evaluation is the “set of responses established to manage 
drought at case study level in two past drought events”. 

For drought responses we understand all the drought management actions and initiatives that were 
planned and/or implemented, mainly by the public authorities, in order to reduce drought vulnerability 
risk through preparedness, mitigation or impact reduction in selected past drought events. It is worth 
noting that, in some cases, the main responses to drought will be primarily organized in a specific policy 
document on drought management – e.g. a Drought Management Plan. In other cases, responses will 
be included in a set of documents that explicitly address different facets of drought.  

Several studies, reports and articles on drought define their own classification of drought measures 
depending on their goals or characteristics of the study. For this reason, there is no ‘universally 
accepted’ categorization of responses to drought that could be used to define the object of the 
evaluation. Thus, in the initial phases of the analysis, a list of measures that should be analyzed in each 
CS was identified, with the objective of providing a definition of what we include as drought measures in 
each CS analysis. The complete list of measures considered in each CS is presented in Annex 1. 

The objective of the evaluation is (i) to enhance the understanding of what responses to drought were 
implemented in the Case Studies and their performance in past drought events in Europe; and (ii) to 
identify future options of response to drought in accordance with a drought risk management approach. 

The analysis will contribute to establish best practices and to determine policy gaps and integration 
needs. This, in turn, will feed into related tasks of the project aimed at fostering future initiatives to 
address vulnerability and drought risk reduction.  

Any evaluation is supposed to be an activity with practical implications, thus its design must be guided 
by the needs of its final users (Patton, 1997). The main users of this evaluation results are: a) Policy 
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makers; b) Drought-management practitioners: organizations and institutions, private or public, involved 
in drought management; and c) Stakeholders: agricultural sector, urban water supply, industrial sector, 
energy sector, tourist sector, environmentalists, land use planning, sector etc. 

3 Methodology 

3.1 Overview of evaluation approach 

The evaluation approach applied in this Task aims at being integrative and sensitive to the socio-
economic, institutional and environmental context of each CS and should be applied in a participatory 
manner at a CS level.  

The evaluation has an ex post-facto character since it considers responses to drought that occurred 
during past drought events. Thus, the ex-post evaluation assesses the effectiveness of the responses, 
procedures and actions implemented during a past drought event in relation to their contribution to 
drought impact mitigation.  

How to address the evaluation of past drought responses?  

Rossi et al (2005) remark that there is lack of methodologies for the assessment of drought measures, 
especially if the focus of the evaluation is on a broad level of response, i.e. drought policy.  

Most of the studies in the literature consider specific aspects of drought. For example, some studies like 
those of Gil, Garrido, & Gómez-Ramos (2011) and Iglesias et al (2007) focus on assessing the 
economic impacts of drought: the first uses the economic analysis of drought risk for irrigated agriculture 
for an ex-ante assessment of drought impacts and for decision-making support; while the second 
develops an “Economic Drought Management Index” to evaluate water institutions’ performance under 
uncertainty. Other studies (Rossi et al, 2005) propose a methodology for the assessment of drought 
mitigation measures based on a combined use of simulation models. 

The work presented in “Fuzzy Comprehensive Evaluation of Drought Vulnerability Based on the Analytic 
Hierarchy Process” (Cheng & Tao, 2010) takes into consideration 17 factors which are closely related to 
drought vulnerability as evaluation index mainly from a socio-economic perspective, applies the Analytic 
Hierarchy Process to determine the weights of various relevant factors in the evaluation index, and then 
uses the fuzzy comprehensive evaluation method to achieve a drought vulnerability assessment”. 

Other studies address other water-relevant issues under drought conditions like water management 
(Fontane & Frevert, 1995), a method to “Testing the resilience of water supply systems to long droughts” 
(Watts, Christierson, Hannaford, & Lonsdale, s.f.) and agricultural impacts assessment through the 
development of an agricultural drought impact evaluation model for the prairie region of Saskatchewa” 
(Kulshreshtha & Klein, 1989) 

The analysis of the state of the art, however, reveals the scarcity of comprehensive assessments of 
drought policies designed from an evaluation perspective. For this reason, a specific methodology was 
defined for this Task. 

Drought is considered as an “environmental problem” which tends to be very complex. Thus, drought 
and related responses are characterized by a high degree of knowledge uncertainty. The evaluation of 
environmental policies is still a rather tentative domain (Mickwitz, 2003). In their Handbook of 
Environmental Policy Evaluation, Crabbé and Leroy (2008) observe that, due to ‘‘the specific 
complexities of this field,’’ it is difficult to apply widely-tested policy evaluation methods to environmental 
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policies. It is widely recognized that “complex environmental, social and economic systems create 
methodological challenges to measuring and evaluating the effectiveness of programs and policies, 
especially in the attribution of changes in conditions across temporal and spatial scales to a particular 
intervention” (Bruyninckx, 2009; Ferraro, 2009; Gullison and Hardner, 2009; Hildén, 2009; Kennedy et 
al., 2009 in Keene & Pullin, 2011) 

Vedung (1997) proposes a ‘side-effects evaluation’ as a suitable model for the evaluation of an 
environmental policy. This type of model sets the identification and analysis of anticipated and 
unanticipated effects as a starting point for the evaluation. However, “since the time between action and 
ultimate effects of an environmental policy is often very long due to the nature of environmental 
processes, not all effects can be evaluated at any point in time”. In our Task, we faced at least three 
problems related to the assessment of the effects of drought policies. Firstly, responses to drought imply 
the analysis of complex environmental, social and economic systems. Thus, the attribution of changes 
occurring as a consequence of a particular intervention across temporal and spatial scales- measures 
and policies - can be very difficult. Secondly, since there is a time gap between the implementation of 
responses to drought and their effects, not all impacts can be evaluated at any time after the drought 
episode. Finally, in this Task the evaluation analyzes drought events that occurred several years ago, 
which entails that most of the effects of the intervention are no longer visible. Thus they can no longer 
be measured unless they had been somehow captured and measured when they actually occurred. 

To avoid these limitations, the evaluation will have to focus on other relevant aspects of drought 
responses such as their design and the processes that guided the implementation of responses. A 
theory-driven approach (Rogers et al., 2000) is a suitable model for dealing with the complex 
characteristics of drought responses. A Theory-driven Evaluation Model (TEM) consists of a variety of 
ways of developing a causal model linking program inputs and activities to a chain of intended or 
observed outcomes (Rogers et al., 2000). This approach describes how the policy is intended to be 
implemented and to function, so that it can be used as an instrument guiding the evaluation process 
(Mickwitz, 2003). 

In this Task, the final objective of the evaluation is to understand and learn more about how the 
intervention – i.e. the CS response to drought – works, and under what circumstances it will produce the 
intended outcomes and impacts. In this type of evaluation, the main elements to be considered are 
(Mickwitz, 2003):  

• Actors: stakeholders, e.g. policy-makers, decision-makers, managers, users, private companies, 
non-governmental organizations and individuals. Actors include the agencies implementing the 
policy instruments and the groups targeted by these instruments 

• Inputs: human and financial resources used by the actors to produce outputs.  
• Outputs: the direct and immediate result of the actors’ actions (e.g. the action of establishing a 

monitoring system produces relevant data collection as an output) 
• Outcomes: the actions taken by the target groups as a reaction to outputs, as well as the 

consequences of these actions (e.g. different measures are activated based on data collected 
by the monitoring systems) 

• Impacts: the ultimate outcome of actions (e.g. contribution to an effective drought risk 
management). 

A key step within this approach is the representation of the programme or intervention theory (Funnell 
and Rogers 2011), which facilitates understanding complex intervention schemes through the 
construction of a simplified model of the reality (Figure 2). 
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Figure 2. Programme theory representation 

 
Source: Own elaboration  

The development of this model for this Task was based on the review of literature about drought 
characterization, drought management and measures implementation. The resulting model was refined 
through informal consultation with several water management experts.  

Evaluation questions 

The role of intervention theories is to describe how a certain policy is intended to function, to guide its 
evaluation and facilitate the interpretation of the evaluation results. In a first stage, the programme 
theory was used to identify the evaluation information needs and subsequently formulate a set of 86 
evaluation questions. After that, a process of screening and scoping allowed for the selection of a 
subset of questions to focus and frame the inquiry according to the evaluation objectives. The scoping 
process was undertaken using the following set of criteria: a) Focus on evaluation objectives; b) 
Relation to drought responses relevant issues; c) Data availability; d) Evaluation process requirements 
(number of CS, task time frame and resources availability); and e) Gaps in previous drought 
management evaluation. The final subset of evaluation questions in turn led to the definition of the 
following evaluation dimensions: 

• Drought conceptualization and description 
• Drought policy characteristics 
• Institutional framework 
• Drought management approach 
• Policy focus and integration needs 
• Participation, coordination and communication issues 
• Drought measures  
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• Results, effects and impacts of drought measures 
• Drought management issues 
• Human and financial resources 
• Evaluation of drought responses  

These dimensions were used as a reference in the design of all the evaluation tools, and guide the 
presentation of the evaluation results in Chapter 5. 

3.2 Methods and tools used 

Due to the complexity and multidimensionality of the evaluation object – past responses to drought – it 
was necessary to analyze it from different perspectives and using different, complementary data and 
methods, including both ‘hard data’ and opinions or perceptions of actors involved in the management 
of the considered drought episodes. Thus, the dataset includes both quantitative and qualitative data 
(Table 2), whose combination allows for the definition of a multi-facet view of past responses to drought 
in the project Case Studies.  

Table 2. Data collection techniques and tools. 

Techniques Tools Target groups Type of data 
Sample Size 

(target) 

Literature review 
Data collection form; 

Best-practice fact sheet 
CS Team 

Quantitative and 
qualitative 

-- 

Interviews 
Semi-structured Interviews 

guidelines 
Experts and water 

managers in each CS 
Quantitative and 

qualitative 
10 

Survey Questionnaire 
Stakeholders involved in 
past drought events in 

each CS 
Qualitative 30 

Group discussion SWOT Matrix 
Experts and water 

managers in each CS 
Qualitative 

1 group 

(8-10 people) 

Source: Own elaboration 

The use of a combination of methods to address the questions defined in the evaluation matrix allows 
for a methodological triangulation of the available data. Indeed, when the subject of the evaluation is 
complex, using only one method can be inadequate, while the triangulation of several methods can 
contribute to achieving a more comprehensive understanding of the subject under study (Preskill, 2009). 
Moreover, the use of several methods also reduces the reliance on only one tool and thus the risk of 
gaps in the analysis due to a possible underperformance – for very diverse and sometime unpredictable 
reasons – of a specific tool.   

From the list of techniques and tools in Table 2, it is possible to identify the main sources of information 
used in each CS for feeding the evaluation. They are both primary and secondary sources of 
information and data: 

• Documents that outline and build the CS drought policy 
• Studies and research projects, previous drought response evaluations 
• Papers in scientific journals 
• Meetings with drought experts operating in the CS 
• Interviews and information exchanges with key actors in the CS 
• Questionnaires 
• Group discussion 
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The methods and tools defined for data collection at a CS level are briefly described in the next 
subsections. It should be noted that these methods and tools were defined to reflect the general 
methodological approach. Before being applied, each CS team adapted them to the specific 
characteristics and circumstances of their CS. 

Literature review 

This method aims at describing and analyzing the responses to drought undertaken in each CS. Since 
most of the consulted documents are official texts (laws, plans, reports, strategies), this type of analysis 
will reflect mainly the official perspective on droughts and drought management policies.  

The main issues addressed in the literature review are: 
• Characterization of the two drought events considered in the CS. The elements to be 

characterized include: definition and conceptualization of drought; drought typology; intensity 
and duration of the event; main water availability problems; main affected sectors; and social, 
economic and environmental impacts.  

• Institutional and policy framework of the response to drought, which includes: institutional and 
policy framework; drought policy characteristics (including drought response measures); 
sectorial policies related to drought and their integration with drought policy.  

• Stakeholders involvement: analysis of who was involved in the response to drought; level of 
participation; coordination during the different phases of the drought; information and 
communication mechanisms.  

• Measures analysis, including: description of their objectives, geographical scope, activation time, 
target sectors, available budget and responsible actors (both in theory and in practice, in case 
there was a difference between what was planned and how that was implemented).  

Stakeholders Perception Questionnaire 

The questionnaire is meant to be answered by the CS stakeholders. The target was to get at least 30 
replies, ideally ensuring that representatives of each stakeholders group identified in the CS stakeholder 
analysis answer the questionnaire. The objective of the survey was to collect the perception of key 
stakeholders about four main issues related to past drought response in the CS: participation and 
coordination; information and communication; monitoring and evaluation; and measures implementation 
and results. 

Semi-structured Interviews 

The semi-structured interviews are addressed to experts in drought/water management/water planning 
that were involved or have a good knowledge of past response to drought in the CS. The interviews 
should touch the following issues: definition of drought; characteristics of drought response measures; 
policy integration; resources for measures implementation; participation and coordination; and results 
and effects of the measures. 

Group Discussion 

The group discussion is aimed at creating the venue for key stakeholders in the CS to exchange 
opinions on the management of past droughts and to get an overview of the most significant elements 
of that management.  

The group discussion was to take place at the first Case Study Forum planned in the project and its 
participants were stakeholders involved in the management of the drought events considered. The 
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activity is a facilitated discussion leading to the elaboration of a SWOT matrix (Strengths, Weaknesses, 
Opportunities and Threats) of the overall past response to drought in the CS. 

Best Practices Identification 

Due to the high number of measures that can be identified in each CS it is not feasible to fully 
characterize all of them in depth or to fully understand the relationship between measures and 
outcomes for all the measures applied in a specific CS. The identification of best practices aims at 
carrying out this in-depth characterization of at least a few measures for each CS, through the 
elaboration of two Best Practices Fact Sheets in each CS. The CS leads are responsible for the 
selection and characterization of the measures to be included in those Fact Sheets, based on the 
results of all the other evaluation activities described above. The selected measures should be 
representative of the CS characteristics and challenges. The guidelines given to the CS leads to guide 
the selection included: relevance of the measures at the CS scale; level of impact reduction achieved; 
data availability; priority given to the measure; and budget provision for the measure. 

3.3 Task 2.3 Workplan 

The activities in this Task were undertaken following the workplan below.  

Task 2.3. Activities 
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 

Methodological proposal development X X X          

Preliminary methodological proposal 
(submitted 13/12/2011)   X          

Preliminary info collection & literature 
review   X X X        

Evaluation questions, tools and data source 
identification    X X X       

Tools for data collection                   
(Guidelines submitted 04/21/2012)       X      

Data collection & field work at CS level       X X X X   

Data analysis and results          X X X 

Reporting and conclusions           X X 

Deliverable D2.3 submission            X 

4 Description of the Case Study Areas 

In the next pages the six CSs are briefly presented to provide the context for understanding the results 
of the evaluation. For each CS, we outline its main characteristics, its vulnerability to drought and the 
main features of the two drought events considered in the evaluation. This Chapter draws from the CS 
Flyers and from the CS Data Collection Forms prepared by the CS leads. 
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4.1 Syros Island Case Study 

Syros is a typical semi-arid island of the Cyclades complex, a region characterized as one of the most 
drought-prone areas of Greece. The geomorphology of Syros is characterized by small catchment areas, 
which render the exploitation of surface run-off a nonviable option, particularly combined with the limited 
precipitation. Additional pressures are exerted from current water use patterns and developmental 
trends; the significant seasonal peak in water demand, due to tourism and irrigated agriculture, requires 
high infrastructure investments and protection of vulnerable groundwater bodies. 

There are no surface water bodies to exploit. While agriculture remains reliant on groundwater, the 
uncontrolled extraction from private boreholes has led to groundwater depletion and quality degradation 
of the most productive aquifers.  

Vulnerability to Drought 

Syros, as well as the entire Cyclades area, is classified as semi-arid (Aridity Index of 0.3). The entire 
complex presents the highest number of consecutive dry days in Greece, for which a statistically 
significant increase can be observed. In Syros, drought is manifested through the reduction of rainfall for 
the period October-March. 

The 2007 Drought Event 

The 2007 drought episode was characterized as moderate for the entire Cyclades region, and as severe 
for other areas of Greece. Local newspapers report that the effects of the event were still evident in 
2008 in several islands of the Cyclades complex, due to reduced groundwater availability, and the 
drying-up of local springs and wells.  

The 2007 drought episode affected mostly the agricultural sector, including apiculture. Water availability 
for irrigation, which depends on groundwater, was reduced. Furthermore, emergency water transfers to 
remote areas, dependent on spring water for drinking water supply, were affected. Apiculture was also 
significantly affected, due to the shortening of the spring flowering period, as a result of limited 
precipitation 

The 1999-2001 Drought Event 

The 1999-2001 drought was characterized as severe. Both the agricultural and urban sectors faced 
significant problems, with restrictions in water supply 

4.2 Júcar Basin Case Study 

The Júcar River Basin, with an area of 42,989 km2, has an irregular hydrology very characteristic of 
Mediterranean basins. Droughts and floods episodes are highly common within its territory, even during 
the same year, and the balance between water supply and demand is very fragile. Agricultural water 
demand accounts for nearly 80% of water demand. In general, agricultural demand appears to be 
established or is decreasing, whereas urban/industrial demand is forecasted to rise. Moreover, in the 
Valencia coastal plain, where rivers Júcar and Turia have their final parts, and between both mouths, 
there is a shallow lake called Albufera, with an associated wetland. Both, the lake and the wetland, 
depend on return flows from irrigation areas belonging to both basins, and also on groundwater flows 
from the coastal aquifer beneath the plain. 
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Vulnerability to drought 

In the last 70 years, since records exist, the basin has suffered several drought events alternating with 
humid periods. According to this, and to the characteristics of Mediterranean climate of the basin, it is 
likely that the same alternation of dry-humid periods has occurred in the past and will probably occur in 
the future with more severe impacts due to increasing human pressure and climate change. 

The major modern history drought events were: 1983-1986 (extreme); 1992-1996 (extreme); 1997-2000 
(mid); and, most recently, 2004-2008 (extreme). Except on a few local cases, the three first drought 
periods passed without restrictions on urban supply and did not greatly affect the agricultural production 
in the mid and northern part of the territory. The situation was quite different in the southern part, where 
the demands are larger than the supply of renewable resources and therefore the drought aggravated 
the already difficult situation.  

The occurrence of prolonged droughts makes water scarcity during dry periods one of the worst 
problems water managers must confront. This situation has triggered in recent years an increased use 
of non-conventional resources, such as reuse of wastewater or desalination of seawater. Also 
conjunctive use of surface-ground waters has been historically a very important option in the district to 
provide robustness against droughts.  

The 2005-2008 Drought Event 

The 2005-2008 drought was caused by precipitation below average that caused a decrease in the 
available water resources in streams and aquifers – during this period the second lowest inflow to 
reservoirs was registered. Eventually, this led to what is called an ‘operational’ drought, i.e. to lack of 
water in reservoirs and aquifers to meet all the existing needs in the basin. Due to water management 
priorities established in the Spanish Water Law and the subsequent water management operations 
during the drought, it was possible to ensure urban supply at any time and there was no interruption in 
water provision to households. On the contrary, industry, hydropower production and agriculture were 
affected by water shortage, agriculture being the most affected economic sector in the basin.  

In general, there were no important social impacts, except for increased tension in water management 
and changes in farmers’ habits during the dry spell. In terms of environmental impacts, water quality 
problems were registered in the lower part of the Júcar river. Other negative impacts were the increase 
of invasive species, increased fish mortality, risk of flow reductions below the environmental minimum, 
and increase of salinity in the irrigation canals entering the Albufera lake. 

The drought required the water authorities to undertake investments in emergency infrastructures, and 
to increase expenses in control, surveillance and management of water resources, to ensure that the 
available water was used according to the River Basin Authority’s directives. Moreover the River Basin 
Authorities and the Spanish government bear additional costs to run a program for the purchase of 
groundwater rights for environmental protection and for exemption of taxes and tariffs for those users 
with important reductions in their water supply. Water exploitation expenses were higher than usual and 
production associated with water uses was reduced in all the productive sectors (agriculture, 
hydropower, and industry).  

The 1992–1995 Drought Event 

Also the 1992-1995 event was an ‘operational drought’ caused by low precipitation and the subsequent 
reduction of water resources availability in the basin: during this period the inflows into reservoirs 
registered the lowest levels ever, with inflows 35% lower than the historic average. The sectors mostly 
affected by water shortage were agriculture, hydropower production and environment.  
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Due to the drought, the water authorities had to face additional expenses associated with: construction 
of emergency infrastructures, increased control, surveillance and management of water resources and 
increased exploitation expenses. The competent authorities also authorized exemption from taxes and 
tariffs for those users with important reductions in their water supply. All the productive sectors 
(agriculture, hydropower, industry) registered reduced production. In the case of agriculture, there were 
loss of jobs and an increase of indebtedness in the sector. 

From an environmental point of view, the drought accelerated erosion and desertification processes in 
the affected regions, and caused an increase in soil salinity. In 1994 and in 1995 the Júcar river dried 
out in a reach of about 30 km for two months. Also in this case, several other negative impacts 
associated to low in-stream flows could be registered: water quality problems, increase of invasive 
species, increased fish mortality, and increase of salinity in the Albufera lake. 

4.3 Po River Basin Case Study 

Po River Basin is the largest basin in Italy. Availability of water is high, due to favorable climate 
conditions and the presence of lakes and reservoirs in mountain areas. Water demand is also high 
(important uses are irrigation and hydroelectric production), particularly in summer when there is an 
intensive use of water by farmers, even for cultivations of low added value. Moreover, the area is 
characterized by a very high concentration of population and industrial activities. The average annual 
water withdrawal is 1,900 m3 per capita, a value much higher than in other European countries (average 
600 m3 per year and capita).  

Vulnerability to Drought 

The average annual rainfall decreased about 20% during the last 30 years in the Po river basin, 
whereas since 1960 the average annual temperature augmented of about 2°C. The intensity of single 
rainfall events increased, consequently, the number of extreme events, but the number of days with 
rainfall decreased, particularly in spring and summer. The major drought events of the last decades 
occurred in 2003 and in 2006/2007.  

The 2003 Drought Event 

In 2003, after a scarcely snowy winter, in spring, in particular in May and June, precipitations were very 
unfrequented. As a consequence, in the plain areas of Lombardy and Emilia-Romagna, and in the 
Apennine regions, the reduction of water flows ranged from 50% to 75%, while in Piemonte it was about 
60-65%. The scarce water availability was further aggravated by the increase of the temperatures over 
the seasonal average. For example, in Emilia-Romagna average monthly temperatures in May were 
2°C over the seasonal average, and 4°C in June; while in Lombardy the highest temperatures were 5°C 
over the seasonal average in May, and 7°C in June.  

Reduced precipitations and high temperatures caused farmers to start the irrigation season in advance 
and determined in all basin a relevant reduction of water availability, which had consequences both on 
farming and on withdrawal for the public water supply system (at least in some places close to 
Apennines). Moreover, high temperatures determined high energy consumption, forcing the electricity 
companies to produce at peak level. Many thermoelectric power plants, however, using surface water 
for their processes, were affected by the water deficiency (that was the case of the Porto Tolle 
thermoelectric power plant, whose processes depended on the streamflow level registered in the 
Pontelagoscuro station). This is why in June the drought event caused some thermoelectric plants to 
stop operation (in addition to that, in that period other plants were being renovated), determining several 
interruptions both to interruptible users and widespread users.  
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Afterwards, given the decisions taken within the “Protocollo d’Intesa” signed on 18 July 2003 aimed at 
regulating the water use priorities in case of drought in the Po basin in order to maintain minimum levels 
water for withdrawal for irrigated farming and for thermoelectric plants operation, water for irrigation was 
reduced of 10% for a certain period and a certain daily amount of water from Alpine reservoirs was 
released. Intense rainfalls on the 24th and 25th of July, and then precipitations from the 15th of August 
on, reduced the gravity of the situation and brought it to its normal levels. 

The 2006–2007 Drought Event 

In 2006, in particular in May, June and July, because of the lack of precipitations and of the block of 
snow melting (caused by the very low temperature in mountain areas), low levels of streamflow were 
registered in the Po river, even if not dramatically low as in 2003. The simultaneous beginning of the 
irrigation season caused a high stress on water availability in the Po basin. As usual the main sector 
involved was irrigated farming, but there were relevant problems also in terms of salt-water intrusion in 
the Po Delta, and for the public water supply system of Ferrara (which is the only urban water supply 
system which withdraws from the Po river).  

Water deficiency was again registered shortly after, between February and May 2007, as in the last 
months of 2006 and in January 2007 rain and snow precipitations were widely under the seasonal 
average (from 20% to 40%). In February-May 2007 water flows in the Po river were under the level 
registered in the same period in 2003 and 2006. In June 2007 thanks to frequent and intense rainfalls, 
the normal situation was re-established. 

4.4 Portugal Case Study 

Mainland Portugal is located on southwestern Europe, on the Iberian Peninsula. It has an area of 
92,090 km2 divided into 5 regions (Alentejo, Algarve, Centro, Lisboa and Norte), and a total population 
of 10,355 inhabitants (2001 Census), with a mild Mediterranean climate, favorable to the occurrence of 
regular drought episodes. 

Vulnerability to Drought 

The geographic location of mainland Portugal is favorable to the occurrence of regular drought episodes, 
especially in the south. A major forcing factor for precipitation in Portugal, and therefore an important 
indicator of drought magnitude and duration, is the North Atlantic Oscillation (NAO), with a clear spatial 
gradient from the South (stronger influence) to the North (weaker) (Trigo et al. 2004). Other atmospheric 
circulation patterns such as the East Atlantic Pattern also affect precipitation in Portugal (Rodriguez-
Puebla et al. 1998). The analysis of events from the last century shows an increase in drought 
frequency and intensity since the 1980s, particularly from February to April. 

In the last 65 years (period 1941-2006), there have been nine major drought events experienced in 
mainland Portugal: 1944-45 (extreme), 1948-49, 1964-65, 1974-76, 1980-83, 1990-92, 1994-95, 1998-
99 and 2004-2006 (extreme).  

Climatic data for the period 1931-2000 show that, since 1972, there is a very consistent trend towards 
an increase in the mean annual near-surface air temperature for all regions in Portugal (about 0.4ºC per 
decade). Climate change models predict an increasing frequency of extreme events such as droughts 
and heat waves for Mediterranean-climate regions (Solomon et al. 2007). Climate change regional 
models for the period 2080-2100 project a substantial increase in mean air temperature all over Portugal, 
especially in summer (Miranda et al. 2002). 
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Almost all models project reduction in mean precipitation and in the duration of the rainy season 
(Miranda et al. 2002). The decrease in precipitation during spring, summer and autumn is estimated to 
reach 20% to 40%, with the greatest losses in the south region of the mainland (Santos and Miranda 
2006). Along with a precipitation regime, models also predict a decrease in streamflow for the mainland 
(Santos and Miranda 2006). 

The 2004-2006 Drought Event 

The drought episode of 2004-2006 can be considered the most severe from all drought events recorded 
in Portugal in the last 65 years, in terms of meteorological data, extent of the area affected (100% of 
mainland Portugal was affected), consecutive months with severe drought index (PDSI), and impacts on 
different socio-economic and environmental sectors (Comissão para a Seca 2005). The whole 
Portuguese mainland was in severe or extreme drought classes (PDSI < -3.0) in July and August 2005. 
At the end of hydrological year 2005 (September 30th), 97% of the territory was still in severe or 
extreme drought (Comissão para a Seca 2005). The drought episode of 2004-2006 was so severe that 
more than one third of Portugal mainland presented high vegetation stress for more than 9 months in 
2005 – an area that is twice the one observed in the drought of 1998-1999 (Gouveia et al. 2009).  

The severity and extent of the 2004-2006 drought episode resulted in the decrease of water storage for 
domestic and industrial consumption, energy, irrigation of agricultural crops, and other impacts of 
different nature. The long period without soil humidity during 2005 (SWI anomaly started in January) 
affected non-irrigated crops, causing a severe reduction in wheat yield (more than 50% when compared 
with the previous 15 years) (Gouveia et al. 2009). The level of important aquifers decreased in 
comparison with average values (1987-2005) and in some aquifers (e.g. Querença-Silves, the most 
important aquifer in Algarve) the water reached the lowest ever recorded values. Also, in Algarve, two 
reservoirs were completely depleted of water. In August 2005 about 100,000 people were using water 
by alternative systems (Comissão para a Seca 2005). In some rivers, fish populations were severely 
depleted due to very low water levels. Regardless of the efforts, the summer of 2005 was the second 
worst in recorded history with 325,000 hectares burned in forest fires. Difficulties in water availability for 
fire-fighting and very dry forest fuels resulted in a much more intense fire behavior (Comissão para a 
Seca 2005). 

Total direct costs associated with the 2004-2006 drought were about 286 M€ (Comissão para a Seca 
2005), the largest portion being associated with reduced energy production (182 M€, without 
considering CO2 emissions). 

The 1991-1995 Drought Event 

The event of 1991-95 is not one single drought event but includes instead two drought events: 1991-
1992/93 and 1994-1995, separated by one year without drought. During the year of 1993-1994 there 
were no affected areas in the mainland (Santos 1998).  

During the years 1991-92 the drought affected the whole mainland and in 1992-93 it affected 66% of the 
mainland and especially the area north of the river Tagus (Santos 1998; Pires et al. 2010). The 
accumulated precipitation for 1992-93 was 50% lower than the mean of previous years, with values 
lower than 40% in some areas in the south. River flow was below normal values; by the end of the first 
semester of 1993, river flow was 20% to 31% of the mean for the whole country, and 1-7% in some 
southern rivers (Barros et al. 1995). In general, reservoir total storage volume was about 62% for the 
mainland, with smaller percentages for southern reservoirs (lower than 20% in some cases).  
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The drought event of 1994-95 was one of the most severe droughts in Portugal with 78% of the country 
area affected with severe-extreme drought during consecutive months, especially in the region south of 
the river Tagus (regions of Alentejo and Algarve) (Pires et al. 2010). 

During the 1994-95 drought event there were restrictions and reduction of public water supply and 
interruptions of water supply for more than 12 hours in most municipalities located in Alentejo region 
(south) (Santos 1998), which required the implementation of alternative systems for water supply (e.g. 
water tanks). Due to such impacts, the National Water Authority (INAG) and the municipality of Serpa 
(Alentejo) decided to construct the reservoir of Enxoé, which was finished in 1999.  

4.5 Switzerland Case Study1 

Switzerland is characterized by a humid climate (1,460 mm precipitation per year). However, there are 
strong climatic gradients within the country, ranging from Mediterranean climate in the Ticino, to Central 
European temperate climate in the Swiss Plateau. The inner valleys of the alpine Valais and 
Graudbuenden cantons are often affected by dry conditions. Catchments in Switzerland contribute to 
several main European river basins, most importantly the Rhine and Rhone river basins. Important 
sectors that are impacted by drought in Switzerland are: agriculture, including fruits and vegetable 
production; forestry; fishery; hydropower production; and tourism. 

Vulnerability to Drought 

Because of the limited number of drought events that occurred in the recent decades in Switzerland, no 
detailed assessment of drought vulnerability/resilience of Switzerland is presently available. Despite 
having beneficiated of a humid climate in past decades, Switzerland is expected to become increasingly 
vulnerable to droughts in coming decades as a consequence of climate change. This requires several 
adaptive measures given the relative lack of previous experience in this area. 

The 2011 Drought event 

In the 2011 drought, low flows were inherited from the preceding year including winter, yet the low flow 
situation finished in early summer (2nd half of May) due to sufficient rain. From a social science point of 
view the early 2011 drought is interesting with regard to the reaction of the public, in particular the 
media, because there has hardly been any negative consequences for the society (except for a few 
lakes stopping tourist boats) or agriculture, yet the drought was heavily reported about in the media. In 
relation to the political will to develop drought management policies (which are in their infancy in 
Switzerland), the 2011 drought exemplified that information and drought management may be required 
in any year, but also that in Switzerland a drought emergency state may end abruptly. 

The 2003 Drought Event 

Similarly to other European countries, Switzerland was strongly affected by the 2003 heat wave and 
drought. The temperature anomaly during the whole summer was 5.4 standard deviations from the 
mean (Schär et al. 2004). Measurements at the Rietholzbach research catchment (canton St. Gallen) 
reveal that soil moisture was similarly lying outside the typical climatological range (Seneviratne et al. 
2010). Several studies have suggested that the drought itself acted as an amplifying factor for the 
heatwave conditions in August 2003 (e.g. Teuling et al. 2010). The Rietholzbach measurements further 
indicate that soil moisture was severely depleted to a depth of 110 cm compared to 15 cm in normal 
summers, that the evaporative fraction (evapotranspiration/radiation) was reduced in August, and that 
discharge was close to nil at the Mosnang gauge (canton St. Gallen) in August and September 

                                                      
1 This sub-section draws from Part B of the Drought R&SPI Description of Work. 
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(Seneviratne et al. 2010). This is in agreement with the report of the Swiss Federal Office for the 
Environment FOEN, which identified extreme low flows in mesoscale rivers of the Swiss Plateau. At the 
same time, however, extremely high average runoff was measured in highly glacerized headwater 
basins, illustrating the complexity of the resulting hydrological response. 

Impacts were numerous: human health was severely affected by the higher temperatures, as well as the 
associated higher ozone levels; ecosystems and agriculture were severely affected by the drought, 
although some regions experienced increases in vegetation activity and crop production; increased lake 
and river temperatures led to death of fish and overall poorer water quality; lower water levels in lakes 
and rivers were detrimental for navigation companies; permafrost melting led to slope instability and 
rock falls; finally, also energy production was affected by the event. 

4.6 The Netherlands Case Study 

Vulnerability to Drought 

The Netherlands Royal Meteorological Institute has ranked the driest and hottest summers since the 
start of the last century and the years 1976 and 2003 belong to the 6 driest and hottest summers. In 
1976, the lowest Rhine discharge entering the country was 782 m3/s and the evaporation surplus was 
350 mm. For 2003, the lowest Rhine discharge was 781 m3/s, with a highest temperature of 28ºC. A 
peat dike that failed, due to drought, caused flooding of a village, which drew a lot of attention in the 
press.  

The measure in which drought in The Netherlands is experienced as a problem depends on the climate 
(precipitation, temperature and evaporation) as well as the supply of fresh water from outside the 
country and its allocation over the country. The quality of water is important for nature, drinking water, 
and agriculture (especially salinity) and for energy production (temperature). 

For the future, the main drought-related challenge will be the effect of climate change in terms of: rise in 
seawater level, leading to more salt water intrusion; decreasing summer discharge of the major rivers; 
decrease in summer rainfall, leading to an increasing evaporation surplus; warmer inflowing fresh (river) 
water, implying less possibility for use as cooling water for power plants), and algae proliferation 
reducing water quality.  

The 1976 Drought Event 

The summer of 1976 is considered in The Netherlands as an extremely dry summer, one that occurs 
once in 200 years. One of the main institutional impacts is that this drought led to the development of 
the ‘drought policy’, that was incorporated in the 2nd Note on Water Management (1985), that was later 
updated in the 3rd and 4th Note on Water Management and most recently in the National Water Plan 
2010-2015. An important element of the policy is the ‘priority-list’ for water supply, whereby priorities for 
water use are stipulated. 

The main problems were encountered with the farmers, many of whom did not possess overhead 
irrigation installations. In the east of the country there was the most severe water shortage whereas in 
the west salinity/salt-intrusion was the main problem. Drinking water was not so much a problem as 
most of it is pumped from deeper groundwater levels. In 1976, there was no state emergency law 
required to restrict water use, but the authorities (both national and regional) urged the public to refrain 
from watering gardens and washing cars. 

A national coordination mechanism and data information system developed from the various drought 
meetings in 1976. Coordination was required in order to arrive to optimal distribution of water. The 
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information system was required to bring together data on actual water distribution, water demand, 
water quality, navigation depth and all measures taken. It was also instrumental in identifying or 
predicting forthcoming problems. 

The 2003 Drought Event 

In 2003, the precipitation deficit (i.e. evapotranspiration minus precipitation), which is determinant for the 
agriculture sector, was 230 mm, which is not extremely high (compared with 1976). There were 
differences over the country, and the west of the country was drier that the east. The damage for 
agriculture was not extreme because the precipitation deficit occurred nearer the end of the growing 
season. The Rhine river flow was about 780 m3/s, which is not an extremely low record, especially 
compared to that in 1976. However, the period with low flow in 2003 was longer than in 1976. The 
drought was not limited to The Netherlands, as also the upstream river countries suffered from drought.  

The water temperature was recorded as extremely warm, i.e. water temperatures have not been 
measured to be so high (28oC in early August) in the preceding 100 years period. This condition almost 
led to the ‘step-plan’, i.e. color codes with measures to reduce power generation, to be activated.  

The affected sectors include: safety (two peat dikes collapsed due to drying-out, which was a new 
phenomenon); energy production (cooling water); agriculture (less yield, not necessarily less income for 
farmers); navigation (restricted passage of locks and one-way traffic on rivers); biodiversity (death of 
birds due to algae proliferation due to high water temperature). 

The damage to agriculture in 2003 was taken by the government as a normal business risk and 
therefore compensation was not considered. Moreover, there are European limitations to support of 
national sectors. In case of agriculture this implies that only when 30% or more of the harvest is lost, 
compensation can be considered by a national government. 

5 Results and Discussion  

5.1 Drought Conceptualization and Description 

The starting point of the evaluation of drought policy responses in the selected CSs is the analysis of 
how the problem of drought is defined. In this regard, it is considered that there is a key relation 
between how a public problem is defined and perceived and how the related policy is constructed. Thus 
an adequate definition of drought is necessary to address the problem in the best possible manner and 
to adapt policy responses to the local context.  

Drought is a complex natural phenomenon and there is no full scientific agreement about its precise 
definition (Mishra & Singh, 2010). This is due to the fact that different hydrometeorological variables and 
socioeconomic factors are taken into account when defining the term ‘drought’ depending on the 
characteristics or context of the area affected by the event. However, from the point of view of resources 
management, it is crucial to distinguish between conceptual and operational definitions (Wilhite and 
Glantz, 1987, in Mishra & Singh, 2010). Indeed, while conceptual definitions are stated in relative terms 
(e.g. drought is a long dry period), operational definitions attempt to identify the onset, severity and 
termination of drought periods (Mishra & Singh, 2010). An operational definition usually takes into 
account meteorological, agricultural, hydrological and socio economic characteristics of drought (MED 
EUWI, 2008) and is crucial for planning and implementing an structured and efficient response to 
drought. 
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Many different definitions exist depending on the different interests, objectives or types of institution or 
organization working on this topic (see for example: World Meteorological Organization (WMO, 1987), 
Food and Agricultural Organization (FAO, 1983), UN Convention to Combat Drought and Desertification 
(UN Secretariat General, 1994, International Strategy for Disaster Reduction (UNISDR, 2009), 
European Environmental Agency (EEA, 2001) (in Mishra & Singh, 2010)). 

For this Task, the following drought definition extracted from the project DoW was used: 

“Drought is a natural phenomenon caused by climate variability. It is defined as a sustained and 
spatially-extensive occurrence of below-average water availability, which usually has a 
transnational nature” (Tallaksen & Van Lanen; 2004; EC, 2007a; Van Lanen et al., 2007). 

Thus, the main characteristics of drought can be summarized as follows (Med EUWI, 2008; Mishra & 
Singh, 2010): 

• Drought is a normal, recurrent feature of climate  
• It is a natural unpredictable phenomenon  
• It primary means a below-average rainfall  
• It occurs in virtually all climatic zones and its characteristics vary significantly from one region to 

another 

It is widely recognized that the terms drought and water scarcity are commonly used interchangeably 
(EC, 2007a) and that drought can be confused with aridity, which is a long-term average feature of a dry 
climate (Tallaksen & Van Lanen; 2004; EC, 2007a; Van Lanen et al., 2007). Table 3 presents the main 
differences between those concepts. 

Table 3. Differences between drought, water scarcity and related concepts 
  Context & Timescale 

  Temporary water imbalance 
Permanent 

deficiencies 
  Short term 

(days, weeks) 

Mid-term 
(months, seasons, 

years) 

Long-term 
(decades) 

C
au

se
s Natural Dry spell Drought Aridity 

Man-made Water shortage Water scarcity Desertification 

Source: Own adaptation. Based on Vlachos (1982), quoted in MED Joint Process WFD/EUWI (2008) 

The term “water scarcity” has the following specific meanings (MED EUWI, 2008):  

• an imbalance between supply and demand under prevailing institutional arrangements and/or 
prices,  

• an excess of demand over available supply,  
• high rate of utilization compared to available supply, especially if the remaining supply 

potentials are difficult or costly to tap.  

Although drought is a natural phenomenon and requires a certain period of time to develop and occur 
(in contrast with other natural hazards like floods that occur within a short timeframe), its effects can be 
exacerbated by the existence of a permanent imbalance between demand and supply. At the same 
time, the occurrence of a drought will aggravate existing imbalances. The distinction between these 
different terms has implications on how the problem of drought is conceptualized and perceived. This, in 
turn, influences which measures are adopted to address drought and how they are implemented.  
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Table 4. Drought definitions used in the Case Study reference documents 

Case Study Drought definition 

Syros Island The naturally occurring phenomenon that exists when precipitation has been significantly below 
normal recorded levels, causing serious hydrological imbalances that adversely affect land 
resource production systems 

(Source: National Action Plan for Combating Desertification, 2000) 

Júcar River Basin “Drought is a typical extreme situation which causes water stress. During these situations 
important reductions in water availability occur which may cause rivers run dry, aquifers become 
exhausted, reservoirs are emptied and water quality is deteriorated”. 

“In general, it is considered that a drought occurs when the water resources of a system are 
abnormally reduced in a specific period of time, if compared with a representative reference 
historic series” 

“Unpredictable extreme hydrologic phenomenon which supposes a decrease of water resources 
during a time period long enough, affecting a wide region, may prevent supplying all demands at 
100% and has adverse economic consequences”. 

(Source: Special Drought Plan, 2007) 

Po River Basin Drought is conceptualized as “a temporary negative deviation from the average 
precipitations/rainfalls (rainfall deficiency); it is a normal characteristics in European climates. Its 
severity can be increased by the simultaneous occurrence of high temperatures, strong wind, 
low relative humidity, by the characteristics of rainfalls, and by the duration of the drought event”. 

(Source: Autorità di bacino del Po, Piano di Bilancio idrico del fiume Po. Valutazione 
Ambientale Strategica. Rapporto Preliminare, 6 Febbraio 2012, p. VI) 

Portugal Drought is referred to as a wide concept of water scarcity over a long period and a large area 
with negative socio-economic and environmental impacts or as temporary water scarcity, 
associated with more or less long periods with low precipitation, and as a concept whose 
interpretation changes regionally. 

(Source: Technical chapters of National Water Plan (2002)) 

Drought as a frequent climatic event in Portugal, whose geographical location is favorable for the 
occurrence of drought events, triggered by persistent absence of precipitation 

(Source: Drought Commission of 2005) 

Switzerland Drought is considered as a “hydro-meterological phenomenon involving a temporarily limited 
reduction of water availability, for instance by a deficit of precipitation or by increase in 
evaporation.  

Water scarcity is a phenomenon of water-economics and represents an imbalance between 
(local) water availability (supply) and (local) water demand (water use, ecosystems) und means 
that – at least temporarily – the available water cannot meet the demand. 

(Source: Umgang mit lokaler Wasserknappheit in der Schweiz, Bundesamt für Umwelt BAFU, 
17th Oct 2012, p. 18) 

Netherlands There is no “drought definition” in The Netherlands. The “drought season” in The Netherlands 
starts at April 1st, with monitoring of the evaporation surplus, i.e. precipitation minus evaporation. 
There is also continuous monitoring of the temperature and discharge of the rivers (Rhine, 
Scheldt, Meuse) entering the country. Although there is not a specific moment when a “drought” 
is declared, the National Committee Water Distribution (responsible for re-allocation of water in 
times of drought) will start meetings when: 

• the inflow of the Rhine at the border with Germany is below a certain threshold 
(depending on the month of the year, e.g. 1400 m3/s in May and 1000 m3/s in 
September and October) 

• the inflow of the Meuse at the border with Belgium is less than 25 m3/s 

• the temperature of the Rhine water inflow from Germany is over 23ºC. 

Source: Own elaboration based on data collected by each Case Study. Note: quotes non-literally translated from the original 
language by the CS teams. 



Technical Report No. 4 - 20 - 

As shown in Table 4, most of the CSs have one or several explicit definitions of drought in at least one 
official drought-related document. The Júcar CS official documents include also an operational 
definition of drought, which identifies four different types of drought: 

• Meteorological drought: Decrease of precipitation relative to the regional average in a certain 
period of time. It is a regional reference data which depends on the climatic characteristics of 
each region and cannot be extrapolated from one region to another. 

• Agricultural drought: Lack of humidity in the soil adequate to satisfying the growth needs of 
crops. Given that water requirements are different for each crop, and can even vary for the 
different growth stages of the plant, it is not possible to establishing valid drought thresholds, 
not even for the same geographic region.  

• Hydrological drought: Decrease of flows of surface and groundwater bodies in a basin or sub-
basin for a certain period relative to average values, which might prevent meeting water 
demands in full. Unlike agricultural drought, which occurs a short time after meteorological 
drought, hydrological drought may be delayed for months since the beginning of rainfall 
scarcity, or may not even become manifest if normal precipitations return.  

• Socio-economic drought: Effect of water scarcity to people and economic activity due to 
drought. The absence of effects or its minimization represents the success of management from 
a water resources management perspective. 

As it was mentioned above, the existence of this type of classification of droughts facilitates the design 
of responses according to the severity and temporal evolution of a specific drought episode. In the 
Syros CS, the official definition includes the drought typology seen above, although, eventually, it does 
not have a practical influence on how drought is managed in the Island. In Portugal, the National Water 
Plan and the Drought Commission of 2005 consider only the meteorological drought, defined as low 
precipitation/absence of precipitation. In the Po basin there is no specific drought typology defined 
(Table 5). 

Table 5. Definition of drought in each CS. 

 Syros 
Island 

Júcar River 
Basin 

Po River 
Basin 

Portugal Switzerland 
The 

Netherlands 

Existence of an official 
drought definition 

�  �  �  �  �  �  

Existence of an 
‘operational’ definition 
of drought  

No �  

No 
distinction

s are 
made 

Only 
meteorological 

drought is 
considered 

No 
No data 
available 

Source: Own elaboration based on data collected by each Case Study; Note: no data available for Switzerland. 

 

After analyzing how drought is defined and characterized in official documents it is interesting to analyze 
in-depth on how drought is perceived among key stakeholders as a way to contrast official and formal 
perspectives with informal and user’s viewpoint.  

How drought is perceived as a climatic phenomenon also varies between CSs and different 
considerations were made by key stakeholders through the interviews and questionnaires undertaken. 
The following Table 6 summarizes the general perception about drought in each CS. 
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Table 6. Perceptions of drought and related terms at a Case Study level. 

  

Syros Island Drought is perceived as the intensification of water scarcity problems, so water scarcity is the term 
most commonly used when talking about drought 

Júcar River Basin Drought is often related to an imbalance between water demands and water availability (i.e. drought 
occurs when demands cannot be met).  

Po River Basin Drought is perceived as a natural situation; scarcity is a structural situation, meant as a water quantity 
lower than the existing needs. 

Portugal Drought is perceived as a temporary water scarcity/absence of precipitation, in particular during 
summer time. The term drought is commonly used to define seasonal water scarcity 

Switzerland Confusion on what exactly drought means has been expressed by almost all the interviewees. Aridity 
is seen as a related issue, while scarcity is hardly mentioned as a drought-related term 

Netherlands In the Netherlands droughts are not as frequent and severe as e.g. in the south of Europe and they 
are lower in the policy agenda relative to other hazards such as flooding. Nevertheless, climate 
change scenarios suggest that drought will become a serious issue in the future. 

Source: Own elaboration based on the interviews at a Case Study level. 

To summarize, the following key issues regarding drought conceptualization and definition in the CSs 
can be inferred:  

• Several drought definitions exist within the Case Studies, and all of them are reflected in some 
kind of formal or official document,  

• The official definitions reflect the concept of drought but in some cases (e.g. Syros Island) they 
are not adapted to the local context. 

• In the perception of consulted stakeholders the terms drought and water scarcity are often used 
interchangeably and are not seen as two different phenomena. This is especially evident in 
Syros where there is a permanent water stress.  

• Where drought definition and conceptualization is more developed and clear, it seems to have 
more practical implications in drought management. This is the case of Júcar River Basin, 
where drought management options, scenarios and indicators are defined using different types 
of drought as a reference. The rest of the CSs lack an explicit classification of drought types. 

5.2 Policy context and institutional framework at a Case Study level 

Policy has been defined by Anderson as “a purposive course of action followed by government in 
dealing with some problem or matter of concern” (Anderson, 1997). Similarly, Dye (1912) defines it as 
“anything a government chooses to do or not to do”. Public policies can be classified in several ways. 
For analytical purposes, two very broad categories can be defined: ‘policy strategies’ and ‘policy 
instruments’ (Mickwitz & Kivimaa, 2007). Policy strategies are forward-looking documents, setting goals 
and priorities and, occasionally, also identifying means and responsibilities. Policy instruments are ‘the 
set of techniques by which governmental authorities wield their power in attempting to ensure support 
and effect or prevent social change’ (Vedung, 1998, in Mickwitz & Kivimaa, 2007). In this Task policy 
strategies and instruments are conceptualized as follows: (a) The policy context, including strategies, 
plans and programs; (b) The operational context which includes the set of measures for drought 
management. This sub-section analyses the policy context, while the operational context is presented in 
sub-section 5.4. 

In order to better understand the CS policy context and institutional framework, it is useful to consider 
some European and international initiatives that serve a conceptual framework for dealing with drought 
issues. Three main initiatives lead current research and action in relation to drought management: 
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� International Strategy for Disaster Reduction – ISDR. It is the strategic framework adopted by 
the Member States of the United Nations in 2000 to guide and coordinate the efforts of a wide 
range of partners, with the ultimate objective of substantially reducing disaster losses. Its aim is 
to build resilient nations and communities as an essential condition for sustainable 
development. The International Strategy for Disaster Reduction reflects a major shift from the 
traditional emphasis on disaster response to disaster reduction, and in effect seeks to promote 
a "culture of prevention". 

� Hyogo Framework for Action (HFA). It is the key instrument for implementing disaster risk 
reduction, adopted by the Member States of the United Nations. Its overarching goal is to build 
resilience to disasters for nations and communities, by achieving by 2015 substantial reduction 
of disaster losses in lives, and in the social, economic, and environmental assets of 
communities and countries. The HFA offers five areas of priorities for action, guiding principles 
and practical means for achieving disaster resilience for vulnerable communities in the context 
of sustainable development (UNISDR, 2009)  

� EC Communications and Follow-Up Reports on Water Scarcity and Drought. Drought 
management and planning has become an EU policy priority. EC Communications and Follow-
Up Reports on Water Scarcity and Drought prioritize the need for improving drought risk 
management, primarily through the development of drought risk management plans and of an 
observatory and early warning system on droughts, and through the optimization of the use of 
the EU Solidarity Fund and the European Mechanism for Civil Protection (e.g. EC 2007a; 
2007b; 2008; 2010a). Furthermore, several EC Guidance Documents (e.g. EC, 2007c; 2009a; 
2009b) emphasize the importance of efficient drought management and the need to establish 
and develop measures to minimize the socio-economic and environmental impacts of drought 
effects within the context of the Water Framework Directive (WFD). 

The Water Scarcity and Drought Commission (EC, 2007a, 2008, 2010a) considers as key issues the 
following assumptions to be taken into account: 

1. Moving from crisis response to risk management in the context of water management is the way 
to improve society’s resilience to water scarcity and drought 

2. There is a huge potential for water saving in Europe 
3. Water Hierarchy: water demand management should be prioritized, and alternative supply 

options should only be considered once the potential for water savings and efficiency has been 
exhausted. 

The review of the Strategy for Water Scarcity and Droughts will be integrated into a planned "Blueprint 
to safeguard European waters"(EC, 2010b), together with an analysis of the Implementation of the EU 
Water Framework Directive and a review of the vulnerability of environmental resources such as water, 
biodiversity and soil to climate change impacts and man-made pressures.  

The Water Framework Directive establishes a legislative framework for Community action in the field of 
water policy, introducing a new perspective from a modern view of water policy to all Member States of 
the European Union and aiming at improving and protecting the status of water bodies along Europe, 
with specific environmental objectives for 2015. The WFD also provides general criteria for considering 
drought impacts on the status of water bodies (Estrela & Vargas, 2012). Information on the implications 
of the Water Framework Directive and drought management can be found in Kampragou et al. (2011).  

Drought policy in the CSs is analyzed using a three-tiered approach that considers (i) the regulatory and 
institutional framework, (ii) the type of approach to drought management adopted and (iii) the degree of 
policy integration in the Case Studies. 
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5.2.1 Policy and regulatory framework 

Table 7 summarizes the main drought policy and regulatory instruments by Case Study, whose 
combination constitutes and characterizes the policy context in which drought responses are adopted 
and implemented at CS level.  

Table 7. Main drought policy and regulatory instruments by Case Study 

Case Studies Policy documents / instruments  

Syros Island � National Action Plan for Combating Desertification (2000) 

� Water Law 3199/2003 – WFD transposition into national law 

� DMP under development 

Júcar River Basin � Spanish Water Law (1985) 

� Spanish National Hydrological Plan (2001) 

� River Basin Management Plans (1998) 

� Special Drought Plans (2007) 

� Permanent Drought Commission 

� Drought emergency royal decrees 

� Urban supply drought emergency plans 

Po River Basin � Protocollo d’Intesa (2003)  

� Committee Cabina di Regía (2003) 

� Piano di Bilancio Idrico (in progress) 

Portugal � Convention on Cooperation for the protection and sustainable use of Portuguese-Spanish 
river basins (1998) 

� National Water Plan (2002) 

� National Water Law (2005) 

� Drought Commission (2005) 

� National Program for Efficient Water Use (2006) 

� River Basin Plans (2001) and River Basin Management Plans (2011-2012) 

� Municipal contingency plans 

� Regulations for irrigated areas 

� Monitoring and Early warning (SNIRH and IM) 

The Netherlands � Drought Policy 

� National Committee Water Distribution 

� Legal framework: Law disasters and heavy accidents 

� Legal framework: Law on Safety Regions 

� Legal framework: Delta Law (2009) 

� Delta Program (2011) (in progress) 

Switzerland � A governmental report on water scarcity has recently been published (Oct. 2012). Measures 
for drought management will be included in an action plan on Climate Change adaptation 
which is to be developed. 

Source: Own elaboration based on data provided by the Case Studies 

Syros Island 

The National Action Plan for Combating Desertification (NAPCD, 2000) is reported as the main 
administrative tool for dealing with desertification and drought. The first NAPCD of Greece was 
published in 2000, and ratified by the Law 99605/3719/23-7-2001. The NAPCD indicates that specific 
measures to be taken at the local level are to be reported in the “Prefecture Action Programmes”. 
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Mainstreaming drought risks into water management and in other sectorial policies is lacking and only 
generic allocation priorities are advocated in the Water Law 3199/2003. This Law, which transposed the 
Water Framework Directive into Greek Law, makes reference to responsibilities for drought 
management, stating that the Regional Water Directorates (water competent authorities for Greek 
Hydrological Departments) are also responsible for taking measures for the minimization of drought 
impacts. Art. 10 of Law 3199/2003 establishes that, in case of water shortage, urban water supply has 
priority over all other water use sectors. 

Currently and as part of the WFD implementation process, Drought Management Plans should be 
developed for all hydrological districts, including the region of South Aegean. The elaboration of the 
corresponding study for the Hydrological District of South Aegean, to which Cyclades and Syros pertain, 
has not yet been initiated. According to the Hellenic Ministry of the Environment, Energy and Climate 
Change this process will have been concluded by the end of 2012, when the draft RBMP and the DMP 
will be published for public consultation.  

In 2001 the former prefecture of Cyclades promoted the development of a project for addressing 
drought in the Cyclades complex that mainly involved the construction of interception dams for the 
retention of flood run-off and the recharge of groundwater bodies2. The funding of the 1st phase of the 
project was approved by the Ministry of National Economy. It consisted in 10 water management-related 
studies and interception dams aiming at water supply enhancement to minimized impacts during 
drought with a financial support for the first phase of 2.5 billion drachmas from INTERREG II-C. 

Júcar River Basin 

The drought policy framework has evolved significantly between both drought episodes (1991-95 and 
2005-2008). The most important change was the approval in 2007 by Ministerial Order of the Special 
Drought Plan (SDP) for the Júcar River Basin. The SDP constitutes the main policy instrument for 
addressing drought and implies a relevant shift in the management approach towards a proactive 
approach (MMA & CHJ, 2007). It includes operational drought monitoring indexes for early drought 
detection, drought stages definition, and the measures to be applied in each of the stages.  

Table 8. Key elements of the Júcar Special Drought Plan 

Instrument Key elements 

Special Drought Plan  
� Main tool for drought planning and management at river basin level, associated to 

the River Basin Management Plan 

� Objective: It aims at anticipating and minimizing the environmental, economic and 
social impacts of drought 

� Main policy instruments: Definition of mechanisms to preventing and detecting 
drought situations; Drought stages definition; Definition of measures for each stage 
of the drought episodes; Transparency and public participation. 

� Year of approval: 2007, with a 6-years duration 

� Geographic scope: River Basin  

� Responsible organizations and involved actors: River Basin Authority is the 
responsible institution in charge. Agricultural associations, Industry, urban supply, 
environmental NGO and general public are involved in its implementation. 

� Variable budget allocation 

Source: Adapted from the Júcar Special Drought Plan  

                                                      
2 The information was found in the minutes of the Annual General Assembly (2001) of the Development Corporation of Local Authorities of 
Cyclades S.A. Available in Greek.  
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It should be noticed that this SDP is operative only since the last period of the 2005-2008 drought. At 
the beginning of drought event in 2005, the main policy instruments to address drought management 
were emergency laws. A summary of the drought-related Royal Decrees approved during 2005-2008 
are shown in Table 9. 

Table 9. Emergency legal provisions for the 2005-2008 drought management in the Júcar River Basin 

Royal Decrees Key issues 

Royal Decree - Law 10/2005, of June 
20th, by which urgent measures for 
agricultural sector are adopted. 

� Objective: Support and aid to farmers that experienced losses in their 
production due to drought and frost 

� Measures: economic and financial measures (waiving of taxes and fees), 
construction of emergency livestock water supply, improvement and 
modernization of irrigation systems  

� Total budget: €1,700,702,000  

Royal Decree 1265/2005, of October 
21st, by which exceptional administrative 
measures are adopted for the 
management of hydrological resources 
and for the correction of drought effects 
in the hydrological basin of rivers Júcar, 
Segura and Tajo. 

� Objective: Reducing drought impacts through the establishment of urgent 
measures for hydrological resources management 

� Measures: Extraordinary function given to Governing Boards of Júcar 
River Basin Authority (JBRA); Establishment of permanent Drought 
Commission within the Governing Board of JRBA with representatives of 
different sectors; Control and regulation of sanctioning regime.  

� Total budget: €112,655,883 

Royal Decree-Law 9/2006, of September 
15th. 

� Extension of the Royal Decree 1265/2005 till 30/11/2007 

Royal Decree-Law 9/2007, of October 5th � Extension of the Royal Decree 1265/2005 till 30/11/2008 

Royal Decree-Law 8/2008, of October 5th � Extension of the Royal Decree 1265/2005 till 30/11/2009 

Royal Decree-Law 15/2005, of 
December 16th, for regulating water 
rights transactions. 

� Objective: Regulation of water rights transaction  

� Extended till 30/11/2007 

Source: Own elaboration. 

According to the stakeholders consulted for this study, the institutional and regulatory framework to deal 
with drought is perceived to have greatly evolved during the past decade and now includes a rather 
complete battery of instruments and provisions. Aspects that are positively valued are the definition of 
the steps to be taken in case of drought, the amount and quality of drought-related monitoring data, the 
existence of a drought-indicator system, and the availability of participatory mechanisms. On the other 
hand, there are some criticisms concerning the lack of flexibility of some measures and the poor 
enforcement of some regulations. Moreover, water markets are not yet sufficiently developed and 
regulated and sometimes their setup and operation are too rigid and slow. 

Po River Basin 

Despite the high pressure on the water resources of the Po river, and despite the global vulnerability of 
the basin water system, essentially there is a lack of drought management plans at basin and at 
regional/local level, except for some regions like Emilia-Romagna. Past management efforts mainly 
involve voluntary water allocation agreements and emergency measures. 

In the 2003 drought event, an agreement called “Protocollo d’Intesa finalizzato alla gestione unitaria del 
bilancio idrografico del Po” (Agreement Protocol for the integrated management of the Po river basin) 
was signed to deal with drought. The Po River Basin Authority was the key actor who arranged the 
agreement. Part of this agreement was the creation of a committee (called “Cabina di Regia”) in charge 
of managing the responses to the drought event. In 2005, the committee was made permanent by the 
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agreement named “Attività unitaria conoscitiva e di controllo volta alla prevenzione degli eventi di magra 
eccezionale del bacino del fiume Po” (Integrated assessment and control action for the prevention of 
exceptional low in-stream flows in the Po river basin), with the objective of building a coordinated 
procedure for monitoring and forecasting the deficiencies of water in the Po Basin.  

Currently, the Po River Basin Authority is developing the River Basin Management Plan required by the 
WFD (“Piano di Bilancio Idrico”-PBI). The process started in 2010 and currently the PBI is undergoing a 
process of Strategic Environmental Assessment.  

Portugal 

At present Portugal does not have drought management plans and there is no policy specifically 
developed for droughts. Drought planning is addressed through a set of policy and management 
instruments (Table 10), and elements of drought management can be found in regulations from different 
affected sectors (such as urban supply and irrigated agriculture) and across numerous municipal 
contingency plans (Do Ó 2011).  

Table 10. Main policy and regulatory instruments that cover drought in Portugal 

Instrument Scale 

Convention on Cooperation for the protection and sustainable use of Portuguese-
Spanish river basins (1998) 

Portuguese-Spanish river 
basins 

National Water Plan (2002) Portugal 

National Water Law (2005) Portugal 

Drought Commission (2005) Portugal 

National Program for Efficient Water Use (2006) Portugal 

River Basin Plans (2001) and River Basin Management Plans (2011-2012) River Basins 

Municipal contingency plans Municipal 

Regulations for irrigated areas  Local 

Source: Adapted from Do Ó (2011) and based on data from the Portuguese CS Data Collection Form. 

The current operational framework for drought management, monitoring and planning is based on two 
Drought Monitoring Systems managed by two different entities, as described below. 
 
1. Drought Observatory 

The Drought Observatory (“Observatório de Secas”) was created in 2009 and is coordinated and 
managed by the Meteorology Institute (IM, Ministry Education and Science). Data (precipitation and 
temperature) are collected through a national network of meteorological stations that belongs to IM and 
from another network of stations that belongs to the Water Institute (INAG). The occurrence of 
meteorological droughts is based on calculations of SPI (Standardized Precipitation Index) and PDSI 
(Palmer Drought Severity Index) averaged for main river basins and for mainland Portugal.  The 
characterization of agricultural droughts is based on soil water content (%). Drought is forecasted with 
the PDSI for the following month based on three scenarios of precipitation occurrence. 

PDSI has been used since 2001 and SPI has been used since 2005. Since 2002 the Meteorology 
Institute also calculates daily for Portugal the Fire Weather Index (FWI) based on the Canadian Fire 
Weather System and its Daily Severity Rating (DSR).  
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The Drought Observatory can be consulted online at http://www.meteo.pt/pt/oclima/observatoriosecas/, 
with information on SPI and PDSI (maps, graphs and figures). Information on PDSI is also included in 
the monthly climate reports edited by IM. 

2. National Information System for Water Resources – Subsystem for Drought Monitoring and Early 
Warning 

The National Information System for Water Resources (SNIRH) and its subsystem for Drought 
Monitoring and Early warning (SVAS) are coordinated and managed by the Water Institute (INAG/APA-, 
Ministry of Agriculture, Sea, Environment and Spatial Planning) since 1995. SNIRH/SVAS is a national 
network of weather stations and monitoring stations of streamflow, reservoir volumes and aquifer levels 
(both water quantity and quality), with automatic tele-transmission, data storage, dissemination and 
early warning. SNIRH produces synthetic data and cartography, and allows online free consultation and 
download of data (http://snirh.pt). Meteorological and hydrological droughts are monitored based on 
precipitation, streamflow, reservoir storage, groundwater storage and water quality, analyzed and 
presented at http://snirh.pt. This information (including maps, graphs and tables) is published at monthly 
reports on hydric resources edited by INAG/APA. 

Data from other entities (such as the Institute of Meteorology and the Spanish authorities) are also 
included in the database for data analysis and dissemination. However, this system is mainly oriented to 
flood evaluation and does not allow for drought evaluation with a unique and global classification. The 
implementation of a system for early warning and drought management based on evaluation indicators 
is currently being developed by INAG (Do Ó 2011, Vivas and Maia 2011).  

Table 11. Key elements of the Portuguese policy and regulatory framework for drought 

Instrument Key elements 

National Water Plan � Approved by Decree-Law n. 112/2002 of 17th April 

� Description: It synthesizes and integrates the information from approved River Basin 
Management Plans (RBMPs), namely diagnosis of the existing situations and 
objectives, proposes measures for the coordination of RBMP, and establishes a 
program for the adoption of physical, financial and institutional actions 

It establishes measures to mitigate drought effects (contingency planning, 
methodologies for drought characterization, methodologies for management of 
superficial water resources and implementation of infra-structures to supply water to 
livestock) 

� Objective: Establishment, in a structured and programmed way, of a rational strategy 
for management and use of all national water resources, in articulation with land 
planning and environmental conservation and protection 

� Main policy instruments are RBMPs and “Convenção de Albufeira” 

� Year of approval: 2002, with a 6-year duration 

� Geographic scope:  country level 

� Responsible organizations and involved actors: National Water Authority (INAG) and 
River Basin Authorities, Entities responsible for water management and use (city 
councils, water supply entities, irrigation entities, waste water treatment entities, etc) 
are also involved in its development and implementation 

National Water Law 

(Law n. 58/2005 of 
29th December) 

� Transposition of the WFD into the Portuguese legislation 

� Description: Establishment of a new institutional framework for sustainable water 
management (superficial and groundwater): INAG as the National Water Authority and 
5 River Basin Authorities (ARHs)  

Article 41 establishes protective measures against droughts (as a crisis management 
approach instead of a preventive approach) 

� Objective: Establishment of the framework for water management (surface water and 
groundwater) 
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� Year of approval: 2005 

� Responsible institutions are the National Water Authority (INAG) and River Basin 
Authorities, with the involvement of Commissions for Regional Development (CCDR), 
Port Administrations 

“Convenção de 
Albufeira” 

� Agreement for the cooperation for the protection and sustainable use of Portuguese-
Spanish river basins 

Article 19 "Droughts and Water Scarcity" states the need for coordination between the 
two parties, aiming at prevention, control of water scarcity and drought situations, and 
establishes exceptional mechanisms 

� Objective: Definition of a framework for transboundary cooperation on the protection of 
surface water, groundwater and dependent aquatic and terrestrial ecosystems, and for 
the sustainable use of hydric resources of Portuguese-Spanish river basins 

� Year of approval: Signed in 1998 and revised in 2008 

� Geographic scope covers Transboundary (Portuguese-Spanish) river basins: Minho, 
Lima, Douro, Tejo, and Guadiana 

� Responsible organizations and involved actors: Presidency of the Portuguese 
Delegation of the Ministry of Foreign Affairs; Commission formed by several ministerial 
entities and others: Ministry of Agriculture, Sea, Environment and Spatial Planning, 
National Water Authority (INAG), National Laboratory of Civil Engineering (LNEC), 
Development and Infra-structure Company of Alqueva (EDIA) 

2005 Drought 
Commission  

(Ad hoc) 

� Created by Governmental initiative (Ministerial Resolution n.83/2005 of 19th April) and 
formed by several entities responsible for the implementation of political and technical 
measures regarding drought management and mitigation during the 2004-2006 
drought event. The Commission improved exchange of data, information and 
agreements between different sectors and water users 

� Objective: Monitoring of the progress of the drought, coordination of emergency 
measures and mitigation of drought effects 

� Year of approval: Established in 2005  

� Geographical scope: national 

� Responsible organizations and involved actors: Coordinated by National Water 
Authority (INAG), several other institutions participated in the Commission: 
Meteorology Institute (IM), the National Authority for Civil Protection (ANPC), the 
National Forest Authority (AFN), the National Association of Portuguese Municipalities 
(ANMP), Associations (agriculture, industry, environment), etc 

Source: Portugal CS Data Collection Form. 

Other relevant policy instruments that focus on particular sectors are: 

• National Program for Efficient Water Use (2006): it defines goals for water supply and 
demand, and establishes a set of operational measures to improve water use for different 
sectors (urban supply, agriculture, industry) and measures for coping with water scarcity 
situations. One of the operational measures is the implementation of an early warning system 
for droughts 

• River Basin Plans (2001) and River Basin Management Plans (2011-2012): Operational 
plans with a set of measures for sustainable water use, water demand management, 
environmental protection and risk reduction (including droughts). The 2001 River Basin Plans 
were revised and will be replaced by newly elaborated River Basin Management Plans (2012), 
which are currently under public consultation within the framework of WFD. 

• Municipal contingency plans: Definition of guidelines, institutional and operational actions; 
definition of mechanisms to inform the public, services and authorities; inventory of means and 
resources 

• Commission for Reservoir Management (“Comissão de Gestão de Albufeiras”) (approved by 
Decree-Law n. 21/1998 of 3rd February): Consulting body for conciliating administration and 
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users of surface water resources from reservoirs (biannual meetings): definition of technical 
regulations, maximum and minimum levels of storage volumes; evaluation and approval of 
reservoir use programmes. Although the Decree-Law is mainly oriented towards flood 
management, the Commission has been also used as a privileged forum for assessing 
available water supply and demand 

Transboundary water resources are an extremely important issue for Portugal since shared basins 
occupy 64% of the area of mainland Portugal (including 5 shared river basins: Minho, Lima, Douro, Tejo 
and Guadiana) and are located downstream. Moreover, 67% of total annual average water resources in 
Portugal come from shared basins (20,300 out of a total of 30,400 hm3).  

“Convenção de Albufeira” for the protection and sustainable use of Portuguese-Spanish river basins 
(transboundary waters) was signed in 1998, and was later revised in 2008. Measures established in the 
Convention are rather generic and do not require the harmonization of methodologies for water 
resources monitoring and management. Furthermore, measures for drought mitigation are very generic 
and during droughts the agreed flow regime in the “Convenção de Albufeira” can be suspended.  

Some of the consulted stakeholders perceive the current regulatory framework as inadequate or 
insufficient due to the absence of monitoring programs or to the lack of planning to anticipate to drought 
impacts. Furthermore, even if regulatory framework is considered to be sufficient in formal and legal 
terms, difficulties in their implementation or lack of a clear operational framework are some of the major 
concerns raised by stakeholders.  

On the other hand, it is recognized that during the past 20 years the regulatory framework has 
improved, the ratification of the “Convenção de Albufeira”, and the reduction of urban water supply 
problems (e.g. Alentejo and Algarve regions) being the major achievements reached. 

The Netherlands 

There is a significant difference in the regulatory and policy framework between the drought of 1976 and 
that of 2003. The drought in 1976 was a crisis that was addressed with emergency interventions. This 
led to the water use ‘priority ranking’ and the establishment of a drought monitoring system with the 
National Committee for Water Distribution. The “drought season” starts at April 1st, with the calculation 
of the evaporation surplus, i.e. precipitation minus evaporation. There is also continuous monitoring of 
the temperature and discharge of the rivers (Rhine, Scheldt, Meuse) entering the country. This implies 
that from April 1st, there is an “early warning” system in place. When there is an “upcoming” drought, 
preventive measures (such as e.g. increasing the levels of fresh water reservoirs) are considered and 
can be implemented whenever feasible. The National Committee for Water distribution (NCW) issues a 
(basically fortnightly) “Drought Message” to inform both stakeholders and the public. These messages 
(and more) are published on a freely accessible web-site. 

The ‘priority ranking’ introduced after the drought in 1976 was not used until 2003. A well-learned lesson 
in the 2003 drought is that communication with partners and stakeholders is vital to prevent economic 
losses. Moreover, in 2003 environmental needs were not adequately addressed. This led to a slight 
adjustment of the ‘priority ranking’ to address ‘irrecoverable damage to nature’ within the first priority. 
This applies especially to valuable peat areas, which experience total destruction once deprived of 
moisture. 

The 2003 drought has demonstrated that the current water management system, its operation and 
policy are nearing their limits. While the short term focus is on flexibility in the system (creation of water 
storage through higher water levels and alternative water supply routes), for the long term, a 
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fundamentally different approach is required. This new approach is in development through the ‘Delta 
Programme’, which is a national programme in which the national government, provinces, municipalities 
and water boards cooperate, with input from civil society’s organizations and the private sector. It has 9 
sub-divisions of which one is on fresh water. Other sub-divisions include safety, construction and re-
structuring, Lake Ijssel area; rivers, coast.  

Table 12. Key elements of policy and regulatory framework for drought in The Netherlands 

Instrument Key elements 

Drought Policy � Drought policy formulated as part of the National Water Policy (4th Note) following the 1976 
drought. 

� Objective: Deal with drought both nationally and regionally; it establishes an order of priority 
for water uses. 

� Year of approval: Valid since 1985 (latest update 2009). Latest version in the National 
Water Plan 2010-2015. 

� Geographic scope: country (Rhine and Meuse river systems) 

� Responsible organizations and involved actors: Ministry of Infrastructure and Environment. 
The National government, together with provinces, municipalities, Water Boards. 

National 
Committee Water 
Distribution 

� Committee that proposes decisions for changes in national and regional water management 
during a drought 

� Year of approval: Developed after the 1976 drought, since then on continuous operation 

� Geographic scope: country (Rhine and Meuse river systems) 

� Responsible organizations and involved actors: Ministry of Infrastructure and Environment 
for the national system and Water Boards for the regional system and Association of Water 
Boards and Representatives of Provinces 

Legal framework: 
Law on Safety 
Regions 

� It specifies who will have executive powers in crisis 

� Objective: It aims to regulate responsibility 

� Year of approval: 2010; To date 

� Geographic scope: Country  

� Responsible organizations and involved actors: Ministry of Home Affairs, Queen’s 
Commissioner, all involved authorities, mayors, etc. 

Legal framework: 
Delta Law 

� Legal basis for Delta fund, Delta Commissioner, and related programs 

� Objective: It aims to protect against floods and provide fresh water 

� Main policy instruments: Allocating responsibility and funds 

� Year of approval: 2011; To date 

� Geographic scope:Country level 

� Responsible organizations and involved actors: Ministry of Infrastructure and Environment 
and national and regional government 

Source: The Netherlands CS Data Collection Form. 

In 2007 the Dutch government established a ‘Water Vision’ for a sustainable and climate-proof water 
management, which includes drought issues. Drought studies have concluded that large-scale 
infrastructural measures in the main system to re-direct water, as well as large-scale construction of 
reservoirs, are neither feasible nor affordable. At local scale the balance of cost and benefit may be 
different. This implies that solving the drought challenge is especially a question of “tailor-made” 
solutions at a local scale, also taking conditions of water surplus and water quality into account". 

According to the opinion of the experts interviewed, the main strength of the regulatory framework is the 
existence of a priority ranking that provides a clear specification of which sectors have priority over other 
sectors in case of scarcity. The priority ranking, however, is generic for the whole country and it does 
not cater for regionally specific conditions. For this reason, it was necessary to create local consultation 
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mechanisms that come into play in situations of drought, namely local Water Boards (elected water 
authorities) that establish specific measures in the areas under their responsibility. The association of 
Water Boards is represented in the National Water Distribution Committee, for the overall dimension of 
the system.  

5.2.2 Drought Management Approach 

According to a report of the European Water Scarcity and Drought Expert Network, in general, drought 
episodes in Europe are tackled mainly through a crisis-management approach, by issuing a national or 
regional drought emergency program to alleviate drought impacts (EC, 2007c) However, in light of an 
expected exacerbation of drought impacts and an increase in episodes occurrence and severity, it 
should be a priority to move from crisis management approach to risk management approach (EC; 
2007c). The crisis management approach, which perceives drought as an transient situation, rather than 
as a risk, has resulted in significant failures in the mitigation of drought impacts, encouraging also the 
continuation of unsustainable practices which increase the vulnerability of water resource systems 
(Kampragou et al., 2011). 

Figure 3. Reactive approach scheme 

 
Source: modified from Rossi (2005).  

A risk is understood as “the combination of the probability of an event and its negative consequences” 
(UNSIDR, 2009). Risk is a combination of natural factors (hazard) and social factors (vulnerability), 
which should be addressed within drought management. Thus, a risk management approach entails a 
proactive approach which primarily concerns the issues of hazard prediction and vulnerability, placing 
the focus on pre-disaster activities, and is based on drought preparedness and long-term risk reduction 
in order to reduce vulnerability and increase resilience to drought in society (Kampragou et al., 2011). 
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Figure 4. Pro-active Approach scheme 

 
Source: MEDROPLAN, 2007 

The current approach to drought management differs across the CSs (Table 13), suggesting that they 
are at different stages of development of their drought management policy toward a risk management 
approach to drought. 

Table 13. Drought management approach at Case Study level 

 Syros Island 
Júcar River 

Basin 
Po River 

Basin 
Portugal Switzerland 

The 
Netherlands 

Approach Crisis 
Risk 

Management 
Crisis Crisis 

Under 
development 

Low-risk 
management 

Source: Own elaboration based on data provided by the Case Studies. 

Towards a risk management approach in Júcar River Basin 

Since year 2000, the Spanish water law required the River Basin Authorities to develop Special Drought 
Plans (SDP) in order to turn the traditional reactive crisis management approach into a proactive one. In 
the Júcar River Basin the SDP was approved in 2007 and applied in the last part of the 2005-2008 
drought. The SPD is based on the Spanish national drought indicators system which measures several 
variables to describe the basin drought status. These variables are weighted in order to obtain an 
integrated indicator representative of the hydrological status in each river basin. The standardized 
values of the indicators define the basin drought status: normal, pre-alert, alert and emergency. These 
states are used to activate the different measures detailed in the drought management plans (Estrela & 
Vargas, 2012). Thus, the SDP allows for a structured response to drought based on the level of severity 
of the event, with a risk management approach. In contrast, the 1990-1995 drought was managed 
purely as a crisis. As a consequence emergency measures were approved with a certain delay and 
emergency water supply infrastructures were not available until late. Emergency Royal Decrees were 
the main instrument used to regulate drought management during this period.  
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Thus, the development of the SDP can be seen as a move toward a risk-management approach, 
although some of the consulted stakeholders remarked that there is still a long path ahead to fully 
implement and refine the approach laid down in the SDP: 
 
Crisis Management approach - Examples of different scales: Portugal, Po River Basin and Syros 
Island 

In Portugal current drought management and planning are based on a crisis management approach, 
and drought management is dispersed through several regulations from different affected sectors (such 
as urban supply and irrigated agriculture) and ad hoc measures (Do Ó 2011). 

Among the consulted stakeholders there is general consensus that drought is still managed as a crisis: 
the current planning level is not sufficient and there is not enough monitoring and early warning for 
droughts, and preventive measures are lacking. On the other hand, the problem is seen as a lack of 
and/or difficulties in the execution of drought responses because of the insufficient planning existing 
(perceived as a lack of will and money).  

Drought management, both in Syros Island and Greece in general, is based on a fragmented, crisis-
management approach, as manifested by the responses to previous events. Typically, an ‘emergency 
state’ is declared in the case of drought and an official request for funding of water supply works/funding 
of water transfers is submitted either to the Region of South Aegean or to the relevant Ministries. 

In the Po River Basin responses to droughts are based on a “reactive approach”, rather than on a “pro-
active approach” characterized on continuous monitoring activity and on the implementation of 
adequate and targeted policy measures focused on preventing the impacts and dealing with the causes. 
Given the absence of any drought management plans at basin level and regional/local level, and 
considering the experience of the previous drought events, the dominant response/reaction is twofold:  

• On the one hand, the response is made of voluntary agreements among all relevant 
stakeholders firstly aimed at maintaining minimum levels of water flows for water supply system, 
irrigation and power generation, employing water from alpine hydroelectric reservoirs, regulating 
withdrawal from the rivers, and inducing a more provident and efficient use of water for 
irrigation.  

• On the other hand, and following a “top-down” approach, the national government is 
empowered to issue states of emergency, where a commissioner is appointed in order to carry 
out extraordinary and urgent activities, coordinating several temporary government bodies at 
national and regional level.  

Low-risk management approach: The Netherlands and Switzerland 

In the Netherlands, drought is not managed as a crisis and the current drought management level is 
considered to be sufficient for the time being. However, in the future in light of climate change, it may be 
not ‘robust’ enough to prevent severe problems if a climatic situation such as that in 1976 (or worse) 
should occur. 

At present in Switzerland response to drought is quite fragmented. However, the potentially effected 
sectors and stakeholders are involved in discussions about how to manage future droughts, and 
awareness is rising. The basics of a national strategy for water management and the corresponding 
provisions for dealing with water conflicts and problems have recently being developed in a report 
following a political Postulate (Postulate Waltert). This governmental report takes into account other 
existing strategies, in particular, biodiversity, water power. An action plan regarding the strategy for an 
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“Adaptation to climate change” will integrate measures against drought which cantons can realize. 
Overall, the main responsibility for drought management will remain with cantons. 
 

5.2.3 Drought policy integration  

Drought is a multidimensional issue that should integrate sectorial issues and be integrated in them to 
efficiently address impacts mitigation (EC, 2007a). As drought issues are targeted within different policy 
areas like water policies and energy or agricultural policies, policies are said to interact and integration 
is considered a type of policy interaction (Mickwitz & Kivimaa, 2007). Thus, the development and 
successful implementation of actions for drought risk management require the integration of policies 
across different sectors and geographical scales (Kampragou et al., 2011). 

This Task attempted to assess the degree of policy integration from two complementary points of view. 
On one hand, the CS teams were asked to look at the sector policy addressed in the CS drought policy 
and, on the other hand, they were asked to see if and how other sector policies incorporated drought 
issues. This type of assessment, however, was hampered by the fact that in the CSs both drought and 
other sector policies are often defined by a set of documents and instruments that are not specifically 
focused on a given sector (e.g. a national strategy for rain-fed agriculture or a plan for drought 
management). Thus, at times it was difficult of the CS teams to delimitate some sector policies and 
assess their relationship with drought issues. Tables 14 and 15 provide an overview of the information 
obtained at a CS level. This overview is indicative only and it should be interpreted in light of these 
limitations  

Table 14. Non-comprehensive list of sectorial issues addressed in the CS drought responses policies  

Sectors/dimensions 
Syros 
Island 

Júcar River 
Basin 

Po River 
Basin 

Portugal 
The 

Netherlands 
Switzerland 

Irrigated farming �  �  �  �  �  �  

Rainfed farming �      �  

Forests and forest fires �       

Environment protection 
and conservation 

�  �   �  �   

Livestock farming �       

Hydropower companies 
and industries 

Not 
relevant 

�  �  �  �  �  

Tourism industry �  
Not 

specifically 
 �    

Navigation and 
transportation 

Not 
relevant 

Not 
applicable 

 �  �  �  

Public health 
Not 

relevant 
�   �    

Urban water supply �  �  �  �  �  �  

Others �   
Not 

Applicable 
�  �   

Source: Own elaboration based on CS Data Collection Forms. 
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Table 15. Drought issues addressed through sectorial policies at Case Study level 

Sectors/dimensions Syros Island 
Júcar River 

Basin 
Portugal Switzerland The Netherlands 

Irrigated farming �  �   �   

Rainfed farming �  �   �   

Forests and forest fires �    �  �  

Civil protection �   �   �  

Environment protection 
and conservation 

Indirectly   �  
 
 

Livestock farming    �   

Hydropower companies 
and industries 

  �   �  

Tourism sector    �   

Navigation and 
transportation 

    �  

Public health  �  
Yes, in terms 

of heat 
waves 

�   

Urban development �     �  

Rural development      

Climate Change 
adaptation 

�   �   �  

Fight against 
desertification 

�   �   Not an issue 

Source: Own elaboration based on the CS Data Collection Form. Note: in the Netherlands most of the issues are under 
study to include them in the new Delta Programme. 

5.3 Coordination and participation 

Taking decisions about how to deal with drought and its consequences requires the interaction of a 
number of governmental bodies that have competences over different sectors and issues affected by 
drought. Thus, at times making decisions and implementing them can become a challenging task. In 
each CS there is an entity that is responsible for the coordination of drought management, usually a 
specific body most often working in collaboration with other key organizations (Table 16)  

Table 16. General Coordination at Case Study level 

Case Study Main responsible of coordination Other key coordination bodies 

Syros Island  
� Water Directorate of the Region of South 

Aegean 
Municipalities 

Júcar River Basin � Júcar River Basin Authority Special Drought Commission 

Po River Basin � Po River Basin Authority “Cabina di regia” 

Portugal � INAG 
Drought Commission of 2005 and National 
Information System on Water Resources 
(SNIRH) 

Switzerland 
� Swiss Federal Council and cantons, 

depending on the subject 
 

The Netherlands � Ministry of Infrastructure and Environment  
National Committee Water Distribution and 
Water Boards 

Source: Own elaboration based on CS Data Collection Forms 
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In most of the CS the majority the questionnaire respondents considered the overall coordination during 
the main drought event as adequate. However, in all the CS it is possible to identify several aspects of 
coordination that need to be improved. For example, in the Syros Island, the request for funds was 
undertaken mostly at a municipal level, without an overall coordination and leaving the farmers’ needs 
on a second level.  

In Júcar the coordination work of the main responsible organization – the Júcar River Basin Authority- 
JRBA– was valued positively, even though the use of water as a political issue affected the work of the 
RBA. In Portugal, opinions on the coordination process were both positive and negative, some of the 
criticisms being related to an excessive centralization of the decision-making process or to 
disagreement among the main agencies involved in it.  

In Switzerland the cantons hold most of the responsibilities over water and have no legal obligation to 
cooperate, which creates a tension between the will of controlling their own resources and the benefits 
of a joint answer to the emergency.  

In the Po river basin, the coordination of the Po River Basin Authority was perceived as centralized to 
some extent and cause of delays in decision making. 

Table 17. Was the overall coordination process for drought management adequate? 

Case Study Yes No NA 
Nº 

respondents 

Syros Island 60% 0% 40% 5 

Júcar River Basin 87% 12% 0% 8 

Po River Basin 44% 33% 22% 18 

Portugal 40% 60% 0% 10 

The Netherlands 100% 0% 0% 4 

Switzerland 38% 31% 31% 13 

Source: Own elaboration based on the CS questionnaire replies 

When evaluating the participation of stakeholders in the decision making process, it is useful to look at 
two issues that are key for a real participation: whether all the affected actors are involved in the 
process and whether their opinion is somehow taken into account to craft the final decision. In relation 
to the first, the majority of the survey respondents stated that, in their opinion, the selection of the 
involved stakeholders was inclusive enough. In Syros, however, it was felt that farmers and groups that 
represent the civil society’s views and interests (citizens, scholars, etc.) were not adequately included. A 
similar comment was made in Portugal for local organizations, users associations and environmental 
organizations, and in the Po basin referring to the Civil Protection Department and environmental 
organizations. 

In general, the participation of key stakeholders is perceived as necessary, as it contributes to a better 
implementation of measures. However, it is also acknowledged that involving all stakeholders requires 
more time to reach a consensus or take a decision, which could lead to delays in implementation of 
measures.  

In all the CS except for the Syros Island, formal participation mechanisms exist, which usually consist in 
meetings and debates organized by the organization responsible for drought management. The 
frequency of the meetings was perceived as adequate in the Júcar River Basin and The Netherlands. In 
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the Syros Island participation consisted mainly in informal contacts and, according to the consulted 
stakeholders, the frequency of meetings during the last drought episode was minimal. 

A commonly accepted description of participation (EC/WISE, 2008) identifies three levels of increasingly 
higher involvement of stakeholders (including the public at large as affected by the decision):  

• Information: It refers to provision to all stakeholders of relevant information about the issue of 
concern. 

• Consultation: It supposes a direct implication of the stakeholders through mechanisms that 
government bodies use to consult them in order to gain from their knowledge and experience 
and to jointly develop solutions to problems. 

• Active involvement: It implies a shared decision making process where all the participants 
jointly become responsible for the decision taken. 

Figure 5. Percentage of stakeholders involved in each participation level 

 
Source: Own elaboration based on the CS Data Collection Form. 

 

Using this typology of participation, Figure 5 represents the level of stakeholders’ involvement at a CS 
level according to the questionnaire responses. The height of the bars represents the number of 
relevant stakeholders involved at each participatory level, expressed as a percentage of the total 
number of stakeholders identified in each CS3. In the Júcar River Basin and the Po River Basin all the 
stakeholders that participated in drought management had access to information, were consulted and 
were actively involved in the decision-making process. In Portugal and The Netherlands, the number of 
organizations actively involved was lower than those informed and consulted, while in Syros Island the 
participatory level with a higher number of stakeholders was consultation.  

 

 

 

 

                                                      
3 According to stakeholders analysis carried out in Task 4.1. 
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Table 18. Participation mechanisms by drought phases 

Participation level Tools 
Number of CS using a given tool  

Drought 
Planning 

Drought 
Management 

Recovery 
from drought 

Public information 

• web, internet 2 4 1 
• newspapers 1 5 2 
• mailing 1 1 1 
• informative meetings 2 3 0 
• others (brochure; messages on sugar bags) 1 4 0 

Consultation 

•written comments 2 1 1 
• consultation meetings 2 3 1 
• others  1 1 1 

Active Involvement 

• workshops 1 1 1 
• drought commissions  2 4 3 
• technical working groups 4 4 1 
• others (questionnaires; technical studies)  0 2 1 

Total 18 31 13 

Source: Own elaboration based on CS Data Collection Forms. Note: In grey, the highest number of CS for each type of tool. 

Table 18 shows the array of participation mechanisms employed in the different drought phases. The 
figures represent the number of CS that used a given tool in each phase. As expected, the phase where 
a larger variety of tools was employed is that of emergency. Newspapers and internet were the most 
used means for public information during the emergency phase. Consultation meetings and the 
establishment of technical commissions were the most common tools used for consulting and actively 
involving stakeholders during the drought. 

Awareness-raising campaigns are a common tool for informing the public at large about the drought 
situation and for achieving changes in their water-use habits. According to the results of the 
questionnaires, these campaigns are perceived as quite positive because they contribute to improving 
the awareness of people about to the importance of water as a limited resource. However, in all the CS 
except for the Netherlands, the effectiveness of these campaigns in promoting water saving among 
consumers and users is perceived to be rather low. Reasons for this relatively poor performance 
include: dissemination tools did not address key target groups (tourists, young generations, specific  
user groups); awareness of the (temporary) scarcity of water is only one of many complex factors that 
determine the users’ behavior and for this reason these campaigns need to be complemented with other 
measures (e.g. water pricing policy); the potential saving of water is limited when the campaigns target 
households, while it is larger when they address agricultural uses. 

Table 19. Perception of the effectiveness of awareness-raising campaigns 

Syros 
Island 

Júcar river 
basin 

Po river 
basin 

Portugal Switzerland 
The 

Netherlands 

2.00 1.75 2.47 2.37 2.50 3.00 

Source: Own elaboration based on the results of the questionnaires.  
Note: The values represent the average of the mean scores received for each of the evaluated aspects. 

Table 20 summarizes the main characteristics of stakeholders’ participation at a CS level, as it can be 
inferred from the data gathered in this evaluation. The last two columns highlight some points of dispute 
or tension among stakeholders during the assessed drought episode. More information by case study 
can be found in the next pages. 
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Table 20. Summary of the evaluation of coordination and participation in each Case Study 

Case  Study 
Degree of 

participation 
Participation 

process 

Main types 
of 

participation 

Inclusiveness and 
balance of stakeholders’ 

participation 
Strengths Weakness Conflicts on 

Conflicts 
between 

Syros 
Island  

Low 
Based on informal 
meetings 

Consultation 
Minimal representation of 
agricultural sectors 

Coordination for emergency 
funds request  

• Informal process 
• Limited collaboration among 

municipalities 
• Late and time consuming decision 

making 
• Limited participation of 

stakeholders 

Groundwater resources 
Farmers and 
water for urban 
water supply 

Júcar River 
Basin 

High 

Formal participation 
through the Special 
Drought Commission 
to plan and decide 
mitigation measures 

Information, 
consultation 
and active 
participation 

All relevant stakeholders 
participated but imbalances were 
perceived regarding a high 
representation of public 
administration and low 
representation of farmers 
associations 

• Formal process 
•  Debates and discussion on 

measures 
• Co-responsibility 
• Transparency and information 

exchange 

• Stakeholders representation 
imbalances 
 

Water allocation, 
environmental 
protection, and 
distribution of economic 
expenses for special 
measures 

 

Po River 
Basin 

Medium 

Formal participation 
through organized by 
Po Basin Authority on 
request of 
stakeholders 

Information 
provision and 
consultation 

Most of the relevant 
stakeholders participated (public 
administration and ministries, 
farmers and hydropower 
companies representatives). 
Environmental organizations 
were not involved. SEGURA? 

• Coordination process 
• Active implication of public 

administration 

• Fragmentation of competencies 
among the central and the local 
governments 

• Predominance of the interests of 
farmers and of electricity 
companies 

• Limited active participation of all 
stakeholders 

Water allocation for 
different uses 

Farmers and the 
electricity 
companies and 
inside each 
group/sector 

Portugal Medium 
Formal participation 
through meetings 
organized by INAG  

Information 
provision and 
consultation 

High participation of Ministerial 
entities, but low participation of 
regional/local authorities, 
farmers associations, ONGs 

• Coordination process  
• Adequate time of response 
• Information gathering and 

exchange among institutions 
and users 

• Stakeholders representation 
imbalances 

• Limited active participation of all 
stakeholders 

Water allocation for 
different water needs 
from multiple-use 
reservoirs 

Allocation of 
budget, 
technical and 
financial needs 
among different 
sectors 

The 
Netherlands  

High 

Formal process 
through the National 
Committee Water 
Distribution 

Information, 
consultation 
and active 
participation 

All the relevant stakeholders 
were involved 

• Transparent information transfer 
to society.  

• High awareness on the situation 
Not identified No conflicts detected 

No conflicts 
detected 

Switzerland Low4 
Formal mechanisms 
established by law but 
not adapted to drought  

No data 
Most of the relevant 
stakeholders were involved 

• Decision making at a local level 
• Effective awareness campaigns 

for water saving 

No obligation for cantons to 
cooperate on water issues 

No data No data 

Source: Own elaboration based on the information collected at a CS level (Data Collection Forms, Interviews, Questionnaires) 

                                                      
4 Only few measures were implemented to deal with drought effects and this could be a reason why there was little participation in drought management. 
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5.3.1 Syros Island 

The overall coordination of drought management is responsibility of the Region of South Aegean, which 
also has departments/directorates for agricultural development and civil protection. The Water 
Directorate of the Region of South Aegean is the body responsible for the elaboration and 
implementation of RBMPs and DMPs. Reports from individual municipalities, regarding temporary water 
shortages and relevant proposals to address these, are submitted to the Region of South Aegean, 
which makes an official request for [emergency] funding to the Ministry of the Interior. The consulted 
stakeholders remarked that municipalities were effective in filing “emergency funds request” for their 
territory, but did not coordinate their actions among themselves. 

Stakeholder involvement processes for water management are foreseen in Law 3199/2003. The Law 
defines that Regional Water Councils, involving representatives from all major water use sectors, act as 
the main consulting body regarding the implementation of all water management measures. 
Nevertheless, a formal process for stakeholder involvement during droughts does not exist and contacts 
and meetings in general were limited and mostly informal.  

Drought exacerbates already existing conflicts regarding the use of groundwater resources between 
municipalities and farmers. Although desalination is the main source of drinking water supply, local 
farmers report that municipal authorities use groundwater reserves for public water supply, due to the 
low cost of groundwater pumping vs. the cost of desalination. This exacerbates water shortages in the 
agricultural sector, where groundwater is the only water supply source. 

5.3.2 Júcar River Basin 

The Júcar River Basin Authority (Confederación Hidrográfica del Júcar) is the organization responsible 
for drought responses coordination in the Júcar basin. In both drought episodes (1992-1995 and 2005-
2008) participation of stakeholders took place within the Special Drought Commission, whose 
establishment and composition is regulated by law.  

The Special Drought Commission is the venue where information about the drought situation is provided 
and the decisions about planning and mitigation measures are taken. During the 2005-2008 drought, 
the composition of the Commission was as follows:  

• President of Júcar River Basin Authority 
• Three members of the Júcar River Basin Authority.  
• Two representatives of the central government  
• Four representatives of the Autonomous Regional Governments 
• A representative of urban supply  
• A representative of irrigators  
• A representative of industrial users  
• A representative of environmental organizations 
• A representative of the business sector  
• A representative of the labor unions  
• A representative of local entities 
• Observers or invited experts 

During the 1992-1995 drought event, the Special Drought Commission was formed too late, while in 
2005-2008 drought, it was summoned with a more appropriate timing and it was more comprehensive 
(relative to 1992-1995) as also environmental NGOs, experts, and labour unions were invited to be part 
of it.  
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More than 80% of the survey respondents to the questionnaire stated that their opinion was taken into 
account to shape the final decisions about drought management, which is reflected in the general 
agreement that suggestions from different sectors were considered, analyzed and in the majority of the 
cases, accepted. 

The coordination process was positively evaluated by 87% of the respondents, primarily in terms of the 
debates and the common spaces for discussion available within the drought commission created. 
Negative aspects pointed out by the consulted stakeholders are related to the use of drought as a 
political weapon by some administrations and certain aspects of the collaboration among the Ministry, 
the River Basin Organization and the users. 

The interviews agreed that participation during 2005-2008 drought episode was adequate to some 
extent, even if could have been better. Positive aspects of participatory processes are mainly related to 
the creation of the Drought Commission and its functioning. The comprehensive composition of the 
commission, the increased participation of all sectors in the decision making process, especially the 
agricultural and environmental sectors, the debates promoted, and the frequency of the meetings are 
positive aspects emphasized by the stakeholders and interviewees.  

The quality and extension of the information generated, the accessibility and the public information 
process were also positively evaluated by stakeholders regarding participation. Also real time 
information about the river basin situation and information exchange were considered as adequate. 
However, there were some failures in the transmission of information from the Commission members to 
their constituents and in the communication with the general public. Moreover, some of the consulted 
stakeholders pointed out that participation was limited to the drought emergency phase while it would be 
positive to have it also during non-drought periods. 

Conflicts were mainly related to water allocation, environmental protection, and distribution of economic 
expenditures extraordinary for special measures.  

5.3.3 Po River Basin 

The main institution responsible for drought responses coordination is the Po River Basin Authority. The 
coordination of drought response by the of Po River Basin Authority is positively valued by the consulted 
stakeholders, even if it is remarked that at times the decision-making process was rather centralized 
and slow.  

For both drought episodes, the stakeholders involved included: the competent ministries/departments of 
the central government, the regional governments responsible for part of the Po basin, the public bodies 
responsible for water management at river basin level, the public authorities in charge with the 
management of lakes, the public authority in charge of managing electric services, the electricity 
companies, the Association for Reclamation, Irrigation and Land Improvement.  

The main venue for participation was the so-called “Cabina di regia”, created based on the “Protocollo 
d’intesa”. According to the consulted stakeholders the level of participation was adequate in both 
drought episodes and included most of the relevant stakeholders. In the 2006/2007 event, the number 
and type of stakeholders was even larger and broader than in the previous drought. However, the 
consulted stakeholders remarked that a larger involvement of the Civil Protection Department, 
environmental organizations, municipalities and other local bodies/institutions would have been 
advisable. 

The “Protocollo d’intesa” stated that each stakeholder had to contribute to the drought management in 
accordance with its responsibilities and role in the river basin. For example, the Protocollo d’intesa 
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clearly established the role to be played by the public authorities in charge with the management of 
lakes, who can regulate the water outflows from the lakes, and by the electricity companies, who can 
increase hydroelectric production.  

The main conflicts reported were between farmers and the electricity companies, as well as internal 
conflicts within each of these two sectors. 

5.3.4 Portugal 

The National Water Institute (INAG, Ministry of Agriculture, Sea, Environment and Spatial Planning) 
coordinates drought monitoring in Portugal, based on the National Information System on Water 
Resources (SNIRH), a network of monitoring stations of climate and hydrological data. 

The coordination of the crisis situation made by INAG was positively perceived in terms of data 
gathering and analysis. Also, quick government response was very well perceived, but decisions were 
not always implemented in practice. Moreover excessive centralisms in decision making processes is 
also criticized by some of the consulted stakeholders.  

In the 2004-2006 drought episode, the main venue for participation was the Drought Commission of 
2005, formed by 27 entities, responsible for the implementation of political and technical measures 
regarding drought management and mitigation, such as the National Water Authority (INAG), the 
Meteorology Institute (IM), the National Authority for Civil Protection (ANPC), the National Forest 
Authority (AFN), the National Association of Portuguese Municipalities (ANMP), and associations of 
several sectors involved (agriculture, industry, environment). The National Association of Portuguese 
Municipalities (ANMP) was the secretary of the Commission, responsible for requesting, analyzing and 
updating information on public water supply needs, including technical and monetary needs, producing 
follow-up reports on the drought situation every 15 days. Reports were sent to the appropriate entities of 
the Commission for approval, coordination and conciliation of drought management procedures and 
adoption of mitigation responses. The most severe situations were further analyzed in meetings 
between water management/users entities, civil protection and central administration entities, in order to 
adopt the necessary drought responses. Civil protection authorities at different levels (national, district, 
municipal), regularly exchanged information on drought impacts, provided technical support and 
mitigation measures. Periodic reports were produced by INAG and sent to the Council of Ministers.  

The level of participation during this episode is valued by the consulted stakeholders as adequate in 
terms of participation of central administration and ministerial entities, as well as other public entities, 
while it was not considered adequate concerning the participation of stakeholders at a local scale and 
associations of users (e.g. agriculture, industry, etc). Also, responses were not prompt enough and 
effective in coping with technical and monetary needs at regional/local scale. 

The main conflicts detected are related to conciliation of different water needs from multiple-use 
reservoirs (i.e. those shared by water supply, irrigation, pulp industries and hydropower production); 
conciliation of different water needs in some rivers and aquifer systems in Alentejo region; allocation of 
budget according to technical and financial needs. 

5.3.1 The Netherlands 

The highest responsible for the coordination of response to drought is the Ministry of Infrastructure and 
Environment, which has established the National Committee for Water Distribution, as part of the ‘Water 
Management Centre Netherlands’. In this Centre, all products and services concerning water are 
represented. The Ministry of Infrastructure and Environment issues all measures that have been agreed 
upon in the National Committee for Water Distribution. However, there is a scaling-up when conditions 
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get worse. Although this never happened for drought, eventually the Prime Minister can take any action 
to deal with a disaster.  

Stakeholders are involved in the drought-related decision-making processes through their membership 
in the National Committee for Water Distribution. The level of participation was judged by the consulted 
stakeholders to be adequate during the 2003 drought episode. Nevertheless, the evaluation also 
showed that improvement in the level of adequacy was possible.  

The evaluation of the management of the 2003 drought has not revealed major conflicts among 
stakeholders. Nevertheless, there are dilemmas when making decisions, due to conflict of interest more 
than conflict among stakeholders. For instance, conflict of interest was apparent in the need to relax the 
cooling water temperature requirements to maintain the power generation levels, which had impacts on 
the environment.  

5.4 Drought response measures 

5.4.1 Drought measures at a Case Study level 

There is a whole set of different actions or measures that can be taken in order to deal with drought, 
and in the literature there are numerous attempts to classify them. In the MEDROPLAN project, ‘drought 
management actions’ are classified attending to criteria like (1) Timeframe for action (long or short term 
measures), (2) Action strategy (demand, supply, impact management) and (3) Systems affected 
(hydrological, agricultural, supply, institutional systems). Thus, it is a classification of drought 
management action on an operational level. Strategic measures, which include prevention, 
preparedness and planning actions, are considered as a different category even if they take place both 
during drought episode and in normal conditions. 

The present evaluation used the measures classification defined in Spain’s Special Drought Plans, as 
they employ a well-developed framework with a risk management approach specifically adapted to 
drought. Thus, to identify and define the existing drought measures at a study level, the following broad 
classification was provided, to be adapted and completed according to the specific characteristics of 
each CS: 

� Preventive or strategic measures are developed and used under normal conditions. They 
belong to the hydrological planning domain and their main objective is to reinforce the structural 
system to increase its response capacity (to meet supply guarantees and environmental 
requirements) towards droughts (EC, 2007c). 

� Operational (tactical) measures, are those that are typically applied when droughts occur 
(during pre-alert and alert status). These are mainly control and information measures and 
resources conservation measures (EC, 2007c). Within this category, three sub-groups can be 
identified: 

o Water demand management measures refer to the implementation of policies or 
measures which serve to control or influence the amount of water used (EEA 
Glossary). These measures mainly aim at trying to decrease water use before, during 
or after drought periods (MEDROPLAN, 2007) 

o Water supply management measures aim at increasing the availability of water to be 
used (MEDROPLAN, 2007) 

o Environmental measures aimed at mitigating the impacts of drought on ecosystems 

� Recovery measures include the deactivation of adopted measures and the activation of 
restoration ones over the ecosystems affected by drought (EC, 2007c) 
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It should be noticed that for the measures considered in this section, their classification according to the 
above-mentioned typology and their characterization were undertaken by the CS teams based on 
literature review and their best knowledge. Table 21 provides an overview of the type of measures 
implemented in each CS, whose description in detail can be found in Annex 1. 

Table 21. Typology of drought measures identified  

MEASURES 
Syros 
Island 

Júcar River 
Basin 

Po River 
Basin 

Portugal Switzerland 
The 

Netherlands 

Strategic Measures 

Planning �  �  �  �    �  

Information 
management 

  �    �    �  

Monitoring and 
evaluation 

  �    �    �  

Operational Measures 

Demand 
management 

�  �  �  �  �  �  

Supply 
management 

�  �  �  �    �  

Environmental 
protection 

  �   �  �  �  

Education and 
awareness 
campaigns 

  �   �    �  

Recovery Measures  

Damage 
recovery 
measures 

�  �   �  �  �  

Source: Own elaboration based on CS questionnaires and interviews. 

It should be noticed that the way how the measures were conceptualized and classified within the 
categories listed in Table 21 varied largely from CS to CS. Just as an example, in Portugal within 
strategic measures, monitoring actions are specified depending on what aspects they monitor: 
reinforcement of the system for analysis and treatment of water quality for human consumption; 
monitoring of public water supply systems; permanent monitoring of the hydrometeorological situation; 
and intensification of monitoring of groundwater quality and reservoir water quality for public supply. The 
Dutch CS presents only one measure conceptualized as “Drought season monitoring”, which includes 
the data collection on several parameters related to drought. In the Júcar River Basin the CS team 
distinguished among seven types of studies (on climate change, hydrogeological units, aquifers, 
wetlands, etc) to support drought management, which could also have been collectively named as 
“technical studies”. 

From these examples it can be inferred that the number of measures in each category is not a good 
indicator of the weight that it is given to each kind of measures, while the presence or absence of 
measures within each category can help to identify possible gaps. Moreover and in spite of these 
differences in the degree of detail of measures definition, it can be interesting to look for general 
patterns in the typology distribution. In all the CS, most of the measures considered were classified as 
‘operational’. Moreover, recovery measures are less abundant than the strategic ones, except for 
Switzerland, where no strategic measure was identified for this Task. 
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Figure 6. Number of measures of each typology at a CS level 

 
Source: Own elaboration based on the CS Data Collection Forms and Questionnaires. 

In most of the CS, there is a clear increase in the number of implemented measures during the most 
recent episode relative to the previous one. Exceptions to this trend are the Po River Basin CS, whose 
two episodes are very close in time (2003 and 2006) and has the same number of measures, and The 
Netherlands, whose most recent drought (2003) was significantly less severe than the previous one 
(1976) and therefore required far less intense intervention. The Júcar CS stands out as an example of 
the general trends as the number of measures implemented in 2005-2008 is four times higher than 
those of 1992-1995 (Table 22). The high number of strategic measures in the most recent drought 
reflects the higher stress on drought response planning, while the large number of environmental 
protection measures suggests an increased commitment to address environmental issues, possibly due 
to the lessons learnt during the 1992-1995 event, when part of the Júcar river temporally dried out. 

Table 22. Number of drought measures in the selected drought episodes in Júcar River Basin 

MEASURES 2005-2008 1992-1995 

Strategic Measures 13 1 

Operational Measures 20 5 

Demand management 4 1 

Supply management 5 1 

Environmental protection 10 3 

Education and awareness campaigns 1 0 

Recovery Measures  9 5 

TOTAL 42 11 

Source: Own elaboration based on the CS Data Collection Form.  

The stakeholders’ perception about the ‘best’ and ‘worst’ measures implemented to deal with drought 
was captured through the questionnaires and the interviews. In particular, in the questionnaires the 
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strategic, demand and supply measures identified for each case study were evaluated according to 
following five aspects: (i) Design; (ii) Implementation; (iii) Cost-effectiveness; (iv) Adequacy of activation 
time; and (v) Contribution to impact reduction.  

The recovery measures were assessed according to seven aspects: (i) Measures content, (ii) Total 
budget available, (iii) Distribution of the budget among the affected peoples/areas, (iv) Implementation 
of measures, (v) Time of adoption of measures, (vi) Measures duration and (vii) Contribution to 
minimization of negative impacts of drought.  

The relevance of environmental protection in the response to drought was assessed in terms of the 
level of priority given to the following objectives: to ensure good chemical status of water bodies; nature 
conservation and protection; environmental restoration actions after drought. This assessment was 
carried out using the same question for all the CS and the replies are shown in Table 23. The Júcar 
River Basin, the Netherlands and the Swiss CSs present relatively high scores, while in the other three 
CSs the relevance of environmental protection was perceived as low. Moreover, in most of the CSs 
post-event restoration has a lower priority relative to the other objectives. 

Table 23. Perception of the priority given to environmental protection issues in drought management. 

OBJECTIVE 
Syros 
Island 

Júcar river 
basin 

Po river 
basin 

Portugal Switzerland 
The 

Netherlands 

Ensure good 
chemical status of 
water bodies  

1.80 3.55 1.93 2.50 2.57 3.25 

Nature conservation 
and protection 

1.80 3.55 1.93  1.87 3.14 3.50 

Environmental 
restoration actions 
after drought  

1.80 2.87 2.00 1.37 2.00 2.50 

TOTAL* 1.80 3.32 1.95 1.91 2.57 3.08 

Source: Own elaboration based on the results of the questionnaires. Scores over four; average of the mean scores for each 
objective.  

5.4.1.1 Syros Island 

In the Syros Island, six measures were identified for the drought event 2007 and evaluated trough the 
questionnaires. Their distribution according to the measures typology used in this study is shown in 
Figure 7. 

Figure 7. Type of drought measures in the Syros Island during the 2007 drought. 

 
Source: Own elaboration based on the CS Data Collection Forms and Questionnaires. 
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According to the results of the questionnaires, the best-valued measure was “restrictions on water use”, 
which was implemented only in the 1999-2001. It should be noticed, however, that this measure was not 
mentioned by the consulted stakeholders when asked to name the best measures’ implemented in the 
CS. 

Table 24. Perception of the quality of measures in the Syros Island CS. 

TYPES OF MEASURES 
Total 

score* 
Ranking 

Demand management   

Restrictions on water use 2.78 1 

Awareness campaigns 1.84 2 

Supply management   

Installation of new desalination plants 2.48 1 

Water storage in cisterns – Rainwater harvesting 1.98 2 

Supplementary supply from desalination plants for irrigation 1.27 3 

Recovery measures   

Compensation to farmers 1.42 -- 

Source: Own elaboration based on the results of the questionnaires. Note (*) Over four; average of the mean scores 
received for each of the evaluated aspects. Results based on 6 questionnaire replies. 

Desalination was valued positively for its capacity to increase water availability for urban supply, while it 
is not used for irrigation, which relies on groundwater. Some of the interviewees did not consider 
desalination as a measure for drought mitigation because of the lapse of time between the decision of 
building a new plant and the actual start of the plant operations to produce water.  

Some measures received diverging scores depending on the consulted stakeholder: 

• Awareness campaigns were mentioned both as good and not-so-good measures to contribute 
to minimize drought impacts 

• Water hauling from mainland as a source of supplementary water supply for the island 
• Use of cisterns, as an option of water storage for irrigation was considered to have a limited 

viability due to small spare land on the island where those cisterns can be installed. 

Compensation to farmers is clearly perceived as the worst measure for drought mitigation both by the 
interviewees and by the questionnaire respondents. 

When asked to identify potential measures that could have been implemented during the last 
drought episode, the consulted stakeholders listed a wide range of measures: 

• A shift in the current management approach: 
o To develop a strategy for water management under both normal conditions and drought 

events which include pricing policy and education in schools 
o To develop strategic water reserves to be used during drought periods, including 

artificial groundwater recharge. 
• Enhancement of treated wastewater reuse: 

o For garden irrigation, particularly in large tourist resorts 
o For ground water recharge: in this context  water ownership and minimum quality 

standards definition are critical issues 
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• Water saving:  
o Repair and maintenance of the water distribution networks 
o Change in crop patterns 
o Water saving at a household level in normal conditions or restrictions in use of some 

wells, to be used only in case of emergency 
• Other measures: 

o To exploit surface runoff through small dams  
o To increase desalination plants efficiency 
o Cisterns for rainwater harvesting, especially through standards for new 

buildings/holiday homes  

5.4.1.2 Júcar River Basin 

In the Júcar River Basin the CS team identified, classified and characterized over forty measures 
(Figure 8 and Annex 1).  

Figure 8. Type of drought measures in the Júcar River Basin CS during the 2005-2008 drought 

 
Source: Own elaboration based on the CS Data Collection Forms and Questionnaires. 

Table 25. Demand management measures perception of in the Júcar River Basin CS 

OPERATIONAL MEASURES Total score* Ranking 

Demand management 
  

Regulated water resources management 3.21 1 

Increase of controls of water pollution 3.13 2 

Use regulation (priorities, limitations and restriction) 2.98 3 

Water saving promotion among different sectors 2.95 4 

Reduction of distribution losses and leaks 2.92 5 

Water markets 2.65 6 

Source: Own elaboration based on the results of the questionnaires. Note (*) Average of the mean scores received 
for each of the evaluated aspects. Results based on 9 questionnaire replies. 

Table 25 shows the stakeholder’s perception of demand management measures. “Regulated water 
resources management” has been the best valued measure due to the high scores on implementation 
and cost-effectiveness aspects. In general, all these types of measure have been valued very high, 
reflecting the good perception on them. 
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Regarding operational measures, the ranking shows that “Rain water collection” is the best measure in 
the stakeholders’ perception, mainly because of its contribution to impact reduction and the adequacy of 
activation time. On the other hand, “Artificial recharge of aquifers” is clearly perceived as the worst 
measure, for its time of activation and its cost-effectiveness. 

Table 26. Perception of the quality of supply measures in the Júcar River Basin CS. 

OPERATIONAL MEASURES Total score* Ranking 

Supply management 
  

Rain water harvesting 3.6 1 

Water Infrastructure management  3.34 2 

Increase in the treated wastewater reuse  3.21 3 

Re-opening of emergency wells and new wells drilling 2.99 4 

Desalination 2.93 5 

Water transfers (internal and external) 2.82 6 

Artificial recharge of aquifers 1.98 7 

Source: Own elaboration based on the results of the questionnaires. Note (*) Average of the mean scores received for each 
of the evaluated aspects. Results based on 9 questionnaire replies. 

Recovery measures were assessed as a whole, without differentiating among the different measures. 
The total score resulting from the questionnaires was relatively low, with an average of 2.13 out of 4. 
The best-valued aspect was the measures implementation, while the worst was the distribution of the 
budget among stakeholders. 

Several measures are perceived by stakeholders as the ‘best measures’ in terms of contribution to 
drought impacts reduction. Those that were pointed out more often were: 

• Public Offers for Water Rights Acquisition (OPAD in Spanish) 
• Water compensation schemes between users due to the Alarcon Agreement 
• Voluntary water saving, especially in the agricultural sector by establishing irrigation turns, re-

utilization of water return flows and the promotion of efficiency 
• Re-utilization and conjunctive use of ground and surface water. 

Other measures named by at least by two people include provisions for minimizing environmental 
impacts, the network for water measurement and control, the establishment of the Permanent Drought 
Commission and restrictions in water use. 

Among the measures that least contributed to impact reduction, the consulted stakeholders named the 
excessive use of emergency works and the associated high spending and the possibility of water 
trading among users. Interestingly, several stakeholders pointed out as negative some aspects of the 
implementation of measures that were positively valued by others. For example, some respondents 
mentioned that restrictions in water uses were not gradual or were not calculated taking into account the 
final volume available for each user.  

Other measures that could have been implemented during the last drought episode include:   
• Prioritization of the uses within the basin and its subsystems and better adjustment of demand 

to the real needs, especially in the agricultural sector 
• Improvement of infrastructure maintenance of the groundwater extraction system and drought 

wells 
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• Prevision and earlier decision making related to some measures are considered aspects to be 
improved in next episodes 

• Modernization in irrigation systems should had been more rapid progress to really address 
drought issues 

• Increased use of groundwater to supply the city of Albacete 
• Limiting extractions from the aquifer of the Eastern Mancha,  
• Separation of urban supply water from rural supply in the Júcar-Turia Canal  

5.4.1.3 Po River Basin 

In the Po River Basin CS a total of 13 measures were identified and its typology is shown in Figure 9. 

Figure 9. Type of drought measures in the Po River Basin during the 2006-2007 drought. 

 
Source: Own elaboration based on the CS Data Collection Forms and Questionnaires. 

According to the results of the questionnaires, strategic measures as a whole received a middle range 
value. Best measures valued were the creation of a committee for drought management, the definition 
and signing of the “Protocollo d’Intensa”, and the creation of a daily information exchange system 
among stakeholders. The design has been the best aspect perceived for all these three measures, 
while the adequacy of their time of activation was the worst one.   

On the contrary, “Survey, gathering and provision of all relevant data for situation monitoring” and 
“Issuing of the regional government acts needed to implement the “Protocollo d’intesa” are the 
measures that presented the lowest scores (Table 27).  

Table 27. Perception of the quality of strategic measures in the Po River Basin CS. 

STRATEGIC MEASURES 
Total 

score* 
Ranking 

Creation of a committee including the stakeholders signing “Protocollo d’intesa”  2.71 1 

Creation of a daily information exchange system on average water volumes and streamflows  2.61 2 

Definition and signing of “Protocollo d’Intesa“ Voluntary agreement among the relevant 
stakeholders for managing jointly the responses to the drought event 

2.55 3 

Survey, gathering and provision of all relevant data for situation monitoring  2.29 4 

Issuing of the regional government acts needed to implement the “Protocollo d’intesa” 2.15 5 

Source: Own elaboration based on the results of the questionnaires.  (*) Average of the average scores received for each of 
the evaluated aspects. Results based on 19 questionnaire replies. 
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The four demand management measures present a very similar global score, being the “Control of 
electricity production” the best valued measure. Again, the measures design is the best valued aspect 
while the activation time and contribution to impact reduction are the two worse valued aspects. 

Table 28. Perception of the quality of demand measures in the Po River Basin CS. 

OPERATIONAL MEASURES 
Total 

score* 
Ranking 

Demand management   

Control of the electricity production  2.63 1 

Reduction of water withdrawal for irrigation of 10%, thanks to the National Association 
for Reclamation, Irrigation and Land Improvement which can regulate the water 
withdrawal from their derivations 

2.46 2 

Interruptions of electrical services to interruptible users  2.44 3 

Rotating interruptions of electrical services to widespread users 2.30 4 

Source: Own elaboration based on the results of the questionnaires. (*) Average of the mean scores received for 
each of the evaluated aspects. Results based on 19 questionnaire replies. 

Of the two supply management measures considered for the case study, the “Increase of the water 
volumes released by alpine hydroelectric reservoirs and direct transfer to downstream lakes” received 
the highest score. Cost-effectiveness, contribution to impact reduction and its implementation were the 
best valued aspects. On the other hand, “Controls on water withdrawal” received the lowest score of the 
whole set of measures evaluated, being its cost-effectiveness the worst valued aspect. 

Table 29. Perception of the quality of supply management measures in the Po River Basin CS. 

OPERATIONAL MEASURES 
Total 

score* 
Ranking 

Supply management   

Increase of the water volumes released by alpine hydroelectric reservoirs  and direct 
transfer of the additional quantities downstream of the lakes  

2.62 1 

Controls by Interregional Agency for the Po River on the water withdrawal, with regards 
to the rivers under his authority  

1.89 2 

Source: Own elaboration based on the results of the questionnaires.  (*) Average of the mean scores received for 
each of the evaluated aspects. Results based on 19 questionnaire replies. 

The coordination among institutions and users, the creation of the drought committee, and the definition 
of the Protocollo d’Intensa were perceived positively by most of the consulted stakeholders. In other 
cases, opinions about which measures have contributed the most or the least to impact reductions were 
not homogeneous among the consulted stakeholders. For example, “Additional releases from alpine 
lakes and reservoir” is one of the best valued measures. However, the “releases from the lakes and 
reservoirs” were not well perceived by some stakeholders because the “effectiveness of some releases 
was not checked” or because “some hydroelectric companies were not willing to release the water as 
decided”.  

Also some aspects of information control, management and communication have been mentioned by 
more than one respondent. But, again, the controls of water withdrawals from the rivers for irrigation, 
especially those upstream the points used by consortia, or the control of electricity production were 
mentioned as worse measure, which illustrates the existence of contrary perception on these measures. 

Potential measures identified by the consulted stakeholders include: 
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• Increase additional in storage capacity through the construction of surface water reservoirs and 
a better knowledge of groundwater storage capacity 

• Reduction of water consumption for agriculture, either by shifting to less water-consuming crops 
or by setting restrictions to water withdrawals, especially for agriculture,  

• Improvement of drought forecast systems and water resources data collection  
• Enhancement of control on legal and illegal water withdrawals 

 

5.4.1.4 Portugal 

The Portugal CS identified 18 measures for drought management, whose distribution by categories is 
shown in Figure 10. 

Figure 10. Type of drought measures in Portugal during the 2004-2006 drought 

 
 

Source: Own elaboration based on the CS Data Collection Forms and Questionnaires. 

In the questionnaires, a total of 30 measures were evaluated. This number is larger than the number of 
measures described and characterized in Annex 1 because the CS team decided to go more in-depth in 
the measures conceptualization in order to enhance the quality of the questionnaire responses. 

According to the reply to the questionnaires, the strategic measures are the group with highest scores 
for the majority of the measures considered. Measures related to the “Reinforcement of the system for 
analysis and treatment of water quality for human consumption”, “Monitoring of public water supply 
systems” and “Permanent monitoring of the hydrometeorological situation” are the best valued ones. 
These measures perform well in all the factors considered in the evaluation, the measures ‘design and 
implementation’ being the aspects that received the highest scores. On the other hand, the “Concerted 
management between Portuguese and Spanish authorities” is the strategic measure that received the 
lowest score. Indeed, although the Albufeira convention is perceived to be a good framework for 
transboundary collaboration, drought-related provisions are too generic and its implementation is not 
fully satisfactory.  
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Table 30. Perception of the quality of strategic measures in Portugal. 

STRATEGIC MEASURES Total score* Ranking 

Reinforcement of the system for analysis and treatment of water quality for 
human consumption 

3.28 1 

Monitoring of public water supply systems 3.10 2 

Permanent monitoring of the hydrometeorological situation 3.02 3 

Intensification of monitoring of groundwater quality and reservoir water 
quality for public supply 

2.68 4 

Regular information exchange and reports (every 2 weeks) among entities 
(central administration, water managers/users) 

2.66 5 

Creation of a website for permanent exchange and update of information 
and report assessments 

2.56 6 

Data collection in collaboration with irrigated farmers associations 2.49 7 

Concerted management between Portuguese and Spanish authorities  2.16 8 

Source: Own elaboration based on the results of the questionnaires. (*) Average of the mean scores received for 
each of the evaluated aspects. Results based on 10 questionnaire replies. 

‘Awareness-raising campaigns for responsible water use’ and the ‘Creation of a telephone line for 
consumer support’ are ranked the highest among the demand management measures, even if their final 
score is not very high in absolute terms. On the other hand, “Increased water pricing” and the 
“Installation of efficient taps” received the lowest scores. 

Table 31. Perception of the quality of demand management measures in Portugal. 

OPERATIONAL MEASURES Total score* Ranking 

Demand management 
  

Awareness raising campaigns for responsible water use 2.26 1 

Creation of a telephone line for consumer support 2.26 2 

Reduction and restrictions imposed on wasteful water uses (e.g. 
irrigation of public gardens, swimming pools, fountains, street 
washing) 

2.16 3 

Increased water pricing 1.66 4 

Installation of efficient taps 1.53 5 

Source: Own elaboration based on the results of the questionnaires. (*) Average of the mean scores received for 
each of the evaluated aspects. Results based on 10 questionnaire replies. 

Overall, the supply management measures received higher scores than the demand management 
measures. The implementation of alternative systems of public water supply and improvements in their 
effectiveness are the best valued measures within this group. All the aspects evaluated for each of 
these two measures received similar scores.  
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Table 32. Perception of the quality of supply management measures in Portugal. 

OPERATIONAL MEASURES 
Total 

score* 
Ranking 

Supply management   

Implementation of alternative systems for public water supply (e.g. 
water tanks) 

2.65 1 

Improve effectiveness of public water supply 2.56 2 

Management of water quality in reservoirs by harvesting excessive fish 
biomass 

2.53 3 

Restrictions to urban water supply (50% reduction) from the aquifer 
Querença-Silves (Algarve) to avoid its salinization 

2.45 4 

Intensification of detection of illegal water withdrawals 2.10 5 

Adaptive and concerted management of water use in reservoirs 2.06 6 

Drilling of new wells 1.99 7 

Inventory of private water supplies to complement public systems 1.85 8 

Water re-use  1.83 9 

Inventory of water supply with groundwater sources 1.82 10 

Implementation of infra-structures to retain water in rainy years 1.80 11 

Source: Own elaboration based on the results of the questionnaires. (*) Average of the mean scores received for 
each of the evaluated aspects. Results based on 10 questionnaire replies. 

The recovery measures as a whole received low scores, due to poor adequacy of duration and time of 
adoption of the measure, and budget distribution among affected sector or geographic areas. Ecological 
restoration obtained the lowest score in this group due to the fact that all the assessed aspects were 
poorly valued, being the budget available for its implementation especially inadequate.  

Table 33. Perception of the quality of recovery measures in Portugal. 

RECOVERY MEASURES 
Total 

score* 
Ranking 

Temporary exemption of social security payments to most affected and 
lower-income farmers 

2.37 1 

Lines of credit to support rural hydraulic constructions, livestock 
feeding, horticulture and fruit production 

1.89 2 

Legal modifications (exceptional and transitory) 1.85 3 

Technical studies 1.80 4 

Financial support from central administration  1.75 5 

Ecological restoration 1.50 6 

Source: Own elaboration based on the results of the questionnaires. (*) Average of the mean scores received for 
each of the evaluated aspects. Results based on 10 questionnaire replies. 

Among the consulted stakeholders there was certain agreement on identifying the following measures 
as ‘best measures’: 

• Awareness-raising campaigns, which  achieved a change in attitude from the general public and 
media in general 

• Search for solutions (e.g. conjunctive surface-groundwater use) to ensure urban supply and 
water supply to livestock 
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• Monitoring of water storage and supply systems (including aquifers) 

• Prioritization of water uses and application of restrictions to lower priority uses 
• Water saving measures (losses reduction; installation of water meters) 

• Support to producers 

On the other hand, measures listed among the ‘worst ones’ in terms of contribution to the mitigation of 
drought impacts included: 

• Crisis management (e.g. deficient contingency plans for water supply in certain areas; lack of 
guidelines for reservoirs operation) 

• Enforcement of control on groundwater uses and prosecution of abuses or illegal intakes 
• Incentives or measures for efficient use of water and water saving in the agricultural sector  
• Mitigation or recovery measures for impacts on aquatic ecosystems, surface water, land (after a 

forest fire) and the society 

Regarding potential measures that could have been implemented, there was a general agreement that 
more preventive measures should have been promoted. It would be advisable to establish monitoring 
and early warning systems that assess water-related parameters and also economic and social facets of 
drought. In relation to recovery measures, crop/farmers insurances implementation was pointed out by 
several stakeholders as an interesting path to explore. Other potential measures mentioned were 
related to effective water quality control, greater investments in reservoirs construction and 
rehabilitation, and other very specific management options related to the promotion of runoff infiltration, 
ensuring hay and silage reserves for cattle feeding, or negotiation of water uses within the basin and 
among all stakeholders. 

 

5.4.1.5 The Netherlands 

Dutch team has identified 15 drought measures that can be classified as shown in the Figure 11.  

Figure 11. Type of drought measures in The Netherlands during the 2003 drought 

 
 

Source: Own elaboration based on the CS Data Collection Forms and Questionnaires. 

 

Strategic 
Measures

40%

Demand 
management

6%

Supply 
management

27%

Environment
al protection

13%

Education 
and 

awareness 
campaigns

7%

Recovery 
Measures

7%



Technical Report No. 4 - 56 - 

In the questionnaires of the Dutch CS the different types of measures were assessed at the level of 
generic categories. Supply management measures were slightly better valued than the strategic 
measures, while demand management received the lowest scores. The time of activation and the 
quality of implementation have been the best valued aspects for supply measures and strategic 
measures, respectively. Recovery measures have been valued as very adequate regarding almost all 
the considered aspects, and present the highest value of all types of measures.  

Table 34. Perception of the quality of measures in the Dutch CS. 

MEASURES 
Total 

score* 
Ranking 

Recovery Measures  3.85 1 

Supply measures 3.05 2 

Strategic measures 2.93 3 

Demand measures 2.46 4 

Source: Own elaboration based on the results of the questionnaires. (*) Average of the mean scores 
received for each of the evaluated aspects. Results based on 4 questionnaire replies. 

Some of the measures mentioned as ‘best measures’ include:   
• scaling to the national level and consultation of regional knowledge 
• water supply from Lake Ijsselmeer 
• raising surface water levels 
• information meetings and short press releases 
• measures about cooling water 

According to the consulted stakeholders, during the most recent drought episode (2011) the two 
measures that contributed to the greatest extent to minimize drought impacts were a change in 
operation of the ‘IJsselmeer’ freshwater reservoir and reduced pumping from low-lying polder areas. 
These measures were implemented at an early stage thanks to the ‘drought early warning system’ 
operated by the Water Management Centre Netherlands. 

Regarding the perception of worst measures, only one person indicated issues related to river 
navigation maintenance and pumping the Ijsselmeer water upstream. The ban on using drinking water 
for washing cars or watering gardens is perceived as positive from an awareness point of view, but the 
quantities involved are limited. 

Regarding potential measures that could have been implemented, there is a perception that there are 
no real opportunities left out to reduce drought impacts.  

 

5.4.1.6 Switzerland 

Switzerland is a particular case among the rest of the case studies considered. It is perceived in general 
that very few measures were put in place during the 2011 or 2003 drought episodes. Seven measures 
directly related to drought management were included in the questionnaire.  
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Figure 12. Type of drought measures in Switzerland during the 2003 drought. 

 
Source: Own elaboration based on the CS Data Collection Forms and Questionnaires.  

Table 35. Perception of the quality of measures in Switzerland. 

Measures Score* 

Regulation of lakes 3.00 

Restrictions on water withdrawal for irrigation 3.28 

Restrictions on water use in households 3.00 

Closure of small hydrological power stations 3.00 

Reduction of generation of electricity by nuclear power plants 2.75 

Relocation of fish in other water bodies 3.00 

Facilitations for agriculture (for example reducing taxes on hay and 
forage, earlier cut of meadows, etc.) 

3.20 

Source: Own elaboration based on the results of the questionnaires. (*) Mean of the scores given to each 
measure. Results based on 14 questionnaire replies. 

“Prohibition/Limitation of water withdrawal for irrigation” and “Facilitations for agriculture (for example 
reducing taxes on hay and forage, earlier cut of meadows, etc.)” are the two best valued measures.  

 

5.4.2 Impacts of drought measures 

A key aspect of the evaluation is to determine to what extent impacts occurring in the system are due to 
the implemented measures or to other factors. This is considered to be specially complex for 
environmental policy instruments (Mickwitz, 2003). For this Task, it is important to distinguish between 
the impacts of the drought situation and the specific impacts of the implemented drought measures. The 
first ones are “the specific effect of drought on the economy, on the social life and on the environment, 
which are symptoms of vulnerability” (MEDROPLAN, 2007). They are “the result of interplay between a 
natural event (precipitation deficiencies because of natural climatic variability) and the demand placed 
on water and other natural resources by human-use systems” (Wilhite, Svoboda, & Hayes, 2007). The 
second ones are the results produced by drought responses and are directly related to the measures 
implementation.   

The direct measurement and quantification of the impacts of drought measures was not feasible in the 
framework of this Task, due to two main reasons: the complexity and uncertainty of the linkages 
between measures and their impacts; and the time lag between the considered drought episodes and 
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the development of this Task. Thus, impacts of drought responses at a Case Study level were assessed 
through the perception of stakeholders of how they contributed to drought mitigation (Table 36).  

Table 36. Sectors affected and impacts addressed at a Case Study level. 

Case Study 
Most affected 

sectors 
Main achievements in impact reduction 

Impacts that could have been 
better addressed  

Syros 
Island  

• Agriculture 
• Public water supply 

• Urban water supply needs were met, thus 
reducing the vulnerability of the domestic 
supply 

• Increased awareness on water availability 
issues 

• Increase in the number of cisterns for 
rainwater harvesting, mainly for irrigation 

• Agricultural losses were the least 
minimized. 

• Exacerbation of groundwater 
overexploitation 

• Environmental issues were not 
addressed 

Júcar River 
Basin 

• Urban water supply 
• Agriculture  
• Environment 

• The efficiency of the measures adopted 
was high and the consequences of the 
drought episode, given its severity, were 
reasonable 

• Drought response addressed all the 
sectors affected 

Po River 
Basin 

• Agriculture 
• Energy sector 

• Energy production was prioritized to avoid 
interruption of the energy supply, by 
maintaining the minimum in-stream flows 
for thermoelectric plants 

• In some areas of the basin impacts 
were more severe than in others but 
response was poorly adapted to 
local needs 

• Final consumers bear the impact of 
production reduction due to drought 

• High incidence of small withdrawals 
• Prevention of environmental impacts 

was not a priority 

Portugal 

• Urban water supply 
•  Agriculture and 

livestock,  
• Hydropower 
• Pulp industry  
• Environment (fish 

population) 

• Most of the drought impacts were 
addressed to some extent 
 

• Impact on agriculture could have 
been mitigated to a larger extent.  

• Environmental impacts were 
mitigated only in terms of local and 
short-term effects (e.g. dead fish, 
water quality). 

Source: Own elaboration based on CS interviews and Data Collection Forms. No data available for the Netherlands and 
Switzerland. 

 

5.5 Drought management issues 

5.5.1 Adequacy of human and financial resources 

Table 37 summarizes the main results of the evaluation of the adequacy of resources available to deal 
with drought in each Case Study. Results are also presented by CS in the next pages. 

Table 37. Summary of the evaluation of the adequacy of the available human and financial resources 

Case Study 
Level of 
available 

resources 
Economic resources Human resources Critiques/Suggestions 

Syros Island 
Unevenly 
distributed 

• Financial resources 
allocation was focused 
mainly on urban water supply  

• There were no clear criteria 
for budget allocation among 
municipalities. 

• Very little financial resources 
to support farmers  

• Not relevant or 
pertinent 

• No clear personnel in 
charge 

• No official body that 
represents farmers 

• Information about 
available resources for 
drought response is 
neither accessible or 
complete for the majority 
of the measures 
analyzed 
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Júcar River 
Basin 

Adequate 
• Regular and extraordinary 

funds were assigned to 
drought management 

• Sufficient and well 
prepared 

• Temporal 
reinforcement was 
needed 

• Need to improve or 
promote resources 
allocation to certain areas 
or sectors 

• Permanent drought 
commission is needed 
(also in normal 
conditions) 

Po River Basin 
No extra 
resource 
allocated 

• Not specific resources were 
assigned for drought 
management 

• Only limited aids for farmers 
to compensate production 
losses 

• Personnel from Po 
River Authority is 
bounded to drought 
management and they 
have experience and 
are well prepared 

• Need to promotion of 
social approach 
regarding drought 
management  

Portugal 
Insufficient 
and 
imbalanced 

• Insufficient resources 
assigned. 

• Imbalanced allocation 
prioritizing urban water 
supply and other sectors but 
not covering all the impacts 

• Contradictory 
perception regarding 
human resources 
sufficiency, preparation 
and work developed 

• Insufficient administrative 
support 

• Improve resource 
allocation and promote 
efficient utilization 

• Promote staff stability 
and continuity for drought 
management 

The 
Netherlands 

No extra 
resource 
allocated 

• Water management is locally 
funded by taxes 

• Personnel working on 
drought management 
are employed by the 
Water Management 
Centre Netherlands 

• No extra resources are 
allocated for drought 
management 

Switzerland 
No extra 
resource 
allocated 

• No extra resources allocated 
for drought management 

• Water issues are 
managed at the local  
and cantonal levels, so 
there is personnel close 
to the problems  to deal 
with these issues 

• Internal redistribution 
on responsibilities and 
tasks 

• It is not seen as a special 
issue as it only lasts a 
couple of months and 
impacts are not (yet) so 
important or costly 

• The agricultural sector 
may get compensation 
for crop losses or tariff 
reductions for importing 
cheaply products in need 
(e.g. hay silage, maize)  

Source: Own elaboration based on CS interviews and questionnaires. 

Syros Island 

Very little information about available resources for drought response could be collected for this study. 
The financial requests made by the corresponding municipalities during the 2007 drought included: 

• 60,000 euros for Ano Syros, for buying privately owned land for water supply networks 
construction and for buying pipes for the water supply network. 

• 250,000 euros for Hermoupolis 
• 400,000 euros for Poseidonia 

According to the results of interviews, there is a general agreement that there is imbalance in the 
allocation of financial resources, which are focused on urban supply while little support is given to 
farmers. Some key issues to justify the imbalance are that farmers are not represented in the decision-
making bodies and that no criteria for budget allocation among municipalities are applied. 

No department or staff is specifically assigned to drought management and all decisions are made by 
the elected Municipal Councils. 
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Júcar River Basin 

Most of the interviewees agreed that the economic resources allocated during the 2005-2008 event 
were sufficient to deal with drought. During that episode, the regular budget for water management was 
complemented with extra funds to support drought-specific interventions. Some of stakeholders raised 
concerns about how those extra funds were spent, as they perceived that, in some cases and due to the 
emergency situation, they were used without a prior cost-efficiency analysis of the expenditures. In 
general, most of the affected sectors were included in the resources allocation, but areas which should 
receive more attention in the future include: water reutilization, environmental impacts and the long-term 
maintenance of emergency pumps. 

Regarding personnel involved in drought management, the consulted stakeholders considered that it 
was sufficient and well trained, although temporary reinforcements were needed. The convenience of 
having a permanent drought commission meeting also for improving drought preparedness during 
normal conditions was suggested by some of the consulted stakeholders.  

Po River Basin 

The general impression among the consulted stakeholders is that during the past two drought episodes 
there were little financial resources for drought management. Some farmers could use a specific law 
against natural disasters (Legge contro le calamità naturali) to get subsidized loans and exemptions on 
social security payments. The amount of these financial aids was rather limited, compared to the 
economic damages suffered by farmers.  

In relation to human resources involved in drought management, the Po Authority counts on sufficient, 
well-trained staff assigned to drought management. Moreover, it gets external support from some 
research centers and specialized entities. In general, drought management issues have been 
addressed by experts in hydraulic and hydrology, but not by economists and social scientists. 

Portugal 

The general perception of the interviewees is that during both drought episodes resources were 
insufficient and imbalanced. The great majority of the resources were allocated to urban water supply 
and wildfire prevention and fighting. Some resources were assigned as special aids/compensations for 
farmers and to buy fossil fuels to compensate hydropower production losses. Some stakeholders 
stressed that not all the drought impacts were sufficiently addressed. Issues to be improved include the 
definition of a more balanced policy of crop insurance to help compensating losses in a more cost-
efficient way, and the establishment of a drought early warning system that can help to efficiently assign 
and manage resources.  

Table 38. Actually allocated budget in Portugal (2004-2006 drought). 

MEASURES Actually allocated 
budget 

OPERATIONAL MEASURES  

Supply management 

(Urban water supply - municipalities requests for technical and financial 
support) 

7 M€ 

Education and awareness campaigns 0.7 M€ 

Environmental Protection  

Management of water quality in reservoirs by harvesting excessive fish 
biomass 

0.29 M€ 
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RECOVERY MEASURES  

Special aids to farmers  20 M€ 

Temporary exemption of social security payments to most affected and 
lower-income farmers 

12 M€ 

Loans to support rural hydraulic constructions, livestock feeding, 
horticulture and fruit production 

7 M€ 

Source: Portugal CS Data Collection Form. 

Regarding human resources, perceptions about their adequacy are heterogeneous. Some of the 
consulted stakeholders considered that in 2004-2006 there was a general lack of human resources 
working in each basin because River Basin Authorities had not yet been established. This gap was filled 
by staff belonging to the municipalities affected by drought, who worked on the terrain but often was not 
sufficiently trained to deal with drought issues. Other stakeholders, however, perceived that during 
2004-2006 event, the involved staff worked in a more efficient way compared to previous drought 
episodes. Human resources with different expertise managed to work together to face the crisis and the 
cooperation among various institutions, local authorities and municipalities was quite efficient, even if 
they had to improvise along the way. As a weak point, several stakeholders remarked the lack of 
continuity of human resources engaged to drought management (e.g. due to the transfer of experienced 
staff to other bodies once the drought was over), which reduces the possibility to capitalize the lessons 
learnt during a drought event and impoverishes the human capital of the involved institutions. 

The Netherlands 

No specific funds are allocated to drought management because there are no separate resources 
available nationally except for emergencies due to severe natural disasters. Water management is 
locally funded by taxes levied by Water Boards (on basis of the Water Board Law). Water Boards have 
an elected government and are responsible for water management in the regional water system (the 
main system is government’s responsibility). Water Boards fund their infrastructure and its operation 
and maintenance. Based on the needs of the inhabitants (stakeholders) the Water Board can decide to 
build a reversible pumping station that may be operated to supply water, even when its normal 
operation will be disposal of water. 

No extra human resources are assigned for drought management during droughts. Staff working on 
drought management, i.e. including e.g. work on the bi-weekly ‘drought messages’, are employed by the 
Water Management Centre Netherlands (WMCN), the information centre for the Dutch water system. 
The WMCN bundles all products and services concerning information about water. By doing so, the 
Water Management Centre makes an important contribution to optimal management of the water 
system in the Netherlands. The center deals with floods, drought, accidents (collisions of ships with 
chemically dangerous loads, etc.), whenever required.  

Switzerland 

According to the interviewees, there were no extra resources allocated for drought management. This is 
because drought is not seen as a severe problem issue - it only lasts a couple of months and impacts 
are not (yet) so important or costly. Agriculture gets compensation for crop losses of tariff reductions 
and it can be seen as the only additional resource assignment when drought occurs.  

Regarding human resources, water issues are managed at the local and  cantonal level and the general 
perception is that there is staff  able to deal with drought. During drought episodes, internal 
redistribution of responsibilities and tasks is the main way to address drought issues among the 
available staff.  
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5.5.2 Drought management in selected drought episodes 

Syros Island 

According to the interviews and the questionnaire replies, there is no clear opinion on which of the two 
episodes was better managed. One of the reasons mentioned for the difficulty to compare the two 
events was that there is limited information about both episodes.  

All the consulted stakeholders, however, agreed on that the increased water desalination capacity and 
the increased water capacity stored in tanks are the main changes that occurred between the two 
droughts. Thus, the dependency on water hauling was reduced, which is perceived positively as it is a 
very expensive measure. They also agree that the agricultural sector was significant affected in the first 
episode and not so affected in the second one. 

Júcar River Basin 

The 2005-2008 drought event is clearly perceived to have been better managed than the previous one, 
even if it is recognized that both drought have different characteristics and duration. Emphasized issues 
were related to development of the Special Drought Management Plan. Information and forecasting, 
increased knowledge on water users during the episode and transparency in the information process to 
raise awareness of the situation. Collaboration between users and consensus in decision making 
process, resulting in a better organization and in an increase in stakeholders participation (relative to 
previous episodes) were positively evaluated. Enhancement of integrated resources management, 
adequacy of the measures regarding the needs and reductions implemented, and mobilization of 
additional groundwater resources due to the Alarcón Agreement and increased attention paid to 
environmental problems were well evaluated by stakeholders.  

Po River Basin 

Some of the questionnaire respondents think that drought episode 20006/2007 was better managed, 
but the rest does not have a clear opinion on the subject. Main reasons given that justify the 
respondents’ opinion are: 

• Knowledge and information was more complete and detailed 
• Learning from experience coming from 2003 led to increased knowledge and awareness of the 

problems. Priority uses were already clear according to the experience of 2003 
• There was an authority able to take decisions and a stronger and wider involvement of the 

relevant stakeholders as well as more coordination  
• Higher attention paid by the public opinion 

Portugal 

Episode 2004-2006 is perceived as better managed that the previous drought event by half of the 
people who answered to the questionnaire. Main reasons given that justified this opinion are: 

• Increased public awareness 
• Means availability and economic or financial support 
• Easier adjustments and implementation of the measures adopted 
• ERSAR monitored only the 2004-2006 drought episode, so the existence of a significant 

amount of knowledge and experience with previous drought episodes was positively evaluated 
• In time of emergency the Drought Committee worked well and with good coordination 
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The Netherlands 

The present drought management system has arisen from the drought event in 1976. The 1976 
experience led to in various subsequent drought policies, with the result that the 2003 drought (not an 
extreme one) could be dealt with satisfactorily. 

Switzerland 

The 2003 drought lacked a coordinated management. In 2011 drought management was not necessary, 
yet, the federal authorities and professional associations closely monitored the situation. 

5.5.3 Drought responses evaluation 

Evaluation is an important phase of policy implementation, as it gives important feedback on what 
happened in the past and what can be improved in the future. Despite its importance, often no proper 
policy evaluation is carried out.  

Syros Island 

No evaluation was undertaken after the two drought episodes. Key issues that should have been 
evaluated according to the CS interviewees are: 

• Water desalination, and, in particular, the increase of the capacity of existing desalination plants 
and their ability to cope with drought events. 

• The role of awareness campaigns in water  saving and the extent of the achieved water saving 
• Water hauling from the mainland  

Júcar River Basin 

The Júcar River Basin Authority carried out an ex-post drought evaluation after the 2005-2008 event. 
The evaluation is required by the Special Drought Plan, which defines a series of indicators to evaluate 
the efficiency of the different measures implemented and considered into the SDP.  

Most of the consulted stakeholders acknowledged that an ex-post evaluation of the SPD was carried 
out. However, it was also highlighted the need for a subsequent critical analysis of the measures 
implemented and the analysis of economic impacts on all the water users. Other issues that should 
have been to be evaluated are: 

• Performance of the drought indicators system. This topic was mentioned by half of the 
questionnaire respondents  

• Coordination of the involved entities 
• Impacts of different uses and demands on water availability 
• Usefulness of the investments in emergency works 
• Actual water yield and cost-benefit analysis of groundwater rights lease for environmental 

protection purposes 
• Effects on the environment of the water rights acquisition in la Mancha Oriental aquifer 
• Evolution of groundwater levels in the Plana Sur de Valencia aquifer, to better understand its 

functioning and its water production capacity 
• Drought consequences on water quality in the Albufera wetland  
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Po River Basin 

No ex-post evaluation was carried out. Massarutto and De Carli (2009) undertook an evaluation of the 
socio-economic impacts of the measures. They estimated the impact in monetary terms on each 
relevant group significantly involved in the drought event (farmers, hydroelectricity companies, 
consumers).  

Regarding which measures should have been evaluated, a wide variety of measures are of interest to 
be evaluated, as well as other aspects related to drought management.   

• Structural measures in general 
• Sectorial planning and the adoption of an emergency management plan 
• Planning and use of the water resources among the different sectors 
• Actual sustainability and coherence of the current laws on water uses 
• Effectiveness of the measures adopted 
• Actual reduction of the withdrawals and the relevance of the water releases in relation to the 

needs of the users 
• Evaluation of the state of the environment, primarily regarding the effects of the releases on the 

relation between surface water and groundwater 
• Influence of the surface water distribution on the minimum vital flow; Influence of the riverbed 

lowering on the stream flows 
• Different aspects of participation, decision-making processes and users satisfaction 
• Other potential measures like building an integrated water supply system and reservoirs to store 

water 

Portugal 

There was no comprehensive measures evaluation once the drought was over. The only evaluation 
performed was the quantification of the money spent on measures, that is, measures were evaluated 
based on economic criteria.  

A wide variety of issues have been identified as relevant for evaluation. 
• Coordination of the involved entities 
• Adequacy of the available information 
• Adaptation capacity of the affected sectors  
• Measures related to needs of water for livestock, feed storage and local supply  
• Reservoirs and recharge of groundwater 
• Mitigation of socio-economic impacts, specifically impact on agricultural production 
• Mitigation of environmental impacts, for example ecological changes in streams and reservoirs, 

water quality (physical and chemical parameters), presence of cyanobacteria and potential 
reservoirs’ eutrophication, and also erosion phenomena resulting from the areas affected by 
wildfires in summer 2005  

• Mitigation of public health impacts 

The Netherlands 

An ex-post evaluation of the measures adopted for the drought management was carried out. The main 
issues addressed in the evaluation were: 1) To what extent did year 2003 have an extremely dry 
summer in terms of water management?; 2) Were the implemented measures adequate?; 3) How did 
the administrative organization of the response work?; 4) Was the policy framework sufficient?; and 5) 
Should the existing drought-related measures be adjusted to prevent damage in the future?  
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Switzerland 

The drought management as a whole was not evaluated. The consulted stakeholders identified in some 
responses that it would have been useful to evaluate once the drought was over: restrictions on water 
withdrawal, data collection on water availability, vulnerability analysis, the supply of water for irrigation 
and the restrictions on cooling water for power plants. 

5.6 Best practices identified 

Each CS team was required to identify and characterize in depth one or two measures that were 
perceived as best practices in their CS. The objective of that activity was to have a more comprehensive 
characterization of selected measures that could be worth transferring to other areas with similar 
drought conditions and challenges. Table 39 lists the selected best practices by CS, which can be found 
in the Annex 2 of this report. 

Table 39. Best Practices identified at Case Study level 

Nº Best Practice Type Case Study 

1 Water storage in cisterns  
Operational measure - Supply 
management 

Syros Island  

2 Desalination 
Operational measure - Supply 
management 

Syros Island 

3 
Public Offers for Water Rights Acquisition 
(POWRA) 

Operational Measures - Environmental 
Protection 

Júcar River Basin 

4 
Conjunctive use of surface and 
groundwater in the framework of the 
“Agreement of Alarcón” 

Operational Measure - Supply 
management 

Júcar River Basin 

5 Awareness raising campaigns 
Education and awareness campaigns - 
Water saving promotion 

Portugal 

6 
Harvesting excessive fish biomass in 
reservoirs 

Water quality management - 
Environmental Protection 

Portugal 

7 
Water releases from Alpine reservoir and 
reduction of water for irrigation 

Operational measure Po Basin 

8 “Protocollo d’intensa” and “cabina regia” Strategic measure Po Basin 

9 “KWA”-small scale water supply 
Demand measure - Re-allocation of 
fresh water resources 

The Netherlands 

Source: Own elaboration based on information provided by Case Studies 
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6 Conclusions & recommendations  

6.1 General conclusions and key issues 

This report presents and evaluates the responses to drought implemented in the six Drought-R&SPI 
Case Studies during two past drought episodes, with special emphasis on the most recent one, which 
was analyzed more in depth. This evaluation has allowed for the identification of strong and weak points 
in the response to drought in each CS, which in turn led to the identification of key policy gaps that need 
to be addressed to increase the CSs resilience to future droughts. This sub-section presents the overall 
conclusions and the resulting policy recommendations for all the CSs using the main evaluation 
dimensions applied in this study as a reference. CS-specific policy gaps and recommendations are 
summarized by CS in sub-section 6.2. 

Most of the CSs have one or several drought definitions in their official drought-related documents 
but, except for the Júcar, they are not formulated in an operational way so that they can guide the 
response to drought. Water scarcity is used by stakeholders as a synonymous with drought primarily in 
a water stressed context like the Mediterranean area (Syros, Portugal, Júcar), where drought is often 
perceived as an intensification of a water scarcity situation. In contexts where more water is usually 
available and abundant (the Netherlands, Switzerland and Po), drought is perceived mainly as an 
unusual phenomenon where abnormal high temperatures are also a matter of concern. A clear 
definition of the problem provides the basis for acting, as how the problem is defined and perceived will 
determine which responses will be put in place and the way they will be implemented. Thus, it is 
advisable to have a complete and detailed definition of drought or at least a drought monitoring 
system that includes tracking the impact of drought on the different sectors. The typology of droughts 
(e.g. meteorological, agricultural, hydrological and socio-economic droughts) or the drought 
monitoring scheme can help guiding the response measures during the different phases of a 
drought event, which usually have different severity and intervention needs or priorities.  

In all the CSs the policy and regulatory instruments to deal with drought are mainly framed within water 
management. These instruments are developed with different level of detail and depth depending on the 
CS, and have been established mostly in between the last two droughts, generally during the past 
decade. In most of the cases the consulted stakeholders value positively the recent development of 
drought management in their CS but they still perceive significant gaps in the establishment of 
preventive measures and structured planning of response to drought.  

In most of the CSs the drought policy is defined through a set of water-related initiatives and 
instruments (laws, plans) that address different facets of drought. However, only in Júcar there is a well-
developed drought management plan that defines the different actions to be taken at each stage of a 
drought episode. This type of plan provides an operational framework that helps reducing improvisation 
when droughts occur. In The Netherlands, a flexible drought management system has developed, which 
brings together water managers (at national, regional, and local level) and stakeholders to agree on 
drought management issues. All the CSs have a set of legal norms to deal with drought but there 
are still normative gaps. For example, in Portugal, better regulation of large reservoirs is needed, 
while in Júcar the consulted stakeholders remarked that it would be advisable to improve the water 
market regulatory framework. Moreover, in most CSs (Portugal, Syros, Po basin, Júcar basin) the 
enforcement of regulation needs to be strengthened, especially in relation to restrictions on 
water use during drought and to environmental protection. 

The adoption of a risk management approach, promoted by EU and international organizations is a 
reference for the development of future responses to drought and the considered CSs are at different 
stages of the adoption of that approach. During the past drought Portugal, Syros and the Po river 
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basin followed a crisis management path. In the Jucar basin, the existence of drought protocols and the 
approval of a drought management plan in the last period of the drought helped moving toward a 
proactive approach to drought management, which will need to be further tested and refined during 
future droughts. The Netherlands has a regulatory framework defined after a severe drought in the 
1970ies and currently is moving toward the adaptation of drought response to projected climate change 
challenges. Due to its climatic characteristics, Switzerland is the CS where drought management is 
developed the least, and currently it is elaborating a national water strategy that will contribute filling that 
gap. 

Due to the heterogeneity of the CSs and since the applied methodology allowed for tailoring the 
assessment on the specific measures applied in each CS, it is difficult (and possibly pointless) to draw 
general conclusions about this aspect of the evaluation. However, it can be said that during the last 
drought in all the CSs the operational measures implemented were more abundant than the 
strategic/planning ones, and that recovery measures were the least developed ones, which is in 
agreement with the crisis management approach followed in most of the CSs. 

In general the coordination of drought response by the responsible authorities during the past drought 
events was valued in a positive way. In all the CSs, however, there is room for improvement, especially 
to find mechanisms that solve possible disputes among the involved authorities and to speed up 
decision-making processes during the drought emergency phase.  

Stakeholders’ involvement in drought management is uneven among the CSs. In most of the cases in 
past droughts decisions were made by the responsible organization(s) after involving institutional 
stakeholders (e.g. municipalities, cantons, civil protection). In general at least some non-governmental 
stakeholders were consulted or involved in the decision making process, but it is felt that their 
involvement was not always sufficient or well-balanced, as not all the affected sectors were involved or 
had a similar chance to influence decisions.   

In most of the cases there has been an increase in the level and quality of stakeholders’ participation 
during the most recent drought considered, which suggests that the responsible authorities are making 
efforts to open up their decision-making processes and to be more inclusive with the actors affected by 
drought. As a recommendation, participatory processes should be enhanced by further regulating 
their formal mechanisms and by widening the array of involved stakeholders. In particular, the 
establishment of well-regulated mechanisms for consultation and active involvement, with frequent and 
regular meetings during the emergency phase is advisable. Moreover, it would be useful to have 
participatory processes also for evaluating past responses and plan future ones during wet or 
average periods. Additionally, awareness raising campaigns should be better targeted to reach 
sectors whose behavior can really make a difference in terms of water saving (e.g. farmers, 
tourists, young generations). 

As regards human and financial resources to face drought, in some CSs (Portugal and Syros), they 
were perceived as insufficient, leading to an uneven (and unfair) distribution of the resources made 
available. In other cases (Júcar, Switzerland, the Netherlands, Po) the availability of staff and funds was 
considered adequate, both for the presence of sufficient permanent staff or resources in the responsible 
management agencies and/or because extraordinary financial resources were approved during the 
drought. As a recommendation, it would be advisable to ensure a more even distribution of funds 
among the affected sectors and also to foster staff continuity in the agencies responsible for 
drought management, so that the human capital created during a given drought episode can be used 
also in those that follow.  
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In general, there is a poor tradition of ex-post evaluation of drought responses. The most advanced CSs 
in this field are those of the Júcar basin and the Netherlands, where an official evaluation was 
undertaken after the last drought event. However, in the opinion of the consulted stakeholders, even in 
those two CSs not all the relevant aspects of drought management were included in the evaluation. As 
a recommendation, a systematic and comprehensive evaluation of responses to drought should 
be undertaken at the end of each drought episode.  

Task 2.3 has required working at different scales and within countries having very different perceptions 
of drought. This variety adds richness to the analysis but also has methodological implications that need 
to be mentioned.  

In terms of scale, the local level represented by the Syros Island is very suitable for analyzing specific 
drought measures and linkages with context and other factors. Policies, however, usually are defined at 
a higher level and the influence of other administrative spheres on local problems and solutions can be 
crucial but difficult to capture when working at a very local level. A similar problem can occur also at a 
river basin level, although many of the drought responses can be effectively defined and implemented at 
that scale. Finally, the national scale can be too broad for a comprehensive assessment of drought 
response, as a country-wide study can hide important regional differences and needs. 

As for the timeframe considered in the evaluation, the analysis of drought events prior to 2000 has been 
hindered by the fact that stakeholders have a less vivid memory of old episodes. For recent episodes 
perceptions and opinions are more reliable and can be complemented with other types of data and 
information, as recent drought events are better documented (relative to events prior to 2000). 

Finally, each CS team carried out the activity for the data collection (literature review, interviews, 
questionnaires, discussion group) in the language spoken in the CS and then translated the primary 
data collected into English, which inevitably implies losing some details and information during the 
process. 

Even with these methodological caveats, the evaluation of past responses to drought at a Case Study 
level has been a very enriching process, which paves the way to the definition, in collaboration with the 
CS stakeholders, of potential responses to drought, with the aim of strengthening the positive practices 
applied in the past and addressing challenges that emerged during past droughts and that, for very 
diverse reasons, could not be faced in a fully adequate way. 
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6.2 Policy gaps and recommendations by Case Study  

Syros Island 

Evaluation Dimension Recommendations to address policy gaps and improve drought management 

Drought definition To tailor the drought definition to the local context and clearly distinguish between water 
scarcity and drought 

Policy & legal framework To define drought management plans within the River Basin Management Plan  
Improve law enforcement 

Approach To move from a crisis management approach to a risk management approach  
 To revise the “emergency state declaration” criteria and homogenize the procedures of 

drought funding request among municipalities 
Integration needs To include measures to mitigate drought impact on agriculture, tourism, livestock breeding 

and public health  
Coordination To build capacity regarding drought management and collaboration among municipalities 
 To create mechanisms that reduce response times during drought 
Participation To establish formal procedures for public participation, especially of those sectors that were 

underrepresented in decision-making processes during past droughts (e.g. farmers) 
 To improve information exchange and promote active participation of the affected sectors 
Decision-making process To develop formal procedures for budget and resource allocation to ensure that the needs of 

all the affected sectors are met 
Conflicts To revise pricing policy for all uses and waters, to avoid conflicts and overexploitation of 

groundwater due to higher prices of desalinated water (relative to groundwater) 
Drought measures To develop drought planning based on a reliable monitoring network (e.g. climate data, 

water use data, status of groundwater bodies)  
 To analyze the island’s vulnerability to drought considering social, economic and 

environmental factors 
 Desalination: to develop clear procedures and control on desalination plants. To ensure 

long-term financial support for the plants’ maintenance.  
 Groundwater: to develop a monitoring system for ensuring adequate resource levels and 

quality. To enhance control of extractions and existing drills. To develop a drill register in the 
island 

 To develop environmental measures focused on environmental protection and restoration, 
especially regarding groundwater resources 

 Coherent compensation policy, in particular compensation schemes for damages in 
agricultural sector. 

Resources  To develop a clear procedure for resources allocation among water uses and sectors 
affected. 
To enhance transparency and information mechanism of economic resources utilization 

 To define clear responsibilities and personnel assignment for drought management at a 
municipal level 

Evaluation of drought 
responses 

To evaluate the measures implemented after each drought episode, to ensure that the 
lessons learnt are taken into account in future episodes 

Lessons learnt Dependency on water hauling from mainland has been reduced since water desalination 
capacity and the storage capacity in tanks have increased.  
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Júcar River Basin 

Evaluation Dimension Policy gaps & recommendations for improving drought management 

Drought definition Drought definition and operational definition are used as reference for developing the action 
plan within Special Drought Plan 

Policy & legal framework The legal framework is considered complete and adequate to face drought episodes but 
there are still some pitfall in its implementation   
Water markets regulation should be improved to increase its flexibility and operation 
Prevention, action protocols and indicators could be improved 

Approach Moving towards proactive approach since SDP was developed 
Prioritization of demand management over supply management 

Integration needs To increase focus on the impact of drought on forest fires, livestock farming and rain-fed 
agriculture 
Climate change should be taken into account as well as urban and territorial planning 

Coordination Politization of water use should be minimized 
 Coordination and collaboration among institutions and public administration authorities 

should be improved 
Participation Efficiency participatory process to reduce time consuming in meetings and decision making 
 Permanent drought commission during normal conditions 
Decision-making process Promotion of balanced representation of all sectors affected and equity participation on 

decision making. 
Management To improve adequacy of time activation of the measures to avoid delays 
 To establish clear procedures for the allocation of financial resources to different types of 

measures  
Drought responses To improve integration of SDP into RBMP and Municipal Contingency Plans 
 In-depth studies about real impacts and economic, social and environmental effects of 

drought 
 To include climate change aspects in the drought studies 
 To implement a system to calculate the real water resource availability 
 Development of monitoring systems of drought measures  
 Prioritization of the uses within the basin and subsystems in the basin and better adjustment 

of demand to the real needs, especially in the agricultural sector 
 Multi-annual resources management for ensuring strategic reserves available during drought 

episodes 
 Improvement of infrastructure maintenance of groundwater extraction system as well as for 

drought wells, to ensure their good functioning  in the next drought event 
 To undertake a drought infrastructure inventory (water works carried out as emergency 

interventions) and development of a protocol for their maintenance  
 To take into account final volume available for each user when defining restrictions in water 

uses 
 Analysis of artificial recharge of aquifers and water transfers before their implementation 

 More emphasis should be set on environmental measures and impacts, especially on topics 
such as fish mortality, invasive species and salinity intrusion 

 To improve recovery measures, particularly agricultural compensation schemes 

Evaluation of drought 
responses 

Relevant  issues to be evaluated in future drought episodes are: 
• Impacts of different uses and demands 
• Analysis of water permits 
• Emergency works 
• Public offers of water rights acquisition (OPAD) 
• Environmental impacts 
• Coordination 

Lessons learnt The drought policy framework has evolved significantly between both drought episodes 
 Coordination, collaboration and participation improvements resulted in co-responsibility in 

decision making 
 Transparency and information exchange and diffusion facilitates decision making process 

and acceptance of measures among stakeholders 
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Po River Basin 

Evaluation Dimension Policy gaps & recommendations for improving drought management 

Drought definition To establish a clear drought definition that includes an operational drought typology  
Policy & legal framework To keep the planning process updated in relation to the rapid evolution of the external 

environment/context (technological, economic, such as changes of crops, of irrigation 
periods, electricity prices, etc.)  

Approach To enhance drought planning in order to move towards a proactive management approach 
To develop a monitoring and early warning system and preventive measures 

Integration needs To promote integration between drought management and agricultural and hydropower 
sector policies 

Coordination To improve communication between the technical committee (Cabina di Regìa) and external 
actors/stakeholders, including public opinion 

Participation To promote the involvement of the Civil Protection Department, the environmental sector 
and municipalities in drought management  

Decision making To increase the efficiency of decision-making processes of ‘Cabina di Regia’  
Conflicts To address water allocation conflicts and among farmers and hydropower companies 
Drought responses To include drought issues in RBMP under development 
 To develop a monitoring system that provides the basis to effectively follow-up drought 

situation 
 To broaden the existing knowledge about storage capacity, analyzing the relation between 

surface and groundwater, the availability and the conditions of water resources and the 
thresholds levels to allow water withdrawals for irrigated farming 

 To adapt the measures to the different water availability and demands across the basin 
 To reduce high pressure on the water resources along the basin 
 To improve water withdrawals control systems and its implementation 
 To include environmental measures in the drought management strategy 
 To evaluate possible alternative measures like barriers against salty water in the Po delta 

and barriers or dams at different points along the river  
Resources  To ensure resource availability for measures implementation 
 Increased aids for farmers to compensate production losses 
Evaluation of drought 
responses 

To promote an integrative and comprehensive evaluation of drought including social and 
environmental impacts assessment besides economic impacts analysis 

 To assess: 
• Planning and use of the water resources among the different sectors 
• The enforcement of water use restrictions 
• Reduction of the withdrawals  
• Water releases from lakes 
• Environmental impacts 
• Participation and coordination 

Lessons learnt Higher knowledge, awareness and experience by the stakeholders about the governance of 
the water crisis leads to a reduction of the basin “institutional vulnerability” 
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Portugal 

Evaluation Dimension Policy gaps & recommendations for improving drought management 

Drought definition To establish a clear drought definition - including an operational drought typology - to 
facilitate a structured response to drought 

Policy & legal framework To establish clear rules and regulation on water uses, especially where resources are scarce  
 To update the current public water supply legislation 
 To include programs and scenarios for drought periods in the new River Basin Management 

Plans  
 To revise the Albufeira Convention (“Convenção de Albufeira”) to better address drought 

issues and promote its implementation  
 To improve the existing legislation for the use of large reservoirs 
 To enhance the enforcement of the existing laws 
Approach To enhance drought planning in order to move towards a proactive management approach 
 To develop monitoring and early warning systems 
Integration needs To create a policy framework to consolidate and harmonize management initiatives that 

currently are dispersed through several sector regulations (e.g. urban supply, irrigated 
agriculture) as well as emergency measures developed during previous events 

Participation To ensure the involvement of all the affected sectors and actors, especially local scale and 
users associations  

 To ensure balanced representativeness of all stakeholders interests and needs in the 
decisions making process 

Decision making To increase the available of specific funds for drought management  
To discuss the drivers behind the impact of drought on the different sectors 

Conflicts To define clear budget allocation procedures considering technical and financial needs of 
the different sectors 

Drought responses To develop special drought management plans 
 To use previous work, lessons learnt and recommendations from the 2005-Drought 

Commission (to prevent loss of individual and institutional memory) 
 To upgrade the groundwater and surface water rights registers 
 To enhance conjunctive management on transboundary water with Spanish authorities 
 To improve the water monitoring network and its functioning (including hydrological data; fish 

population, drought impacts) 
 Development of scientific studies on ecological thresholds for reservoirs 
 Development of studies on vulnerability to drought and management under different drought 

scenarios 
 To integrate groundwater and surface water in water planning 
Monitoring and early 
warning 

To implement/legally define a regime for reservoir exploitation (e.g. quantification of uses, 
definition of rights and duties) and for groundwater exploitation 

 To curb illegal extraction 
 To increase knowledge and management of water uses downstream of reservoirs 
 To improve the current water pricing policy 
 To provide incentives for efficient use and water savings, particularly in the agricultural 

sector 
 Modernization of irrigation systems and creation of a National Irrigation Plan 
 Promotion of waste water reuse  
 To increase financial resource for fire forest fight and recovery 
 To improve management of ecological flows and fish protection during droughts 
 To address soil protection during droughts 
 To promote ecological restoration after droughts 
Resources  To ensure a balanced resources allocation among sectors affected by drought 
 To promote the ‘institutional memory’ of organization involved in drought management, by 

ensuring the stability of staff or creating action protocols including past experiences 
Evaluation of drought 
responses 

To promote an integrative and comprehensive evaluation of drought, including social, 
environmental and economic impacts  

Lessons learnt Major improvements were detected in securing the urban water supply and water quality 
monitoring 
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The Netherlands 

Evaluation Dimension Policy gaps & recommendations for improving drought management 

Drought definition - 
Policy & legal framework Long-term approach to drought management should be included in the Delta Programme  
Approach Drought management plans should take into account climate change projections, to allow for 

the adaptation to future climate conditions 
Integration needs To intensify cooperation with business in order to promote more efficient use of freshwater 

resources and innovation 
 To better include nature and environmental issues in provisions for drought management. 
Drought responses Flexibility should be enhanced to ensure that region-specific conditions are taken into 

account when designing responses to drought 
 ‘Priority ranking’ in water use should address also nature conservation needs, especially of 

valuable peat areas exposed to irrecoverable damage 
 Research is needed on specific measures such as multi-functional use of pumping systems 

(flood and drought prevention), and on water storage for high-value agriculture (e.g. 
horticulture) 

Evaluation of drought 
responses 

An ex-post evaluation of the adopted measures should be carried out after each drought 
episode  

Lessons learnt One of the main lessons from the 2003 drought is that it is necessary to plan for the future 
as the simulated climate scenarios predict more difficult circumstances for both dry and wet 
periods in The Netherlands 

 Communication with partners and stakeholders is vital to prevent economic losses 

Switzerland 

Evaluation Dimension Policy gaps & recommendations for improving drought management 

Drought definition To tailor drought definition to the Suisse context and include drought typology  
Policy & legal framework To ensure that drought issues and management measures are incorporated in the action 

plan of the national strategy on “Adaptation to climate change”  
 To develop adaptive measures to face prevention, mitigations and recovery of drought in all 

affected sectors 
Approach To enhance drought planning in order to move towards a proactive management approach 
 To develop monitoring and early warning for droughts and preventive measures 
Integration needs To promote policy integration and avoid current fragmented response to drought, prioritizing 

those sectors more affected by drought impacts: agriculture; forestry; fishery; hydropower 
production; and tourism 

Coordination To improve drought management coordination between the national and cantonal levels and 
between neighboring cantons 

Participation To develop awareness-raising campaigns about drought issues and include drought issues 
in professional education (e.g. of farmers) 

Drought responses To develop strategic measures for effective drought prevention 
 To reinforce impact reporting and studies, to improve knowledge of the real impacts of 

drought  
 To assess Switzerland’s vulnerability to drought 
 To develop specific measures to deal with drought-related problems detected in previous 

drought episodes: 
• human health 
• higher ozone levels 
• ecosystems and agriculture 
• increased lake and river temperatures led to death of fish and overall poorer water 

quality 
• lower water levels in lakes and rivers were detrimental for navigation companies 
• permafrost melting led to slope instability and rock falls 
• energy production impacts 

Evaluation of drought 
responses 

To promote the evaluation of measures implemented after each drought episode, so that 
lessons learnt can be taken into account in future episodes 
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ANNEX 1: Characterization of drought measures adopted in each Case Study 
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Table A.1.1. Drought measures description and characterization: JÚCAR RIVER BASIN (elaborated by the Júcar CS Team) 

MEASURES Description Objectives 

Time of 
activation & 

duration 
(planned) 

Geographical 
scope 

Target 
group(s) 

Allocated budget Responsible 
Description of the results of 

the measures 

STRATEGIC MEASURES 

Planning     
  

  
  

  

Development of the operational 
framework of the Center for Water 
Rights Exchange 

Basin authority is authorized to make 
public offers to purchase water rights 
from users and afterwards transferring 
them to other users at the price 
defined by the Basin authority. 

Maintenance of 
environmental flows. 
Supply guarantees 
improvement. 

Permanent 

Confederación 
Hidrográfica del 

Júcar (CHJ; 
Júcar River 

Basin Authroity) 

Water users -- CHJ Not applied during past droughts 

Information management     
  

  
  

  

Information about the basin situation 
was processed and made available 
regularly to the media, as well as to 
the Special Drought Commission. 

  
Improvement of knowledge 
and drought perception   

All the 
stakeholders  

CHJ 
Reasonable levels of awareness 
of relevant organizations and the 
wide public were attained 

Monitoring and evaluation     
  

  
  

  

Water Resource System Drought 
Indicators (stored volume in reservoirs, 
flows in rivers, piezometric levels, 
rainfall) 

Development of a series of indicators 
which allow the definition of drought 
scenarios (normality, pre-alert, alert 
and emergency) 

  Permanent CHJ 
All the 
stakeholders 

Included in the 
general operation 
and maintenance 

expenses for 
Automatic Data 

Gathering System, 
Groundwater 

monitoring, and 
Planning Office 

CHJ 

Reasonable level of perception of 
the severity of the drought 
Activation of the Special Drought 
Commission 
Set of measures defined for each 
drought scenario 

Studies for improving knowledge of 
hydrogeologic units, groundwater 
bodies and aquifers 

Estimation of water resources 
available, options of conjunctive use of 
surface and groundwater resources 

Improvement of 
hydrogeologic units 
operation and exploitation 

Permanent CHJ 
All the 
stakeholders 

Included in the 
general expenses of 
the Planning Office 

CHJ   

Studies for improving the  knowledge 
of the hydrogeologic behavior of 
wetlands 

Construction of models to represent 
the relation between the wetland and 
groundwater bodies. 

Hydraulic behavior and 
relation with groundwater. 
Possibility of supplying 
external resources to avoid 
drying and harm to 
associated ecosystems 

Permanent CHJ 
All the 
stakeholders 

Included in the 
general expenses of 
the Planning Office 

CHJ   
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Studies about the optimal habitat in 
drought periods for different river 
species 

Study of the species associated with 
aquatic ecosystems, especially those 
declared endangered or vulnerable 

Optimal habitat conditions, 
minimum life values, 
measures to implement in 
alert and emergency 
situations to reduce death 
risk 

Permanent CHJ 
All the 
stakeholders 

Included in the 
general expenses of 
the Planning Office 

CHJ   

Studies in wastewater treatment plants 
with conductivity problems 

High conductivity levels in wastewater 
systems of coastal municipalities 
probably due to seawater infiltration in 
the drainage systems. 

Options of reuse of treated 
waste water in agriculture. 
Identification of causes of 
infiltration. 
Identification of affected 
conductions. 
Evaluation, prevention and 
monitoring. 

Permanent CHJ 
All the 
stakeholders 

Included in the 
general expenses of 
the Planning Office 

CHJ   

Control of water uses 
Evaluation of different water uses 
identifying those with water rights. 

Detection of illegal 
extractions and prevention 
of uncontrolled outflows 

Permanent CHJ 
Water users: All 
water users 

Within the general 
operation and 
maintenance 
expenses for 

Automatic Data 
Collection System, 

Groundwater 
monitoring, Planning 
Office and Technical 

Directorate 

CHJ 
Avoiding illegal water diversions 
and groundwater abstractions 

Surveillance of drought wells 
Verification of appropriate conditions 
and operation capacity so that they 
can be used in forthcoming scenarios 

  2005-2009 CHJ 

Traditional 
irrigated areas 
Traditional 
users 

 
CHJ 

Good control for activation or 
deactivation of specific 
emergency wells 

Studies about climate change 
Study of climate change impact on 
frequency and severity of droughts 

  

Permanent, 
within the 

framework of 
the RBMP 

development 

CHJ All stakeholders 
 

CHJ   

Studies about modernization of 
irrigation methods  

Evaluation of environmental and 
hydrologic effects of modernization 
measures in irrigation (basically shift 
from flood irrigation to localised 
irrigation in traditional areas). 

  

Permanent, 
within the 

framework of 
the RBMP 

development 

CHJ 
Traditional 
irrigated areas  

CHJ   

Studies about the socio-economic 
impact of river flow reductions 

Identification of adverse socio-
economic effects of drought, 
characterization of the different water 
uses and their fragility in front of 
supply flows reduction 

Quantification of the 
effects of the different 
measures applied. 
Reference framework for 
compensations. 

Permanent CHJ   
 

CHJ   

OPERATIVE MEASURES     
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Demand management     
  

  
  

  

Campaigns for voluntary water saving 
in urban supply 

Information and awareness campaigns 
oriented to a rational use of water 

Urban water use reduction 
between 5% and 10% 

Pre-alert 
scenario 

CHJ Urban users 
 

CHJ, Regional and local 
governments 

Reasonable levels of water 
conservation in urban supply 
were obtained (about 12% in the 
4th year of drought in Valencia 
Metropolitan Area)  

Campaigns for voluntary water saving 
in agriculture supply 

Reorientation of irrigation campaign 
agreed with farmers: selection of less 
water consuming crops, voluntary 
reduction of the irrigated surfaces. 
Global reduction of supply to promote 
the reorientation. 

  
Pre-alert 
scenario 

CHJ 

Agricultural 
users (All 
irrigation 
districts) 

 

CHJ, agriculture 
administrations, both 
national and regional 

Most reductions were adopted on 
a consensus basis, except for the 
areas affected by the Public Offer 
for Temporary Water Rights 
Purchase. 

Reduction of agriculture water supply 

Different degrees of restriction 
depending on the drought scenario, 
but also tailored to the state of 
different elements of the water 
resource system 

Water conservation 
Pre-alert, Alert 
& Emergency 

scenarios 

Jucar and Turia 
Basins irrigation 

districts 

All irrigated 
areas in Jucar 
and Turia 
Basins (All 
irrigation 
districts) 

 
CHJ, Irrigation districts 

Additional reductions depending 
on the situation, and the irrigation 
district. Final figures in 
emergency situation were less 
that 30% of normal surface water 
supply to mixed irrigators, less 
that 50% of normal surface water 
supply to traditional irrigators 

Intensification of water use control 
Monitoring of water uses in those 
areas more prone to be affected by 
drought. 

Prevention 
Pre-alert 
scenario 

CHJ Water users 2.76 M€ CHJ 
  

Activation of Emergency Plans for 
urban areas larger than 20000 
inhabitants 

Control measures, risk assessment, 
decision making and introduction of 
mitigation measures  

Minimizing frequency and 
severity of situations of 
resources scarcity, as well 
as reducing the effects of 
these extreme situations in 
urban supply systems 

Emerency 
scenario 

CHJ 
Urban supply 
companies  

CHJ, municipalities 
larger than 20000 

inhabitants 
Available, but not necessary 

Supply management     
  

  
  

  

Speeding up the completion of 
planning drought infrastructures 

    
Pre-alert 
scenario 

CHJ   75 M€ CHJ 

Many emergency works were 
performed for:   
Improvement in the guaranteed 
supply for urban areas and 
alternative sources  
Improvement in drinking water 
treatment systems to face 
reduction in water quality 
Improvement in the efficiency of 
irrigation systems 



Technical Report No. 4 - 81 - 

Increase of groundwater extractions   
Increase of water 
availability in a fast way 

Pre-alert, Alert 
& Emergency 

scenarios 

Mainly in mixed 
sources irrigated 
areas, but also 
in the traditional 
irrigated areas 

Modern irrigated 
areas & 
traditional 
All irrigation 
districts in Jucar 
River Basin, 
except Mancha 
Oriental, which 
had to decrease 
extractions for 
environmental 
protection 

 
CHJ/irrigation 

districts/municipalities 

In total, increase in groundwater 
extractions accounted for 70 
MCM in the 4th year of the 
drought in Jucar River Basin 
downstream of Tous Reservoir. 

Activation and intensification of 
potential reuse of waste waters  

Reuse of treated waste water for 
irrigation, limited to those cases where 
the situation is sustainable on the long 
term 

Increase of water 
availability 

Alert & 
Emergency 
scenarios 

Traditional 
irrigated areas 

near the 
metropolitan 

area of Valencia 

Traditional 
irrigation of 
“Huerta de 
Valencia”, and 
“Real Acequia 
de Moncada” 
Irrigated areas 
of Huerta de 
Valencia, and 
Real Acequia 
de Moncada in 
the Turia Basin 

 

CHJ/Valencia Regional 
Wastewater Treatment 

Entity 

In total, during the 4th year of the 
drought, total amount of direct 
wastewater reuse amounted to 
94 MCM  

Reduction of urban water supply 

Reduction of urban water supply, apart 
from savings obtained by campaigns 
for voluntary savings, is not expected 
(urban water demand has a very low 
gardening component 

  Not expected 
 

  
 

CHJ 

  

Use of alternative supply points  
Use of alternative supply origins 
existing for some of the main urban 
supply systems 

To increase guarantee and 
system efficiency 

Pre-alert, Alert 
and 

Emergency 
scenarios 

Valencia 
Metropolitan 

Area and 
Albacete City 

Area 

Valencia 
Metropolitan 
Area and 
Albacete City 
Area supply 
companies 
Valencia 
Metropolitan 
Area Supply 
Entity 

 
CHJ 

Valencia Metropolitan Area 
shifted (switched) its urban 
supply from 4 m3/s from the Jucar 
River to 2 m3/s from the Jucar 
River and 2 m3/s from the Turia 
River in many instances during 
the drought duration 

Activation of the Center for Water 
Rights Exchange to assure 
environmental and urban supply 

Basin authority is authorized to make 
public offers to purchase water rights 
from users, afterwards transferring 
them to other users at the price 
defined by the basin authority. 

To guarantee of 
maintenance of 
environmental flows in 
river and urban supply  

Available 
measure, but 

not used 
CHJ   18.5 M€ CHJ 

  
Environmental protection     
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Establishment of use priorities in 
drought situation 

    
 

CHJ   
 

CHJ   

Activation of the Public Offer for 
Temporary Water Rights Acquisition to 
prevent the irreversible deterioration of 
water bodies while meeting cultural 
and social farming supply 

Basin authority is authorized to make 
public offers to purchase water rights 
from users for environment protection 
purposes 

  
 

Mancha Oriental 

Mancha 
Oriental 
Irrigation District 
(Environment 
and Mancha 
Oriental 
Irrigation 
district) 

18.5 M€ CHJ 

Water abstraction in Mancha 
Oriental aquifer was significantly 
reduced, with emphasis on zones 
that were most affected by the 
river flows. The result was that 
the losses of the Jucar River in 
the stretch from Alarcón 
Reservoir to Los Frailes gauging 
station passed from 70 MCM in 
2004/2005 to 27 MCM in 
2007/2008, preventing the drying 
of the Jucar river in the vicinity of 
Los Frailes. 

Maintenance of environmental flows 
fixed in the Basin Plan, except if 
needed for urban supply 

  To protect ecosystems 
 

Júcar River 
Basin 

  
 

CHJ 
Reasonable level of low flows 
were provided(guaranteed) most 
of the time 

Restrictions in environmental flows 
when it is essential to guarantee urban 
supply and cultural and social farming, 
except if the restriction may affect 
ecosystems, habitats or species 
considered as highly vulnerable.     

  
  

  

  

Prevent the direct use of water from 
vulnerable wetlands 

  To protect ecosystems 
 

Júcar River 
Basin 

  
 

CHJ   

Maintenance of equal inflows and 
outflows from reservoirs that feed 
aquatic habitats belonging to Red 
Nature2000 and RAMSAR 

  To protect ecosystems 
 

Júcar River 
Basin 

  
 

CHJ   

Preventing the use of minimum 
volumes in eutrophic (or at-risk to 
become eutrophic) reservoirs 

  
To protect water quality 
and ecosystems  

Júcar River 
Basin 

  
 

CHJ   

Intensification of control of spills, 
WWTP operation, agriculture practices 
and water quality 

  
To minimize water quality 
impact of drought  

Júcar River 
Basin 

  
 

CHJ   

Environmental surveillance plan for 
water bodies belonging to Red 
Nature2000, RAMSAR or water bodies 
feeding any of the previous two. 

  To protect ecosystems 
 

Júcar River 
Basin 

  
 

CHJ   

Special Plan of Police and Control of 
the Hydraulic Public Domain to 
reinforces surveillances, fining 
procedures and selective sampling 

  
To protect ecosystems and 
water allocations  

Júcar River 
Basin 

  
 

CHJ 
Quite good compliance of  water 
abstractions  limits obtained as a 
result 
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Removal and relocation of threatened 
fauna and creation of safeguarding 
zones for aquatic fauna 

    

Available 
measure, but 

not used since 
it was not 
needed 

Júcar River 
Basin 

  
 

CHJ   

Education and awareness 
campaigns 

    
  

  
  

  

Citizenship and farmer awareness 
campaigns for water saving 

    
From Pre-alert 
to emergency 

scenarios 

Júcar and Turia  
River Basins 

  
 

CHJ & Municipalities & 
Irrigation Associations 

Already mentioned above 

RECOVERY MEASURES      
  

  
  

  

Deactivation of measures on water 
offer 

    
 

Júcar River 
Basin 

  
 

CHJ   

Lifting supply restrictions     
 

Júcar River 
Basin 

  
 

CHJ   

Lifting water uses restrictions     
 

Júcar River 
Basin 

  
 

CHJ   

Monitoring of the ecological and 
chemical status of water bodies 
affected by drought 

    
 

Júcar River 
Basin 

  
 

CHJ   

Additional measures such as renewal 
of vegetation and recovery of affected 
species 

    

Available 
measure, but 
not needed, 

since impacts 
on 

environment 
were not 

significant and 
self-recovery 
was possible 

Júcar River 
Basin 

  
 

CHJ   

Considering the need to supply water 
to those wetlands seriously affected by 
drought 

    

Available 
measure, but 
not needed, 

since impacts 
on 

environment 
were not 

significant and 
self-recovery 
was possible 

Júcar River 
Basin 

  
 

CHJ   

Monitoring and control of piezometric 
level recovery in groundwater bodies 

    Permanent 
Júcar River 

Basin aquifers 
  

 
CHJ   
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Table A.1.2. Drought measures description and characterization: PO RIVER BASIN (elaborated by the Po CS Team) 

MEASURES Objectives 
Time 
frame 

Geographical 
scope 

Target group(s) 
Responsible  

Institution 
actor(s) 

Budget Coordination M & E5 
Description of the results of the 

measures 
Groups/secto

rs affected 
Unexpected results 

STRATEGIC MEASURES                       

Planning                       
Definition and signing of 
“Protocollo d’Intesa finalizzato 
alla gestione unitaria del 
bilancio idrografico del Po ai 
sensi della legge 5 Gennaio 
1994 n. 36” (Voluntary 
agreement among the relevant 
stakeholders for managing 
jointly the responses to the 
drought event)  

Formalization of the 
voluntary  direct 
involvement of all 
stakeholders 
concessionaire of the 
rights on the water in 
the daily management 
of the drought  

18 July-
6 
August 

Po river basin 

All the 
stakeholders 
involved in the 
agreement 

Po River Basin 
Authority 

Zero 
Po River Basin 
Authority 

No 

It enabled, to guarantee a minimum 
level of water availability to the 
sectors most affected by the 
drought event, therefore contributing 
to the conflicts among electricity 
production and irrigated farming 
uses. It avoided other interruptions 
of electrical services (after the one 
necessarily decided on 26 June 
2003)  

Agricultural 
sector,  
electricity 
sector, final 
consumers 

Creating a new method 
for approaching and 
managing the drought 
events 
Contributing to keep the 
drought management 
under ordinary rules 
and laws (no need of 
emergency laws) 

Creation of a committee among 
the stakeholders signing 
“Protocollo d’intesa” 
coordinated by the Po River 
Basin Authority and aimed at 
providing information and 
consulting for the management 
of the responses 

Organizing and 
coordinating better the 
activities undertaken 
by the stakeholders 
within the “Protocollo 
d’intesa” 

18 July-
6 
August 

Po river basin 

All the 
stakeholders 
involved in the 
agreement 

Po River Basin 
Authority 

Zero 
Po River Basin 
Authority 

No 

It enabled to guarantee a minimum 
level of water availability to the 
sectors mostly affected by the 
drought event, therefore contributing 
to the conflicts among electricity 
production and irrigated farming 
uses (and the conflicts interal to the 
two sectors). It avoided other 
interruptions of electrical services 
(after the one necessarily decided 
the 26 June 2003) 

Agricultural 
sector,  
electricity 
sector, final 
consumers 

Creating a new method 
for approaching and 
managing the drought 
events 
Contributing to keep the 
drought management 
under the ordinary rules 
and laws (no need of 
emergency laws) 

Creation of a daily information 
exchange system on average 
water volumes and streamflows 
among all relevant 
stakeholders 

Monitoring in real time, 
on a daily basis, the 
water availability in the 
basin  

18 July-
6 
August 

Po river basin 

All the 
stakeholders 
involved in the 
agreement 

Po River Basin 
Authority 

Zero 
Po River Basin 
Authority 

No 

It enabled to monitor daily the 
relevant water availability indicators, 
involving the stakeholders in data 
collection and sharing with them all  
the information needed for taking 
relevant decision and managing the 
event. At the end, it is one more 
thing which helped to reduce 
conflicts among stakeholders 

Agricultural 
sector,  
electricity 
sector, final 
consumers 

Creating a new method 
for approaching and 
managing the drought 
events 

                                                      
5 Monitoring and Evaluation 
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Survey, gathering and 
provision of all relevant data 
(precipitations, streamflow, etc) 
to the committee and to the Po 
Authority by the involved 
regional governments  

Monitoring in real time, 
on a daily basis, water 
availability in the basin 

18 July 
-6 
August 

Po river basin 

All the 
stakeholders 
involved in the 
agreement 

All involved 
stakeholders, in  
particular the 
regional 
governments  

Zero 
Po River Basin 
Authority 

No 

It enabled to monitor daily the 
relevant water availability indicators, 
involving the stakeholders in data 
collection and sharing with them all 
the information needed for taking 
relevant decisions and managing 
the event. At the end, it is one more 
thing which helped to reduce 
conflicts among stakeholders 

Agricultural 
sector,  
electricity 
sector, final 
consumers 

Creating a new method 
for approaching and 
managing the drought 
events 

Issue of the regional 
government acts needed to 
implement the “Protocollo 
d’intesa” 

Implementing at 
regional  level the 
operative measures 
defined by the 
committee 

18 July 
-6 
August 

Po river basin 
(all regional 
government 
involved in the 
agreement) 

All the affected 
stakeholders  

Involved regional 
governments  

Zero 

Po River Basin 
Authority  and 
regional 
governments 
involved  

No   

Agricultural 
sector,  
electricity 
sector, final 
consumers 

No unexpected results 

OPERATIVE MEASURES                       

Demand management                       

Interruptions of electrical 
services to interruptible users  

Preventing a wider 
power blackout at 
country level  
Safeguarding security 

26 
June 

7.3 millions of 
users involved, 
and 39 big 
industrial 
energy 
consumers, 
mostly placed 
in Veneto 

Electricity 
companies and 
consumers 

Public authority in 
charge of 
managing electric 
services (Gestore 
dei Servizi 
Elettrici, GSE- 
former GRTN) 

Zero 

Public 
authority in 
charge of 
managing 
electric 
services 
(Gestore dei 
Servizi 
Elettrici, GSE- 
former GRTN) 

No data 
available 

Preventing the dramatic economic 
effects coming from a wider power 
blackout at country level  

Electricity 
companies, 
and electricity 
consumers 

No unexpected results 

Rotating interruptions of 
electrical services to 
widespread users 

Preventing a wider 
power blackout at 
country level  
 
Safeguarding security 

26 
June  

7.3 millions of 
users involved, 
and 39 big 
industrial 
energy 
consumers, 
mostly placed 
in Veneto 

Electricity 
companies and 
consumers 

Public authority in 
charge of 
managing electric 
services (Gestore 
dei Servizi 
Elettrici, GSE- 
former GRTN) 

Zero 

Public 
authority in 
charge of 
managing 
electric 
services 
(Gestore dei 
Servizi 
Elettrici, GSE- 
former GRTN) 

No data 
available 

Preventing the economic effects 
coming from a wider power blackout 
at country level  

Electricity 
companies, 
and electricity 
consumers 

No unexpected results 

Control of the electricity 
production by the GRTN  

Keeping the electricity 
production at its 
height, mainly by 
maintaining the 
minimum streamflows 
for the thermolectric 
plants 

18 July-
6 
August 

Italy 
Electricity 
companies and 
consumers 

Public authority in 
charge of 
managing electric 
services (Gestore 
dei Servizi 
Elettrici, GSE- 
former GRTN) 

Zero 
Po River Basin 
Authority 

Yes 

By keeping the electricity production 
at its height, mainly by maintaining 
the minimum streamflows for the 
thermolectric plants, it allowed to 
reduce the economic impacts on the 
electricity sectors and the electricity 
consumers 

Electricity 
companies, 
and electricity 
consumers 

No unexpected results 
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Reduction of water withdrawal 
for irrigation of 10%, thanks to 
the National Association for 
Reclamation, Irrigation and 
Land Improvement which can 
regulate the water withdrawal 
from their derivations 

Maintaining minimum 
possibilities to 
withdraw water for 
irrigation downstream 
of the lakes and along 
the Po river 

18 July-
6 
August 

Po river basin Farmers 

National 
Association for 
Reclamation, 
Irrigation and 
Land 
Improvement 

Zero 
Po River Basin 
Authority 

Yes 

By maintaining minimum 
possibilities to withdraw water for 
irrigation downstream of the lakes 
and along the Po river, it reduced 
the conflicts among sectors (and 
internal to them), and the economic 
losses.   

Agriculture 
(farmers) 

No unexpected results 

Supply management                       

Controls by the AIPO on the 
water withdrawal, with regards 
to the rivers under his authority  

Preventing 
unauthorized 
withdrawals 

18 July-
6 
August 

Po river basin Farmers 
Interregional 
Agency for the 
Po River (AIPO) 

Zero 
Po River Basin 
Authority 

Yes 
It contributed to reduce the conflicts 
among sectors (and internal to 
them), and the economic losses.   

Agriculture 
(farmers) 

No unexpected results 

Increase of the water volumes 
released by alpine 
hydroelectric reservoirs (3 
millions m3 daily) and direct 
transfer of the additional 
quantities downstream of the 
lakes (thanks to the role played 
by the public authorities in 
charge with the management of 
lakes, which can regulate the 
water outlfows from the lakes, 
and by the hydroelectricity 
companies, which can increase 
hydroelectric production) 

Maintaining the 
minimum streamflows 
for the thermolectric 
plants 
 
Maintaining minimum 
possibilities to 
withdraw water for 
irrigation downstream 
of the lakes and along 
the Po river 

18 July-
6 
August 

Po river basin 
(lakes and 
alpine 
reservoirs in 
northern part)  

Hydroelectricity 
companies, 
public authorities 
in charge with the 
management of 
lakes, farmers 

Hydroelectricity 
companies, 
public authorities 
in charge with the 
management of 
lakes 

Zero 
Po River Basin 
Authority 

Yes 
It contributed to reduce the conflicts 
among sectors (and internal to 
them), and the economic losses.   

Agriculture-
farmers - , 
electricity 
sector-
electricity 
companies 

No unexpected results 

Environmental protection                       

No measures           
            

RECOVERY MEASURES                        

No recovery measures            
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Table A.1.3. Drought measures description and characterization: PORTUGAL (elaborated by the Portuguese CS Team) 

MEASURES Description Objectives 
Time of 

activation and 
duration 

Geographical 
scope 

Target 
group(s) 

Allocated 
budget 

Responsible 
institution/actor(s) 

Results of the measures 

STRATEGIC MEASURES 

Planning 

Concerted management between 
Portuguese and Spanish authorities  

To ensure minimum river 
streamflow for international 
rivers and river basins (Douro) 

  
Until the end of 
the hydrological 
year 

International river 
basins  

    
Commissions 
(“Convenção de 
Albufeira”) 

Minimum flows were ensured 

Law changes (exceptional and 
transitional arrangements) 

1) Exceptional regime for public 
works construction contracts, 
supply and acquisition of goods 
and services (related to severe 
drought impacts) 
2) Exceptional and transitional 
regime for groundwater and 
superficial water catchments 

  
Until the end of 
the drought 

Mainland 

Central 
administration 
entities, city 
councils 

  Ministry of Agriculture Reduction of economic impacts 

Information Management 

Regular information exchange and 
reports (every 2 weeks) among entities 
(central administration, water 
managers/users) 

 

      

Mitigation responses were faster 
than in previous droughts; 
vulnerability reduction 

Creation of a website for permanent 
exchange and update of information and 
report assessments 

 

      
Mitigation responses were faster 
than in previous droughts 

Monitoring and evaluation 

Permanent monitoring of the 
hydrometeorological situation 

  Follow-up 
Until the end of 
the drought 

      IM, INAG 
Monitoring of public water supply 
systems 

Intensification of monitoring of 
groundwater  quality and reservoir water 
quality for public supply 

Monthly monitoring was 
reinforced: monitoring was done 
every 15 days in several 
selected sources 

 
Until the end of 
the drought 

Started in the 
south, but 
expanded to the 
whole mainland 

    
INAG, CCDRs, city 
councils 

Fish stocks were controlled in some 
reservoirs; only one reservoir was 
closed for public water supply (in 
Alentejo region) 
Water provision for human supply in 
most municipalitie 

Reinforcement of the system for analysis 
and treatment of water quality for human 
consumption 

  
Ensure water 
quality for human 
consumption 

Until the end of 
the drought 

Mainland 
Municipal 
population  

  
ERSAR, INAG, City 
councils 

Guarantee of water quality 

OPERATIVE MEASURES 

Demand management 
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  Ensure water 
provision for 
human 
consumption  

Until the end of 
the drought 

Mainland 
Municipal 
population  

  City councils 
Water provision for human supply in 
most municipalities 

Supply management 

Reinforcement of water supply with 
groundwater sources  

Inventory of groundwater to be 
pumped; adding of temporary 
extra sources; opening of new 
groundwater pumps 

Ensure water 
provision for 
human 
consumption 

Until the end of 
the drought 

Mainland/ 
Algarve 

Municipal 
population  

7 M€  

Waters of Algarve, 
INAG, DGADR 

Water provision for human supply in 
most municipalities; water provision 
for all sectors in some reservoirs; 
reduction of social impacts and 
conflicts Reduction of economic 

impacts 

Adaptive and concerted management of 
water use in reservoirs 

Adoption of several harmonizing 
measures, such as restrictions 
in agricultural water use, 
reduction in crops area and 
changes in culture type 
(involving several entities) 

Ensure water for 
all reservoir 
users; conciliate 
needs and 
reduce conflicts 

Until the end of 
the drought 

Mainland Reservoir users 

Commission for 
Reservoir Management 

(INAG, National 
Authority for Civil 

Protection, IM, EDP), 
city councils, 
associations 

Restrictions to urban water supply (50% 
reduction) from the aquifer Querença-
Silves (Algarve) to avoid its salinization 

Reduction of water extraction 
from existing catchments; 
reinforcement of inspection; 
request of technical expertise 
on hydrogeology to advise on 
aquifer condition 

Ensure water 
quality and avoid 
aquifer 
deterioration  

  Algarve   
CCDR-Algarve, National 

Republican Guard 
(GNR) 

Education and awareness campaigns 

Awareness-raising campaigns for 
responsible water use  

National campaign with a 
unique message to be used by 
different entities to different 
people 

  July 2005 Mainland 
National 
population 

0,7 M€ 

AdP (Águas de 
Portugal) 

Decreased water demand; 
responsible water use; decreased 
consumption of irrigation water 
(30%) in East Algarve 

Awareness-raising campaigns for 
responsible water use 

Regional sensitization campaign 
in Algarve 

  
March-
September 2005 

Regional  -
Algarve 

Farmers and the 
tourism sector  

Águas do Algarve, 
Association of 
municipalities of 
Algarve, CCDR Algarve 

Awareness-raising campaigns for 
responsible water use 

Local sensitization campaigns 
at schools, churches, 
associations and local media 

    Local 
Students, local 
population 

City councils 

Environmental Protection 

Management of water quality in 
reservoirs by harvesting excessive fish 
biomass 

Harvesting excessive fish 
biomass in reservoirs 

Management of 
water quality 

  
Mainland, 
particularly in the 
south 

   0,29 M€ 
Ministry of Agriculture, 
INAG 

Ecosystems conservation 

RECOVERY MEASURES 
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Special aids to farmers 
     

20 M€ 
 

 

Temporary exemption of social security 
payments to most affected and lower-
income farmers 

     
12 M€ 

 
 

Lines of credit to support rural hydraulic 
constructions, livestock feeding, 
horticulture and fruit production 

     
7 M€ 

 
 

 
 

Table A.1.4. Drought measures description and characterization: THE NETHERLANDS (elaborated by the Dutch CS Team) 

MEASURES Description Objectives 

Time of 
activation & 

duration 
(planned) 

Geographical 
scope 

Target 
group(s) 

Responsible  
Institution/actor(s)  

Description of the results of the measures 
Groups/sec

tors 
affected 

STRATEGIC MEASURES                 

Planning                 

Drought management policy 
Taking measures on 
basis of priority ranking 

Prevent damage 
as much as 
possible 

Entire drought Country 
All sectors and 
users  

Contributes to all issues mentioned above, except for 
reduction of vulnerability. 
N.B.  So far, the existing drought policy sufficed to 
deal with drought, but the simulated climate change 
scenarios give rise to new dimensions being 
required, e.g. transfer of agriculture to areas less 
prone to drought, etc. 

All sectors 
and users 

Information management                 

Drought season monitoring 
Measurement of 
precipitation and river 
flow 

Data gathering Starting April 1st  
Country and 
upstream rivers 

All sectors and 
users 

Ministry of Infrastructure 
and Environment 

Basic requirement for executing the policy 
All sectors 
and users 

Bi-weekly drought messages 
Publication of 
information on data and 
measures 

Informing all 
interested parties 

When a drought 
is developing 

Country 
All sectors and 
users 

National Water Distribution 
Committee 

Contributes to reduction of social impacts and 
conflicts  

All sectors 
and users 

Monitoring and evaluation                 

Measurement of meteorological data Measurement Data gathering Continuous 
Country and 
upstream rivers 

All sectors and 
users 

Ministry of Infrastructure 
and Environment and the 
Royal Meteorological 
Institute 

Basic requirement 
All sectors 
and users 

Evaluation of the drought, measures 
and impact 

Evaluation 
Learning from 
drought events 

After a drought 
Country and 
specific areas/ 
regions 

All sectors and 
users 

Ministry of Infrastructure 
and Environment 

Contributes to reduction of social impacts and 
conflicts  

All sectors 
and users 
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National Drought Workshop 
Fact-finding from all 
interested parties 

Learning from 
the drought 

After a drought 
Country and 
specific areas/ 
regions 

All sectors and 
users 

All interested parties 
(government taking the 
lead) 

Contributes to reduction of social impacts and 
conflicts  

All sectors 
and users 

OPERATIVE MEASURES                 

Demand management                 

Restricting irrigation, washing cars, 
spraying gardens 

Ban on water use Saving water During a drought 
Country and 
specific regions 

Agriculture and 
households 

Water Boards 

Contributes especially to provision of water to all 
sectors. Although the real saving in terms of water 
quantity is limited, it serves as an awareness tool, 
that aids in public acceptance of all kinds of drought 
impacts. 

Agriculture 
and 
households 

Supply management                 

Increasing water buffers (incl. 
groundwater) 

Raising water levels in 
lakes and reservoirs 

Storing water 
On basis of the 
developing 
drought 

Country 
All sectors and 
water users 

National water manager 
(‘Rijkswaterstaat’) and 
Water Boards 

Contributes especially to provision of water to all 
sectors, and therefore, in second instance, also a 
wider impact on the issues mentioned. 

All sectors 
and users 

Re-directing available flow Re-allocation of water Limiting damage During a drought 
Country and 
specific regions 

All sectors and 
water users 

National water manager 
(‘Rijkswaterstaat’) and 
Water Boards 

Contributes especially to provision of water to all 
sectors, and therefore, in second instance, also a 
wider impact on the issues mentioned. 

All sectors 
and users 

Closing certain sluices 
Restricting water 
draining away 

Storing water During a drought 
Country and 
specific regions 

All sectors and 
water users 

National water manager 
(‘Rijkswaterstaat’) and 
Water Boards 

Contributes especially to provision of water to all 
sectors, and therefore, in second instance, also a 
wider impact on the issues mentioned. 

All sectors 
and users 

Operate reversible pumping stations 
Drainage pumping 
stations used for water 
supply 

Re-allocating 
water 

During a drought 
Country and 
specific regions 

All sectors and 
water users 

National water manager 
(‘Rijkswaterstaat’) and 
Water Boards 

Contributes especially to provision of water to all 
sectors, and therefore, in second instance, also a 
wider impact on the issues mentioned. 

All sectors 
and users 

Environmental protection                 

Preventing water temperature 
getting too high  

Restricting cooling 
water disposal 

Keeping water 
temperature at 
agreed limits 

During a drought 
Near power 
stations 

Nature 
Ministry for Economic 
Affairs, Agriculture and 
Innovation 

Contributes mainly to ecosystems conservation, but 
not to e.g. reduction of economic impacts (in 2003, 
the reduced power generation had some impact on 
industry) 

Ecosystems 
positively (and 
industry 
negatively) 

Supplying water to high-value nature 
areas 

Re-allocation of water 
Preventing 
irreversible 
nature damage 

During a drought Specific areas Nature Water Boards (mainly) Contributes to ecosystems conservation Ecosystems 

Education and awareness 
campaigns 

                

Bi-weekly drought messages 
Publication of 
information on data and 
measures 

Informing all 
interested parties 

When a drought 
is developing 

Country 
All sectors and 
users 

National Water Distribution 
Committee 

Contributes to reduction of social impacts and 
conflicts 

All sectors 
and users 

RECOVERY MEASURES                  

Programme for (conditional) farmer 
support 

Compensation 
measure 

Preventing 
bankruptcy in 
agriculture 

Following a 
drought 

Country Farmers 
Ministry for Economic 
Affairs, Agriculture and 
Innovation 

Would contribute to reduction of social impacts and 
conflicts as well as reduction of economic impacts. 

Agriculture 
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Table A.1.5. Drought measures description and characterization: SYROS ISLAND (elaborated by the Syros CS Team) 

MEASURES Description Objectives Target sector 
Allocated financial 

resources 
Results 

STRATEGIC MEASURES 
Planning 
No Measures      
Information management 
No Measures      
Monitoring and evaluation 
No Measures      

OPERATIVE MEASURES 
Demand management 

Restrictions in use Cutting off water supply 
Reduction of water 

consumption 
Urban sector No Reduction of water consumption 

Water pricing 
Water pricing (block pricing) 

Increased price for the highest block 

Reduction of  water 
consumption 

 
Urban sector No Temporary reduction of water consumption 

Supply management 

New desalination plants 
Development of sea-water desalination 

plants 

Increase of water 
availability  in water 

stressed regions 
Urban sector 119.700 Euros 

Increased reliability of water supply (of given 
quality) 

Reduction of future drought risk– alleviation of 
water scarcity 

Rainwater harvesting 
Construction of cisterns/ small scale 

tanks for water storage 

Storage in winter for use 
during summer (or dry 

periods) 

Urban & agricultural 
sector 

No 

Supplementary water supply for domestic use & 
crop irrigation 

Reduction of future drought risk– alleviation of 
water scarcity 

Supplementary supply from desalination 
plants for irrigation 

Use of desalinated water for irrigation 
in nearby agricultural areas 

Increase of water 
availability for irrigation 

Agricultural sector No 
Reduction of crop production losses 

Conflict resolution between the agricultural and 
urban sectors 

Increase of abstraction from groundwater 
bodies 

Licensing of new drills 
Increase of water 

availability for irrigation 
Agricultural sector No Increase of water availability 

Temporary transfer of water from one region 
to other 

Construction of a network for water 
transfer 

To supply water to 
regions with problems in 

water availability 
Urban sector No Temporary increase of water availability 

Environmental protection 
No Measures      
Education and awareness campaigns 

Awareness campaigns 
Increased awareness of drought 

conditions & water availability 
Reduction of water 

consumption 
Urban sector No Reduction of water demand 

RECOVERY MEASURES 
Compensation for crop damages No data No data No data No data No data 
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ANNEX 2: Best Practices Fact Sheet 
 
 
JUCAR RIVER BASIN (elaborated by the Júcar CS Team) 
 
Measure 1: Public offers for water rights acquisition (POWRA) 

1. Identification of the measure:  

Promoter CHJ 
Type of measure Operative Measures-Environmental Protection 
Measure timeframe 2007 and 2008 
Target sector Groundwater irrigation farmers in Eastern Mancha 
Location Eastern Mancha aquifer 

 

2. Description (measures, responses, actions) 

• Context: The middle course of the Jucar River is hydraulically connected to the Eastern 
Mancha aquifer. This means there is a constant exchange of flows between these water 
bodies. The use of groundwater for irrigation in this part of the river basin makes the river lose 
water to the aquifer, which is at high risk of overexploitation. During dry seasons, and 
coinciding with low storage at the Alarcón reservoir, the loss of water from the river to the 
aquifer may cause drain of the river bed with obvious negative environmental effects. 

• Needs: Preventing the Jucar River bed to drain at its middle course and provide sufficient low 
flow for environmental purposes. Minimising the environmental risk. 

• Actors: CHJ, Farmers of the Eastern Mancha, government of Castilla-La Mancha region 

• Process (measure):  

a. The basin authority asks for permission to make the expense for acquiring water rights. 

b. The Basin Authority publicizes the rights acquisition process. 

c. A geographical scope for the offers is defined. In the case of Júcar it was the Miocene 
Aquifer of the groundwater body in the Eastern Mancha, between the reservoirs of Alarcón 
and Molinar, where water extraction has a higher influence on the river flows because of 
the drop of the phreatic levels. 

d. The criteria for offers selection are published. In the Jucar River case, the criteria 
evaluated were the impact to the river and the price asked by the rights owner per cubic 
meter transferred. 

e. All the applications are evaluated and those meeting the process criteria are selected 

f. The water rights temporary acquisition contract between the Basin Authority and the rights 
owner is signed. 

g. Control measures are established to check the observance of the contract: 

i. River surveillance (flows in critical point) 

ii. Aquifer surveillance 

iii. Crops surveillance (extractions control by remote sensing) 
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• Causal relationships: The whole process is driven by the environmental risk  

 

 
3. Results obtained 

• Products/Outputs: The temporary contract for water rights transfer obliges the farmers not to 
extract the amount of water they offered. This is controlled by the Basin Authority by increasing 
the water police intervention with on-field measurements of both river flow and aquifer level 
and satellite observations of fields to control crops. 

Farmers obtain a compensation for the losses incurred for not irrigating their fields. 

• Outcomes-Impacts: Lower impacts on the river. 

The flows in the river meet the environmental flows required to maintain its good ecological status. 
This is controlled by measuring the outflows from the Alarcón reservoir and inflows to the Molinar 
reservoir (the difference is the water loss). 

4. Success factors identified  

Economic factors: Farmers did not lose money for not growing crops. The exchange of rights for 
money acted as an incentive for farmers to temporarily give up their rights. 

Environmental factors: Environmental awareness was created (although part was bought 
awareness). 

5. Indicators used  

Extractions control: River surveillance by measurements in the critical point (flow measurement 
station  “Los Frailes”). Aquifer surveillance by on-field measurements. Crops control by remote 
sensing. 

Environmental in-stream flows control: Measurement of the outflows from the reservoir of 
Alarcón and of the inflows to the reservoir of Molinar. The difference between these two reflects the 
water lost to the aquifer or gained from it in the middle course of the Jucar River, and provides a 
means to scientifically check the success of the measure. 
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6. Total costs 

YEAR Budget (M€) Final Cost (M€) 

OPAD 2007 12 5.35 

OPADs I-II-III 2008 22.5 12.65 

TOTAL 34.5 18 

The money came entirely from the Basin Authority. 

7.  Replicability and applicability  

The water rights transfers, by means of public offers for water rights acquisition, was a 
management instrument new to the Júcar River Basin Authority since there were no precedents of 
this kind of measure. In this respect, this measure can be considered a useful instrument which 
Basin Authorities can use during water scarcity or drought periods, diminishing negative impacts to 
environment. 

8. Pitfalls detected 

The measure works well when administration has monetary resources to compensate farmers for 
their water rights they temporarily give up. In cases where the budget is insufficient to lease water 
to all the farmers interested in leasing their water rights, this measure will be more difficult to apply 
and may cause conflict among users. 

Part of the environmental awareness was bought with money. 

Although the farmers were compensated for their losses, the agriculture-related economic activities 
such as labourers, tractors and harvesters, petrol and spare parts suppliers, were highly affected 
because of the jobs reduction. 

9. Issues for improvement identified 

Introduction of water rights transfers between users (with arbitration by the Basin Authority). 
Development of means to compensate for water rights temporary release other than money, for 
example more water when it is available so the farmer can grow more water-intensive crops. 

10. Further references  

Spain. BOE, 30 December 2006, num. 312, pp. 14580 
Spain. BOE, 28 December 2007, num. 311, pp. 15460 
 
Measure 2: Conjunctive use of surface and ground waters in the framework of “Agreement 
of Alarcón” 

1. Identification of the measure 

Promoter USUJ6 - CHJ 
Type of measure Operative Measure-Supply management 
Measure timeframe Aug 2005-Feb 2006; Jul 2006-March 2007; Jul 2007-Dec 2007 
Target sector Farmers, urban supply 
Location Plain of Valencia, Middle and Lower courses of Jucar River 

                                                      
6 USUJ: Unión Sindical de Usuarios del Júcar (Syndicated Union of Users of the Júcar River). Formed by farmers from Ribera Alta 
and Ribera Baja and Iberdrola (energy production company). 
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2. Description (measures, responses, actions) 

• Context: During dry seasons and especially during drought episodes, the scarcity of water 
resources may threaten both urban and agricultural supplies. Urban supply has the highest 
priority in the system as lack of drinking water could result in health risks. The lack of water for 
agricultural supply will diminish the water available for irrigation which may lead to reducing 
agricultural production or even crops losses. 

In 2001, an agreement, known as “Convenio de Alarcón”, was signed between USUJ (owners 
of the Alarcón reservoir) and the Ministry of Environment. Under this agreement, the operation 
of the reservoir of Alarcón would be done by the Júcar River Basin Authority, and the USUJ 
would receive aids for modernizing irrigation and some benefits resulting from the operation of 
the reservoirs. 

During drought episodes, the reduction of storage in the reservoirs of the Jucar River may 
trigger the activation of the 3rd section of the 4th stipulation of the Convenio de Alarcón, 
related to the use of surface water volumes reserved for USUJ users by non-USUJ users. This 
supposes the establishment of economical compensation from those non-USUJ users to 
USUJ, corresponding to the total costs of substituting the used volumes by pumping and 
reutilisation of irrigation surpluses. 

• Needs: Maintaining the needed level of supply for urban users and providing emergency 
supply to irrigation. 

• Actors: Júcar River Basin Authority,  USUJ (Irrigation farmers and energy production), 
Farmers from Mancha Oriental, Farmers from Jucar-Turia Canal, Urban supply of Albacete and 
Urban supply of Valencia and its metropolitan area 

• Process (measure): When the combined volume in the reservoirs of the Jucar River is below 
the threshold defined in the “Convenio de Alarcón”, the drought emergency pumps and re-
utilization pumps are activated for the supply of USUJ users. The non-USUJ users will 
afterwards pay for the pumping costs, with the arbitration of the CHJ. 

A surveillance program is also activated to control the quantity and quality of the aquifer water 
as well as the water quantity assigned to the different uses. 

 



Technical Report No. 4 - 96 - 

3. Results obtained 

- Surface water resources were released because their substitution by groundwater and re-utilised 
water. 
- More water resources were available for other uses. 
- Urban supply guarantees were maintained within normal levels (no restrictions were applied). 
Surface supply for agricultural activities was improved. 

4. Success factors identified  

The main success factor of this measure was the agreement reached in the “Convenio de Alarcón”. 

5. Indicators used  

The indicators were the volumes of water made available to the different uses. 

6. Total costs  

The real quantification of the costs will require detailed studies which must include direct 
information from users. The amounts paid by the non-USUJ users in the three activations of the 
measure during the drought episode of 2005-2008 were: 
 

Period Aug 2005- Feb 2006 Jul 2006-Mar 2007 Jul 2007-Dec 2007 Total (M€) 
Urban supplies (Valencia+Albacete) 1.9 2.7 1.9 6.5 

Non-USUJ farmers 0.2 0.45 0.15 0.8 
Total (M€) 2.1 3.15 2.05 7.3 

 

7. Replicability and applicability  

This measure is difficult to export to other cases because it is specific to the water infrastructure 
organization and functioning in the Júcar basin. However, the underlying philosophy is easily 
exportable to other areas. The logic of this measure is that some users pay for the operation costs 
that other users have because of changing their main source of supply for a more expensive one 
when there is need of it. The following example illustrates the basics of the measure: 

• User A is always supplied from source S1, but also has access to source S2 which is more 
expensive to obtain. 

• User B is also supplied from source S1, and has no other means of supply. 
• When a drought event affects the resources from source S1 the supply of both users A and 

B will be threatened. 
• Since User A has access to another supply source (S2), User B will pay for the extra 

operation costs of that source. In this way, User A will not use source S1 so the supply to 
User B can be guaranteed. 
 

8. Pitfalls detected 

The activation of this measure increased the management and operation costs of supplying water. 
The main effect was the increase of cost of internal operation within the farmers unions, which had 
to establish irrigation turns and to activate the drought pumps and re-utilization pumps. 

The piezometric levels in the aquifer were affected by pumping. 

The quality of the water entering the Albufera lake declined due to the extra salinity added by the 
re-utilization of irrigation water surpluses. 



Technical Report No. 4 - 97 - 

9. Issues for improvement identified 

It is required to make the inventory of all the existing infrastructures for utilisation during drought 
episodes and to define periodical maintenance works so that they are totally operative in the future 
(during the last episode many infrastructures did not work for lack of maintenance and had to be 
fixed). 
Need of definition of a monitoring program of the conservation status of infrastructures. Periodical 
information is required from the operators of the infrastructures. 

10. Further references  

Agreement signed in the “Convenio de Alarcón” 
 
 
SYROS ISLAND (elaborated by the Syros CS Team) 
Measure 1: Water storage in cisterns 

1. Identification of the measure:  

Promoter Region of South Aegean 
Type of measure Operative measure - Supply management 
Measure timeframe - 
Target sector Agriculture and urban sector 
Location Syros island 

2. Description (measures, responses, actions) 

The measure involves rainwater storage in cisterns, a traditional practice in Syros for coping with 
water scarcity. Its use at the household level has been reduced the last few years, as (i) the 
construction of cisterns was no longer mandatory through building regulations, and (ii) people felt 
secure regarding water supply due to the operation of desalination plants. Water stored in cisterns 
remains an important source for irrigation. Error! Reference source not found. presents the logic 
diagram for this measure. 

 
Cisterns satisfy to up to 20% of irrigation water demand, whereas a lot of homes still have and use 
a cistern (particularly in regions with limited coverage from desalination plants). 

3. Results obtained 

The contribution of cisterns in minimizing drought impacts has not been assessed. However, it is 
considered a “best practice” for the island that could contribute significantly in reducing water 
demand from water supply networks. 

4. Success factors identified  
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Cisterns have been traditionally used in Syros as a supplementary source of water.   

5. Indicators used  

An indicator that could be used for this measure is the reduction in water demand met through the 
standard supply networks. 

6. Total costs  

The cost of a cistern is dependent on: (i) the type of cistern (plastic or concrete), and (ii) its 
capacity. On average the cost of a new cistern is up to 100-140 €/m3 of water stored, whereas the 
operation and mantainance cost is estimated at 0.5% of capital cost (OECD, 2005).  

7. Replicability and applicability  

Rainwater harvesting in cisterns is used worldwide as a measure for water saving by reducing 
outdoor water requirements and irrigation demand from other water sources. Two are the main 
factors that affect its application: (i) the availability of space for the construction of a cistern, and (ii) 
regulations that provide incentives for their use. 

8. Pitfalls detected 

No pitfalls have been detected. 

9. Issues for improvement identified 

The existence of cisterns in regions facing water scarcity problems should be promoted through 
regulations or by providing economic incentives for their use. 

10. Further references  

OECD, 2005, Rural cost functions for water supply and sanitation, Technology Overview and Cost 
Functions. 

European Environmental Agency, 2009, Report on good practice measures for climate change 
adaptation in river basin management plans. 

Environmental Agency, 2009, Rainwater Harvesting: an on-farm guide, UK Environmental Agency. 

Water Conservation Implementation Task Force, 2004, Water Conservation Best Management 
Practices Guide, Texas Water Development Board Report 362. 

 
Measure 2: Desalination 

1. Identification of the measure:  

Promoter Municipal Enterprise for Water Supply & Sewage of Syros 
Type of measure Operative measure - Supply management 
Measure timeframe 2007 (still active) 
Target sector Urban sector 
Location Municipality of Hermoupolis 

2. Description (measures, responses, actions) 

The measure involves the increase of the capacity of the existing desalination plant in Hermoupolis 
by 750 m3/day. The logic diagram of the measure is illustrated in Error! Reference source not 

found.. The measure aims at meeting water demand in the urban sector and is implemented by 
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public authorities. The overall planning and implementation of the measure follows processes for 
public works. 

 

3. Results obtained 

There were no problems in domestic water supply in 2007, particularly during peak summer time, 
due to the increased capacity of the desalination plant.  

4. Success factors identified  

The main success factors of the measure were: (i) early acknowledgement of the need for 
supplementary water supply, (ii) expediting processes for the purchase of the new plant, as the 
prefecture of Cyclades was declared in an emergency state, and (iii) existing experience on 
operating desalination plants. 

5. Indicators used  

An assessment of the measure has not been undertaken. An indicator for assessing the success of 
the measure could be either the water deficit during summer or daily water production. 

6. Total costs  

The purchase of the supplementary desalination unit had a cost of €119,700. The money originated 
from the “emergency fund” allocated to the Municipality of Hermoupolis (emergency funding from 
the Ministry of Interior as the prefecture of Cyclades was declared in an emergency state).  

7. Replicability and applicability  

Desalination is promoted as an option for water supply in insular areas. Factors that should be 
taken into account for applying such a measure: (i) the high cost of water production, (ii) 
environmental impacts like the disposal of desalination brine, (iii) human and technical capacity for 
operating such a system. 

8. Pitfalls detected 

No negative consequences have been reported. 

9. Issues for improvement identified 

More information on water production from desalination plants should be provided to users. In 
general, users are not aware of the true cost of water production and in some cases are using 
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“small-scale desalination units” at home to desalinate the (desalinated) water provided by the 
network. 

10. Further references  

European Environmental Agency, 2009, Report on good practice measures for climate change 
adaptation in river basin management plans. 
 
THE NETHERLANDS (elaborated by the Dutch CS Team) 
 
Measure 1: Best practice “KWA” (i.e. KleinschaligeWateraanvoer, small-scale water supply) 

1. Identification of the measure:  

Promoter Measure is agreed in the local Water Agreement (Water Akkoord KWA). It is 
promoted by the National Committee Water Distribution, part of the Ministry of 
Infrastructure and Environment. The vice-Minister of Infrastructure and 
Environment is ultimately responsible for the measure (and there is the ultimate 
legal possibility to take over the entire responsibility of Water Boards and 
Provinces, which was never needed) 

Type of measure Re-allocation of fresh water resources 
Measure timeframe In 2003: 2 August to 10 October (a total of 41 Mm3) 

In 2011: 18 May to 22 June (a total of 32 Mm3) 
Target sector Agriculture, horticulture; preventing (further) subsidence of the land surface; 

wooden pile foundations; nature areas 
Location Low-lying area in the west of the Netherlands, which includes a few deep-lying 

polders 

2. Description (measures, responses, actions) 

• Context: The rationale for the “best practice” “KWA” (i.e. KleinschaligeWateraanvoer, small-
scale water supply) is that drought provokes a reduced fresh water discharge by the Rhine,  
which in turns causes the “salt-wedge” from the Ocean to come up the river. 

• Needs: The relevant aspects that the measure addresses is maintaining water levels in the 
low-lying polders in the western part of the country, which is required both to prevent the peat 
soil from drying out and to keep the peat dikes stable. The fresh water that is supplied through 
the KWA measure is required also to “flush” the system of water courses as the upward 
seepage in the area is slightly brackish. The salinity of the water would damage the high-value 
agriculture in the area, especially in the “Greenport Dune and flowerbulb” area. There are also 
small but precious nature areas. 

• Actors: The involved stakeholders are the Water Boards of Rijnland, Delfland and Schieland-
Krimpenerwaard. The fresh water taken through the KWA (instead of through the normal inlet) 
is supplied by the national water manager Rijkswaterstaat and is supplied through another 
Water Board, that of Stichtse Rijnlanden. In drought of 2011, when in an early stage the limited 
quantity of fresh water became apparent, also the LTO (national agriculture and horticulture 
organization) and nature organizations were involved with the aim of arriving at a joint solution. 
The latter organizations were content to be involved early on so that they were able to make 
their points from the beginning. In the 2003 drought, they were too much behind the course of 
the events, due to lack of early involvement. In 2011, also the Provinces were informed. The 
(newly established) safety regions, part of the national crisis management system, were 
involved from the point of view of water availability to fire brigades. All stakeholders became 
more involved in the last years. 
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• Process (measure): The sequence of activities that is followed to implement the measure 
includes several steps: 1) the Rhine discharge is lower than1100 m3/s; 2) there is salt intrusion 
near the inlet from the “Hollandse Ijssel”; 3) there is an unfavorable prediction of climatic 
circumstances. When these conditions occur, the national Water Distribution Committee will 
recommend that the KWA measure is started and will allocate water for it. 

The measure involves three pumping stations, with agreed minimum volumes to supply from 
the “Oude Rijn”, the Hollandse Ijssel and the Lopikerwaard. It concerns an agreed minimum 
volume of 7 m3/s. In 2011, the actually delivered discharge was about 10 m3/s. 

It should be noticed that the KWA is an agreed water management measure, it is not a crisis 
measure. It is part of the drought management system. 

3. Results obtained 

• Products/Outputs: Of the intended effects of both maintaining water levels and flushing 
brackish water in the polders, the flushing could not actually be reached in 2011. The saline/ 
brackish upward seepage was too high. The water from the Haarlemmermeerpolder (in which 
the Schiphol airport is located) was not pumped out but retained in the polder, because its 
salinity was too high and pumping it would have impacted too much on other waters. 

Maintaining the water levels in the polders was successful. Drying out of the peat lands could 
be prevented and the wooden pile foundations of the cities of Haarlem, Leiden and Gouda did 
not suffer. The Water Boards stayed alert on the conditions of the peat dikes in the region (25 
teams were formed to inspect the dikes). 

• Outcomes: The response of the most important target group was favorable, the agriculture 
representatives of the area (intensive horticulture and agriculture) were happy with the result. 
There is still upward seepage of brackish water in the area (which lies several meters below 
sea level) so that any further measure to reduce salinity is highly appreciated. The nature 
organisations also appreciated the KWA measure as the water quality at the lakes at 
Nieuwkoop was good as a result of it. In 2003, the municipalities were also concerned for their 
public green areas. There was not yet such a problem in 2011, as the drought period did not 
last long. 

• Impacts: The ultimate effects of the intervention include: maintaining water levels in the (deep-
lying) polders, with water of a reasonable-to-good quality; no drying out of peat soil; no damage 
to wooden pile foundations of (historic) housing; good quality of water for nature areas. 

There are also some ‘negative’ impacts, such as ban on navigation of recreational vessels due 
to higher water levels which makes passage of bridges impossible (there is no shipping in the 
area); closed sluices; the higher flow velocities in certain parts of the system, as the discharges 
are higher than in normal water management, may also pose a danger. 

4. Success factors identified  

The success factors include: 1) the early preparations in meetings, so that the drought was 
observed in its development and the measures could be ‘ready to go’ when necessary; 2) the 
constant communications posted on the website, not only during the measure, but also pro-active: 
thus all farmers, civilians and journalists/media could follow the situation. Now there is a “Summer 
Monitor” on the site, that presents the actual situation, swimming water quality, etc. The big 
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advantage is that people can follow the situation, they know the situation is under control, can see 
it coming and are prepared. Farmers can fill-up any storage they have when there is still water, etc. 

5. Indicators used  

The indicators used include:  Rhine flow, 10-day perspective on rainfall, accumulated evaporation 
surplus; salinity of the water near the normal inlet; condition of the dikes. 

6. Total costs  

The total costs include:  cost of personnel (mostly from the staff of the Water Boards themselves, 
but the regular duties of that staff are delayed, so there are extra costs); costs of contractors that 
are hired additionally for small jobs; cost of sampling (there is a higher need for data on water 
quality during the KWA to follow developments); costs of pumping. 
It is impossible to give detailed cost data. However the additional costs are relatively low, and 
estimated to be in the range of 2-3% of the normal operational cost of the Water Boards involved. 
The reason for this is that by far their largest expenses are in water treatment. 

 
7. Replicability and applicability  

Both replicability and applicability are surely possible for the measure at a higher abstraction level: 
re-allocation of water. However, all arrangements are very location-specific. 

8. Pitfalls detected 

The measure has negative consequences for recreational navigation. As the KWA water is 
transported through a neighboring Water Board as a consequence of the KWA measure the water 
level is maintained at a relatively high level in that area; whenever there is a summer rainstorm, it 
suffers from excess water, because there is no more buffer in the system. Another weakness may 
be that it is not sure that the agreed quantity really reaches the targeted areas. 
The measure has also its limits. If there is not enough water in the main system, it cannot work. 
The measure is vulnerable in case one of the infrastructures in the chain fails or will be otherwise 
not in operation. In 2010, there was a re-location of a part of a highway (A2) through the area and a 
(relatively new) pumping station had to be re-located. Because of the absence of pumping capacity 
in 2010, application of the  KWA measure would have presented quite some cost for emergency 
pumping systems, in 2010. 

9. Issues for improvement  

Issues for improvement are discussed after every time that the KWA is implemented. The Delta 
Program freshwater is likely to propose structural measures to deal with the salt wedge in the 
future when  droughts are expected to be more frequent than in the past. 

10. Further references (in Dutch) 

2004. Droogte 2003, Technische Evaluatie. Hoogheemraadschap van Rijnland. 

2005. Waterakkoord Kleinschalige wateraanvoervoorzieningen Midden-Holland. 
Hoogheemraadschap van Delfland, Hoogheemraadschap van Rijnland, Hoogheemraadschap van 
Schieland en de Krimpenerwaard, Hoogheemraadschap De Stichtse Rijnlanden, Ministerie van 
Verkeer en Waterstaat, Rijkswaterstaat Utrecht. 

2011. Droogte 2011, Technische en beleidsmatige evaluatie. Hoogheemraadschap van Rijnland. 
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PORTUGAL (elaborated by the Portuguese CS Team) 

Measure 1: Awareness Raising Campaigns 

1. Identification of the measure 

Promoter 

• Águas de Portugal (Waters of Portugal);  
• INAG (National Water Authority, Ministry of Environment, Territory Planning and 

Regional Development);  
• Águas do Algarve (Waters of Algarve);  
• CCDR-Algarve (Coordination Commission for Regional Development of Algarve);  
• AMAL (Association of Municipalities of Algarve) 

Type of measure 
Education and awareness campaigns: sensitisation campaigns for responsible water use 
(national, regional and local) 

Measure timeframe 
June 2005-September 2005 (national campaign) 
March 2005-September 2005 (regional campaign for Algarve) 

Target sector 
General population, counties, industry, agriculture and tourism sectors (tourism sector 
particularly in Algarve) 

Location Mainland Portugal; Algarve (regional campaign) 
 

2. Description (measures, responses, actions) 

• Context: In the summer of 2005 the whole Portuguese mainland was in severe drought 
and a Drought Commission was created, which included several government entities and 
public and private entities responsible for water management and use. Algarve (southern 
Portugal) was the region with the most severe impacts of the 2004-2006 drought. 

• Needs: It was necessary to improve water use efficiency for all sectors of activity 
(agriculture, industry, tourism) and municipalities, and to reduce public water consumption 
by the general population, particularly for the domestic sector. For these aims, two public 
sensitisation campaigns were launched in 2005: a national-level campaign and a specific 
regional campaign for Algarve. The national campaign aimed at advocating a rational 
water use, in order to persuade the population to reduce water consumption and mitigate 
drought impacts, under the theme: “Water. With a good use, more people will have it.” The 
regional campaign for Algarve focused on the tourism sector, aiming both to inform on the 
scarcity of hydric resources and to promote citizen awareness, participation and 
responsibility for water management and rational use. 

• Actors: The national campaign was developed by Águas de Portugal (Waters of Portugal), 
which was an active entity of the Drought Commission, with the support of INAG (Ministry 
of Environment, Territory Planning and Regional Development). SNBPC (National Firemen 
Service and Civil Protection), city councils, companies and shopping malls collaborated 
with Águas de Portugal to help disseminate the campaign objectives. 

The regional campaign for Algarve was promoted by Águas do Algarve (Waters of Algarve, 
the water supply company of Algarve), CCDR-Algarve and AMAL.  

• Process (measure): The national campaign divulged best practices and measures for 
water saving, rational water use, and water re-use. It was brought to the attention of the 
Portuguese population through the media (public television, national and regional radios 
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and main daily newspapers), mailboxes, public distribution of brochures, and 
advertisements outdoors, on websites, ATMs and in public bathrooms.  

Postcards with an alert message were placed in mailboxes, cafes, cinemas, bars, and 
shopping malls. Sensitisation measures were also included in sugar packages distributed 
in restaurants and cafes at national level. INAG produced brochures with water saving 
measures. SNBPC website presented measures for water saving and sensitisation 
campaigns from other entities (e.g. city councils, management entities of public water 
supply systems and the Drought Commission itself). SNBPC also distributed sensitisation 
brochures for water saving and placed several posters along the main roads and highways. 
City councils adopted their own sensitisation campaigns for water saving involving schools, 
churches, local associations and media and distributing informative leaflets (e.g. along with 
the water invoice and at municipal bulletins).  

CCDR-Algarve promoted several meetings with tourism associations and companies to 
inform on the drought situation and to collect information, in order to develop a 
sensitisation campaign for this target group on the extreme necessity of adopting water 
saving measures. The Association of Hotels and Tourism Companies of Algarve (AHETA) 
distributed a specific brochure for tourism activities and the tourism sector in Algarve. 

• Products/Outputs: Awareness-raising campaigns aimed to produce the following effects: 
• Reduction of unnecessary water consumption; 
• Rational water use; 
• Improvement of urban supply systems networks; 
• Improvement of industrial and commercial processes that use water; 
• Increased irrigation efficiency; 
• Water re-use for compatible uses; 
• Elimination of practices that promote deterioration of natural water bodies. 

• Outcomes: Public awareness on the necessity of rational water use was improved. City 
councils and the general population responded well and adopted best practices and water 
saving measures (e.g. reduction and restrictions imposed on lower priority water uses such 
as irrigation of public gardens, swimming pools, fountains, street washing; implementation 
of efficient faucets; proper maintenance, improvement and reduction of losses in water 
distribution networks; water re-use for compatible uses, etc). The tourism sector also 
responded well (for example, water consumption was reduced in golf camps).  

• Impacts: There was a reduction of domestic water consumption, and in particular in 
homes served by municipal water systems (see results obtained), which presented the 
best outcomes of the sensitisation measures. On the contrary, agriculture and industry 
sectors did not show significant changes on water reduction so campaigns targeted for 
those sectors were unsuccessful. 

3. Results obtained 

In general terms and considering available data from all management entities for water supply in 
Portugal, there was a reduction of about 20% of water consumption in the mainland during the 
summer of 2005 in comparison with the previous year, which shows that campaigns were effective 
and the great potential of the domestic sector for water saving (Do Ó, 2008). 

Available data from management entities for Algarve show that reduction of water consumption 
was about 10% from June to September 2005 in comparison with the previous year, and that in 
July the reduction reached almost 15% (Do Ó, 2008). 
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The evaluation and results of water saving measures adopted by city councils is shown in Table 1. 
From the 278 municipalities of mainland Portugal, ERSAR (Regulatory Entity for Water and Waste, 
ex-IRAR) contacted 266 (96%) and collected information from 218 (75%). 

 

Table A.2.1 - Evaluation of water saving measures adopted by city councils 
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Alentejo 47 47 38 25 10 3 2 7-10% 23 
Algarve 16 16 16 15 0 1 1 3% 14 
Centre 78 75 63 47 10 6 6 3-30% 41 

Lisbon and 
Tagus 
Valley 

51 46 36 21 9 6 3 5-15% 18 

North 86 82 65 35 23 7 6 7-30% 29 
Total 278 266 18 143 52 23 18 3-30% 125 

(From: Drought Commission 2005. Biweekly Report August 2005) 

4. Success factors identified 

• The participation in the campaigns of several private and public stakeholders across 
different scales (national, regional, local): central administration, water management and 
distribution entities, city councils, companies, associations, etc.  

• The use of different types of instrument and means to disseminate the campaigns 
message. 

5. Indicators used 

The indicator used was the reduction of public water consumption (%) in 2005 in comparison with 
the previous year (2004), measured by water management entities (municipal and others). 

6. Total costs 

Both campaigns cost one million euros. 

7. Replicability and applicability 

Stakeholder participation mechanisms and involvement, promotion of the campaigns and outputs 
can be easily replicated elsewhere using the available information (references, data and products); 
however, a translation of documents from Portuguese will be needed. 

Some products used in the national campaign can be seen at: 
http://www.adp.pt/content/index.php?action=detailfo&rec=3084&t=Agua-Usando-bem--mais-gente-
tem_materiais 

8. Pitfalls detected 

In the summer of 2005, ANMP (National Association of Portuguese Municipalities) sent a survey by 
email to city councils to evaluate the efficacy of sensitisation in terms of reduction of water 
consumption.  However, most city councils did not answer the survey or did not include complete 
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information on these questions. Therefore ERSAR (ex-IRAR) implemented a campaign by 
telephone to collect information on the efficacy of sensitisation measures adopted by city councils 
(see results obtained). 

As shown in Table 1, only 18 out of 266 counties inquired (8,3%) provided water saving estimates 
(%) since in 2005 most water supply management entities did not have the adequate equipment to 
measure water volumes distributed by water treatment stations and consumed, and therefore could 
not quantify the water that was saved and the real impact of the campaigns. 

9. Issues for improvement identified 

• To further define methodologies to develop sensitisation campaigns for water saving 
during droughts; 

• To develop and implement permanent sensitisation activities for water saving, rational 
water use and hydric resources conservation for children and students at an early age; 

• To develop and implement permanent national campaigns for rational water use for the 
general population, not restricted to drought periods. 

10. Further references 

Comissão para a Seca 2005. Seca em Portugal Continental. Relatório Quinzenal Agosto 2005. 
(Drought Commission 2005. Biweekly Report August 2005) 

Comissão para a Seca 2005. Seca 2005. Relatório de Balanço. 31 de Dezembro 2005. (Drought 
Commission 2005. Report 31 December 2005) 

Do Ó, A. 2008. Gestão do Risco de Seca no Algarve.  Dissertação de Doutoramento em Geografia 
e Planeamento Regional. FCSH, Universidade Nova de Lisboa. (Do Ó, A. 2008. Management of 
drought risk in Algarve. PhD Thesis, New University of Lisbon). 

 

Measure 2: Harvesting excessive fish biomass in reservoirs  

1.  Identification of the measure 

Promoter 
• DGRF (General-Directorate of Forest Resources); 
• EDIA (Development and Infra-structure Company of Alqueva Reservoir) 

Type of measure 
Environmental Protection: Management of water quality in reservoirs by harvesting 
excessive fish biomass 

Measure timeframe May 2005-September 2005 
Target sector Reservoir users (e.g. farmers, water management entities, fishermen) 
Location Alentejo and Algarve (southern Portugal) 
 

2. Description (measures, responses, actions) 

• Context: During the 2004-2006 drought many reservoirs in Portugal reached very low 
water levels, especially those located in the south (Alentejo and Algarve regions), which 
are particularly prone to eutrophication. For this reason, in April 2005 the Drought 
Commission decided to adopt measures to mitigate impacts on fish populations, prevent 
fish mortality and assure water quality in reservoirs in risk of eutrophication.  

• Needs: Harvesting excessive fish biomass (live fish) aims to avoid massive fish mortality 
and water quality deterioration in reservoirs in risk of eutrophication. 
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• Actors: DGRF was the entity of the Drought Commission responsible for implementing the 
measure. The Government requested EDIA to collaborate with DGRF in the fish harvest. 

• Process (measure): Two types of measures were adopted: 

1) Restriction of practices that could promote deterioration of water quality in reservoirs 
(namely, prohibition of baits; non-return to the water of some fish species captured 
during fishing contests; abolition of the closed season for some species in reservoirs); 

2) Preventive harvesting of live fish biomass. 

Fish biomass in reservoirs was estimated indirectly using available biomass data from past 
captures and past episodes of fish mortality and the trophic state of the reservoir (since there is no 
data available for current fish biomass for reservoirs). A fish biomass of 1 ton/ha was considered as 
the maximum limit advisable for each reservoir and fish was removed from any reservoir where this 
value was exceeded. Once the fish biomass was estimated, its evolution was simulated based on 
the evolution of the flooded area during the drought. Interventions were planned for the month 
when estimated fish biomass was expected to exceed 1 ton/ha and exceeding biomass was then 
removed. 

Thirty-two reservoirs were selected by DGRF for biomass estimation based on the following 
criteria: 

1. Past history of fish mortality; 
2. Trophic state or available information on high fish biomass; 
3. Water use for public supply; 
4. Reduction of water level in April 2005; 
5. Dimension of the water body. 

 
• Products/Outputs: After biomass estimation, a smaller number of reservoirs were 

selected for monitoring. From these, fish was finally harvested from 7 reservoirs by DGRF 
and EDIA by professional fishermen (2 teams for larger reservoirs and one team for 
smaller ones). Harvested fish was used for feeding wild boars, flour, baits, and as fodder 
for pig farms. 

• Outcomes: In general, reservoir users agreed with the implemented measures. 

• Impacts: Fish mortality and deterioration of water quality was prevented in reservoirs in 
risk of eutrophication (see also results obtained). 

3. Results obtained 

Table A.2.2 - Estimated biomass and biomass harvested per reservoir 
Reservoir Estimated biomass to 

harvest (kg) 
Biomass harvested (kg) N.º of harvest days  

Enxoé - 34,000 25 
Vale de Gaio 30,000 64,000 22 

Roxo 80,000 86,000 56 
Funcho 20,000 1,100 4 

Vigia 20,000 22,000 20 
Lucefecit 10,000 11,000 12 

Campilhas 20,000 400 1 
Total 180,000 218,500 140 

(From: Drought Commission 2005. Report 31 December 2005) 
Note: all reservoirs are located in Alentejo, except for Funcho which is located in Algarve 
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To decide on the completion of the operations, DGRF suggested to complement data on biomass 
estimates with the evolution of fish catch per unit of effort (or catch rate). So, fish harvested in Vale 
de Gaio reservoir (64000) exceeded the initial estimated quantity (30000) while, on the opposite, 
harvesting operations in Campilhas and Funcho reservoirs ended before reaching the biomass 
initially estimated to be harvested (see Table 2). 

4. Success factors identified 

There was no fish mortality registered in the reservoirs where fish was harvested. 

5. Indicators used 

Indicators used were number of dead fish and water quality parameters in reservoirs. 

6. Total costs 

Reservoir Estimated total costs (€) 
Enxoé 44,200 

Vale de Gaio 83,200 
Roxo 111,800 

Funcho 3,300 
Vigia 28,600 

Lucefecit 14,300 
Campilhas 400 

Total 285,800 
(From: Drought Commission 2005. Report 31 December 2005) 

7. Replicability and applicability 

The method can be replicated using available data for the reservoir under analysis or similar types 
of reservoirs. 

8. Pitfalls detected 

A matrix with contacts from several entities related with reservoir management and correspondent 
jurisdiction did not exist and had to be created. 

9. Issues for improvement identified 

Lack of monitoring and fish management in reservoirs does not allow forecasting fish biomass and 
hampers the implementation of preventive and efficient mitigation measures in drought situations. 
Knowledge of fish populations in reservoirs is therefore essential for reservoir management and for 
the conciliation of multiple uses. It is necessary to continue to collect and analyse information on 
fish biomass, fish populations and reservoir functioning through monitoring and scientific research, 
particularly for reservoirs with higher risk of eutrophication.  

In this sense, the Portuguese Commission for Reservoir Management (“Comissão de Gestão das 
Albufeiras”) recognized that DGRF-the national authority for fresh water fishing management-
should be a member of this Commission and participate on the decision making regarding 
management of multiple-use reservoirs. 

It was also identified the necessity of a sensitisation campaign on the impacts of illegally 
introducing exotic fish into reservoirs, targeting professional and sports fishermen. Moreover, 
measures to control exotic species in the most sensitive streams were proposed. 

10. Further references 
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Comissão para a Seca 2005. Seca 2005. Relatório de Balanço. 31 de Dezembro 2005. (Drought 
Commission 2005. Report 31 December 2005) 
 
 
PO RIVER BASIN (elaborated by the Po CS Team) 
 
Measure 1: Water releases from Alpine reservoirs and reduction of water for irrigation 

1. Identification of the measure:  

Promoter Po River Basin Authority and the technical committee created for managing the 
responses to the 2003 drought event. The measure was then implemented by 
the regional governments.  

Type of measure Operative measure 
Measure timeframe July and August 2003  
Target sector Electricity companies and farmers 
Location Alpine areas, reservoirs, lakes, rivers, agricultural areas   

2. Description (measures, responses, actions) 
The measure consisted in the increase of the daily water releases from Alpine reservoirs by the 
hydroelectric companies (total amount of water: 3.69 hm3/daily), and direct transfer downstream 
the lakes of the additional amount of water released; and, simultaneously, 10% reduction of water 
for irrigation.   

• Context: The dramatic emergency situation caused by the drought forced all the 
stakeholders to cooperate and reach consensus on actions to be taken. It was then 
possible to force the hydroelectric companies (ENEL, the only company at that time) and 
the land reclamation consortia (irrigation) to implement the agreed measures.   

• Needs: Water availability for the most important downstream users, such as farmers and 
thermoelectric plants (as cooling water).  

• Actors: hydroelectric companies; thermoelectric companies; farmers; land reclamation 
consortia. 

• Process (measure): Regional governments (such as, Lombardy region) were competent 
for the implementation  

• Products/Outputs: Availability of water for thermolectric generation, and for irrigated 
farming.  

• Outcomes: Water availability sufficient to assure thermoelectric generation and irrigated 
farming. The decision to design and implement this measure was shared and the reaction 
was positive. 

• Impacts: Short term effect. The measures helped to control and stop the conflicts initially 
arisen among hydroelectric companies and thermoelectric companies; and among them 
and farmers; and among farmers.  

3. Results obtained 

Water availability both for thermolectric generation and for irrigated farming 
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4. Success factors identified  

Technical committee (Cabina di regia) was established after reaching the voluntary agreement 
named “Protocollo d’intesa”, despite the conflicts among different groups arisen on the ground, 
there was a lot of cooperation among stakeholders at the negotiation table in order to manage the 
critical situation. Moreover, the Po River Basin Authority was able to coordinate the committee and 
to dialogue with all stakeholders.  

5.  Indicators used  

No data available 

6. Total costs  

No financial resources were available or needed. 

7. Replicability and applicability  

Replicable only in basins where there are hydroelectric water reservoirs such as built in the Alps.  

8. Pitfalls detected 

- Short term effects. This measure was not planned and designed in advance, was not prepared 
before the drought, but it was a kind of reactive intervention.  
- Not easy to control actual water withdrawals by the Land Reclamation Consortia and by farmers.   

9. Issues for improvement identified 

Improving the capacity to measure and control the actual water intakes from the rivers. 

10. Further references  

Autorità del Bacino del fiume Po-Protezione Civile-AIPO (2011), Le magre del Po. Conoscerle per 
prevederle, cooperare per prevenirle. Linee guida e modellistica per la previsione e il controllo della 
scarsità d’acqua nel fiume Po.    
Massarutto A., De Carli A., “I costi della siccità: il caso del Po”, in Economia delle fonti di Energia e 
dell’Ambiente, 2-2009. 
 
Measure 2: ”Protocollo d’intesa” and “Cabina di Regìa” 

1. Identification of the measure:  

Promoter Po River Basin Authority and all the relevant stakeholders 
Type of measure Strategic measure 
Measure timeframe July 2003  
Target sector All relevant stakeholders 
Location Po River Basin  

2. Description (measures, responses, actions) 

In 2003, the Po River Basin Authority arranged a voluntary agreement named “Protocollo d’Intesa 
finalizzato alla gestione unitaria del bilancio idrografico del Po ai sensi della legge 5 Gennaio 1994 
n. 36”, signed on July 18th 2003. A key part of this agreement was the creation of a committee 
(called “cabina di regia”) in charge of managing the responses to the drought event together with all 
stakeholders and of sharing relevant information and knowledge. 
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• Context. The drought emergency situation forced all stakeholders to cooperate in taking 
important and shared decisions, and to design adequate measures. Basically, they had 
little alternatives, as in Italy until then there were neither experience of drought 
management nor plans/institutions already established for drought management. 

• Needs. To ensure exchange of information and experience among stakeholders; to identify 
widely accepted responses to drought. The Po basin is a highly complex system on which 
many different stakeholders depend upon; this is why the creation of such an arena for 
cooperation can be considered as an important step. 

• Actors. The categories of stakeholders involved were the competent 
ministries/departments of the central government, the regional governments part of the Po 
basin, the public bodies responsible for water management at river basin level, the public 
authorities in charge with the management of lakes, the public authority in charge of 
managing electric services, the electricity companies, the Association for Reclamation, 
Irrigation and Land Improvement. The “Protocollo d’intesa” stated that each stakeholder 
had to play its determinant role, in other words had to give its particular contribution in 
order to manage the drought event. For example, the role played by the public authorities 
in charge with the management of lakes, which can regulate the water outflows from the 
lakes, and by the electricity companies, which can increase hydroelectric production, were 
clearly defined by the “Protocollo d’intesa”. 

• Process (measure). The Po authority promoted and coordinated the activities undertaken 
by the “Cabina di Regìa” (the technical committee). Relevant stakeholders were called to 
participate to the meetings of the technical committee coordinated by the Po River Basin 
Authority, and aimed at providing information and consulting for the design and the 
management of the responses. The “Cabina di regìa” was supported by a technical 
secretary.  

• Products/Outputs. Taking shared and widely accepted decisions, exchanging information 
and experiences and knowledge. The creation of the “Cabina di regia” was considered so 
successful (such a good and effective practice) that after 2003 it became a stable body. 

• Outcomes. Stakeholders could get involved, could be part of the drought management 
process. They could benefit from the information and knowledge exchange and flows.  

• Impacts. From 2003 on, the creation of the Cabina di Regia substantially changed the 
governance of the drought management in the Po basin.    

3. Results obtained 
 

• Identification of a preliminary governance structure for the drought management in the Po 
basin. 

• Important experience of cooperation among stakeholders.  
 

4. Success factors identified  

The key role played by the Po River Basin Authority. 

5. Indicators used  

No data available 



Technical Report No. 4 - 112 - 

6. Total costs  

No financial resources were available.  

7. Replicability and applicability  

Replicable only in basins where there is a lack of governance for drought management and where 
there is a complex combination of stakeholders.  

8. Pitfalls detected 

Lack of experience. 

9. Issues for improvement identified 

Increasing of the decision power of the “cabina di regia”, and widening its composition to other 
stakeholders.   

10. Further references  

Autorità del Bacino del fiume Po-Protezione Civile - AIPO (2011), Le magre del Po. Conoscerle per 
prevederle, cooperare per prevenirle. Linee guida e modellistica per la previsione e il controllo della 
scarsità d’acqua nel fiume Po.    
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ANNEX 3: List of participants 
 
 
Syros Island 
 
Case Study Team (NTUA): Dionysis Assimacopolus, Eleni Kampragou, Franka Gad, Patricia Stathatou, 
E. Manoli, Demetris Lekkas  
 
Consulted stakeholders: George Poussaios (Vice Governor of the Region of South Aegean), George 
Makryonitis (Vice Governor of the Region of South Aegean), George Vakondios (Municipal Enterprise 
for Water Supply and Sewage of Syros), Michalis Zouloufos (Municipality of Syros-Hermoupolis), 
Antonis Vekris (Municipality of Syros-Hermoupolis), Ilias Nokas (Water Directorate of the Region of 
South Aegean), Phoebe Grigoropoulou (Water Directorate of the Region of South Aegean), Vikentia 
Bouchayier (Water Directorate of the Region of South Aegean), Sofia Boufexi (Water Directorate of the 
Region of South Aegean), Panayiotis Vouros (Region of South Aegean), Athanasios Drosos (Region of 
South Aegean), Markos Maragos (Municipality of Syros-Hermoupolis), Ioannis Vakondios (Municipality 
of Syros- Hermoupolis), Demetris Roussos (Vice Mayor of Municipality of Syros- Hermoupolis. Former 
mayor of Poseidonia Municipality, Syros; Former Mayor of M.D. of Foinikas), Augoustis Kuriakopoulos 
(Municipality of Syros-Hermoupolis), Maria Printezi (Municipal Enterprise for Water Supply and Sewage 
of Syros), Yiannis Rotas (AEGEAN S.A.-Technical and Financial Consultants), Kostantinos Voltis 
(Development Corporation of Local Authorities of Cyclades S.A.), Kostas Voutsinos (Municipal 
Enterprise for Water Supply and Sewage of Syros). 
 
 
 
Júcar River Basin 
 
Case Study Team (UPV): Joaquín Andreu Álvarez, David Haro Monteagudo, Javier Paredes Arquiola, 
Abel Solera Solera 
 
Consulted stakeholders: Javier Ferrer (CHJ), Teodoro Estrela (CHJ), Antonio Llopis (Ayuntamiento de 
Valencia), Francisco Belmonte (Junta Central de Regantes de la Mancha Orienta), Fernando Moreno 
(Iberdrola), William Colom (Acció Ecologista AGRO), Juan Carlos Cuevas (Agroseguro), Luis Garijo 
Alonso (CHJ), Manuel Alcalde (CHJ), Juan José Moragues (UPV/CHJ), Javier Macián (EMIVASA), 
Miguel Ángel Pérez (UPV), Juan Valero de Palma (Acequia Real del Júcar), Joaquín Andreu Álvarez 
(UPV/CHJ), Ernesto Serra (MS Ingenieros/ Comunidad General de Usuarios del Canal Júcar Túria), 
Francisco José Gutiérrez (JCRMO), Alberto Hervás (USUJ- Unión Sindical Usuarios del Júcar) 
 
 
 
Po River Basin 
 
Case Study Team (UB-CerTeT): Antonio Massarutto, Dario Musolino, Alessandro de Carli, Lanfranco 
Senn, Luigi de Paoli  
 
Consulted stakeholders: Paola Pagliara (Presidency of the Council of Ministers, Civil Protection 
Department), Andrea Duro (Presidency of the Council of Ministers, Civil Protection Department), 
Francesco Puma (Po River Basin Authority), Alessio Picarelli (Po River Basin Authority), Claudia 
Vezzani (Po river basin Authority), Farioli Christian (Po river basin Authority), Moroni Fernanda (Po river 
basin Authority), Merli Cinzia (Po river basin Authority), Bertolo Beatrice (Po river basin Authority), 
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Monticelli Marina (Po river basin Authority), Mirella Vergnani (Interregional Agency for the Po river), 
Sandro Campanini (Interregional Agency for the Po river), Carta Silvio (Lombardy Region), Anna Maria 
Ribaudo (Lombardy Region), Walter Mattalia (Piedmont Region), Giorgio Enrietti (Piedmont Region), 
Andrea Zuppiroli (Emilia-Romagna Region), Raffaele Rocco (Aosta Valley Regional Government), 
Ettore Fanfani (Consortium for land reclamation Muzza, and public authority in charge of the 
management of the lake, Lago d’Idro), Bruno Bolognino (Consortium for land reclamation Est Sesia), 
Paola Zanetti (Consortium for land reclamation Emilia Centrale, CER), Massimo Buizza (Public authority 
in charge of the management of the lake d’Iseo, Consorzio dell’Oglio) Bertoli Luigi (Public authority in 
charge of the management of the Como lake, Consorzio dell’Adda), Bellani (Public authority in charge of 
the management of the Maggiore lake, Consorzio del Ticino), Ernesto Boniolo (Local Authority Water 
board in Polesine, AATO Polesine), Marcello Coppola (Government Management of public navigation 
transport on the lakes-Garda lake), Massimo Checcucci (Government Management of public navigation 
transport on the lakes-Maggiore lake), Marco Benati (Confagricoltura), Alessandro Ghetti (Coldiretti 
Emilia-Romagna), Sarah Magrini (Coldiretti Emilia-Romagna), Piero Peri (CIA Emilia-Romagna), Franco 
Parola (Coldiretti Piemonte), Damiano di Simine (Legambiente Lombardia - Environmental NGOs), 
Andrea Agapito Lodovici (WWF - Environmental NGOs), Vitaliano Daolio (Po Fishing Center), Bruno 
Frazzini (Comunità del Garda), (Giuseppina Monacelli (ISPRA-Institute for Environmental Protection 
and Research), Raffaella Zucaro (INEA - National Institute of Agricultural Economics Research), Luca 
Pacicco (INEA - National Institute of Agricultural Economics Research). 
 
 
 
Portugal 
 
Case Study Team (ISA-CEABN): Vanda Acácio, Susana Dias, Carlo Bifulco, Francisco Rego 
 
Consulted stakeholders: Afonso do Ó: UNL (University Nova de Lisboa), Cláudia Brandão (INAG/APA 
-National Water Authority, Ministry of Agriculture, Sea, Environment and Spatial Planning), Luís Santos 
Pereira (ISA-Institute of Agronomy, Department of Rural Engineering), Rui Caseiro (Vice-Mayor of the 
municipality of Bragança), Lúcio do Rosário (CNCD-AFN), Basílio Martins (EPAL -Portuguese Water 
Company), Adérito Mendes (POTVT -Thematic Operational Program for Territory Valuation, National 
Strategic Reference Framework 2007-2013), Abílio Seca Teixeira (EDP-Energies of Portugal), Carina 
Arranja (FENAREG-National Federation of Irrigation Farmers of Portugal), Gonçalo Leal (DGADR-
General Directorate of Agriculture and Rural Development, Ministry of Agriculture, Sea, Environment 
and Spatial Planning), João Fernandes (LNEC-National Laboratory of Civil Engineering, Ministry of 
Economy and Employment), Luís Sá (ANPC-National Authority for Civil Protection, Ministry of Internal 
Administration), Luís Simas (ERSAR-Regulatory Entity for Water and Waste, Ministry of Agriculture, 
Sea, Environment and Spatial Planning), Pedro Rocha (ICNB/ICNF-Institute for Nature Conservancy 
and Biodiversity, Ministry of Agriculture, Sea, Environment and Spatial Planning), Pedro Teiga (LPN-
Union for Nature Protection) / UP (Oporto University), Rui Cortes (UTAD-University of Trás-os-Montes 
and Alto Douro), Teresa Viseu (LNEC-National Laboratory of Civil Engineering, Ministry of Economy 
and Employment), Vanda Pires (IM -Meteorology Institute, Ministry of Education and Science), Patrícia 
Veloso (EDP -Energies of Portugal), Vítor Martins (DGS -General Directorate of Health, Ministry of 
Health). 
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Switzerland 
 
Case Study Team (WSL): Irmi Seidl, Claudia Keller 
 
Consulted stakeholders: Martine Rebetez (Swiss Federal Institute for Forest, Snow and Landscape 
Research Lausanne), Stefan Vollenweider (eawag-aquatic research institute), Alexandra Cropt and 
Nadine Degen (Swiss Farmers’ Union), Markus Biner (Swiss Association of the Industry of Gas and 
Water SVGW), Manfred Spreafico (University of Berne, Department of hydrology), Andreas Schild and 
Lukas Barth (Federal Office for Agriculture FOAG), Konrad Eberle (Association of Swiss Navigation 
Companies), Walter Hauenstein (Swiss Water Policy Union), Georg Bregy (Swiss fruit producers), 
Marco Conedera (Swiss Federal Institute for Forest, Snow and Landscape Research, Bellinzona), 
Annelie Holzkaemper (Swiss agricultural research institute Agroscope), Michael Reinhard, Petra 
Schmocker-Fackel, Martin Pfaundler and Hugo Aschwanden (Federal Office for the Environment), 
Saskia Willemse and Christoph Spirig (meteosuisse), Patricia Fry (Research and Environment)  
 
 
 
The Netherlands 
 
Case Study Team (Alterra): Wouter Wolters, Laura Miguel Ayala 
 
Consulted stakeholders: Herbert Berger, John Kamps, Robin Engel, Gerard van Vliet (National 
Committee Water Distribution); Henk Tienstra (Province of Overijssel); Cees van Bladeren (Association 
of Regional Water Authorities); Arend Kroes (Ministry of Infrastructure and Environment); Jos 
Timmerman (Ministry of Infrastructure and Environment); Luit-jan Dijkhuis (Ministry of Infrastructure and 
Environment); John Hoogveld (Tennet, electricity grid operator);Alexander Heinen (Ministry of Security 
and Justice); Alette Getz (Saftey region North and East Gelderland); Leo Heitbrink (Water Board Regge 
en Dinkel); Royal Schuttevaer (Dutch organization of shipping entrepreneurs); Kees van Rooijen 
(Regional Agriculture and Horticulture Organisation (“North”)); Paul Vertegaal (Nature Society); Bart van 
den Hurk (Royal Netherlands Meteorological Institute); Frank van Lamoen (Province of North-Brabant); 
Piet Verdonschot (Alterra); Ies de Vries (Deltares); Ebbing van Tuinen, Witteveen+Bos Consultants; Jan 
Boode, Tauw Consultants; Erik Boegborn, Water Board De Stichtse Rijnlanden; Marco de Redelijkheid, 
Water Board Roer en Overmaas; Jan den Besten, Water Board Hunze en Aa’s; Michiel Lips, Water 
Board Schieland en de Krimpenerwaard. 
 
 


