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Executive Summary 

This document presents the outcomes from the Case Study analyses for Task 2.6 “Identification and 
evaluation of responses and policy options for drought risk mitigation”. The analysis was supported by the 
third round of Case Study Dialogue Fora (CSDF) meetings organised within the DROUGHT-R&SPI 
project. In total six meetings were held: in Lisbon, Portugal (8th October 2013), in Utrecht, The Netherlands 
(4th March 2014), in Parma, Italy (6th June 2014), in Zollikofen, Switzerland (12h June 2014), in Syros 
island, Greece (20th June 2014), and in Valencia, Spain (25th June 2014). The workshops aimed at 
discussing with local stakeholders options for future drought risk mitigation. 

The identification of options was based on: (i) the results from the evaluation of past responses to drought 
(Task 2.3), (ii) the potential future drought impacts (Task 2.5), (iii) existing reports and plans regarding 
water and drought management, (iv) the EC policy options to address water scarcity and drought, and (v) 
the recommendations from stakeholders. Three main approaches have been adopted for the assessment 
of options, depending on the availability of information, data, and models to support the evaluation of 
options: (i) quantitative assessment on the basis of water balance models, (ii) qualitative assessment 
using questionnaires, and (iii) qualitative assessment using information from existing reports and the 
literature. 

The main findings can be summarised as follows: 

• There is a wide range of measures that can be implemented for drought risk mitigation and improved 
drought management. Their applicability is context-specific as susceptibility to drought and coping 
capacity are local in nature and defined by local/ regional characteristics. 

• Drought-prone and affected areas can more easily develop and implement options adapted to the 
local context, compared to areas that are not experiencing frequently droughts. 

• The selection and implementation of drought risk mitigation options depends on the drought scenario 
active at each specific moment in a drought episode. An 'auto-pilot' approach to drought risk 
mitigation is not possible: even in one area, drought intensity and impacts are not the same and 
particularities of measures may change from one event to another. 

• The analyses in the six DROUGHT-R&SPI Case Studies can, in addition to regional 
recommendations, support the further development of policy recommendations at the European 
scale by: (i) indicating the high priority actions for enhanced drought management, and (ii) 
contributing to the assessment of options proposed in EC policy documents. 

This document has been developed by the NTUA with the cooperation of UPVLC, ISA-CEABN, UB-
CERTeT, Alterra, WSL, and UCM. 
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1 Introduction 

Drought risk management refers to the processes and measures taken to deal with drought and lessen 
its impacts, using three main principles: prevention, preparedness, and mitigation. There is a wide list of 
measures that could be implemented for improved drought management; however their selection is 
context-specific as the feasibility of implementation, the acceptance, and the contribution to impact 
mitigation is influenced and defined by local/regional characteristics. According to Knutson et al. (1998), 
the guiding questions for the selection of drought management options are (UNDP, 2011): 

• What are the cost/benefit ratios of the options? 
• Which options are considered as feasible and appropriate by the government, affected 

communities and/or general public? 
• Which options are sensitive to the local environmental contexts, i.e., sustainable practices? 
• Which options address the right combination of vulnerability factors to adequately reduce the 

relevant drought risk? 
• Are there options already proven successful in other countries/communities? – If so how applicable 

are they? 
• Which options would fairly represent the needs of affected individuals and groups, especially 

marginalized people? 

Following drought characterisation, vulnerability and impact assessment, a major activity in DROUGHT-
R&SPI was the identification and assessment of options for future drought risk reduction in the project 
Case Studies (the Netherlands; Portugal; Switzerland; Jucar river basin, Spain; Po river basin, Italy; Syros 
Island, Greece). Three main activities have been carried out for this purpose (Figure 1.1): 

• Activity 1 refers to the development of an initial list of options, based on literature review, proposals 
from stakeholders, the results from the ex-post evaluation of responses, EC recommendations, etc. 

• Activity 2 concerns the appraisal of options, involving the assessment of their contribution to risk 
reduction, costs, and other additional benefits/impacts. The assessment can be quantitative 
(modelling of options, ex-ante assessment) and/or qualitative, on the basis of selected criteria. 

• Activity 3 concerns the development of policy recommendations, relevant to the Case Study context. 
These are correlated with current and future Drought Management Plans, and with drought risk 
integration requirements in other sectoral and water management policies. 

 

Figure 1.1: Activities towards the development of policy recommendations for drought risk reduction. 

Activity 1

Initial list of options

• Outcomes from 
Task 2.3

• Good-practice 
examples from 
Drought-R&SPI 
Case Study areas

• Blueprint proposals 
for action

• Proposals in water 
management and 
sectoral plans

• Recommendations 
from stakeholders 

Activity 2

Option appraisal

• Quantitative 
analysis through 
the re-assessment 
of impacts 
• Models
• Ex-ante analysis

• Qualitative analysis
• Questionnaire 
survey

• Review of reports
• 3rd CSDF

Activity 3 

Final recomendations

• Synthesis of 
assessment results

• Recommendations
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Besides regional recommendations, the outcomes from the analyses in the six DROUGHT-R&SPI Case 
Studies will support the development of policy recommendations at the European scale by: (i) indicating 
the high priority actions for enhanced drought management, and (ii) contributing to the assessment of the 
first set of policy options for addressing water scarcity and droughts that has been listed in the EC 
Communication on “Water Scarcity & Droughts in the European Union (COM (2007) 414 final)” (Table 
1.1). It should be noted that recommendations related to drought monitoring & early warning are not 
included in this report, as this is the topic of Task 2.7 “Identification of relevant indicators at CS scale, 
monitoring, forecasting and early warning” (corresponding deliverable D2.8 “Drought indicators for 
drought early warning - case study scale”).  

The document is structured as follows: 
• Chapter 2 provides a brief overview of the methodology followed for the identification and 

assessment of options.  

• Chapter 3 provides the Case Study results in the case of quantitative assessment of options. 

• Chapter 4 focuses on the results from the qualitative assessment of options in the Case Studies. 

• Chapter 5 concludes the document and synthesises the outcomes from the six Case Studies. 

• Chapter 6 lists the references used in this report. 

Nine annexes complement the report and provide information about the 3rd CSDF workshops, as well as 
supporting material for the Case Study analysis. 
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Table 1.1: Linking EC policy options with options analysed in the DROUGHT-R&SPI Case Studies for drought risk reduction. 

EC policy options (COM (2007) 
414 final) 

Mitigation options applied in 
the past in the Case Studies 

Options analysed in this report 

Putting the right price tag on 
water 

  Water pricing and trading (PO; PT) 

Allocating water and water-
related funding more efficiently 

 Temporary re-allocation (SY, 
NL, JU) 
 Surface water regulation (JU, 

PT, CH, PO, NL) 
 Lease of water rights (JU) 
 Conjunctive use of surface 

and groundwater (JU) 

 Setting of quantitative limits for water 
withdrawal for irrigation (farm specific quotas) 
(CH) 
 Improvement of controls on illegal withdrawals 

and wells (PO) 
 Reform of withdrawal rights system (PO) 
 Mutualistic funds (PO) 

Improving drought risk 
management 

 Crop insurance (JU) 
 Water use restrictions (NL, JU, 

PO, PT) 
 Establishment of a Drought 

Committee (JU, PT, NL) 

 Drought insurance (CH; PO) 
 Defining “service levels” (NL) 
 Change of crop pattern (PO) 
 Optimized management of lakes & basins (PO) 
 Subsidies for the farmers (PO) 
 Compensation systems for energy production 

not realized (or not optimal production) for 
achieving environmental objectives (PO) 

Considering additional water 
supply infrastructures 

 (Emergency) water supply 
(SY) 
 Wastewater reuse (JU) 

 Desalination capacity expansion (SY; PO) 
 Wastewater reuse (SY; PO; PT) 
 Rainwater harvesting (SY; PO) 
 Developing water infrastructure: reservoirs, 

irrigation networks (CH; PO; PT) 
 Increase of surface water & groundwater 

storage (PO) 
 Extension of irrigation network (PO) 
 Hydrogeological invariance (PO) 

Fostering water efficient 
technologies and practices 

 Water saving (JU, PT)  Improvement of irrigation network (PO) 
 Technological upgrade of irrigation techniques 

(PO; PT) 
 Improvement of water retention capability of 

agricultural land (PO) 
 Introduction of water use measurement 

systems /technologies (PO) 
 Cooling systems “zero water” for thermoelectric 

plants (PO) 
 Improvement of energy production plant’s 

efficiency / productivity (PO) 
 Energy production optimization at the basin 

level in order to reduce environmental impacts 
(PO) 
 Building green infrastructure in the watersheds 

(PT) 
 Water leaks reduction in urban distribution 

systems (PT) 
 Wastewater reduction in all major sectors (PT) 

Fostering the emergence of a 
water-saving culture in Europe  

 Awareness campaigns (JU, 
PT, NL) 

 Awareness and information campaigns on 
agricultural water consumption (PO) 
 Sensitization campaigns for responsible water 

use in urban areas (PT) 
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EC policy options (COM (2007) 
414 final) 

Mitigation options applied in 
the past in the Case Studies 

Options analysed in this report 

Improve knowledge and data 
collection 

 Monitoring (JU, NL, PT)  Drought forecasting & early warning (CH; PO) 
 Guidelines for drought management plans (CH) 
 Monitoring water stress effects on crops (heat 

stress on livestock) (PO) 
 Improvement of models for surface water and 

groundwater (PO) 
 Remote sensing of groundwater illegal 

exploitation (PT) 
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2 Methodology for the identification & assessment of options 
for future drought risk reduction 

Options for drought risk reduction can be defined as the “actions taken immediately before, during, or 
directly after a drought to reduce impacts and improve recovery” (Knutson et al., 2008) and their role 
differentiates with regard to the type of drought (Figure 2.1). There are several classification schemes for 
drought responses (Rossi et al., 2005), depending on their objective (water supply enhancement, demand 
regulation, impact minimization; Yevjevich et al., 1983), their implementation timeframe (proactive or 
reactive; Iglesias et al., 2007), and their duration (short or long-term measures; Chancelliere et al., 1998; 
Rossi, 2000; Bazza, 2002). Additional classification schemes can concern the water use sectors that are 
affected, the type of the option (technical, regulatory, economic, other), and their contribution to risk 
management (measures for enhancing preparedness, measures for risk and impact mitigation, and 
measures for recovering from a drought event).  
 

 

Figure 2.1: Drought hazard and the role of drought management measures (adapted from Iglesias et al., 2007). 

 
Bazza (2013) adapted the UN/ISDR Terminology of Disaster Risk Reduction (2009) to provide another 
typology for drought management measures as follows: 

 Drought preparedness: “Established policies and specified plans and activities taken before 
drought to prepare people and enhance institutional and coping capacities, to forecast or warn of 
approaching dangers, and to ensure coordinated and effective response in a drought situation 
(contingency planning)”. 
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 Drought mitigation: “Any structural/physical measures (e.g. appropriate crops, dams, engineering 
projects) or non-structural measures (e.g. policies, awareness, knowledge development, public 
commitment, and operating practices) undertaken to limit the adverse impacts of drought”. 

 Drought response: “Efforts such as the provision of assistance or intervention during or 
immediately after a drought disaster to meet the life preservation and basic subsistence needs of 
those people affected. It can be of an immediate, short-term, or protracted duration”. 

 Drought recovery: “Decisions and actions taken after a drought with a view to restoring or 
improving the pre-drought living conditions of the stricken community, while encouraging and 
facilitating necessary adjustments to reduce drought risk”. 

Any drought management framework must include an appropriate mix of measures ( 
Figure 2.2), the selection of which is context-specific to account for: (i) drought-related risks, (ii) the 
institutional framework and the feasibility of implementation (potential constraints and opportunities), and 
(iii) the socio-economic and environmental conditions of the affected communities and sectors (UNDP, 
2011). The evaluation and relative ranking of alternative measures can be performed using criteria such 
as feasibility of implementation, effectiveness, cost, and equity (Wilhite et al., 2005), whereas 
environmental implications and legal constraints should be also incorporated in the evaluation process 
(EC, 2007a). After analysing the effect of each measure on the resilience of a water system, the 
combination of the most appropriate measures can be determined and proposed to the responsible 
authorities (Andreu et al., 2006).  
 

 

Figure 2.2: Drought management and type of measures (adapted from WRDMAP, 2010). 

 
The identification and assessment of options in DROUGHT-R&SPI followed a three-step process (Figure 
1.1): (i) primary selection of a list of options, (ii) option appraisal, and (iii) development of the final list of 
options after consultation with stakeholders. The following sections describe the methodological premises 
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of the three activities undertaken in the Case Studies, whereas Table 2.1 gives an overview of the analysis 
framework in each Case Study. 

Table 2.1: Overview of the analysis framework in the DROUGHT-R&SPI Case Studies. 

Case Study Scale Focus Number of options 
analysed 

Assessment approach Stakeholder 
consultation 

Syros 
island, 
Greece 

Local Agriculture & 
domestic 
sectors 

Five (5) Quantitative & qualitative Yes 

Jucar river 
basin, Spain 

Regional – 
River basin 

Agriculture & 
domestic 
sectors 

Forty-two (42) Quantitative & qualitative Yes 

Po river 
basin, Italy 

Regional – 
River basin 

Agriculture & 
energy 
production 

Thirty (30) Qualitative Yes 

Portugal  National Agriculture & 
urban sectors 

Twelve (12) Qualitative Yes 

Switzerland National 
(Northeast & 
Northwest) 

Agriculture 
(Fruit 
farmers) 

Six (6) Qualitative Yes 

The 
Netherlands 

National All sectors One (1) Quantitative & qualitative Yes 

 

2.1 Identification of options for drought risk mitigation 

The objective of Activity 1 is to develop an initial catalogue of options for each Case Study, fully describing 
the characteristics and constraints associated with each option suggested for further evaluation. For the 
purposes of the DROUGHT-R&SPI project, options for addressing drought risk are broadly divided in two 
main categories (Table 2.2): short-term actions, aimed at alleviating the negative impacts of a drought 
episode (i.e. actions to be taken in the course of a drought episode or as part of a drought recovery 
scheme; included in a drought management plan), and long-term actions, aimed at reducing sensitivity to 
drought and building coping capacity (included in a river basin or water management plan). Additional 
measures which target the enhancement of preparedness (e.g. establishment of monitoring systems, 
development of Drought Management Plans and operational rules, vulnerability assessments) are 
considered supportive towards the application of short and long-term actions, and have thus been 
excluded from the analysis. 
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Table 2.2: Initial list of options (Synthesis from EC, 2007a; Knutson et al., 2008, Iglesias et al., 2007; Rossi et al., 2007; 
Wilhite, 1997). 

 Technical  Regulatory/Economic Other 

Short-term  
(aimed at reducing 
drought impacts 
or at drought 
response and 
recovery) 

 Emergency water transfers, 
water hauling 

 Use of strategic reserves/lower 
quality water supply 

 Water restrictions/mandatory 
rationing 

 Emergency pricing 
 Re-allocation of available 

water resources 
 Recovery assistance & 

public aids for income losses 

 Public information 
campaigns for water 
saving 

Long-term 
(aimed at reducing 
sensitivity to 
drought and long-
term coping 
capacity 
enhancement) 

 Infrastructure rehabilitation to 
reduce losses 

 Sea or brackish water 
desalination 

 Construction of new reservoirs  
 Conjunctive use schemes & 

strategic reserves 
 Water recycling & reuse 

 Water consumption metering 
& regulation 

 Mechanisms for tradable 
water use rights 

 Economic incentives for 
engaging in water saving 

 Insurance programs 

 Education on water 
saving/conservation 

 Change of cropping 
patterns & agronomic 
techniques 

 
The main sources of information for compiling this initial list of options are: inputs from the evaluation of 
past responses to drought (Table 2.3), good-practice examples from other Drought-R&SPI Case Study 
areas, recommendations by stakeholders, expert judgment, proposals in previous water management 
and sectoral plans, the Blueprint proposals for action (Annex G), etc. 

Table 2.3: Policy recommendations on the basis of the outcomes of ex-post evaluation of responses (De Stefano et al., 
2012). 

Policy recommendations 

Data and knowledge improvement for a better planning & management 
• Develop operational definitions of drought (PO, PT, CH) 
• Distinguish between water scarcity and drought (SY) 
• Improve law enforcement mechanisms (SY, PT) 
• Improve particular aspects of the law on transboundary treats (PT) or water markets regulation (JU) 
• Enhance drought issues in drought-related policies and its coherence (all) 
• Promote ‘institutional memory’ in the organization involved (all) 
• Define clear responsibilities and personnel assignment for drought management at a municipal level (SY) 
• Enhance participation of the agricultural sector (SY, PT) and environmental NGOs (SY, PT, PO, JU) 
• Conflict resolution on politization of water resources (JU) 

Better drought planning & clear procedures 
• Enhance drought planning and prevention (SY, PO, PT) 
• Integrate groundwater and surface water in water planning (PT) 
• Drought monitoring & early warning (SY) 
• Water allocation among energy and agricultural sectors (PO) 
• Budget allocation (PT) 
• Water pricing (SY); 

More emphasis on development demand side options 
• Increase controls on water abstractions (SY, PT, PO) 
• Explore potential of water demand options, especially related to water rights (SY, PT, JU) 
• Revise water pricing (SY, JU) 
• Develop a drill register in the island (SY) or to upgrade the groundwater and surface water rights registers (PT) 
• Prioritization of the uses (PO) 
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Policy recommendations 

Promote diversification of water sources to increase supply 
• Wastewater reuse (SY, PT) 

Improve recovery from drought 
• Increased aids for farmers to compensate production losses (PO, PT) 

Address environmental concerns more efficiently 
• Enhance environmental measures to address ecosystems protection, fish mortality, groundwater re-sources and 

salt-intrusion (JU, PT, SY, PO) 

Evaluate drought episodes 
• Research on drought impacts (all) 
• Evaluation of a drought episode, including social, environmental and economic impacts (PT, SY, PO) 
• Ex-post assessment of cost-effectiveness of individual measures (all) 

 

2.2 Option appraisal 

Following the identification of options for each Case Study, Activity 2 concerns their assessment, 
combining quantitative and qualitative criteria. Quantitative criteria include the effectiveness of the option 
in terms of risk reduction, its cost, and any further quantifiable benefits, if possible. Qualitative criteria 
consider, where relevant, environmental and social implications, as well as contribution to other policy 
objectives (e.g. water scarcity mitigation, environmental preservation, etc.). 
The selection of the appropriate approach depends on the methods chosen for drought impact 
assessment and the type of the option (technical, regulatory, etc.). Two main approaches are 
distinguished:  

1. Quantitative analysis through the re-assessment of impacts by applying: 
i. Modelling exercises, for those Case Studies that such an approach is applicable. Results to be 

reported relate to the implementation of the option (e.g. reduction of economic losses from crop 
substitution or water deficit), and its assessment in terms of e.g. effectiveness in drought 
mitigation, risk reduction, costs etc. (Error! Reference source not found.). 

ii. The ex-ante analysis of socio-economic impacts of drought events. Policy options are 
evaluated on the basis of their effectiveness in “closing the gap” in terms of social welfare, 
i.e. in eliminating the difference between the economic welfare with and without the options. 

2. Qualitative analysis on the basis of (i) a questionnaire survey for the multi-criteria assessment of 
options, and (ii) information from existing reports. Regarding the first, a questionnaire (Annex H) was 
developed for the assessment of options. The evaluation criteria were the same for all Case Studies 
and for all options and these are: contribution to impact mitigation, benefit-cost ratio, social 
acceptance, feasibility of option implementation, and environmental implications. Options were 
assigned a score in the range 1 to 5 (1: infeasible/ineffective, 5: feasible/very effective) for each 
criterion separately. To account for differences among Case Studies, different implementation 
constraints were selected (Table 2.4) and stakeholders were asked to rate the importance of these 
constraints for the implementation of each option.  
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Figure 2.3: The approach towards recommendations for drought risk reduction. 

Table 2.4: List of constraints to be selected for each option by each Case Study. 

Institutional Constraints Land use 

 Lack of regulation  
 Lack of procedures and /or level of enforcement 
 EU/national (e.g. agricultural policies, energy policy, 

etc.) 
 Low level of policy integration 
 Other  

 Existing city/spatial planning rules 
 Farmers willingness to change 
 Conflicts among stakeholders 
 Other 

Implementation constraints Secondary impacts 

 High implementation cost of the option 
 High cost of water for use (in irrigation) 
 Limited technical knowledge 
 Limited access to technology 
 Funds availability and /or access 
 Reduction of subsidies given  
 Other 

 Economic impacts 
 Social impacts 
 Environmental impacts (e.g. groundwater quality 

concerns) 
 Indirect impacts (to be specified, e.g. reduced local 

fodder production for livestock breeding--> increase 
cost of fodder) 

 Other (please specify) 

 
2.3 Final recommendations 

The final Activity is linked to the 3rd round of CSDF events and involves the presentation of the results of 
Activity 2 and discussion (Table 2.5) with the CSDF members about the options and the anticipated 
contribution to drought mitigation. The required input from stakeholders was to assign a score on the scale 
1 to 5 (1: infeasible/ineffective, 5: feasible/very effective) to each assessment criterion (the same with the 
questionnaire; Table 2.6). The Activity concludes with recommendations for the Case Study, fully 
describing the characteristics and constraints associated with each option. 
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Table 2.5: Questions to guide group discussions for the assessment of drought risk reduction options. 

Questions to guide the group discussion on options for drought risk reduction 

 Which options are most suitable and effective for mitigating future drought threats? 
 What are the trade-offs of alternative responses? 
 Which combination of options (measures) are more suitable and should be implemented? 
 For each high priority action: 

a. Which problems/constraints should be resolved prior the implementation of the option? 
b. Which financing mechanism would you recommend? 
c. Will the option be social acceptable? How could we ensure social acceptance? 
d. What kind of changes (institutional, management, organisational) may be necessary? 

Table 2.6: Indicative matrix for summarising the outcome of the group discussion. 

Option  Contribution to 
impact 

mitigation 

Benefit-cost 
ration 

Social 
acceptance 

Feasibility of 
implementation 

Environmental 
implications 

 Description of 
the option 

 Score assigned 
to the criterion 

 Score assigned 
to the criterion 

 Score assigned 
to the criterion 

 Score assigned 
to the criterion 

 Score assigned 
to the criterion 
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3 Quantitative assessment of options  

3.1 Syros Island, Greece 

Future projections (i.e. climate conditions, future drought characteristics, water deficits as estimated from 
water balance modelling) for Syros Island suggest deterioration in terms of water scarcity, particularly 
during drought events. Even though an integrated water management plan shall include water demand 
management measures, it is evident from modelling results (see Assimacopoulos et al., 2014) that water 
availability problems cannot be solved in the island without supply enhancement measures. Therefore, 
after consultation with stakeholders, five options (Table 3.1) have been selected for assessment, which 
contribute both to water scarcity and drought mitigation.  

Table 3.1: Initial list of options for the Syros island Case Study. 

Option  Objective(s) Sectors affected Description 

Desalination 
capacity 
expansion 

 Sufficient quantity to meet 
urban water needs 

 Urban 
 Agriculture (as a result of 

reduced groundwater 
abstractions for urban use) 

 Increase of desalination 
capacity every ten years 

Rainwater 
harvesting for 
domestic use 

 Supplementary supply / 
strategic reserve 

 Urban  Rainwater harvesting in 
cisterns to cover 10% of 
demand (the option is not 
implemented for the capital 
of the island, Hermoupolis) 

Construction of 
new cisterns for 
supplementary 
irrigation supply 

 Improvement of irrigation 
demand coverage 

 Development of strategic 
reserve 

 Agriculture  Increase of cistern capacity 
to cover 25% of demand 

Direct waste water 
reuse for irrigation 

 Improvement of irrigation 
demand coverage 

 Agriculture 
 Urban (for those 

settlements that are 
supported only with 
groundwater)  

 Irrigation with treated waste 
water in two main 
agricultural areas 

Groundwater 
recharge with 
treated wastewater 

 Development of strategic 
groundwater reserves to 
mitigate drought risks 

 Groundwater protection 

 Agriculture 
 Urban (for those 

settlements that are 
supported only with 
groundwater) 

 Recharge with treated 
waste water in one out of 
three hydrogeological units 

 
The quantitative assessment of options was based on their simulation using the WEAP model. Modelling 
involved combinations of: 

 Climate projections from the FP7 WASSERMed project. Future climate projections concern 
temperature and precipitation data for the 2011-2050 period from the HIRHAM5 Regional Climate 
Model, forced by the ECHAM5 GCM for the A1B IPCC scenario. 

 Options for drought risk mitigation (Table 3.1). The first year of implementation of options is 2020, 
with the exception of the expansion of the desalination capacity (from 2015 onwards; increase of 
desalination capacity per decade to ensure demand coverage). 

 Socio-economic development scenarios (Table 3.2). The best case scenario refers to a balanced 
economic development pattern (i.e. tourism and agriculture), integrating environmental protection 
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considerations. The worst case scenario describes a situation where tourism is the single source of 
income for the island and agriculture is abandoned. 

The assessment was performed using three criteria: Risk, Vulnerability and Benefit to cost ratio. The risk 
of economic losses is estimated as described in Assimacopoulos et al. (2014): economic losses for the 
domestic sector are calculated assuming a substitution cost, i.e. cost of using an alternative water 
resource to cover the water deficit, whereas for agriculture, economic losses are estimated on the basis 
of crop yield (Smith and Steduto, 2012) reduction compared to the long-term average of crop yield. 
Vulnerability describes the relative reduction of impacts with regard to the initial system and it is defined 
as the ratio of economic losses with and without the option. For the calculation of the benefit to cost ratio, 
benefits correspond to the risk reduction (potential impacts expressed as economic losses for the different 
sectors), whereas (financial) cost to the implementation costs (capital & O&M costs). 

Table 3.2: Socio-economic development scenarios for the Syros island Case Study. 

Category Parameter Best case scenario Impact on 
water 

demand 

Worst case 
scenario 

Impact on 
water 

demand 

Population 
(permanent and 
seasonal) 

Population growth 
(yearly) 

0.8% ↑ 0.8% ↑ 

 Tourism growth 
(yearly) 

2% until 2020 & 1% 
for the rest of the 
period 

↑ 5.9% ↑ 

Land uses Change in total 
cultivated land 

No change - 30% decrease ↓ 

Agriculture Cropping pattern 20% decrease of the 
area of arable land 
and corresponding 
increase of the area of 
vegetables 
(greenhouse 
cultivations) 

↓ 30% decrease in 
the area of all 
crops 

↓ 

Livestock breeding Change in the 
number of cattle, 
sheep and goats, 
and pigs 

No change - Only cattle 
breeding 

↓ 

 

Results are summarized in Table 3.3 and Table 3.4 which show the range of results obtained from the 
simulation of the scenarios for the different options. All options contribute to the reduction of water deficits; 
however the options with the higher effect are those that increase water availability per sector: direct reuse 
for irrigation for agriculture and desalination for domestic use. Low-cost options such as rainwater 
harvesting in cisterns can support mitigation in the case of drought events of short duration, but not during 
prolonged events as cisterns cannot be (re)filled in. Therefore, cisterns can be used supplementary to 
any other drought mitigation option.  
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Table 3.3: Change in the estimated water deficit for the different options and drought events and the best case scenario 
(baseline=100). 

Drought Period Duration 
(months) 

Desalination Cisterns for 
domestic 

use 

Cisterns for 
irrigation 

Reuse 
(groundwater 

recharge) 

Reuse for 
irrigation 

Total 

Mar 16 - Oct 17 20 100.0 100.0 100.0 100.0 100.0 

Oct 20 - Oct 21 13 99.5 99.3 91.6 78.9 64.4 

Feb 23 - Dec 23 11 98.6 98.5 89.6 78.4 65.2 

Feb 26 - Jan 27 12 98.7 99.5 90.4 79.2 62.7 

Dec 30 - Dec 32 25 97.7 99.5 93.2 79.3 62.0 

Nov 34 1 100.0 99.9 97.4 80.9 58.4 

Jan 36 - Oct 37 22 97.1 99.6 95.5 80.2 59.8 

Dec 37 1 100.0 100.0 100.0 100.0 100.0 

Dec 40 - Nov 42 24 92.5 98.9 92.8 80.3 59.2 

Nov 43 - Oct 45 24 94.7 99.5 92.9 80.1 59.2 

Nov 46 - Oct 47 12 93.3 99.4 92.6 79.9 59.4 

Dec 47 - Dec 50 37 94.7 99.7 95.2 81.1 69.2 

Agriculture 

Mar 16 - Oct 17 20 100.0 100.0 100.0 100.0 100.0 

Oct 20 - Oct 21 13 100.0 99.8 91.8 78.7 66.6 

Feb 23 - Dec 23 11 99.1 99.2 89.9 78.3 66.9 

Feb 26 - Jan 27 12 99.3 99.5 91.2 78.8 65.2 

Dec 30 - Dec 32 25 99.0 99.7 93.6 79.0 64.5 

Nov 34 1 100.0 99.9 97.4 80.9 58.4 

Jan 36 - Oct 37 22 99.3 99.8 95.6 79.6 63.2 

Dec 37 1 100.0 100.0 100.0 100.0 100.0 

Dec 40 - Nov 42 24 96.3 99.8 93.8 79.4 63.6 

Nov 43 - Oct 45 24 98.1 99.7 92.6 79.3 63.3 

Nov 46 - Oct 47 12 98.4 99.5 92.0 78.9 64.1 

Dec 47 - Dec 50 37 100.0 99.8 95.1 79.8 70.0 

Domestic use 

Mar 16 - Oct 17 20 100.0 100.0 100.0 100.0 100.0 

Oct 20 - Oct 21 13 84.0 82.7 87.1 84.0 0.0 

Feb 23 - Dec 23 11 79.7 73.7 79.7 79.4 0.0 

Feb 26 - Jan 27 12 81.8 97.5 72.4 86.5 0.0 

Dec 30 - Dec 32 25 65.4 93.9 83.2 86.9 0.0 

Nov 34 1 100.0 100.0 100.0 100.0 100.0 

Jan 36 - Oct 37 22 58.2 96.0 93.6 90.6 0.0 

Dec 37 1 100.0 100.0 100.0 100.0 100.0 

Dec 40 - Nov 42 24 39.8 86.6 78.8 92.2 0.6 

Nov 43 - Oct 45 24 46.3 95.8 97.9 91.4 2.4 

Nov 46 - Oct 47 12 32.4 97.8 100.0 91.6 3.6 

Dec 47 - Dec 50 37 42.2 98.7 96.5 94.4 61.5 
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Table 3.4: Change in the estimated water deficit for the different options and drought events and the worst case scenario 
(baseline=100). 

Drought Period Duration 
(months) 

Desalination 
 

Cisterns for 
domestic 

use 

Cisterns for 
irrigation 

Reuse 
(groundwater 

recharge) 

Reuse for 
irrigation 

Total 

Mar 16 - Oct 17 20 99.9 100.0 100.0 100.0 100.0 

Oct 20 - Oct 21 13 96.0 99.1 90.5 77.6 67.6 

Feb 23 - Dec 23 11 94.5 98.2 87.7 77.5 67.3 

Feb 26 - Jan 27 12 87.5 97.6 84.9 78.6 63.2 

Dec 30 - Dec 32 25 82.0 99.1 91.6 79.8 60.9 

Nov 34 1 77.3 99.8 96.7 80.7 58.0 

Jan 36 - Oct 37 22 75.1 99.4 94.5 82.0 58.6 

Dec 37 1 100.0 100.0 100.0 100.0 100.0 

Dec 40 - Nov 42 24 60.1 99.0 91.5 83.7 57.9 

Nov 43 - Oct 45 24 53.1 99.3 92.1 85.1 69.0 

Nov 46 - Oct 47 12 46.4 99.2 92.4 86.4 75.9 

Dec 47 - Dec 50 37 59.3 99.6 95.1 86.5 78.8 

Agriculture 

Mar 16 - Oct 17 20 100.0 100.0 100.0 100.0 97.7 

Oct 20 - Oct 21 13 96.3 99.7 90.7 77.7 69.2 

Feb 23 - Dec 23 11 95.8 98.3 88.2 77.5 68.8 

Feb 26 - Jan 27 12 90.1 97.7 84.8 78.7 64.7 

Dec 30 - Dec 32 25 90.3 99.7 92.5 78.8 63.8 

Nov 34 1 77.3 99.8 96.7 80.7 58.0 

Jan 36 - Oct 37 22 88.9 99.7 93.9 79.6 62.0 

Dec 37 1 100.0 100.0 100.0 100.0 100.0 

Dec 40 - Nov 42 24 82.5 100.0 91.8 79.3 62.3 

Nov 43 - Oct 45 24 79.2 99.6 89.4 79.8 67.2 

Nov 46 - Oct 47 12 77.1 99.1 88.6 79.8 69.4 

Dec 47 - Dec 50 37 92.0 99.9 93.4 79.6 71.5 

Domestic use 

Mar 16 - Oct 17 20 141.7 100.0 100.0 100.0 107.5 

Oct 20 - Oct 21 13 113.1 70.4 77.0 100.0 0.0 

Feb 23 - Dec 23 11 65.1 93.1 60.7 100.0 16.9 

Feb 26 - Jan 27 12 27.8 93.8 85.6 92.8 32.9 

Dec 30 - Dec 32 25 10.5 94.0 82.8 94.7 39.8 

Nov 34 1 100.0 100.0 100.0 100.0 100.0 

Jan 36 - Oct 37 22 11.4 98.1 97.2 97.0 45.9 

Dec 37 1 100.0 100.0 100.0 100.0 100.0 

Dec 40 - Nov 42 24 2.3 96.5 90.8 97.7 48.9 

Nov 43 - Oct 45 24 2.0 98.8 97.6 97.8 75.6 

Nov 46 - Oct 47 12 1.9 99.5 98.5 97.9 88.4 

Dec 47 - Dec 50 37 11.2 99.2 97.6 98.1 91.9 
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Figure 3.1 and Figure 3.2 show indicative results for the best case and worst case scenario respectively. 
In both cases, the option of direct wastewater reuse for irrigation reduces the drought-related risk, as a 
result of reduced water deficits in agriculture. In the event of prolonged droughts, significant water deficits 
are also estimated for the domestic sector in the baseline conditions and thus desalination appears to be 
a suitable option for mitigating drought impacts. 

 

 

Figure 3.1: Risk of economic losses (sum of losses in the domestic and agricultural sectors) for a drought event of 11-13 
months duration (22 % probability of occurrence) and the best case scenario. 
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Figure 3.2: Risk of economic losses (sum of losses in the domestic and agricultural sectors) for a drought event of 20-24 
months duration (22 % probability of occurrence) and the worst case scenario. 

Table 3.5 summarises the modelling results for a drought event of 5yr return period and 20-24 month 
duration in terms of vulnerability. The results are similar also for drought events of shorter or longer 
duration, indicating that a long-term strategy for integrated water and drought management in Syros Island 
should include measures for supporting agricultural production through supply enhancement and 
groundwater protection. Desalination remains a valuable option for dealing with water scarcity and drought 
in the domestic sector. Figure 3.3 illustrates the benefit to cost ratio for each option. 

Table 3.5: Cross-comparison of options for a drought event of 5yr return period and 20-24 month duration (22% probability 
of occurrence) for the Syros island Case Study – Vulnerability. 

Option  Agriculture Domestic use Total  

Best case 
scenario 

Worst case 
scenario 

Best case 
scenario 

Worst case 
scenario 

Best case 
scenario 

Worst case 
scenario 

Baseline (no 
options) 

1.00 1.00 1.00 1.00 1.00 1.00 

Cisterns for 
irrigation 

0.77 0.87 0.24 0.97 0.60 0.89 

Reuse for 
irrigation 

0.06 0.30 0.00 0.46 0.04 0.34 

Cisterns for 
domestic use 

0.96 0.99 0.25 0.98 0.73 0.99 

Reuse 
(groundwater 
recharge) 

0.90 0.92 0.24 0.97 0.69 0.93 

Desalination 0.95 0.77 0.15 0.11 0.70 0.61 

 

 

Figure 3.3: Benefit to cost ratio of the options analysed for the two socio-economic development scenarios. 

 

3.2 Jucar River Basin, Spain 

Most of the measures for drought risk reduction in the Jucar River basin Case of Study are gathered in 
the Drought Plan (CHJ, 2007). These measures, shown in Table 3.6, are being activated depending on 
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the drought scenario active at each moment and defined by the CHJ indicators system. They are 
addressed both to mitigate the effects of drought and to prevent that the drought episode develops to a 
worse scenario.  

Table 3.6: Measures for drought risk reduction and effects mitigation adopted at the Jucar River basin during the last two 
important drought events. 

MEASURES 2005-2008 1992-1995 

STRATEGIC MEASURES   

Planning   

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

Information management   

Monitoring and evaluation   

Forecasting indicators (stored volume in reservoirs, flows in rivers, piezometric levels, 
rainfall) 

X  

Studies for improved knowledge of hydrogeologic units, groundwater bodies and aquifers X  

Studies for improved knowledge of the hydrogeologic behaviour of wetlands X  

Studies about optimal habitat and in drought periods for different river species X  

Studies in WWTP with conductivity problems X  

Control of illegal water uses X  

Surveillance of drought wells X  

Studies about climate change X  

Studies about irrigation methods modernization X  

Studies about the socio-economic impacts of river flow reductions X  

OPERATIVE MEASURES   

Demand management   

Campaigns for voluntary water saving in urban supply X  

Campaigns for voluntary water saving in agriculture supply X  

Reduction of agriculture water supply X X 

Activation of Emergency Plans for urban areas larger than 20000 inhabitants X  

Supply management   

Speeding up the completion of planning drought infrastructures X  

Increase of groundwater extractions X X 

Activation and intensification of potential reuse of waste waters  X  

Activation and intensification of desalination X  

Alternative supply points use X  

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

Environmental protection   

Establishment of use priorities in drought situation X  

Activation of the Center for Water Rights Exchange to prevent the irreversible 
deterioration of water bodies and meeting cultural and social farming supply 

X  

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

X  

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

X  

Prevent the direct use of water from vulnerable wetlands X  

Maintenance of equal inflows and outflows from reservoirs that feed aquatic habitats 
belonging to Red Natura 2000 and RAMSAR 

X  

Preventing the use of minimum volumes in euthrophised or in risk reservoirs X X 
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MEASURES 2005-2008 1992-1995 

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

Environmental surveillance plan for water bodies belonging to Red Natura 2000, RAMSAR 
or water bodies feeding any of the previous two. 

X  

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

X  

Removal and relocation of threatened fauna and creation of safeguarding zones for 
aquatic fauna 

X  

Education and awareness campaigns   

Citizenship and farmer awareness campaigns for water saving X  
RECOVERY MEASURES    

Deactivation of measures on water offer X  

Lifting supply restrictions X  

Lifting water uses restrictions X  

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

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

Considering to supply water to those wetlands seriously affected by drought X  

Euthrophication analysis in reservoirs and correlation with the existing amount of biomass X  

Monitoring and control of piezometric level recovery in groundwater bodies X  

Establishing controls to verify the effectiveness of measures and achievement of 
objectives 

X  

 

Since no drought episode is equal to another, the intensity and particularities of the measures may change 
from one event to the other. The responsibility on these matters falls on the Drought Technical Office at 
the Hydrological Planning Bureau of the CHJ as well as on the Reservoir Withdrawals Commissions of 
each exploitation system of the basin. Additionally, when the Drought Committee is gathered due to the 
entrance in the Emergency Scenario, it can envisage new measures particularized to the on-going event 
and their intensity. 

3.2.1 Assessment of options 
Following a preventive approach in drought management requires advancing, to a certain extent, the 
possible impacts a drought episode may have on the water resources system. To do this it is necessary 
both forecasting drought characteristics and assessing their effects on the system. For the first part, there 
are a series of methodologies that have shown their capabilities in the last years: regression, time series 
analysis, probability models, artificial neural networks and hybrid models. Mishra and Singh (2011) 
present a more detailed discussion on these techniques. With regard to the second aspect, the forecasted 
characteristics of future drought events can feed a decision support system that allows assessing the 
possible effects of future events, for example by optimizing the definition of risk indicators (Rossi et al., 
2012) or assessing the vulnerability of the system (Preziosi et al., 2013). 

The Jucar River basin agency uses the SIMGES-SIMRISK methodology to assess the effects of the 
measures selected and their intensity on the reduction of risk. The methodology is an interesting tool to 
use with and by stakeholders during public participation processes addressed to find the best 
management practices for drought risk minimization as seen in Andreu et al. (2009). 

Andreu and Solera (2006) proposed and applied a methodology to determine the possibilities of 
experiencing future operative droughts in Water Resources Systems (WRS) and also for determining the 
effectiveness of the most suitable mitigation measures to be put into practice. For the application of this 
methodology, they used the Decision Support System Shell AQUATOOL (Andreu et al., 1991 & 1996). 

AQUATOOL allows developing models of complex water resources systems in which the user can define 
regulation and storage elements both superficial and subterranean, water transportation elements either 
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river reaches or manmade, consumptive or non-consumptive demand elements, and withdrawal elements 
from both surface and groundwater. The developed models can be afterwards used with the simulation 
package SIMGES (Andreu et al., 2007) or the optimization model OPTIGES (Andreu, 1992a&b). The 
model simulates/optimizes water management at a monthly timescale according to user defined operation 
rules. Minimum environmental flows can be defined as well as different users priorities for water supply 
and more complex operation rules. The model calculates the monthly management by translating the 
system scheme to a network flow in which the solution algorithm determines the circulating flows with an 
objective function that minimises demands and environmental flows deficits and maximises water storage 
and hydroelectric production requirements. The results of the model include the evolution of all the 
relevant variables in monthly and annual level, average values for the whole simulation period as well as 
the reliability of supply. Figure 3.4 shows a model of the Jucar River basin developed in AQUATOOL. 

Within the proposed methodology, the risk analysis tool SIMRISK plays an important role. It is a generalist 
methodology that analyses the actual management of a complex water resources system, anticipates the 
risk of having problems with future resources availability and allows evaluating and justifying the most 
appropriate mitigation measures. SIMRISK was initially developed in Sanchez-Quispe (1999) and 
Sanchez-Quispe et al. (2001), and it is implemented in the decision support system shell AQUATOOL 
(Andreu et al., 1996). This methodology has been successfully used in the Jucar River basin for many 
years, as can be seen in Andreu et al. 2006, 2007, 2009, and 2013. Haro-Monteagudo (2014) makes use 
of the same working philosophy exchanging the simulation model by an optimization one for the so-called 
OPTIRISK. 

 

Figure 3.4: AQUATOOL model of the Jucar River basin water resources system.  

The analysis process is based on the Monte-Carlo method and consists of generating multiple, future, 
probable, natural streamflow scenarios for a determined anticipation period, and simulating the system 
management for each of them according to the objectives and supply criteria decided previously. Each of 
the simulations will yield different results with regard to the system operation, namely supplies, shortages, 
reservoir withdrawals, aquifer extractions, environmental flow compliance and hydropower generation. All 
these results are treated statistically to obtain the risk level at which the system may be in the following 
months. 
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Figure 3.5 shows a scheme that summarizes the methodology in which, starting from the current situation 
of the system, the decision makers can obtain information about the risks assumed for the future as a 
consequence of the operation of the system. If the risk level obtained by the actual management of the 
system cannot be assumed, management alternatives can be studied with the methodology obtaining 
new risk levels in an iterative process. 

Water Resources System management simulation model 
SIMRISK requires information about the status, objectives and a physical definition of the analysed 
system. The storage levels in reservoirs and aquifers, as well as recent natural streamflow measurements, 
define the status of the system. The objectives are the demand supplies proposed for the following 
campaigns (one or more, depending on the anticipation period defined) and the reliability accepted for 
them. Finally, a management simulation model gives the physical description. The model should be 
capable of representing the real operation of the system with as much detail as possible. The model 
selected for the implementation of the methodology is SIMGES. 

 

Figure 3.5: Scheme of the SIMRISK methodology. 

 

Stochastic model for future streamflow series generation 

Using SIMRISK requires a high number of streamflow series that are equiprobable with the historic one. 
It is thus necessary calibrating and validating some kind of stochastic model from which is possible to 
generate as many synthetic series as necessary to carry out the analysis process. AQUATOOL has a 
module for calibration and validation of stochastic models (MASHWIN). 

We generate series under a conditioned basis, utilizing as initial values the observed streamflows in the 
months prior to the generation of the synthetic series. The length of the synthetic series will depend, again, 
on the characteristics of the river basin modeled. However, since conditioned generated series tend to 
become homogeneous after a certain amount of generations, the most interesting length to analyse will 
normally be either one or two campaigns in one run. Anyway, the methodology is developed to be used 
as a complement of the drought monitoring system existing at the basin. Thus, generation of series should 
be done once a month. In addition, revising the stochastic models to adapt them to possible hydrologic 
changes is a task that should be done every few years. 
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3.2.2 Interpretation of results obtained with the methodology and decision making 
The model aggregates the results of the Monte-Carlo simulations of the system with the several generated 
synthetic series. This aggregation provides probability distributions for reservoirs storage; shortages at 
consumptive demands; aquifers extractions; and status of drought monitoring indicators. Managers can 
use these results to assess the risk of the basin being in a drought situation given the current management 
and the possible effects it would have on the system. This will help the decision makers drawing the 
different alternatives of management to minimize possible impacts. With this methodology, it is also 
possible to analyse new management alternatives or mitigation measures to select the most effective 
ones at reducing the risk. 

Results of SIMGES and SIMRISK are combined in order to compare the possible resulting situation 
without measures and with the different measures envisaged as in Figure 3.6 adapted from Andreu et al. 
(2013). Figure 3.6 shows the deterministic and probabilistic forecasts for the situation of the basin in a 
situation of risk. The above curves show the monthly evolution of the reservoir storages during the drought 
period with and without measures. The curves below represent the probability of not exceeding a storage 
value in each of the reservoirs in the basin, or the combination of their situation, in one particular month 
of the period of study. The most common in the Jucar River basin is obtaining the curves for the month of 
September, coinciding with the end of the irrigation season and the beginning of the hydrological year. 
Thus, looking at the results of this month it is possible to evaluate what are the risks for the next year and 
thus deciding whether measures to minimize this risk are necessary or not. All the measures proposed 
by the plan or the permanent drought commission may be tested with this methodology in order to assess 
how will these change the probability distribution and thus the risk. 

The decision on what measures will be finally made by the competent organism at each stage of drought, 
either the reservoir withdrawal commission or the permanent drought committee, in terms of better 
economic efficiency and reduction of risk. 
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Figure 3.6: Deterministic (above) and probabilistic (below) forecasts for the reservoir storage evolution in 2006 campaign 
(Andreu et al., 2013).  

 

In addition, it may give the users an idea of the drought scenario foreseen for the next period. This is done 
by translating the forecasted values to state index values similar to those provided by the monitoring 
system used in the basin (Haro et al., 2014). In Haro-Monteagudo (2014), a methodology is developed 
for addition support of the monitoring system by using the optimization model OPTIGES instead of 
SIMGES to obtain the best management of the basin and anticipating the drought scenario in the basin. 

 

3.3 The Netherlands 

The Netherlands owes much of its prosperity and welfare to its water supply. There is a large variety of 
special water-dependent nature as well as landscapes that depend on the availability of water. A 
considerable part of the economy depends on fresh water, namely agriculture & horticulture, the food and 
chemical industry, the energy sector, the recreation sector, the inland fisheries and navigation. About 
8.5% of the working population works in a water-related job. Water is an important factor in the national 
economy, with a total production value of about € 183.5 B (i.e. 16% of direct production value). 
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Modelling work (Klijn et al., 2010; Kwadijk et al., 2008) has shown that, under all investigated climate 
scenarios, there is enough water in The Netherlands (even in 2050!), but that it is not available at the right 
time, the right place, and in the right quantity. This leads to bottlenecks in dry years, now and in the future.  

As yet, the exact amount of water demand and availability cannot be predicted with the current state of 
investigations and modelling. 

The analysis of the bottlenecks has clarified that not only the climate change is a factor in this, but that 
also the reaction of water users to climate change, societal and technological development is very 
important to determine the size of the bottlenecks. 

It is important to note that in the national “bottlenecks” analysis (Delta Programme, 2013) the following 
effects are yet to be taken into account: (i) upstream countries will likely divert more water in the future 
due to their drought events, and (ii) there will be adaptation to climate change, e.g. through technological 
development of water use. 

The bottlenecks in the system have consequences for the different water users, both the location-related 
water users (agriculture, nature, urban area) as well as the network-related water users (navigation, 
cooling water for the energy producers and drinking water). It has appeared to be difficult to make a good 
estimation of the economic effects of water shortage: 

• They seem to be highest in agriculture and navigation. In The Netherlands, there is a feeling of 
having a relative advantage, in a European context, as droughts in The Netherlands are less 
pronounced than in more drought prone areas elsewhere in Europe. 

• Industry will experience damage due to more disturbances or failures and may be required to spend 
more on systems for process water, cooling, etc. Shortage of water may lead to a reduced reserve 
energy capacity, which in turn can lead to higher cost of energy for users. 

• Water intake points for drinking water or industry may need investments to secure supply of good 
quality water. 

• In the urban area, water shortage will lead to damage to buildings, above and underground 
infrastructure and urban green. With increasing heat, related to drought conditions, liveability or 
quality of life will suffer (e.g. heat stress) as well as water related recreation (e.g. bloom of blue-
green algae). 

With the present water system, the fresh water situation is actually well arranged in normal situations and 
damage, due to a limited drought every now and then, is accepted at policy level. For instance, the current 
practice of dividing the Rhine flow over the main branches of the river will remain as it is until 2050. 
However, in view of possible development in the future, the current strategy will no longer hold on the 
long term. The new strategy, to be taken up in the Delta Programme, entails: (i) solving current and future 
bottlenecks, and (ii) exploiting opportunities. Next to the existing approach of reacting to shortages (e.g. 
the priority ranking for water supply and fighting desiccation) there is a need for a new policy towards 
“preventing and being prepared for” water shortage and salinisation.  

A good water supply is essential for the liveability (quality of life) and health conditions as well as the 
economic development of companies and sectors that depend on fresh water. The point is to prevent 
and/or reduce damages in the future and to seize opportunities to continue benefitting from the 
advantageous location in the delta. The government has taken the initiative, together with the users and 
sectors, to investigate where all parties involved (i.e. national and regional government and water use 
stakeholders) can actively contribute to a more robust system: by working on “service levels”, the coming 
years will be used to observe which risks for water shortage there will be, in a dialogue between the 
system management and the users. This will eventually clarify on which basis the users will be able to 
make technological or entrepreneurial adjustments. 
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Overall, there is not a real sense of urgency for drought as a policy or water management issue, as it is 
apparent from the time-line applied: 

• 2014: Plan of action made –for the main system- for how to define the “service levels” (i.e. process, 
starting point and methodology, relation to other processes).  

• End of 2015: Plan of action made – by the regions (provinces and Water Boards) - for the “service 
levels” (which areas first, etc.). Roles: who will lead what, etc. 

• End of 2017: Establishing the “service levels” for the first group of areas; 

• 2018: Evaluation of applicability and experiences from reality; 

• Until end of 2021: continued establishment of “service levels”. 

All this is taken care of as part of the “Delta-plan” (with 9 components, of which one is about fresh water 
programme (that includes drought)). The Delta-plan is a broadly supported implementation-programme, 
to which all water users commit. Parties will take up relevant measures in their plans and will reserve the 
required financial means in their budgets. The investments for the Implementation Programme Fresh 
Water 2015-2028 are estimated at € 1.5-2 B, with the government part about € 550 M. The entire fund for 
the implementation of the Delta-plan for that period is € 16 B (which equals about € 1 B annually). 

The national government is working towards putting freshwater issues on the international agenda’s in 
the river committees (Meuse and Rhine). It is deemed important to create support for joint exploration of 
the Netherlands freshwater issues. In the Rhine Ministers Conference in 2013 it was agreed to investigate 
drought as part of a climate adaptation strategy. In the Meuse Committee some model calculations have 
been started. The Netherlands also actively follows the developments in relevant European guidelines as 
the Blueprint. The Netherlands actions are twofold, on the one hand exploiting opportunities for a joint EU 
approach and on the other hand reducing risks of European developments that would not be in agreement 
with the national preference-strategies. 
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4 Qualitative assessment of options 

4.1 Syros Island, Greece 

A questionnaire survey was organised in the Syros Island Case Study for the qualitative assessment of 
options for future drought risk mitigation. The list of options assessed and the constraints for their 
implementation are given in Error! Reference source not found.. In addition to the options analysed in 
section 3.1, the questionnaire survey included an additional measure (change of crop pattern; cultivation 
of more drought-resilient crops), in order to examine the feasibility of implementation of such an option 
and its acceptance by the local community. 

Table 4.1: List of constraints assessed for each option in the Syros Case Study. 

Option  List of constraints 

Desalination capacity expansion  Legal constraints regarding the installation of new desalination plants  
 High cost of water for use (in irrigation) 
 Land use (Conflicts among stakeholders) 
 Funds availability for the installation of new plants  
 Reduction of governmental subsidies for the operation of desalination plants 

Rainwater harvesting for 
domestic use 

 Existing city/spatial planning rules 
 Lack of incentives / institutional framework for the construction of cisterns in new 

buildings 
 Limited knowledge / awareness  

Construction of new cisterns for 
supplementary irrigation supply 

 Implementation constraints due to the high number of drills 
 Land use (Conflicts among stakeholders) 
 Limited knowledge / awareness 

Direct waste water reuse for 
irrigation 

 Limited knowledge / awareness 
 Environmental impacts (e.g. soil and groundwater quality concerns) 
 Limited acceptance by farmers 
 High implementation cost 
 Indirect economic effects (e.g. reduced price of products) 
 Lack of procedures / administrative structures (e.g. groundwater monitoring, 

databases) 

Groundwater recharge with 
treated wastewater 

 Limited technical knowledge 
 Environmental impacts (e.g. soil and groundwater quality concerns) 
 Limited social acceptance 
 Indirect economic effects (e.g. reduced price of products) 
 High implementation cost 
 Lack of procedures / administrative structures (e.g. groundwater monitoring, 

databases) 

Change of crop pattern  Farmers willingness to change -Limited acceptance by farmers 
 EU/ National agricultural policy provisions 
 Lack of incentives for the implementation of the option 
 Direct economic effects ( price of products, agricultural income) 
 Indirect economic effects (e.g. reduced production of fodder increase of cost for 

cattle breeders due to import of fodder) 

 

A total of seven filled questionnaires were received. Despite the small number of replies, the results of 
the assessment process are acceptable and considered to be indicative of the views of various 
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stakeholders groups in the island, as the respondents are representatives of the main regional authorities 
in the island: Region of the South Aegean (3 questionnaires), Municipal Enterprise for Water Supply and 
Sewerage of Syros (1 questionnaire), Municipality of Syros-Hermoupolis (2 questionnaires), and water 
consultant (1 questionnaire).  

The criterion “Contribution to impact mitigation” was ranked as the most important criterion by three 
respondents, followed by the “Benefit-cost ratio” (two respondents), “Feasibility of option implementation 
– Economic constraints” and “Environmental protection/ improvement” (one respondent each). Weights 
were assigned in each criterion using the Analytical Hierarchy Process (Saaty, 1980), assuming equal 
importance for each respondent (Figure 4.1). 

 

 

Figure 4.1: Weight of each assessment criterion, based on stakeholder’s view of importance. 

 

Table 4.2 lists the scores of each option for each assessment criterion separately, whereas Figure 4.2 to 
Figure 4.7 show the importance of the identified constraints for the implementation of the options. Syros 
Island has a long tradition in desalination and as a result this option gets a high score in terms of 
acceptance and technical feasibility. However economic constraints are considered to hinder the 
desalination capacity expansion. Rainwater harvesting for domestic use is also a measure used in the 
past for dealing mainly with water scarcity. It receives a high score for drought impact mitigation but the 
“Lack of incentives / institutional framework for the construction of cisterns in new buildings” is noted as 
an important constraint for its implementation. In the case of irrigated agriculture, rainwater harvesting is 
also perceived as an option that contributes to impact mitigation, but the high implementation cost and 
potential “Implementation constraints due to the high number of drills” are some of the constraints to 
overcome. A lot of constraints have been identified for wastewater reuse, as this process is relative new 
and a corresponding Joint Ministerial Decision was issued only in 2011 (JMD 145116/2011). Finally, the 
change of crop pattern is assigned with high scores (over 4.0), but also all implementation constraints are 
considered by the majority of respondents as important/ very important.  
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Table 4.2: Modal and average scores assigned to each criterion (scoring scale 1 to 5). 

Option Impact 
mitigation 

Benefit/ 
cost ratio
  

Social 
acceptance
  

Constraints Environmenta
l implications  

Institutional Technical Economic 

Desalination 
capacity 
expansion 

3.7 / 3 2.9 / 2 4.5 / 4.5 3.7 / 4.0 4.5 / 4.5 3.0 / 2.0 3.3 / 3.5 

Rainwater 
harvesting for 
domestic use 

4.1 / 5.0 3.7 / 4.0 4.0 / 4.0 4.0 / 4.0 3.6 / 4.0 2.9 / 3.0 4.7 / 5.0 

Construction of 
new cisterns 
for 
supplementary 
irrigation 
supply 

4.0 / 5.0 3.4 / 4.0 4.0 / 4.0 4.0 / 4.0 3.4 / 4.0 3.3 / 4.0 4.2 / 5.0 

Direct waste 
water reuse for 
irrigation 

4.4 / 5.0 3.7 / 4.0 2.9 / 2.0 3.4 / 3.5 3.9 / 4.0 2.6 / 2.0 4.2 / 5.0 

Groundwater 
recharge with 
treated 
wastewater 

4.4 / 5.0 3.6 /4.0 3.4 / 4.0 4.0 / 5.0 3.6 / 4.0 3.1 / 4.0 4.4 / 5.0 

Change of crop 
pattern 

4.4 / 5.0 3.9 /4.0 3.1 / 4.0 3.9 / 4.0 4.2 / 4.0 3.4 / 4.0 4.5 / 5.0 

 

 

Figure 4.2: Importance of constraints for “Desalination capacity expansion”. 
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Figure 4.3: Importance of constraints for “Rainwater harvesting for domestic use”. 

 

 

Figure 4.4: Importance of constraints for “Construction of new cisterns for supplementary irrigation supply”. 
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Figure 4.5: Importance of constraints for “Direct waste water reuse for irrigation”. 

 

 

Figure 4.6: Importance of constraints for “Groundwater recharge with treated wastewater”. 
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Figure 4.7: Importance of constraints for “Change of crop pattern”. 

 
 
The total scores of each option are given in Figure 4.8. “Groundwater recharge with treated wastewater” 
and “Change of crop pattern” are the two options that have the highest scores when using either the 
average scores assigned in each criterion or the modal ones. A similar outcome is given in Figure 4.9, 
which shows the number of times each option was selected to be in the best combination of three options 
for Syros Island. 

 

 

Figure 4.8: Total score of options for the Syros Island Case Study. 
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Figure 4.9: Best combination of options - Number of replies. 

 

Drought risk reduction options were also discussed during the 3rd CSDF workshop on “Preparing for future 
droughts: Options for long-term drought risk mitigation” that was held on 20th June of 2014 in Hermoupolis, 
Syros (Annex A). The results from the quantitative assessment of options (section 3.1) were presented to 
the participants. A group discussion followed which was centered on the option of waste water reuse. 
Workshop participants agreed that treated wastewater could be an important supplementary source of 
water for farmers and its use could reduce the pressures posed on groundwater bodies, which are already 
overexploited. The proposed high priority measures for the island concern supply enhancement 
(wastewater reuse and increase of the desalination capacity) as a means to address both water scarcity 
and drought.  

 

4.2 Jucar River Basin, Spain 

In June 2014, the 3rd Jucar River Basin Case Study Dialogue Forum (Figure 4.10, Annex B) was held at 
the Technical University of Valencia. The main discussion points were: 

• The need for revision of the drought plans on a regular basis, using the lessons learnt from previous 
experiences. However, some concerns were arisen regarding the solution of problems only when 
the problems occur. In the current economic crisis environment, the costs of operating the drought 
infrastructures are very difficult to assume. Additionally, there are some costs associated to 
vandalism in the Jucar River Basin that are especially serious in periods of drought. 

• The difficulties of introducing sustainability in the measures taken to combat drought, particularly 
in time of drought and economic crisis. 

• The operation rules and economic rules for appropriate water distribution. 

• The “item” that insurance companies shall insure. The discussion was focused on the topic of 
insuring the extra costs associated to drought instead of production, since typically a reduction in 
production results in increased product price. Difficulty to define when drought starts being a 
problem for farmers so it can be an insurable aspect. 

• The interest in reducing the time step of the operation rules and increasing the frequency of the 
meetings of withdrawal commissions. 
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Figure 4.10: Photo from the 3rd CSDF Workshop organised for the Jucar River Basin Case Study. 

 

4.3 Po River Basin, Spain 

The policy options, defined and discussed in the CSDF held on the 6th of June 2014 in Parma (Annex C), 
were evaluated by the participant stakeholders and experts on a qualitative ordinal scale, from 1 (lowest 
mark) to 5 (highest mark), against a group of criteria. The total number of respondents was ten.  

Policy options were divided in two groups, coherently with the structure of the previous stakeholder forum: 
policy options for agriculture and policy options for energy (two distinct roundtable discussions, one for 
each sector, were held). They were anyhow evaluated by all participants. Each of these two groups of 
policy options is divided in four sub-groups, according to the objectives of the options (Table 4.3): supply 
management options, demand management options, recovery options, monitoring & information options. 

Policy options have been evaluated according to the following criteria: 

a) Contribution to the reduction of drought negative effects (from 1-very low, to 5-very high); 

b) Economic feasibility (from 1-not feasible, to 5-highly feasible); 

c) Technical feasibility (from 1-not feasible, to 5-highly feasible); 

d) Institutional feasibility (from 1-not feasible, to 5-highly feasible); 

e) Social acceptability (from 1-not acceptable, to 5-highly acceptable); 

f) Environmental effects (from 1-not acceptable, to 5-highly acceptable). 

In addition, four synthetic criteria were formulated, in order to have a synthetic picture of the “performance” 
of the policy options: 

g) Average rate, which is the indicator that synthetises all the above listed criteria, and is calculated 
as their arithmetic mean; 

h) Technical-economic feasibility, which focuses on technical and economic performance, being 
calculated as the arithmetic mean of technical and economic feasibility (b and c);  
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i) Feasibility, calculated as the arithmetic mean of technical, economic, and institutional feasibility (b, 
c and d);  

j) Social, environmental and institutional acceptability, which aims at informing on the acceptability of 
a policy option in a wide sense, and consists of the arithmetic mean of (d), (e) and (f).  

Table 4.3: Potential policy options for reducing drought risk in agriculture and the energy production sector in the Po River 
Basin. 

Group Code & description 

Agriculture  

Supply management SM1: Increase of surface water storage 

 SM2: Increase of groundwater storage 

 SM3: Extension of irrigation network 

 SM4: Improvement of irrigation network 

 SM5: Technological upgrade of irrigation techniques 

 SM6: Direct reuse of treated wastewater 

 SM7: Improvement of water retention capability of agricultural land  

 SM8: Desalination 

 SM9: Rainwater harvesting 

 SM10: Hydrogeological invariance 

Demand management DM1: Changes of cultivation mix  

 DM2: Optimized management of lakes and basins 

 DM3: Improvement of controls on illegal withdrawals and wells 

 DM4: Introduction of water use measurement systems /technologies 

 DM5: Reform of withdrawal rights system 

 DM6: Water pricing and trading 

Recovery options RO1: Insurance schemes for farmers  

 RO2: Mutualistic funds  

 RO3: Subsidies for farmers 

Monitoring & Information M&I1: Monitoring and forecasting systems  

 M&I2: Early warning systems 

 M&I3: Monitoring water stress effects on crops (heat stress on livestock) 

 M&I4: Improvement of models for surface water and groundwater 

 M&I5: Awareness and information campaigns on agricultural water consumption. 

Energy production sector  

Supply management SM1: Increasing reservoir capacity (modification of dams)  

 SM2: Increasing reservoir capacity (management plans for emptying reservoirs) 

Demand management DM1: Cooling systems “zero water” for thermoelectric plants  

 DM2: Improvement of plant efficiency / productivity  

 DM3 Production optimization at the basin level in order to reduce environmental 
impacts 

Recovery options RO1: Compensation systems for production not realized (or not optimal 
production) for achieving environmental objectives 

Monitoring & Information M&I1: Monitoring and forecasting systems 

 M&I2: Early warning systems 
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4.3.1 Evaluation of the policy options for reducing drought risk in agriculture 
Looking at the analysis of the performance of the individual policy options for agriculture (see the ranking 
by criteria from Table 4.4, and the average rate assigned to each criteria from Figure 4.11 to Figure 4.20), 
it is easy to see that the measures that are more frequently at the top of the ranking are the ones part of 
“Monitoring & Information” group. In particular, the “improvement of the models for surface water and 
groundwater”, and the “awareness and information campaigns”, are considered as the best policy options 
looking at the synthetic criteria.  

As far as the supply management group is concerned, policy options assessment results are quite 
scattered. The best policy options, i.e. the ones that are assigned high rates for several criteria, are 
rainwater harvesting, the improvement of the irrigation network, the improvement of water retention of 
agricultural land, and the increase of groundwater storage. On the contrary, among the worst ones are 
the increase of surface water storage, desalination and hydrogeological invariance. The spider graphs 
(see Annex I) highlight the very good performance of the first four policy options and very bad performance 
of the last three options mentioned. However, it is important to notice that, with regard to the first criterion 
(reduction of the negative effects of drought), rainwater harvesting and the improvement of water retention 
of agricultural land do not perform so well. Instead, the options “improvement of the irrigation network” 
and “increase of groundwater storage” perform well even in this key criterion. The first criterion is clearly 
fulfilled also by the increase of surface water storage (i.e. building dams and/or reservoirs), but regarding 
all other criteria this option, so analysed and debated by the experts and the public, gets very low ratings. 

In the case of the demand management group, policy options appear quite differentiated in terms of rating 
as well. Some of them have got a very good evaluation, such as the optimized management of lakes and 
basins, the improvement of controls of illegal withdrawals and wells, and the introduction of water use 
measurement systems / technologies. Others, like water pricing and trading, and the reform of the 
withdrawal rights, get very low average marks. As seen for the supply management options, spider graphs 
(Annex I) even here depict very well the performance of each policy option as regards the criteria.  

Lastly, in the group of the recovery options, the only options which perform not so badly are the insurance 
schemes for farmers. The absolutely worst policy option is the one that considers giving subsidies to 
farmers. The spider graph apparently shows that its feasibility, and its level of social acceptability, is very 
low. 

 

 

Figure 4.11: Contribution of options to the reduction of drought negative effects in agriculture (criterion a). 
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Table 4.4: Ranking of the policy options for agriculture by evaluation criteria. 

Positi
on 

Evaluation criteria Synthetic evaluation criteria 
 (a) (b) (c)  (d)  (e)  (f) (g) (h) (i) (j) 

1 M&I1 DM2 SM4 M&I5 M&I4 SM9 M&I4 M&I5 M&I5 M&I4 
2 DM3 DM3 M&I5 DM3 M&I1 M&I4 M&I1 DM2 SM9 SM9 
3 SM1 M&I5 SM9 SM7 SM9 SM4 M&I5 SM9 M&I4 M&I1 
4 DM2 M&I2 DM2 M&I4 DM3 M&I1 M&I2 SM4 M&I1 DM3 
5 M&I3 SM2 M&I1 M&I1 M&I2 M&I2 SM4 M&I4 DM3 M&I2 
6 SM2 SM9 DM3 SM9 M&I3 M&I3 DM3 M&I1 SM7 M&I3 
7 SM4 M&I1 SM3 M&I2 SM4 SM7 M&I3 SM2 SM4 SM7 
8 M&I2 SM7 M&I4 M&I3 SM7 DM3 SM9 M&I2 DM2 M&I5 
9 M&I5 DM1 SM1 DM4 DM4 DM4 SM7 SM7 M&I2 SM4 
10 DM3 SM4 SM2 SM2 M&I5 M&I5 DM2 DM3 SM2 DM4 
11 RO1 DM3 SM7 SM4 SM3 SM2 SM2 M&I3 M&I3 SM2 
12 SM5 DM6 M&I3 SM5 SM5 SM3 DM4 DM1 RO1 SM3 
13 DM4 M&I3 M&I2 RO1 DM1 SM10 SM5 DM6 SM5 SM5 
14 RO2 RO1 DM1 SM6 DM2 SM5 SM3 RO1 DM1 DM1 
15 DM1 SM5 DM6 SM3 SM2 DM1 DM1 SM1 DM4 DM2 
16 SM3 SM6 RO1 RO2 SM10 SM6 RO1 SM3 SM6 SM6 
17 SM7 RO2 RO2 DM2 SM8 DM2 RO2 SM5 SM3 RO1 
18 SM10 SM1 SM5 DM1 RO1 RO2 SM6 SM6 RO2 RO2 
19 SM6 DM4 SM6 SM8 SM6 RO1 DM6 RO2 DM6 SM10 
20 DM6 SM3 DM4 DM6 RO2 DM6 SM1 DM4 SM1 SM8 
21 RO3 DM5 SM8 SM1 DM6 RO3 SM10 DM5 DM5 DM6 
22 SM9 RO3 DM5 SM10 SM1 SM8 SM8 RO3 SM8 SM1 
23 SM8 SM10 RO3 DM5 DM5 SM1 RO3 SM10 RO3 DM5 
24 DM5 SM8 SM10 RO3 RO3 DM5 DM5 SM8 SM10 RO3 

 

 

Figure 4.12: Economic feasibility of options for drought risk reduction in agriculture (criterion b). 
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Figure 4.13: Technical feasibility of options for drought risk reduction in agriculture (criterion c). 

 

 

Figure 4.14: Institutional feasibility of options for drought risk reduction in agriculture (criterion d). 

 

 

Figure 4.15: Social acceptability of options for drought risk reduction in agriculture (criterion e). 

 

Figure 4.16: Environmental effects of options for drought risk reduction in agriculture (criterion f). 
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Figure 4.17: Average evaluation of options for drought risk reduction in agriculture (criterion g). 

 

 

Figure 4.18: Technical-economic feasibility on of options for drought risk reduction in agriculture (criterion h). 

 

 

Figure 4.19: Feasibility of options for drought risk reduction in agriculture (criterion i). 

 

Figure 4.20: Social, environmental and institutional acceptability of options for drought risk reduction in agriculture (criterion 
j). 
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4.3.2 Evaluation of the policy options for reducing drought risk in the energy production sector 
The analysis of the performance of the policy options for the energy sector (see the ranking by criteria 
from Table 4.5, and the average mark assigned for each criteria from Figure 4.21 to Figure 4.30) highlights 
the preference of stakeholders and experts for the recovery measures, which entails compensation 
systems for production not realized (or not optimal production) in order to achieve environmental 
objectives, for the monitoring and forecasting systems, and the early warning systems. Also the spider 
graph clearly represents the very good performance of these options (see Annex I). The compensation 
systems, however, receive a scarce evaluation with concerns their economic feasibility.  

As far as the supply management options are concerned, the increase of storage capacity by the 
management plans for emptying reservoirs is less disregarded than the increase of storage capacity 
achieved by making works for modifying dams. This is true in particular with respect to the feasibility and 
the contribution to the reduction of the negative effects of drought.  

As regards the demand management group of options, the least scarcely evaluated option is the 
production optimization at the basin level in order to reduce environmental impacts. On the contrary, the 
cooling systems “zero water” for thermoelectric plants is assumed to be the worst option. Economic 
feasibility of these options is considered low. The latter option however is assumed to be effective in 
reducing the negative effects of the drought events.  

Table 4.5: Ranking of the policy options for the energy sector by evaluation criteria. 

Positi
on 

Evaluation criteria Synthetic evaluation criteria 

 (a) (b) (c)  (d)  (e)  (f) (g) (h) (i) (j) 

1 RO1 M&I1 RO1 M&I1 M&I1 RO1 M&I1 RO1 M&I1 M&I2 
2 M&I1 M&I2 DM3 M&I2 M&I2 DM3 M&I2 M&I1 M&I2 RO1 
3 M&I2 SM2 SM2 DM1 DM3 M&I2 RO1 M&I2 RO1 M&I1 
4 SM2 DM3 DM1 SM2 RO1 DM1 DM3 SM2 SM2 DM1 
5 DM3 RO1 DM2 DM2 DM1 M&I1 DM2 DM3 DM3 DM3 
6 SM1 DM2 M&I1 DM3 DM2 SM2 DM1 DM2 DM2 DM2 
7 DM2 SM1 M&I2 RO1 SM2 DM2 SM2 DM1 DM1 SM2 
8 DM1 DM1 SM1 SM1 SM1 SM1 SM1 SM1 SM1 SM1 

 
 

 

Figure 4.21: Contribution of options to the reduction of drought negative effects in the energy sector (criterion a). 
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Figure 4.22: Economic feasibility of options for drought risk reduction in the energy sector (criterion b). 

 

 

Figure 4.23: Technical feasibility of options for drought risk reduction in the energy sector (criterion c). 

 

 

Figure 4.24: Institutional feasibility of options for drought risk reduction in the energy sector (criterion d). 

 

Figure 4.25: Social acceptability of options for drought risk reduction in the energy sector (criterion e). 
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Figure 4.26: Environmental effects of options for drought risk reduction in the energy sector (criterion f). 

 

 

Figure 4.27: Average rate of options for drought risk reduction in the energy sector (criterion g). 

 

Figure 4.28: Technical-economic feasibility of options for drought risk reduction in the energy sector (criterion h). 

 

Figure 4.29: Feasibility of options for drought risk reduction in the energy sector (criterion i). 
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Figure 4.30: Social, environmental and institutional acceptability of options for drought risk reduction in the energy sector 
(criterion j). 

 

4.3.3 Conclusive key points 
 
The overall assessment results of policy options can be summarised as follows: 

• Monitoring and information options, both for agriculture and the energy production sector, received 
high rates. They are quite feasible, they do not entail considerable social, economic and 
environmental costs, and can be effective in reducing the negative effects of the drought events.  

• On the contrary, the recovery options in agriculture, such as the subsidies to farmers that in several 
cases have been used after the drought events, are not appreciated by stakeholders and experts. 
They are supposed to be too much expensive, not feasible, and apparently without any capacity to 
mitigate drought risk. 

• Increasing storage capacity, both in agriculture and for energy production, although frequently seen 
as an effective measure for drought risk mitigation, is not considered feasible and acceptable 
enough nowadays in the Po basin. Broadly speaking, all options that entail relevant investments, 
as the demand management options for energy, are not so appreciated. 

• The measures that entail a better activity / efficiency of the public institutions, such as the one 
related to the controls of illegal withdrawals, are quite appreciated. 

• On the contrary, changes in the legal framework (reforms, introduction of the pricing mechanisms) 
receive a bad evaluation, revealing a conservative approach. 

• Options concerning technical and technological advances, such as the one related to the upgrade 
of the irrigation techniques, are quite popular among stakeholders and experts. 

• The same conclusion can be drawn for the measures that are focused on the better management 
of the available water resources. 

 
4.4 Portugal 

4.4.1 Selection of long-term options and evaluation approach 
The identification of long-term options to mitigate drought risks under the DROUGHT R&SPI project 
included the compilation of information regarding past drought events (e.g. CPS, 2006; Santos et al., 
2010; Santos Pereira et. al., 2010; MAMAOT, 2013), future drought scenarios (Santos et al. 2002; Cunha, 
2008; Mendes et al., 2011; van Lanen et al., 2013), complemented with the outputs from workshops and 
interviews of the Portuguese stakeholders’ panel in the project.  

In Portugal, the main sectors affected by drought were public water supply and agriculture as these 
dominate by far in terms of water demand (PCM, 2005; EC, 2007c; Do Ó & Roxo, 2009; Jacinto et al., 
2011; MAMAOT, 2013). Water used for touristic purposes has only expression in the south (INAG, 2001). 
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Although not fully accounted, environmental impacts from drought spells were also not negligible (e.g. 
Pereira et al., 2005; Isendahl & Schmith, 2006) 

According to River Basin Management Plans (RBMP), the water demand in North and Central Portugal 
will stabilize in the future for urban supply and will decrease for agriculture (APA & ARH Norte, 2012, 
2012a, 2012b; APA & ARH Centro, 2012; APA & ARH Tejo, 2012, 2012a). These projections are in line 
with other studies done for those regions and sectors (e.g. Jacinto et al., 2011). As for the southern basins, 
RBMP foreseen a significantly increase in water demand for urban supply and, particularly, for irrigation 
purposes (over 150% in the next years in Guadiana and Mira-Sado basins), due to the surface water 
availability from the Alqueva reservoir (APA & ARH Alentejo, 2012, 2012a; APA & ARH Algarve, 2012). 
Southern basins already experience severe problems regarding water quantity and quality (e.g. limited 
water sources with some in risk of contamination, limited reservoir capacity) and will presumably be more 
affected by droughts in the future (Santos et al., 2002; van Lanen et al., 2013). Given the projected climate 
and socioeconomic scenarios within the context of the RBMP, water scarcity and drought risks were 
considered not relevant in the northern and central river basins and, as such, no specific measures were 
recommended for drought mitigation in these regions (APA & ARH Norte, 2012, 2012a, 2012b; APA & 
ARH Centro, 2012, APA & ARH Tejo, 2012, 2012a). On the contrary, these plans proposed the elaboration 
of studies to create strategic water reserves (APA & ARH Alentejo, 2012, 2012a) for the southern basins 
of Alentejo, Sado-Mira and Guadiana, and the development of a pilot study to increase the groundwater 
reserves with artificial recharge in rainy years for Algarve (APA & ARH Algarve, 2012).  

In Portugal past responses to drought lead to the implementation of several measures to reduce drought 
impacts, but the approach was based on crisis management, rather than preparedness to future droughts. 
When such an event occurred, measures have been taken according to increasing stages of drought 
evolution (MAMAOT, 2013a): pre-alert (measures such as sensitization, technical support, restriction to 
water abstraction), alert (water allocation and reserves) and emergency phase (water transport, supply 
reduction etc.). The need for a proactive approach based on drought preparedness and long-term risk 
reduction has received increasing attention in particular after the 2005 drought, and for southern Portugal 
(Maia, 2008). In the meanwhile these southern basins have been subject to different initiatives that 
acknowledge their vulnerability to drought, such as the evaluation of water stress mitigation measures, 
particularly for agriculture (e.g. Aquastress project, Jacobs et al., 2008; Maia 2008), or the assessment of 
directives for a drought risk reduction plan (Mendes, 2008). In the National program for the efficient use 
of water (PNUEA, 2005), along with recognition of the need for an action plan to combat drought, about 
30% of the proposed measures are specifically drought oriented. Also within the Portuguese strategy for 
climate change adaptation (ENAAC), drought is one of the extreme events, for which a list of adaptation 
measures is presented, focusing on increasing water reservoir capacity and improvements in water use 
efficiency (MAMAOT, 2013a). In the last years, the intention of implementing a risk-based management 
approach towards drought has become gradually explicit, at least at national level. The assessment of 
management practices during the last drought event (year 2012) done by the government, identified 
strengths and weaknesses of public performance and proposed the establishment of an action plan 
towards the prevention, monitoring and emergency to enhance drought preparedness (MAMAOT, 2013). 
Most of the measures are administrative and institutional, but in line with the needs discussed among 
DROUGHT R&SPI stakeholders.  

One of the outputs from the first Case Study Dialog Forum (CSDF) was a list of measures evaluated as 
useful to mitigate drought impacts in past events. Additional measures which target the enhancement of 
preparedness (e.g. establishment of monitoring systems, development of Drought Management Plans 
and operational rules, vulnerability assessments) are considered crucial but supportive towards the 
application of short- and long-term actions, and have thus been excluded from the preliminary list. In the 
second CSDF stakeholders were asked about future scenarios for drought, future trend of vulnerability 
factors (Assimacopoulos et al., 2014) and about the performance /adequacy of those listed options to 
mitigate drought risk in the future. Specifically for urban supply and agriculture sectors, questions about 
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new options were elaborated with reference to the “Blueprint to safeguard European waters” (EC, 2012) 
and “Green and blue infrastructures” (EC, 2013), namely to the problems and solutions mentioned about 
the vulnerability of EU water resources. Based on the results of the first and second CSDF, and on 
consulted documentation, it was drawn up a list of options for drought risk mitigation to be submitted to 
stakeholders in the 3rd CSDF, in order to apply a more in-depth qualitative evaluation, and to define 
potential elements for a quantitative assessment.  

The list included twelve policy options, classified in five categories. Their characteristics and the 
vulnerability factor addressed are summarised in Table 4.6 and Table 4.7. These log-term options aimed 
at reducing sensitivity and building coping capacity. Thus this appraisal focuses on measures to increase 
preparedness and not those specifically implemented during a drought. 

Most of the institutional/political factors were not addressed by the selected long-term actions. During the 
workshops it was accepted that the needs implicit in those factors will be gradually fulfilled in the near 
future according to the necessary changes in the way drought will be managed. Therefore those factors 
were not a subject for further detailed discussions by the stakeholders’ panel. 

Although all measures could contribute to water deficits reduction, those towards increasing water supply 
and water efficiency were by far the ones more debated by the stakeholder’s panel. These measures 
were considered to significantly contribute to drought preparedness and impact reduction. However it was 
not possible to quantitatively assess their performance for each of the future socio-economic development 
scenarios presented in the scope of a previous phase of the DROUGHT R&SPI project (Assimacopoulus 
et al., 2014) due to lack of information. In fact, the majority of long-term options are not yet implemented 
in Portugal, or there are no available data to model their costs and their effectiveness in drought mitigation 
and risk reduction. As such, it was decided to focus further analyses on the qualitative assessment of 
options.  

During the 3rd CSDF, four of the stakeholders linked with the most affected sectors by drought in Portugal 
(soil and environment, domestic supply and agriculture) presented their concerns and ideas to increase 
resilience towards drought (see Annex D). A questionnaire survey was then distributed to all stakeholders 
for the evaluation of those listed options for drought mitigation using multi-criteria assessment process. 
Stakeholders were asked to assign a score from zero to five regarding the relevance of each option 
according the following criterion separately:  

• Contribution to drought impact mitigation; 

• Economic viability (integrates ideas about investment cost, benefit-cost-ratio); 

• Social acceptance;  

• Environmental implications (higher score for those contributing positively to the reduction of 
environmental stress);  

• Technical feasibility (high score on those easy to implement in technical terms). 
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Table 4.6: Long-term option characteristics. 

Option 
group 

Long-term option to 
mitigate drought risks 

Type Timeframe Relevant 
sectors 

Effects 

Public 
opinion 

awareness 

1 - Sensitization campaigns for 
responsible water use in urban 
areas 

Enforcement/ 
education 

All time (During 
drought) 

Urban supply  Demand reduction 

Improvement 
of water 
sources 
status 

2 – Efforts to ensure, throughout 
the watershed, of river 
environmental flows 

Institutional Before and 
during drought  

Environmental 
protection 

Supply increase,  

Conservation of water 
resources 

3 - Building green infrastructure 
in the watersheds 

Institutional, 
Technical 

Before drought  Environmental 
protection 

Increase 
water supply 

 

4 - Increase and improvement of 
dams and water reservoirs’ 
system 

Institutional 

Technical 

Before drought All Supply increase 

Enhanced preparedness 

5 - Reuse of industrial waste 
waters 

Technical All time Industry Demand reduction  

Conservation of water 
resources  6 - Reuse of treated wastewater 

for irrigation 
Technical All time Agriculture 

Administrati
ve measures 

 

7 - Water price policies Regulation 

Economic 

During drought  All 

 

 

Demand/consumption 
reduction  

 8 - Remote sensing of 
groundwater illegal exploitation 

Institutional 

Technical 

All time 

 

All  

Water 
Efficiency 

 

9 - Wastewater reduction in all 
major sectors 

Institutional 

Technical 
All time All 

 

Conservation of water 
resources 

10 - Water leaks reduction in 
urban distribution systems 

Technical 

Economic 

All time  Urban supply  

 

 

 

Demand/consumption 
reduction  

 

11 - More efficient use of water 
in agriculture 

Technical 

Economic 

All time Agriculture 

12 - Water leaks reduction in 
agricultural distribution systems 

Technical All time Agriculture 

 

Stakeholders had also the possibility to indicate which option could be better integrated with the others. 
The final rank of options was a result of multi-criteria analysis, using modal values and score dispersion 
attributes. For some of the option categories outranking procedure was done. Criteria were weighted 
equally. First results regarding modal values were discussed during the 3rd CSDF. The outputs were then 
used to perform the qualitative analysis, complemented with published data and information obtained 
during the workshops. 

To illustrate the complexity inherent to this evaluation, the case of the Alqueva dam and reservoir is 
discussed, which, as a strategic water reserve, was one of the most debated issues in the last two 
decades in Portugal. On the verge of completion of the irrigation network connecting all the components 
it was possible to collect quantitative data and different points of view on this system, namely from EDIA, 
the project’s management entity (Santos et al., 2011), and from stakeholders such as FENAREG (National 
federation of irrigation farming, Nuncio & Arranja, 2011) and LPN (League for the Protection of Nature), 
one of the most important environmental organizations in Portugal (Sequeira, 2014). This is an opportunity 
to confront actual economic and land use data, versus planned data, about the development of an action 
that fits into option 4, “Increase and improvement of dams and water reservoirs’ system”, highlighted by 
stakeholders in the CSDF, and at the same time, to evaluate implementation and running costs and to 
understand the conditions that lead, so far, to an ineffective exploration of that water for irrigation. 
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Table 4.7: Underlying factors of vulnerability to drought addressed by the long-term option for drought mitigation (id as in 
Table 4.6). 

Underlying cause by dimension of analysis 
Long-term options id. 

Societal  

Lack of sensitation/ education in drought 1, 11 

Increase of population  

Water use/ users conflicts  1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12 

Water use habits/ life styles 1, 9, 11 

Preferences (e.g. use of a specific crop) 1, 11 

Institutional / Political  

Lack of drought management plans   

Lack of contingency plans for water use  

Lack of shared measures for international river basin management  

Absence/ low use of insurances  

Lack of incentives for preventing drought impacts   

Lack of emergency/aids programmes 7 

Inefficient knowledge of reservoir uses 2 

Economic / Technical  

Lack of resources (e.g. financial) for drought management  3, 4 

Inefficient water supply systems 4, 5, 6, 9, 10, 11, 12 

Inefficient irrigation systems  1, 4, 6, 9, 11, 12 

Unsuitable crops  11 

Lack of infrastructures 2, 3, 4, 5, 6,  

High insurance costs   

Water scarcity 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12 

Lack of knowledge about fish biomass in reservoirs-fish mortality prevention 
schemes 

 

Environmental  

Diffuse pollution 2, 3, 5, 6, 11 

Increased river water abstractions  1, 2, 3, 8, 11 

Sand/grit extraction in rivers  2, 3 

Low production of groundwater/ small reservoir capacity 2, 3, 5, 6, 8, 9, 10, 11, 12 

Climate Change  1, 2, 3, 4, 5, 6,11 

Excess of fish biomass in reservoirs 2, 3 

 

4.4.2 Assessment of options during the CSDF 
Stakeholders were asked to evaluate a set of twelve options during the 3rd CSDF Workshop for Portugal 
(Annex D). Table 4.8 and Table 4.9 summarize the stakeholder evaluations, presented as average values 
and standard deviations of scores and corresponding modal values, accordingly. Options were not 
evaluated according to the institutional criteria (of administrative capacity). Stakeholder’s opinion was not 
consensual, but some indications emerged from the analyses. Most of the measures listed were 
considered as win-win options and adequate for non-drought situations although contributing significantly 
(scores above 3.5) to mitigating drought impacts. Exceptions are options id. 5 and 8, due to the perception 
that their influence is locally restricted and minor in comparison with the other measures.  
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Economic viability and technical feasibility relevance of all technical options was considered (medium) 
low. The highest scores for social acceptance were assigned to measures linked to the urban water 
system (namely id. 1, 9 and 10). Options regarding public awareness to encourage a responsible use of 
water of public attained the highest total score. Measure 1, although well ranked, could improve its 
contribution to drought impact mitigation if extended to rural areas as well. Water price policies (id. 7), 
generally not well viewed by the public, were consider easy to implement and with high economic viability. 
However this measure could also pose extra stress on some aquatic environments, by leading to an 
increase in illegal extractions or in water exploitation rates beyond the area covered by the measure. 
These two measures (id: 1 and 7) were top ranked for both economically viability and technically feasibility. 
Furthermore, they were selected as the measures to operate simultaneously with all other measures 
evaluated. 

Table 4.8: Score average values (and standard deviation) for long-term option relevance by different criteria. Possible values 
of score were between 1, indicating a low or weak relevance, to 5, indicating a high or large relevance. 

Policy option Contribution 
to impact 
mitigation  

Economic 
Viability  

Social 
acceptanc
e  

Environmental 
implications  

Technical 
feasibility  

Final 
score 

Public opinion 
awareness 

      

1.Sensitization campaigns 
for responsible water 
use in urban areas 

3.7 (0.9) 4.2 (0.9) 4.0 (1.1) 3.5 (1.4) 4.5 (1.2) 4.0 
(0.4) 

Improvement of water sources status  

2.Efforts to ensure, 
throughout the 
watershed, of river 
environmental flows 

3.6 (1.1) 2.5 (1.1) 3.2 (1.4) 4.5 (1.3) 3.2 (0.9) 3.4 
(0.7) 

3.Building green 
infrastructure in the 
watersheds  

3.6 (1.1) 2.5 (0.7) 3.3 (1.3) 4.2 (1.6) 3.2 (0.9) 3.4 
(0.6) 

Increase water supply       

4.Increase and 
improvement of dams 
and water reservoirs’ 
system 

4.0 (1.3) 2.2 (0.9) 3.5 (0.8) 2.1 (1.4) 3.7 (1.0) 3.1 
(0.9) 

5.Reuse of industrial 
waste waters 

2.7 (1.6) 2.3 (1.0) 3.3 (1.5) 3.3 (1.6) 2.7 (1.4) 2.9 
(0.4) 

6.Reuse of treated 
wastewater for irrigation 

3.6 (1.4) 2.8(1.3) 3.2 (1.3) 3.8 (1.1) 3.2 (1.0) 3.3 
(0.4) 

Administrative measures       

7. Water price policies 3.6 (0.7) 4.0 (1.3) 1.9 (1.2) 2.7 (1.7) 4.4 (1.1) 3.3 
(1.0) 

8.Remote sensing of 
groundwater illegal 
exploitation 

3.1 (1.6) 2.7 (1.3) 2.8 (1.7) 3.2 (1.5) 3.1 (1.4) 3.0 
(0.2) 

Water Efficiency       

9.Wastewater reduction in 
all major sectors 

4.1 (1.2) 3.0 (0.6) 4.2 (0.6) 3.7 (1.5) 3.1 (0.8) 3.6 
(0.6) 

10.Water leaks reduction 
in urban distribution 
systems 

3.6 (1.5) 3.0 (0.4) 4.5 (0.5) 3.0 (1.5) 3.5 (1.0) 3.5 
(0.6) 
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Policy option Contribution 
to impact 
mitigation  

Economic 
Viability  

Social 
acceptanc
e  

Environmental 
implications  

Technical 
feasibility  

Final 
score 

11.More efficient use of 
water in agriculture 

4.5 (1.2) 3.0 (1.1) 3.9 (1.0) 3.6 (1.6) 3.5 (1.0) 3.7 
(0.6) 

12.Water leaks reduction 
in agricultural distribution 
systems 

4.0 (1.3) 2.8 (1.1) 3.9 (1.0) 3.0 (1.6) 3.1 (1.0) 3.4 
(0.6) 

 

Table 4.9: Modal values for long-term option relevance. Score ranged between 1, indicating a low or weak relevance, to 5, 
indicating a high or large relevance. 

Policy option Contribution 
to impact 
mitigation  

Economic 
Viability  

Social 
acceptance  

Environmental 
implications  

Technical 
feasibility  

Public opinion awareness      

1.Sensitization campaigns for 
responsible water use in 
urban areas 

4 5 5 4 5 

Improvement of water sources status  

2.Efforts to ensure, 
throughout the watershed, 
of river environmental flows 

4 2 5 5 3 

3.Building green infrastructure 
in the watersheds  

4 3 4 5 3 

Increase water supply      

4.Increase and improvement 
of dams and water 
reservoirs’ system 

5 2 3 1 3 

5.Reuse of industrial waste 
waters 2 3 4 3 3 

6.Reuse of treated 
wastewater for irrigation 5 2 3 3 3 

Administrative measures      

7. Water price policies 4 5 1 1 5 

8.Remote sensing of 
groundwater illegal 
exploitation 

2 2 3 5 4 

Water Efficiency      

9.Wastewater reduction in all 
major sectors 5 3 4 5 3 

10.Water leaks reduction in 
urban distribution systems 5 3 5 2 4 

11.More efficient use of water 
in agriculture 5 3 5 2 4 

12.Water leaks reduction in 
agricultural distribution 
systems 

5 3 5 2 4 
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The two measures for improving water sources shared similar ranks. Although not evaluated as the best 
options to minimize drought impacts, they got the highest scores for environmental implications. In fact, 
green infrastructures, wetlands and flooded areas by contributing to decrease current water flow (speed) 
increase water retention, and natural depuration were considered important to reduce the negative effects 
of droughts (and floods). Those measures (such as building new riparian galleries on river banks) to 
enhance quality and quantity levels of water, were regarded as technically challenging for now, difficult to 
implement and maintain. Therefore little interest was shown by the stakeholders panel about further 
developments of these two environmental solutions (id. 2 and 3 in Table 4.8), even if explicitly referred to 
within the EU Blueprint document and Green Infrastructures (EC, 2012; EC, 2013). 

Long-term options towards efficiency in water use and distribution attained the highest scores. They were 
considered in general as the most efficient in drought impact mitigation and the best appreciated by the 
public. Waste water reduction (measure id. 9) is viewed as a goal for the national policy (INAG, 2001; 
PCM, 2005; MAMAOT, 2013a). A comprehensive list of measures addressing mostly urban supply and 
agriculture was planned at national level and optimistic targets for reducing water leak in urban supply 
and increasing water efficiency in agriculture are underway (PCM, 2005). Leak reduction in distribution 
systems for urban supply (id. 10) was considered an important issue, which is already planned and 
partially implemented, leading to a significant reduction of domestic supply and of economic losses 
associated to the water treatment costs (PCM, 2005; Jacinto et al., 2011). Major expectations are 
envisaged for agriculture, following the path of the last five decades, were a 46% increase in efficiency 
was obtained even with increasing yields of about 28% (Arranja, 2013). Water use efficiency in agriculture 
can be achieved by demand oriented policy measures such as application of water–saving technologies, 
reduced evaporative demand (using alternative crops, adapted crop calendar), application of best 
management practices (Pereira, et. al. 2003; Pereira, 2007). Lately, considerable investments have been 
done to gradually replace rainfed agriculture by irrigated agriculture, to reduce drought exposure. Major 
constrains are fund availability to provide those farms with improvements in cultivation practices and 
irrigation scheduling techniques. Implementation of equipment to have a more efficient water use in 
agriculture was considered an important option and with lower costs than the ones derived from inefficient 
water use. The choice of crops that are more adapted to water scarcity or drought spells (discussed under 
id. 11) is not yet regarded as a measure to prevent economic losses in agriculture. Likely, changes in 
farming options will occur when droughts become perceived as recurrent and not as exceptional events. 
Water leaks reduction in irrigation networks (id. 12), although increasing water efficiency, were not 
considered a problem, but an opportunity to recharge ground water systems, especially during drought.  

The improvement of the national water reservoir network (id. 4, Table 4.8) was regarded as the most 
important option for increasing water supply, although highly demanding in economic and environmental 
terms. Currently in Portugal, relevant investment in new dams are mainly oriented for hydropower 
production (Cortes, 2013), rather than water reserve systems. In order to effectively contribute to drought 
mitigation, particularly for agriculture, new dams should be designed for multiple uses and multi-year 
capacity. The development of new water storage should be integrally checked for impact on the existing 
water and land system. Stakeholders advocate that an increase and improvement of dams and reservoirs 
may be a “false” mitigation measure, because, when in hydrological drought, reservoirs may not be filled. 
Furthermore, saved water could be used for an extension of the agricultural area, increasing in this way 
agriculture dependency on irrigation water. Similarly, increase of water use efficiency in irrigation will result 
in an increase in the area potentially irrigated, leading, in case of drought, to an expansion of the affected 
area. If the saving will be allocated to e.g. fulfil environmental water requirement or replenishment of (over-
exploited) aquifers, then the impact is positive (Jacobs et al., 2008).  

The reuse of treated waste water in agriculture and industry (id. 5 and 6) should be implemented and 
should involve significant quantities of water, as expressed in the national plan dated 2005 (PCM, 2005). 
However it is necessary to overcome technical challenges hampered by lack of funds. The implementation 
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of remote sensing tools to help controlling illegal drainage in agriculture was perceived as a measure with 
limited potential due to low public acceptance and current technical constraints. 

The case of Alqueva reservoir and irrigation system 

The multi-purpose Alqueva project, dated 20 years ago, had as major economic objective irrigation 
complemented with urban supply, hydropower production and tourism development. It is located in the 
Guadiana basin (lower Alentejo, southern Portugal) serving an area of 120,000 ha and 20 municipalities. 
The system is based on the Alqueva dam and reservoir, irrigating directly about 64,000 ha, and two 
subsidiary systems, irrigating about 30,000 ha (Ardila subsystem) and about 25,000 ha (Pedrogão 
subsystem). To link these subsystems, water from Alqueva reservoir must be pumped in several stations 
to overcome an average height of 68 m, with highest height overcoming more than 150 m. In the two 
subsystems of Ardila and Pedrogão, water is distributed with two pressure levels, high and low. The total 
investment (Portugal and European Union) reached 2500 M€, where 1900 M€ were used until 2011 for 
infrastructures (http://www.alqueva.com.pt/en/#/alqueva/30).  

In 1994 the project planned to provide water resources for highly demanded annual crops (vegetables), 
with an average requirement of 6,000 m3/ha/year, thus assuring around 720,000,000 m3 of water available 
every year for the total projected irrigated area (120,000 ha). Nowadays, given the gradual income 
reduction from irrigated cereals (namely grain maize), most of the area is being used for intensive (mostly 
hyper-intensive) olive groves (35% in 2011) and table grapes, with lower water requirement than 
vegetables (about 1,500-2,000 m3/ha/year). With a current estimation of a real average requirement 
around 3,000 m3/ha/year, this would mean, that only the half of the total available water was distributed 
every year to fulfil the irrigation needs in the entire Alqueva influence surface (Santos et al., 2011. 
Furthermore, only 20,850 ha (about 45%) of the potential area served by the network irrigation system in 
2010 was actually occupied by these three referred crops (Sequeira et al., 2014). Applying the water 
requirements estimated by EDIA to this surface, only 62,550,000 m3 are utilized every year and as such, 
for the time being about 90% of the water is available for other purposes. Such water reserves could be 
a strategic and meaningful measure to face multi-year drought in southern Portugal. 

To encourage the irrigation of new land, water prices have been subject to a transitional period of eight 
years (2010-2017). In this period, the first year rate was only 30% of the established price, with increments 
of 10% for the remaining seven years. In 2010, the water price regulated by national decree, defined three 
categories of sale prices, according to the origin of the water, network and pressure used (Alqueva main 
subsystem: 0.042€/m3; secondary network at high pressure: 0.089€/m3 and at low pressure: 0.053€/m3). 
This means that depending on the farm location, within the same area served by the Alqueva irrigation 
system, farming has different costs. According to FENAREG (Nuncio & Arranja, 2011), by the end of the 
transition period, the water price for the secondary network of Alqueva system supplied at low pressure 
will be almost equal to the average of the other Portuguese irrigation systems, while the price for the water 
supplied at high pressure will be much higher. Furthermore, since irrigation cost encompass water prices, 
energy, exploitation, and maintenance costs, the option of exploring a land served by Alqueva instead of 
somewhere else, using surface water, could increase the cost by 2017 in about 109% to 135% depending 
on the subsystem network in use. Such unbalance prices could be detrimental and lead to a biased 
distribution of water demand, putting pressure in other already vulnerable aquifers or rivers. 

In order to decrease the water costs, water prices should be re-evaluated; in particular farmers claim that 
pumping cost, currently charged only to those supplied by the secondary network, should be also charged 
to farms supplied by the primary network, in order to ensure fairness between the different irrigation blocks. 
New prices should internalise the fact that all revenues from the production of Alqueva hydropower plants 
belong to the beneficiaries of the irrigation system, according to a national decree dated from 1938 
(Nuncio & Arranja, 2011). EDIA is aware that the adopted tariff system does not balance the economic 
sustainability of the company and the reliability of irrigated crops. In fact, pumping costs (4.3M€ in 2012) 
alone are higher than the income received from farmers (3M€). However, with water prices higher than 
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those established, irrigated crops may lose competitiveness, leading to the abandonment of irrigated land 
(Santos et al., 2011). So far, the other objectives of the multiple purpose enterprise (urban supply, 
hydropower production, and tourism development) seem not to be able to contribute significantly to the 
economic sustainability of project (Sequeira, 2014). 

The implementation of Alqueva project resulted in several significant environmental impacts, difficult to 
overcome. About 50% of riparian woods were eliminated in the Alentejo region along with 90% of its deep 
gorges due to the filling of the reservoir; 13 species or communities of local flora were affected negatively, 
with some driven to extinction in Portugal (Narcissus cavanillesii) and in the world (Linaria ricardoi, a 
protected species by EFD 92/43/CEE). Deterioration in water quality, particularly when in drought, is also 
a major problem. Furthermore, due to the spatial organisation of the water drainage in the lower Guadiana, 
waste water from Badajoz and Merida in Spain, will lead in the medium-term to a concentration of sodium 
in the soil which will make it unproductive (Sequeira, 2014). Land use changes mainly resulted in a 
reduction of rainfed crops, extensive olive groves and of “montado”, an agro-forestry system (with cork 
and holm oaks) considered highly resilient to drought events (Jongen et al., 2013). These were 
counterbalanced by an increase in unproductive soils (periodically flooded) and irrigated crops. 

Only three crop types (olive, grain-maize and table grapes) characterize main productions and farm 
structure in a large area already sparsely populated. Managing this type of crops relies heavily on 
machinery and less on manpower (or skilled personnel), with the exception of harvesting times, where 
this farming requires relevant seasonal workforce (Jacobs et al., 2008). So, on the social side, irrigation 
and productive simplification didn’t lead to installation and fixation of newcomers in that area. At the same 
time the reduction in crop diversity, increase the vulnerability of the local agriculture to problematic issues, 
both economic (e.g. subsidies dependency) and environmental (e.g. crop diseases, climate change), that 
can affect these three crops (Máñes Costa et al., 2011; Stiger et al., 2013). 

In conclusion, it is true that now is available in Alentejo a relevant water reserve, not used for irrigation, 
that can sustain the local agriculture during a three-year drought (Nuncio & Arranja, 2011). But this was 
not the primary objective of that project. Such large dams and reservoirs are highly demanding in terms 
of economic and environmental costs. Projections revenues are frequently surpassed by the reality of 
development, since a long period mediates between project design and its implementation. New farming 
conditions seldom allowed the settlement of rural newcomers, with no positive impact on the local social 
structure. Thus, besides implementation costs, also current operational costs, weigh heavily on the local 
farmers, who have not seen any improvement in their daily operations and life. The effectiveness of this 
measure to improve water saving and mitigate drought impacts depends upon both external factors and 
local circumstances (Do Ó & Roxo, 2009), as relies on the ability and means available to farmers and 
managers to do the best use of the available water. 

 

4.5 Switzerland 

The analysis for the Switzerland Case Study was focused on the sector of agriculture. Two activities were 
carried out for assessing options for improving drought preparedness in agriculture: (i) a survey among 
fruit-growers in the Northeast and Northwest of Switzerland, and (ii) a group discussion during the 3rd 
CSDF Workshop (Annex E). The options analysed are: 

1. Setting of quantitative limits for water withdrawal for irrigation (farm specific quotas); 

2. Developing water infrastructure (e.g. reservoirs, irrigation networks); 

3. Cultivating drought-resilient crops; 

4. Drought insurance; 

5. Soil protection and treatment; and 
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6. Guidelines for drought management. 

4.5.1 Survey on responses and policy options for drought risk mitigation in agriculture 
A survey was carried out in early 2013 (Kruse & Seidl, accepted). It addressed 1451 farmers with more 
than 20 ares (2000m2) of fruit plantation, and 801 farmers returned the questionnaire. 27% of the farms 
generate more than 50% of their income by fruit-growing, 45% generate less than 25% through fruit-
growing. A large part of the farms (659, those with half-standard trees) disposes of some form of irrigation 
(either a fixed irrigation system (17%) or a mobile system (63%)). 

In order to avoid damages due to drought, farmers have taken various actions in the last 10 years: 50% 
irrigated and 40% use soil coverage (mulching, vegetal cover). However, other measures were hardly 
used such as soil cultivation (hoeing, loosen), shadowing, the use of drought-resistant species or 
insurances against harvest losses. There were also single declarations about measures taken such as 
taking of a part of the buds and small fruits early in the year or using substrates to strengthen the trees 
roots in case of droughts. It seems as some single farmers develop their own particular measures and 
strategies. Besides, 11% replied not having applied any measures in cases of drought in the last 10 years. 

At the same time, farmers considered the effects of measures as limited. Only 59% assume that the 
measures were able to reduce damages. However, of those with irrigation, 78% consider that the 
measures reduced damages.  

Interestingly, those farmers who draw 75-100% of their income from fruit-farming and who irrigate 
regularly were more often able to reduce damages with their measures than other farmers. And those 
farmers who irrigate were more often able to reduce damages – and those with fixed irrigation even more 
so. Hence irrigation seems be a quite effective means to avoid damage – probably together with some 
professionalism.  

Often unnoticed goes the fact, that drought may also have positive effects. For 50% of the farmers 
surveyed, droughts had positive effects such as less fungal infestation (125 farmers), less other illnesses 
(43) and higher quality of the fruits (93). Also prices may go up which may mean higher incomes in drought 
periods. 

Although the farmers expect more droughts in the future, they do not plan or think it may be necessary to 
have modifications on their farms. Concretely, 80% of the surveyed farmers expect more drought and 
50% think their farm will be concerned, 29% are opposed to this view. Still, 46% of the farmers expect 
future conflicts about water withdrawal. Despite this assessment, only 32% think that fruit growing will 
only be profitable with a fixed irrigation installation. If droughts such as in 2003 happened every 10 years, 
only 7% of the farmers would invest in fixed irrigation installations, however their part raises to 42% if 
such droughts occurred once every 2 years. Also, only 14% would not take other measures and write 
down their harvest in case droughts occurred every 2 years. Again, measures such as planting more 
drought resistant trees or subscribing insurances are hardly considered, if droughts occurred more often 
than now. At the same time 17% of the farmers would give up fruit farming would 2003-drought occur 
every 2 years. At the same time, 82% are ready to attend instructions and training if droughts increase in 
the future. 

Again, farmers, who earn a large part of their income from cultivating fruit trees, are more inclined to take 
measures. They would more easily invest in irrigation measures and take up loans, and they are more 
sensitive to future water conflicts. Finally they are less inclined to give up fruit farming than the average 
in case of increased droughts. 

To sum up: A part of fruit growers takes measures in case of droughts, yet effects in the sense of reducing 
damages do only partly show up. For the future, farmers expect more droughts and conflicts about water 
but would only invest in drought mitigating measures if droughts definitely occurred much more frequently 
than today. At the same time, there is a broad readiness to attend training. 
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4.5.2 Group discussion during the 3rd CSDF Workshop 
The qualitative assessment of options was carried out in the 3rd CSDF workshop (12/6/2014; Figure 4.31) 
and was targeted towards farming, not just fruit farming. Representatives of different farming branches, 
different administrative bodies concerned with droughts and drought research attended the workshop. In 
order to get information which can be used for further research on drought damage prevention, the 
workshop focussed on five questions: 

1. How can agricultural practice respond to drought periods in the short and long term? 

2. What is the importance of forecasts (day, week, month) for the handling of droughts? 

3. Does the platform drought.ch (information system for droughts, pilot project) conform with the 
needs of practice and administration? What information would be required additionally?  

4. Would an operational observational network for soil moisture be useful for Switzerland? Where 
and how should data be available to be optimally used? 

5. What would be the effects (advantages, disadvantages) of an introduction of quantitative limits 
for water withdrawal for irrigation (farm specific quotas)? 

The outcomes of the group discussion are summarised in the following paragraphs. 

 

 

Figure 4.31: Photo from the 3rd CSDF Workshop organised for the Case Study of Switzerland. 

 

Recommendations for improving agriculture’s response to drought periods in the short and long 
term 

• A strong focus lay on increasing the availability of water by creating infrastructure (reservoirs) and 
pipelines, by using drinking water, by improving the efficiency of water consumption (such as 
when switching on and off irrigation) or by setting positive incentives for a lower water use, 
however, no ideas were mentioned for such incentives.  
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• It was recognised that training has been insufficient so far, except for regions with widespread 
irrigation (West of Switzerland), and that training has to be developed. Yet, as droughts are not 
more frequent, the motivation to develop syllabus and attend training is considered limited. 

• The cantons have to improve coordination and knowledge exchange and transfer, but also they 
have to improve coordination within each canton. For instance they may create water 
cooperatives that organise themselves the water distribution and settle conflicts amongst 
members of cooperatives. Also the cantonal administrations have to coordinate the setting up of 
infrastructure (reservoirs, pipelines etc.) and avoid over- and misdirected investments. Finally, 
administration has to avoid illegal groundwater withdrawal, investigate the needs of the farmers 
and develop solutions with them without overstraining the water resources. There is one canton 
which has had experiences with water scarcity for several centuries (Vaud) – and so have the 
farmers. Exchange with this canton and learning from it should be improved.  

• Measures such as drought-resistant species, research and breeding of drought resistance, 
change of crop-rotation were mentioned, however with much less emphasis compared to 
infrastructure and water withdrawal. 

• Stakeholders consider parcel-specific soil moisture data as useful, yet to have data about all 
drought-prone agricultural land is considered a long way to get there. Also, it requires training of 
farmers and practitioners to interpret the data. 

Recommendations regarding drought forecasting 

• It became clear that the use and utility of forecasts depends on the existing irrigation systems 
(e.g. no forecast needed for drip irrigation). Beside, forecasts are important to judge the overall 
weather conditions to probably plan measures. In general, a forecast horizon of 1-3 weeks is 
considered as necessary to be able to plan and realise measures. 

• Also, forecasts are the more important the scarcer is water, as in absence of forecasts preventive 
irrigation may take place. At the same time, forecasts may also trigger irrigation and hence 
exacerbate water scarcity. To counter this risk, water cooperatives may be useful to check water 
consumption. 

• For the canton Vaud, where farmers have been facing water scarcity and droughts for centuries, 
experts request support for the management of farms (cost management etc.), rather than better 
forecasts. 

Recommendations regarding the platform drought.ch 

In a Swiss research project, an early warning system for drought was developed as an instrument for 
drought risk mitigation (www.drought.ch). The participants of the workshop evaluated it quite differently; 
however the main conclusions are as follows: 

• The main challenge is to adapt the information system to different users. Presently, it is useful for 
public administration; the administration needs a forecast horizon of 2 weeks. However, the 
system is not useful for farmers as it is not precise enough for a particular farm, it does not dis-
play data about evaporation and soil moisture, and it is not easy to understand. 

• As a consequence of the different evaluations the platform has to focus and declare more the 
addressees (experts, administration, farmer, broad public or…), integrate more existing data and 
measuring networks, set up and integrate regional measurements. 

• Overall, an early information system is welcomed; yet it has to be further developed in order to 
be useful to many.  
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• Important is that the system is not called “early warning system” as “warning” would put too much 
responsibility to the owners of the platform and whether a situation needs “warning” has to be 
decided based on local or regional knowledge. 

Recommendations regarding the usefulness of an operational observational network for soil 
moisture 

There is some interest and there are arguments in favour of setting up an observational network regarding 
soil moisture; it was discussed for whom and how it would be useful for drought mitigation. The main 
discussion points are: 

•  Information needs for research/forecast and farmers regarding soil moisture differ: The former 
need volumetric soil moisture, the latter need soil moisture tension. Hence both measures would 
have to be surveyed. 

•  Farmers would need more detailed information than such a observational network would pro-vide. 

•  The quality of measurements differs largely depending on the measuring sensor. Hence training 
and gauging of sensors would be necessary. 

Overall, collecting data on soil moisture and making data available to a wide public is welcomed, although 
it is not a pressing need of farmers; technical and organisation obstacles have to be over-come. 

Recommendations related to the introduction of quantitative limits for water withdrawal for 
irrigation 

Some drought researchers in Switzerland recommend water quotas for farms in order to avoid overuse 
of water and conflicts about water withdrawal. The stakeholder’s view on this topic is summarised below: 

•  Overall, quotas were praised for different reasons: they improve planning at the farm level, im-
prove farming adapted to the site, give incentives to save and store water, and ideally avoid 
conflicts. 

•  However, the word “quota” is negatively connoted and would have to be changed. 

•  Presently there are already cooperatives and cantons that manage quotas. Existing experience 
shall be better evaluated. 

•  Quotas can focus water quantity or the area to be irrigated (and time/period/duration). 

•  Given climate change, there might be a need to adapt (raise) quota in the medium and long term. 
Also, present quotas focus normal situations but are not adapted to drought situations (need for 
water and water availability might change). 

 

4.6 The Netherlands 

A good water supply is essential for the liveability (quality of life) and health conditions as well as the 
economic development of companies and sectors that depend on fresh water. Users already experience 
bottlenecks. Preventing water shortages in The Netherlands and the need to optimise the joint best efforts 
obligation demand a clear division of responsibilities. There are various agreements (like the national 
priority ranking for water supply and desired groundwater and surface water regime), but the present 
arrangement can be better structured and made transparent. It is realised that there is a need to make a 
paradigm shift from what the user needs towards what the user can do and is willing to do.  

From stakeholder meetings (e.g. Figure 4.32; Annex F) it has become clear that there it is useful to have 
a transparent overview of what the government (both national and regional) can do and cannot do in times 
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of drought. This is termed “service-levels”: the availability of fresh water in normal and dry conditions in 
an area. 

 

 

Figure 4.32: Photo from the Workshop organised for drought management in The Netherlands (Utrecht, 4 March 2014). 

 

Governments and users jointly specify, in the form of region-specific agreements which responsibilities 
and obligations the government has and what is the responsibilities and remaining risk of the users. This 
concerns in as far as relevant, surface and groundwater as well as quality and quantity. 

In development of the service-levels at regional level, the present level will be checked also in the light of 
the societally desired level taking climatological and socio-economic developments into account. It is 
expected that this will give rise to reconsiderations for a more effective and sustainable fresh water supply, 
involving possibly: (i) investments in implementation of measures, (ii) innovation, or (iii) acceptance of 
water shortage. This will also be related to spatial developments (urban area, business areas, etc.).  

Examples of active involvement with users to reduce future vulnerability to drought: 

• Various regions are working towards stimulating users to achieve self-sufficiency. Pilots are 
offered and implemented. Besides striving for self-sufficiency, water saving and innovation are 
also key. Users are being inspired to take measures at their own plots: better soils structure, more 
efficient irrigation using satellite information, reuse of flushing water in the drinking water industry, 
converting coniferous forest in deciduous forest and the development of climate buffers, changing 
towards salt-tolerant crops where fresh water no longer can be guaranteed. 

• In nature areas water is conserved and this is then combined, where possible, with nature 
development, recreation or innovative agriculture. 

• As well, industry continues with water saving measures and measures to increase the 
effectiveness of water use (rain water reservoirs; controlled drainage; storage of precipitation in 
groundwater; adjusted of cooling and process-water systems) 

• Drinking water companies invest in sustainable water quality, through e.g. improvement of 
treatment, improving the conditions for water-inlets from the main system, enlargement of 
reservoirs (financed e.g. with the sale of sand). 
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All this is taken care of as part of the “Delta-plan”, which has two tracks: “Programming” (2015-2028) and 
“Agenda setting” (2028-2100, with medium term 2028-2050 and long term 2050-2100). The short-term 
investment programme (2015-2028) is mainly focused on solving actual bottlenecks and implementation 
of “no-regret” measures that will make the system more flexible and more robust for extremes (without 
blocking long-term ambitions and solutions). In areas where there is no possibility for water supply from 
the main system, the mind-set of water management will be changed from ‘discharging” to “conserving”. 
In areas where water supply is possible, this supply is secured and salt-intrusion is counteracted. 

The work on the “service levels” is important in dealing with future vulnerability: 

•  The current strategy, i.e. trying to answer all water demands, in not tenable. A new strategy is in 
development: solving bottlenecks and seizing opportunities. 

• The central government, the regions and the users have jointly agreed goals: fresh water for 
quality of life and the economy: 

o Protecting water use that is societally crucial; 

o Enhancing the export position of the country; 

o Striving for a healthy and balanced water system; 

o Stimulation of water knowledge and water innovation. 

• Government and users are responsible together: there is a joint commitment to solve bottlenecks 
and reach the goals: 

o Central government, provinces and Water Boards define their responsibilities and tasks. 

o Users know what they can count on and this transparency leaves them with choices: deal 
with the drought through investments, innovation, or acceptance. 

• There is no need for major interventions in the main water system until 2050, but options for the 
future are open and need to be considered! 

• International consultations are becoming more important: 

o Cooperation with neighbour countries will be enhanced; 

o EU Blueprint suggestions may be accepted (including e.g. water accounting, water 
saving measures, ecological flow, cost of water). 
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5 Ex-ante assessment of options 

5.1 Objectives and methodological approach 

The objective of the ex-ante analysis is to evaluate whether and the degree to which policy options can 
prevent drought from causing the economic damages suffered by the society during past drought events. 
Policy options are therefore evaluated on the basis of their effectiveness in “closing the gap” in terms of 
social welfare, that is to say in eliminating the difference between the economic welfare with and without 
the options. If, for example, a drought event occurred some years ago caused a certain monetary amount 
of damage on the agriculture sector (summing up the effects on producers and consumers, as is typical 
the case in the approach based on the consumer surplus theory), policy options will be evaluated on their 
ability to eliminate the risk that such damage will occur again in the future.  

There are several types of policy options that might be designed and implemented at different territorial 
scales in order to mitigate drought risk. Yet in the ex-ante analysis we can consider actions that increase 
the resilience of water users, enabling them to a wider spectrum of alternatives. For example: if there is a 
concrete possibility to reallocate water among sectors / uses / crops etc., damages could be significantly 
lower (up to 7 times lower in the case of the 2003 drought event in the Po river basin). But reallocation 
may be impeded by several factors, such as the structure of the water distribution (e.g. gravity vs. 
pressure), institutional rules (trading water permits, if allowed), and constraint of previous choices (e.g. 
settling in a certain area; investing in a certain technology not yet amortized). 

This is why alternative actions are to be taken into consideration. This is the case of structural actions, 
like investing for new water supply facilities (e.g. transfers), investing for upgrading existing water supply 
facilities, changing water-use technology (improve water productivity). Or the case of management actions, 
like rationing availability; or even the case of institutional actions, like changing water licensing / trading, 
introducing water pricing mechanisms.  

The most usual classification of these alternative actions is on four categories: supply management, 
demand management, recovery options, options concerning monitoring and information. The ex-ante 
analysis is concentrated on supply and demand management policy options, as they are the kind of 
options more easily quantifiable in their costs and in their positive effects (benefits). For two Case Studies 
(Syros Island and Jucar river basin), therefore, a selected group of these types of policy options are 
evaluated.   

In order to evaluate each policy option, it is evaluated (estimated) on one side its potential benefits, on 
the other side, its costs (Figure 5.1). After collecting the required data and information (1st step)1 for 

                                                 
1  Data were collected for the Case Studies that were analysed using ex-post evaluation. Therefore, data were requested 
and collected for Syros Island, Jucar Basin, Portugal, Po river basin. However, only the first two areas data were complete 
enough to realize the ex-ante analysis. Partners responsible of each Case Study were involved in the data collection.  
The first objective was to have a list of policy options for each Case Study, somehow coherent with the Science-policy 
interfacing activities (CSDFs) realized there (evaluation realized in the 3rd CSDF, dedicated to evaluation of policy options). 
This is why partners were recommended to select a list of policy options / measures as much as possible similar to the one 
selected for the 3rd CSDF. Moreover, policy options not necessarily had to have the same geographical scale of the Case 
Study area. In fact, partners were asked to determine the most appropriate scale for being precise enough of the defined 
policy options (for example, “desalination” is not a sufficiently detailed policy option; “building a desalination plant”, in a 
specific location, which addresses a localized drought problem, is a policy option clearly defined). Any kind of policy options 
was potentially included, ranging from infrastructural projects, to insurance schemes, hydraulic works, crop substitution 
programmes, awareness campaigns, etc. However, partners were asked to propose realistic options, entailing a precise 
identification of who (and how) is supposed to bear the related costs (for example: a policy option that requires considerable 
investments needs a source of funding that is clearly identified). At the same time, it was also underlined that policy options 
should be precise operative actions / measures, and neither broad nor strategic ones (programmes, general guidelines, etc.). 
For each policy option, the following information was then required: 
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estimating the potential benefit, a preliminary estimation of the water deficit caused by the past drought 
event is taken into consideration (2nd step). Once the water deficit caused by the past drought event is 
quantified, the 3rd step involves:  

a)  Estimating the additional water availability (added or saved) deriving from the implementation of 
the policy option, using the relevant information about water added / saved (provided by the Case 
Study Leaders, if available);  

b)  Evaluating if the additional water availability is such that might “close the gap” in terms of welfare, 
i.e. if it might favour to obtain enough production (equal or over the threshold) in the relevant 
sectors in order to re-establish the normal production level in absence of drought.  

 

 

Figure 5.1: Logical scheme of the ex-ante evaluation process of the benefits and the costs of a policy option for drought risk 
mitigation in the context of the social welfare approach. 

 

If a policy option can provide enough water to close the water deficit registered in the past drought event, 
and then it can affect positively the production level to the extent that it can eliminate the socio-economic 
impacts on producers and consumers, observed thanks to the ex-post analyses, it may receive a positive 
evaluation.  

                                                 
 The sectors (agriculture, power, public water supply, tourism, etc.) that are supposed to be positively affected by its 

implementation. 
 The costs related to its implementation, such as costs related to the realization of the investment and to operation & 

maintenance (in case, for example, of investment costs for hydraulic works). 
 As regards costs, information about the subjects (groups, institutions, etc.) who bear the costs of its implementation 

and the way how they are supposed to pay for these costs. 
 The relevant characteristics of the policy option, such as the description of the technical characteristics (e.g., the 

technical characteristics of an infrastructural project, such as a dam), time horizon, lifetime, geographical scope, etc.  
 The benefits deriving from its implementation, not only in terms of additional water availability created, but also with 

regards to other possible benefits (new cultivated land; employment impact, etc.). Moreover, the subjects (groups, 
institutions, etc.) who will enjoy the benefits of its implementation had to be identified.  

When data could not be made available by the Case Study Leaders, they were either integrated with data coming from the 
literature review made by UB-CERTeT, or by using parametric values, as in the case of the costs of the policy options.  
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However, the evaluation of the policy options cannot be realized only by looking at the side of the benefits 
caused, but also at the side of the costs. Each policy option needs to be estimated for its costs (per m3 
and total) using either the data provided by the Case Study Leaders, if available, or parametric values2 
(3rd step). Costs of each policy option were divided, were possible into Operation & Maintenance costs, 
and investment costs.  

Once the benefits and the costs of the policy option have been estimated for each policy option (and/for 
each group of policy option), policy options are ranked in terms of costs and benefits, and therefore it can 
be finally concluded which one of them is able to “close the gap”, and at what cost (4th step). 

The relevance of the policy options in terms of benefits and costs can be comparatively represented also 
by means of the so-called water availability cost curve. This graph lays out each technical measure as a 
block of the curve, where the width represents the amount of additional water that it makes available when 
adopted; the height of the block represents its unit cost3.  

The last stage of the ex-ante evaluation process is the determination of the critical frequency of drought 
events, i.e. the frequency for which the implementation of the policy options results to be convenient. The 
assumption is made that the water allocation patterns are efficient given actual supply conditions if there 
is no evidence of possible gains from reallocation (⇔scarcity cost). If drought events are scarce enough, 
taking the risk might be the optimal strategy. If drought events become more frequent, this might not be 
the case. In this case, an effort is made to answer such a question: “What is the critical frequency that 
should induce ex-ante changes in users’ behaviour?”. 

The following sections are dedicated to the presentation and the explanation of the results of the ex-ante 
analysis concerning Syros Island (agriculture and public water supply) and Jucar basin (agriculture). For 
each of the two Case Studies the first paragraph presents the results of the ex-post analysis of one 
drought event that occurred in the case study area; the second paragraph address the question of the 
calculation of the water deficit registered because of that drought event; the third paragraph analyses the 
costs and the benefits in terms of additional water made available by the policy option, and presents the 
Water Availability Cost curve. The fourth chapter present the results of the benefit-cost analysis, and of 
the critical frequency of drought. 

 

5.2 Syros Island, Greece 

5.2.1 Ex-post analysis results 
 
The ex-ante analysis starts from the consideration of the socio-economic costs of the drought event that 
hit Syros Island in 2001, presented in the Technical Report No 9 (Massaruto et al., 2013). The agricultural 
sector was only included in the ex-post analysis. For the purposes of the ex-ante analysis, the impact on 
the urban water supply system is also taken into account. 

As it can be seen from Table 5.1, the extra-costs for the society due to the unmet demand and the use of 
a costly alternative water supply (water transfer by ships) have been estimated, using the benefits transfer 
technique.  

The unmet demand in the domestic water supply was firstly estimated by a water balance modelling 
(WEAP) exercise for the island. On a second stage, the value of the economic losses of an unmet demand 
in the urban water supply sector has been estimated taking the relevant literature into account (Garcia-

                                                 
2 The source of parametric costs is the report “A Blueprint to Safeguard Europe's Water Resources” edited by European 
Commission, 2012. 
3 See, for example, the application of this key tool to support decision making in the case of India by the 2030 Water 
resources group (Charting Our Water Future. Economic frameworks to inform decision-making, 2009, p. 12). 
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Valiñas, 2006). Thirdly, it was possible to calculate the total cost in terms of welfare suffered by the 
population, which is equal to 382.992 €. 

Table 5.1: Costs of unmet demand. 

 Value Source 
Unmet demand in 2001 
(May-September) 

242,4 (thousand m3) Results from water balance modelling 
(WEAP) – Source NTUA (2014) 

Specific cost of unmet 
demand 

Average welfare losses = 138 euro/user and quarter 
Consumption = 87.6 (m3/user and quarter)  

Garcia-Valiñas, M. (2006) 

Specific losses = 1,58 euro/m3 UB-CERTeT estimation on Garcia-
Valiñas, M. (2006) 

Total welfare Cost 242,4 thousand m3 x 1,58 euro/m3 = 382.992 UB-CERTeT elaboration 
Total welfare Cost 
(actualized value at 2012) 

382.992 x 1,383 = 529.796 UB-CERTeT elaboration 

 

The additional cost paid by the users of the water supply system has been estimated starting from the 
data about water volumes (and related costs) transferred via ships from the mainland to Cyclades islands 
(Table 5.2). The water volumes received by Syros Island have been estimated taking the proportion of 
the Syros population on the total Cyclades population into account (18%). 

Table 5.2: Costs of water supply by ships. 

  Value Source 
Transferred water in Cyclades  (m3/year) 203.792 NTUA 

Transferred water in Syros Island (m3/year) 36.682 UB-CERTeT estimation 

Price of Transferred water (2001, incl. VAT) Euro/m3 8,00 NTUA 
Total cost  Euro 292.360 UB-CERTeT estimation 

Total welfare Cost  
(Actualized value at 2012) 

Euro 292.360 x 1,383 = 529.796 UB-CERTeT elaboration 

 

The monetary values obtained, as they refer to 2001, have been actualized to 2012, as already done in 
the case of the ex-post evaluation of the impacts in the agricultural sector. The coefficient, calculated 
making basis on the inflation rates at national level registered year by year along that period, is equal to 
1,383. Given these values, it is quite easy to upgrade the value of the total cost of the 2001 drought event, 
as seen in Table 5.3. In this respect, given the consideration of different sectors, it is now even clearer 
the logics of the social welfare approach, which manages to consider the total effects of the drought event. 

Table 5.3: Socio-economic losses of 2001 drought event in Syros (values at 2012, Source: Massarutto et al., 2013). 

Affected sectors Economic Losses (€) 

Public Water Supply Water supply by ships 404.424 
Unmet demand 529.796  
Total 934.220 

Agriculture Producers 314.306 
Consumers 823.967 
Total 1.138.273 

 Total 2.072.493 
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5.2.2 Water balance 
In order to estimate the water deficit suffered in Syros Island in 2001 in both sectors, a water balance 
model has been built using several sources and studies available in the relevant literature (Table 5.4). 
The water deficit in 2001, with reference to the potable water demand, resulted to be equal to about 1.600 
m3/day, while, with reference to the non-potable water demand, corresponded to about 2.000 m3/day.  

In order to cope with the risk of occurrence of these water shortages in Syros in the future, local 
stakeholders and experts, through the CSDFs, have identified some policy options. The water balance 
built for the period 2020-2050 shows the additional water availability produced by their eventual 
implementation, and therefore if they are able to “close the gap” in terms of water availability. It has been 
assumed that total water demand remains unchanged until 2050. As Table 5.5 shows, the implementation 
of the policy options is able to increase water supply so that they can easily “close the “gap”. Indeed, in 
the case of potable water demand, they allow to supply totally about 7.550 m3 per day. In the case of non-
potable water demand the water supply obtained after their implementation, is equal to 4.200 m3 per day. 
Actually, they make even a considerable amount of residual water available.   

Table 5.4: 2001 water balance (m3/day). 

 Water demand(a) Water Supply Deficit 
 High 

season 
(4 months) 

Low season  
(8 months) 

Desalinisation 
installed 

capacity(b) 

Ground-
water 

Cisterns Cistern 
Ship 

 

Potable water demand 6.300 3.950 3.550 860 306(c) 1.584(d) 

Non potable water 
demand (irrigation, etc.) 

3.590 240 - 1.182 295 - 2.013(e) 

(a) Liu et al. , 2011 
(b) Zotalis et al., 2014 
(c) Elaboration CERTeT on expenses and quantities of transferred water by ship in Cyclades 
(d) Elaboration CERTeT on WEAP Data (NTUA) 
(e) Elaboration CERTeT 

 

Table 5.5: 2020-2050 water balance (m3/d). 

 Water demand(a) Water Supply (from 2020 onwards) 

 High 
season  
(4 months) 

Low season  
(8 months) 

Desalinisation 
installed 
capacity 

Ground-
water  

Cisterns  Waste 
water 
treatmen
t reuse 

Total 

Potable water demand 6.300 3.950 6.850 (b) - 700(b) - 7.55
0 

Non potable water 
demand (irrigation, etc.) 

3.590 240 - 1.200 550(b) 2.450(b) 4.20
0 

(a) Liu et al. , 2011 
(b) Data from Syros policy options 

 

5.2.3 Policy options: Costs and benefits, in terms of additional water 
The policy options defined at the end of the Case Study Dialogue Fora in Syros have been analysed and 
evaluated in terms of their economic characteristics. The total annual cost of each of them has therefore 
been calculated (results can be seen in Table 5.6). It has been assumed that these policy options would 
be realized / implemented immediately (overnight). Data about the annual added water, the cost of the 
policy options (see specific cost expressed as euro per m3 per year), and the time for implementation, 
have been provided by the Case Study Leader.  
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As far as the policy options for the water supply sector, the cost of the two options is in total about 114m 
euro. Much higher is the cost of the policy options for the agriculture sector. While the cost of the cisterns 
again is quite negligible (given the extremely low costs of investment and operations & management), the 
cost of the possible options for using the water treated after the upgrade of the Hermoupolis Water Waste 
treatment Plant range from about 718m to 1.077m euro.   

Table 5.6: Policy options costs and benefits in terms of additional water. 

Sectors Policy Options Time for 
implementation 

Annual 
Added water 

Specific 
Cost 

Total Annual Cost 

        m3/year  €/m3/year  €/year 
Domestic SM2 Rainwater 

harvesting 
(cisterns) 

2020 13.700  0,05 685  114.279  

SM1 New desalination 
plants 

From 2015 
onwards 

87.380  1,3 113.594  

Agriculture SM3 Rainwater 
harvesting 
(cisterns) 

2020 55.500  0,05 2.775  721.095 - 
1.080.25

5 
SM4 Reuse for 

irrigation 
Upgrade of the 
Hermoupolis 
WWTP to tertiary 
treatment in 2020 

  897.900  0,8    
718.320  

SM5 Reuse for 
recharge 

Upgrade of the 
Hermoupolis 
WWTP to tertiary 
treatment in 2020 

  897.900  1,2    
1.077.4

80  

SM6 Crop substitution 
(vegetables 
=>soybean) 

2020 - -  

 

Using the specific cost of the policy options, and the additional water annually provided by each of them, 
it has been possible to build the water availability cost curve for each sector (Figure 5.2 & Figure 5.3), an 
informative tool already used in the literature.  
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Figure 5.2: Water Availability Cost Curve – Domestic Policy Options. 

 

Figure 5.3: Water Availability Cost Curve – Irrigation Policy Options. 

 

5.2.4 Benefit-cost analysis 
The second to last stage of the ex-ante evaluation process is the comparative analysis of the costs and 
benefits of the policy options (Table 5.7). As explained in section 5.1, the socio-economic benefits have 
been intended as the avoided costs experienced in the previous drought events. That is to say, the benefit 
of a policy option corresponds to its ability to prevent from the negative effects (costs) observed in the 
past drought events, its ability to “close the gap” observed in occasion of the 2001 drought event. Policy 
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options, therefore, are supposed to be able to prevent the water deficit observed then, which caused the 
estimated socio-economic damages. 

Table 5.7: Benefit and costs of the policy options. 

  Benefits Cost 

 Sector (€/year) (€/year) 

Domestic water supply 934.220 114.279 

Irrigation - Agriculture MIN 1.138.273 721.095 

Irrigation - Agriculture MAX 1.138.273 1.080.256 

 

As last stage, finally, the critical frequency of the drought events that would justify the choice and 
implementation of each of the policy options has been estimated (Table 5.8). As far as the urban water 
supply sector is concerned, the analysis shows that the cost of the policy options is sustainable if the 
drought events occur every eight years. In the case of the agricultural sector, the critical frequency is 
instead one year. 

It is important anyhow to take into consideration the benefits that have not been quantified, such as the 
effects of the re-use of the treated waste water on the sea quality. Or the benefits related to the change 
of the landscape. Such benefits are likely to have positive effects on tourism, which notoriously is a key 
strategic economic sector for Syros. Additional benefits can be associated to other avoided costs (for 
example, reduction in the pumping costs), that anyway now cannot be identified and quantified. 

Table 5.8: Critical frequency. 

 Return Period (yrs.) 

Sector 1 2 3 4 5 6 8 9 

Domestic water supply 8,17 4,09 2,72 2,04 1,63 1,36 1,02 0,91 

Irrigation - Agriculture MIN 1,58 0,79 0,53 0,39 0,32 0,26 0,20 0,18 
Irrigation - Agriculture MAX 1,05 0,53 0,35 0,26 0,21 0,18 0,13 0,12 

 

5.3 Jucar River Basin, Spain 

5.3.1 Ex-post analysis results 
In the Jucar river basin the analyses have been focused on the 2005-2008 drought event, and in particular 
on the agricultural sector. Applying the consumers’ surplus theory, it resulted that the total, negative, 
effects for all actors in agriculture (producers and consumers) deriving from the drought event amounted 
to 17,7 million euro (Table 5 9). 

Table 5 9: Socio-economic impact of 2005-08 drought on agricultural sector in Jucar basin Drought project (Technical Report 
n. 9). 

Affected sectors Economic Losses (€) 
Producers 83.158.757 
Consumers -100.849.583 
Total -17.690.827 

 

5.3.2 Water balance 
The decrease of agricultural production that caused the socio-economic effects listed in Table 5 9 was 
caused by a water shortage for irrigation. Given the lack of related historical data which could allow to 
calculate the exact amount, the yearly average water shortage in 2005-2008 can be estimated by taking 
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the yearly total amount of water used for irrigation in normal years into account (1,414 hm3), and 
multiplying it for the reduction rate suffered by agricultural production in 2005-2008 (1,9%). The yearly 
water deficit caused by drought event results to be equal to 26,87 hm3 (Table 5.10 to Table 5.12). 

Table 5.10: Irrigated agriculture in Jucar basin (normal yrs, Massaruto et al., 2013). 

Parameter Value 
Irrigated area 120.000 (1000 m2) 

Total water used 1.414,14 (hm3) 

Table 5.11: Production decrease in 2005-08 (difference with 2001-04 & 09-10 average; kg, data provided by local partner). 

 Average 
production 

(01-04) + (09-10) (a) 

Average 
production 
05-08 (b) 

(a) – (b) v.a. (a) – (b) % 

Grain cereals 579,4 560,5 -18,9 -3,3 
Citric 2.272,1 2.245,8 -26,3 -1,2 
Fruit trees 73,1 59,0 -14,1 -19,3 
Grape 775,5 764,0 -11,6 -1,5 
TOTAL 3.700,1 3.629,3 -70,8 -1,9 

 

Table 5.12: Total Water shortage in 2005-08 (hm3). 

Parameter Value 
(Tot water used in normal yrs for irrig) * (% reduction of agricultural production caused by drought event) 26,87 

 

5.3.3 Policy options: Costs and benefits, in terms of additional water 
A set of policy options, for which the required data were all available for the Case Study of the Jucar basin, 
has been analysed and evaluated in terms of their economic characteristics. In particular, the calculations 
have been carried out for three policy options for irrigated agriculture, for which at least data about 
added/saved water were available. All data (annual added water, cost of the policy options, time for 
implementation, etc.), have been provided by the Case Study Leader. 

The total annual cost of each of them can be seen in Table 5.13. As done in the Syros Case Study, it has 
been assumed that these policy options would be realized / implemented immediately (overnight).  

The total cost of the three options, expressed in terms of current monetary values (2012) is about 15,5 
mln euro. In particular, the activation of water rights centre, which would cost 12,8 mln euro result to be 
the most expensive measure. The least expensive policy option is the increase of groundwater resources.  

Taking into consideration only the specific cost of the policy options, and the additional water annually 
provided by each of them, it has been possible also for the Jucar river basin Case Study to build the water 
availability cost curve (Figure 5.4). In this case, it was built only for the agriculture sector. It clearly 
emerges that the activation of water rights centre would be sufficient to provide yearly the water that was 
missing in the 2005-2008 drought event. 
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Table 5.13: Policy options costs (Agriculture). 

 Policy option Saved water1 Specific 
added water1 

Annual Added 
water 

Investment cost1 O&M 
costs1 

Investment 
cost 

O&M costs Specific Annual 
cost 

Total Annual 
cost 

        m3/year TOT TOT (€/m3)  (€/m3)  (€/m3/year)  €/year 

        W     I O&M X Ctot = Ctot 
(average) * (X) * 

(1,1364) 4 
 Supply management 

1 Increase of 
groundwater 
resources 

  2006: 40 hm3 
2007: 40 hm3 
2008: 25 hm3 

 35.000.000  Aug 2005 – Feb 2006: 2,075 M€ 
Jul 2006 – Mar 2007: 3,208 M€ 
Jul 2007 – Dec 2007: 2,042 M€ 

0,5 Eur/m3 (incl. O&M) 2   0,50 (0,256)   710.340  

2 Increase of 
unconventional 
resources: Waste 
water reutilization 

  2005/06: 28.17 
hm3 
2006/07: 71.17 
hm3 
2007/08: 94.15 
hm3 
2008/09: 86.43 
hm3 

 28.170.000  1,90 Aud /kL (incl. O&M) 2*  1,45 (0,744)   2.064.425  

Demand management 
3 Activation of water 

rights center 
2006: 3 hm3 
2006/07: 50.22 
hm3 
2007/08: 63.14 
hm3 

   38.786.667  2006: 0,48M€ 
2006/07: 5,35M€ 
2007/08: 12,65 M€ 

   0,29     0,29   12.782.634  

1 Source: data provided by case study leaders 
2Source: Blueprint 
*1.28 euro (currency exchange 4-1-2015) 
3Actualization coefficient at 2012 
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Figure 5.4: Jucar Water Availability Cost Curve. 

 

5.3.4 Benefit-cost analysis 
The comparative analysis of the costs and benefits of the policy options can be seen in Table 5.14. It is 
important to remind that the socio-economic benefits have been intended as its ability to prevent from the 
negative effects (costs) observed in the past drought events (ability to avoid the costs experienced in the 
previous drought events). In other words, its ability to “close the gap” observed in occasion of 2005-2008 
drought event. Policy options, therefore, are supposed to be able to prevent the water deficit observed 
then, that caused the estimated socio-economic damages.  

It is evident that the best policy option results to be the increase of groundwater resources. For this 
measure, the estimated costs per year are clearly much lower than the estimated benefits per year. 

Table 5.14: Benefit and costs of the policy options. 

  Policy Options Benefits (euro/year) Costs (euro/year) 
1 Increase of groundwater resources 17.690.827 710.340 

2 Increase of unconventional resources: waste water 
reutilization 

17.690.827 2.064.425 

5 Activation of water rights centre 17.690.827 12.782.634 

 

The last step concerns the critical frequency of the drought events that would justify the choice and 
implementation of each of the policy options (Table 5.15). The analysis reveals that the cost of the first 
two policy options is quite sustainable, as the drought events may occur even once every eight years (in 
the case of increase of unconventional resources). On the contrary, for the policy option that considers 
the activation of water rights centre the critical frequency is one year. It means that only if drought occurs 
every year this option is economically sustainable.  
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Table 5.15: Critical frequency. 

 Policy Options Return Period (yrs.) 

    1 2 3 4 5 6 8 9 
1 Increase of groundwater resources  24,90   12,45   8,30   6,23   4,98   4,15   3,11   2,77  

2 Increase of unconventional 
resources: Waste water reutilization 

 8,57   4,28   2,86   2,14   1,71   1,43   1,07   0,95  

5 Activation of water rights centre  1,38   0,69   0,46   0,35   0,28   0,23   0,17   0,15  

 

5.4 Final remarks 

The results presented for Syros Island and the Jucar river basin present set of policy options that in both 
cases are all together able to “close the gap” that caused the socio-economic effects on producers and 
consumers respectively in the 2001 and 2005-08 drought event (in different sectors). Anyhow, looking at 
the benefits and at the cost of each policy option, a ranking of the policy options is possible. Some policy 
options’ benefits are quite limited (for example, rainwater harvesting in Syros), and they would not be able 
to “close the gap” only by themselves. And, as regards costs, differences are also quite wide, as in many 
cases investment needed is rather relevant, and considerable in economic terms.  

Such a remark has clear consequences on the question of the critical frequency justifying the 
implementation of the policy options. Both in Syros and in Jucar basin, there are some policy options that 
are convenient even when drought occurs not so frequently, once every eight years, or even more rarely 
(in all other cases, drought should occur every year).   
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6 Concluding remarks - Final recommendations 

6.1 Recommendations by Case Study 

The case of Syros Island, Greece 

Wastewater reuse and desalination capacity expansion appear to be the two options that contribute the 
most in reducing drought-related risks (in terms of economic losses), particularly in the case of prolonged 
drought events, the frequency of which is expected to increase in the future. The change of cropping 
pattern is also an option that should be analysed in more detail, as it was perceived as a measure that 
contributes to drought impact mitigation in agriculture. Besides technical measures, a risk-based 
management approach for Syros Island shall incorporate: 

• Institutional measures for the participatory management of droughts and the allocation of 
resources; 

• Actions for monitoring of water status and drought conditions in the island, as water scarcity is an 
important water security threat; and 

• Provisions for reporting on the impacts of droughts, the measures taken and their evaluation. 

 

The case of Jucar River Basin, Spain 

The final recommendations for the Jucar River Basin can be summarised as follows: 

• Continuous update and improving of the Aquatool DSSs, which “allows for the development and 
use of real-time management models that are able to assess, for instance, the risk of drought, 
and the efficacy of proactive and reactive measures” (Andreu et al., 2013). 

• “Some of the measures to deal with the drought were implemented for the first time in Jucar basin, 
and included water rights purchases; voluntary cuttings in groundwater extraction from Mancha 
Oriental Aquifer; direct treated wastewater reuse by traditional irrigation in lower Turia basin; 
conjunctive use of surface and groundwater by traditional irrigation in the lower Jucar Basin, with 
energy expenses been paid by users with junior rights; and improved control measures for control 
of water use and environmental flows. These measures proved to be very effective in the 
mitigation of the drought impacts. Therefore, many of these measures adopted in the campaign 
plans and approved by the Permanent Drought Committee will become permanent practices. 
Convenient re-modeling of the measures to adapt for ordinary management, and the lessons 
learned from this experience will help in the production of new versions of the Basin Plan, and of 
the Special Drought Plan of Jucar basin.” (Andreu et al., 2013). 

 

The case of Po River Basin, Italy 

The analyses undertaken for the Po River Basin can bring forth several reflections and remarks about the 
possible policies and strategies. Many comments and many conclusions can be drawn; however some 
key recommendations can be made:  

• The evaluation process has first of all put in emphasis on the role of the monitoring and 
information activities, both for agriculture and for energy. They resulted to be evaluated as quite 
feasible, they do not entail considerable social, economic and environmental costs, and they can 
be effective in reducing the negative effects of the drought events. This is why these activities in 
the Po basin for sure should be strengthened and improved.  
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• On the contrary, the recovery options in agriculture, such as the subsidies for farmers that in 
several cases have been used after the drought events, are not appreciated by stakeholders and 
experts. They are supposed to be too much expensive, not feasible, and apparently without any 
capacity to mitigate drought risk. Moreover, the ex-post analysis of the socioeconomic impact of 
drought events have underlined that farmers might not always be damaged.  

• Increasing storage capacity, both in agriculture and in energy, although frequently seen as an 
effective measure for drought risk mitigation, is not considered feasible and acceptable enough 
nowadays in the Po basin. 

• Seemingly, options that entail relevant investments, such as the demand management options 
for the energy sector, are not so appreciated. 

• The measures that entail a better activity / efficiency of the public institutions, such as the one 
related to the controls of illegal withdrawals, are quite appreciated. So, they should be defined, 
planned and implemented in the future.  

• On the contrary, the changes in the legal framework (reforms, introduction of the pricing 
mechanisms), received a bad evaluation by the stakeholders, revealing a conservative approach. 
This is why deeper analyses and studies on the effects of these options are recommended in 
order to take their implementation into consideration in the future. 

• Options that concern technical and technological advances (such as the one related to the 
upgrade of the irrigation techniques) are quite popular among stakeholders and experts. So, 
investments in this field should be promoted and supported. 

 

The case of Portugal 

In Portugal, drought-related issues and future impacts will be mostly perceived by the agriculture sector. 
The water supply system of urban areas appears to be well prepared to face drought crisis in mainland 
territory. Environmental impacts are certain but difficult to tackle and therefore not thoroughly discussed 
during the CS fora. 

Long-term options for drought preparedness in Portugal are mainly focused on increasing water efficiency 
in all sectors, but particularly in agriculture. Water saving options, either by the application of 
administrative measures or by investment in technological capacity, are envisaged to complement a set 
of options for water conservation. As such, most of the evaluated options could act in synergy, although 
“Sensitization campaigns for responsible water use in urban areas” and “Water price policies” were 
considered to be the best accompanying measures.  

Both water conservation and water saving options should be supported by an effective monitoring 
program during the different stages of implementation, allowing their continuous evaluation and 
improvement. Main constrains are linked with means and funds available. In fact all technical options 
need more investments to develop easier implementations and to turn their operation cost-effective, 
because their “Economic Viability” is always considered low. Although not addressed in the CS fora, 
implementing a monitoring program within an adaptive management approach for drought is limited by 
resource availability. 

The “green” options, suggested in the Blueprint to Safeguard European Waters, as well as the agro-
environmental measures suggested in the European Communication about Green and Blue 
infrastructures, are not yet widespread. Even though some stakeholders are concerned with 
environmental issues, those European strategies are not perceived as a real opportunity by the majority. 
It is important an EU effort to sensitize institutional and technical sectors about those policies, also making 
available an effective provision of funds to implement it. 
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Reservoirs with multi-year capacity are the most significant measure to conserve water in prolonged 
drought events. Stakeholders linked with the agriculture sector are well aware of the opportunity to use 
water from Alqueva irrigation system for facing drought impacts in southern Portugal. Currently the water 
really supplied by that irrigation system is approximately a tenth of the capacity of the reservoir; as such 
the unused water represents a meaningful strategic reserve in an arid region. However the social and 
environmental impacts of such an option are a matter for debate and its economic sustainability of great 
concern. 

 

The case of Switzerland 

Drought is not yet a pressing topic in the everyday life of persons and groups potentially affected such as 
farmers (or also forest owners, water consumers etc.). At the same time, Switzerland has to start to be 
prepared as climate scenarios forecast more frequent and more severe droughts. This present situation 
– insufficient pressure and forecasts - is awkward for the administration which is responsible for setting 
up structures, processes and instruments for drought mitigation. The same is true for research although 
to a lesser degree. Hence, the drought alertness following the 2003 drought and some following political 
initiatives must further be used as basis for setting up drought mitigation structures. 

To a large extent, the mitigation measures recommended and claimed by stakeholders are those already 
adopted and known - mainly irrigation. Irrigation is quite capital intense, has a high reliability, does little 
impact on the farming practice and needs limited training. However, other measures such as soil 
protection and treatment, farming practice, change of crops, improved water management /quota are less 
expensive but need more experience and training, they are somehow less reliable and impact more on 
established practices – hence they are much less discussed and recommended. However such measures 
might trigger farming practices that are better adapted to the land, might be more ecological, less intrusive 
and would reduce the dependency on water. Presently, these advantages are hardly expressed – also as 
environmental groups do not participate in the drought mitigation debate for the farming sector (do not 
have expertise). Administration and farming stakeholders should fill this gap and take into consideration, 
discuss and develop the broadest array of measures and options possible. 

 

The case of The Netherlands 

The main tool proposed for dealing with drought in the Delta Programme Fresh Water is the definition of 
‘service levels’: the availability of fresh water in normal and drought conditions in an area. Governments 
and users jointly specify, in the form of region-specific agreements, which responsibilities and obligations 
the government has and what are the responsibilities and remaining risks for the users. This concerns in 
as far as relevant, surface and groundwater as well as quality and quantity.  

This has been discussed with stakeholders in a series of workshops and the main outcome is that 
Rijkswaterstaat (the part of the Ministry of Infrastructure and Environment responsible for managing the 
Main Water System of The Netherlands) will, in the next three to five years and together with all ‘water 
users’, quantify the service levels for the Main Water System and will then be able to present the agreed 
water supply in terms of when, where and with which frequency. This will be beneficial for both the water 
users as well as the water managers. 

Issues to be taken care of in the Plan of Approach: 

• Define boundary conditions (start simple, refine on the way) 

• Define users (individual- organised, etc.) and governance 

• Define the level of detail (which information is important for the ‘users’ e.g. in terms of quality?) 

• Define the methodology (base info, models, time series, etc.) 
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• Process (how to ensure that what is being done is really acceptable for the regions) 

• Budget and planning (i.e. budget, capacity to be made available and phasing) 

• Risk management (will the process lead to the required outcome) 

• Communication 

o How to reach target groups?; prevent information overload and taking too much time 
from co-operators; create a sense of urgency with the stakeholders; 

o Two reasons for inviting parties: for content and for governance;  

o Communication plan  interaction plan (i.e. the implementation plan is part of the 
communication plan). 

Other issues requiring attention: Trans-boundary conditions; Start from existing agreements; Visualise 
actual situation; Keep track of the link with on-going processes as ‘National Water Agreement’; Drought 
awareness is required; What can be the impacts of others (e.g. industry?) the service levels and vice 
versa; Make known what is not part of the process; Make results publicly available, preferably through the 
web; Consider the legitimacy: the results will be part of decisions in the future concerning who will get 
what and why! Choices have to be clear and defendable. 

 

6.2 Synthesis of outcomes 

The options analysed in the DROUGHT-R&SPI Case Studies and the methods employed for their 
evaluation indicate that the framework for future drought risk management is defined by three main 
components: 

1. Social component: It involves stakeholder perception and evaluation of drought-related risks, 
which affects their willingness to change and adapt their practices; 

2. Policy component: It refers to the existing water and drought management scheme, mostly related 
to water use rights and priorities; and 

3. Technical component: It focuses on the feasibility of implementation of mitigation options. Given 
the wide list of potential mitigation options, the best combination of measures for each Case Study 
varies when taking into account technical and economic/financial constraints. 

The options analysed fall mostly in the category of operational options, using the classification scheme 
adopted in Deliverable 2.3 (De Stefano et al., 2012; Table 6.1). The options analysed in more than one 
Case Study are: Water pricing; drought insurance; wastewater reuse; developing water infrastructure; 
improvement of efficiency of irrigation/agricultural practices; desalination; and control of illegal 
withdrawals. The constraints regarding the implementation of drought mitigation options were also among 
the issues analysed. The most often cited constraints are: (i) Low level of policy integration; (ii) Limited 
farmer’s willingness to change; (iii) High implementation cost; and (iv) Environmental concerns. 
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Table 6.1: Typology of the measures proposed for future drought risk reduction. 

Type of 
measures  

Syros island Jucar River 
Basin 

Po River 
Basin 

Portugal Switzerland The 
Netherlands 

Strategic             

Operational   
(Supply 

management) 

        
(Supply 

management) 

 

Recovery          

 

It should be noted that managers/decision makers can consider the list of options proposed in this report, 
as case studies /examples of application of the potential benefits from and constraints for their 
implementation. The uncertainty associated with future drought severity and frequency, impacts and the 
benefits from different options may hinder the final selection of options by managers/ decision makers. 
An additional uncertainty in the decision making process is linked with the multi-stakeholder character of 
drought management, in terms of: (i) scattered jurisdictions of the authorities involved in management 
and their capacity, cooperation and information sharing, and (ii) trade-offs among sectors. Nevertheless, 
the need for drought risk management is acknowledged by the majority of stakeholders and decision 
makers and steps should be taken for drought risk reduction. The results from the DROUGHT-R&SPI 
Case Studies can therefore contribute to the discussion / consultation process for the development of 
drought management plans. 

Concluding, the following key messages can be drawn: 

• There is a wide range of measures that can be implemented for drought risk mitigation and 
improved drought management. However, their applicability is context-specific: the feasibility of 
implementation, their acceptance, and the contribution to impact mitigation is influenced and 
defined by local/ regional characteristics. 

• The identification and (quantitative and qualitative) assessment of drought risk mitigation options 
in the Case Studies clearly shows that the selection and framing of options is a dynamic, on-going 
process, consistent with the development of natural and socio-economic systems. Drought-prone 
& affected areas can thus to more easily develop options adapted to the local context, compared 
to areas that are not experiencing frequently droughts. 

• The selection and implementation of drought risk mitigation measures depends on the “drought 
scenario” active at each specific moment in a drought period (and as defined by the specific 
drought indicator system of that area). The measures selected usually aim at mitigating the 
impacts of droughts as well as preventing that the drought episode develops to a worse scenario. 
Given that drought intensity and impacts are not always the same, the intensity and particularities 
of measures may change from one event to another. An ‘auto-pilot’ approach is not possible in 
drought risk mitigation and drought management. 

• Drought risk management should be supported by modelling tools (e.g. drought monitoring, risk 
assessment, stochastic water balance modelling etc.) that are being used complementary.  

• The analyses in the six DROUGHT-R&SPI Case Studies can, in addition to regional 
recommendations, support the further development of policy recommendations at the European 
scale by: (i) indicating the high priority actions for enhanced drought management, and (ii) 
contributing to the assessment of the first set of policy options for addressing water scarcity and 
droughts (as in the EC Communication on “Water Scarcity & Droughts in the European Union” 
(COM (2007) 414 final). 
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Annex A: The Syros Workshop 

Table A.1: Agenda of the 3rd CSDF workshop for Syros island, Greece. 

15:30 Registration 
16:00 Welcome - Workshop objectives (Dionysis Assimacopoulos, NTUA) 

Session 1: Drought management in Syros island 
16:10 Status of groundwater resources in Syros island. A strategic reserve in danger? (Athanasios Drosos, South 

Aegean Region) 
16:25 Preparing for future droughts: Science-Policy Interface and the Blueprint options (Wouter Wolters, ALTERRA) 
16:40 The Syros Case Study in DROUGHT-R&SPI: Results & recommendations (Eleni Kampragou, NTUA) 
17:00 Coffee Break 

Session 2: Options for long-term drought risk mitigation 
17:30 Group discussion: Assessment of options for long‐term drought risk mitigation 

 What type of measures would you recommend for drought impact mitigation? 
 Which problems/constraints should be resolved prior the implementation of the option? 
 Is the option social acceptable? 
 What kind of changes (institutional, management, organisational) may be necessary for the 

implementation of the option? 
Moderator: Dionysis Assimacopoulos, NTUA 

19:00 Wrapping up and conclusion - Workshop closure 

 

Table A.2: List of stakeholders participating in the 3rd CSDF workshop for Syros island, Greece. 

Name Agency/ Organisation  

Athanasios Drosos South Aegean Region 

Georgios Vakondios Municipal Enterprise for Water Supply and Sewerage of Syros 

Christos Karavitis Agricultural University of Athens, Greece 

Stavros Gousgounelis Municipality of Syros – Hermoupolis 

Yiannis Tsioumpris Municipality of Syros – Hermoupolis 

George Makrionitis South Aegean Region 

George Maragos Municipality of Syros – Hermoupolis 

John Theodorou Cyclades Chamber 

Phoivi Grigoropoulou South Aegean Region 
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Table A.3: Minutes of the 3rd CSDF workshop for Syros island, Greece. 

DATE: 20/06/2014 

VENUE: Cyclades Chamber Conference Room, Hermoupolis, Syros island 

ORGANISERS: NTUA 

Brief minutes 
Prof. Assimacopoulos welcomed the participants and gave a brief presentation on the DROUGHT-R&SPI progress. 
The workshop was structured in two sessions. The first session dealt with drought management and included 
presentations on: 

• The status of groundwater bodies in Syros Island. The presentation was given by an invited stakeholder. 
• The Blueprint options and an overview of the lessons learnt from the Case Study and Pan-EU workshops 

organised in DROUGHT-R&SPI. 
• The project results on future drought events, drought-related risks and options for drought risk management. 

After the coffee-break a discussion was organised that was centred on potential options for long-term drought risk 
mitigation and the limitations for their implementation. In addition, a questionnaire was distributed to the participants 
for the qualitative assessment of the options. 

Main discussion points – Results and recommendations 
A. List of options for drought risk mitigation & evaluation results 
The discussion was focused on the option for wastewater reuse in the island. The participants agreed that this 
alternative source of water could be of value for the island, as it will increase water availability for irrigation and will 
decrease the pressures posed on the already over-exploited groundwater bodies. However, all recognised that there 
are still technical and financial limitations for supporting wastewater reuse (need for upgrading from secondary to 
tertiary treatment; limited financial support by the regional authorities). Due to the topography of the island and the 
distance between the existing waste treatment plant and the location of agricultural activities, the best option would 
have been to have small, decentralised, waste water treatment plants scattered in the island. 
 
B. Other issues 
Stakeholders commented that the water management plan for the Aegean Water District will be ready soon and 
open to consultation. This will provide an opportunity to discuss options for dealing both with water scarcity and 
droughts in the island. 
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Annex B: The Valencia Workshop 

Table B.1: Agenda of the 3rd CSDF workshop for the Jucar River Basin, Spain. 

9:30 Welcome: Mª Ángeles Ureña (President of the Jucar River Basin Agency, CHJ) and Joaquín Andreu (Director 
of the Department of Hydraulic and Environmental Engineering, UPV) 

Session 1: Revision of the current situation (Moderator: Abel Solera,UPV) 
9:45 “The new plan for the Jucar River Demarcation and the relationship with droughts planning, mitigation and 

management”, by Javier Ferrer, Water Commissar of CHJ 
10:00 “Current situation of the exploitation systems in the scoped of the CHJ in relationship with the risk of drought. 

Ongoing measures.”, by Pedro Marco, Techinical Director of CHJ 
10:15 “Perception of the current meteorological drought and the risks for the different sectors. Possible measures 

for preparation and mitigation.” 
Antonio Llopis, City of Valencia 
Vicente Llopis, Irrigators association Acequia Real del Jucar (ARJ) 
José Polo, Irrigators Community of Cullera 
Ernesto Serra, Jucar-Turia Canal Users Community 
Fernando Moreno, Iberdrola 

11:15 Discussion 
11:45 Coffee Break 
Session 2: Future scenarios in drought situation (Moderator: Javier Paredes-Arquiola, UPV) 
12:00 “Evolution of agricultural insurances for drought. Rain fed and irrigated crops.”, by Juan Carlos Cuevas, 

Agroseguro 

12:15 “Utility of meteorological and climatic forecasts for drought planning and management” by Jose Angel Nuñez, 
Head of Climatology of AEMET (Valencia Region) 

12:30 “Natural Hazards Perception, Risk mitigation and Resilience Enhancement in the scope of the ENHANCE 
project” by Maria Camona, Helmholtz Zentrum Geesthacht (Germany) 

12:45 Round table: “Evaluation of potential actions and recommended measures to decrease vulnerability and 
increase resilience for future droughts” 

13:45 Closure  

 

Table B.2: List of stakeholders participating in the 3rd CSDF workshop for the Jucar River Basin, Spain. 

Name Agency/ Organisation  

Mª Ángeles Ureña CHJ 

Javier Ferrer CHJ 

Pedro Marco CHJ 

Antonio Llopis City of Valencia 

Vicente Llopis ARJ 

José Polo Irrigators Community of Cullera 

Ernesto Serra Jucar-Turia Canal Users Community 

Fernando Moreno Iberdrola 

Juan Carlos Cuevas Agroseguro 

José Ángel Núñez AEMET 

María Carmona HZG 

 



 

Technical Report No. 29 - 84 - 

Table B.3: Minutes of the 3rd CSDF workshop for the Jucar River Basin, Spain. 
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DATE: 25th June 2014 

VENUE: Universitat Politècnica de València 

ORGANISERS: Water Resources Engineering Group of Institute of Water and Environmental 
Engineering at Universitat Politècnica de València 
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Brief minutes 
9:30 Opening session 
Joaquín Andreu remarks the current situation of the CHJ, facing a developing drought with several operation 
systems under the threat of suffering its effects in the following months or years. Thus, the 3rd CSDF is very 
interesting in order to keep alive the spirit of the collaborative environment of the previous episodes. The program 
is presented. 
Mª Ángeles Ureña thanks the organization committee of the meeting. She acknowledges the current importance of 
drought in the CHJ with most of the uses threatened, if not already affected (rainfed agriculture). She makes a 
summary of the use of the operation of the Drought Plan and annunciates the already setting up of the Drought 
Technical Office, composed by personnel of the CHJ. They will help the normal operation and management bodies 
in the decision making process. The existing Drought Plan is not envisaged to have a revised version in the short 
term, although it has been already 7 years since it was approved and there is now more experience and knowledge. 
Topics regarding drought prevention and management are included in the Important Topics Scheme regarding the 
new planning process. Governance is important, especially during drought period 
 
10:00 Session 1: Revision of the current situation 
Javier Ferrer (CHJ Water Commissar and former Planning Office Chief) talks about the new Hydrologic Plan of the 
CHJ and its relation with Planning, Mitigation and Management of Droughts in the context of the Jucar River Basin. 
The plan is almost approved. 
He talks about the new definition of prolonged drought that allows failing at some aspects of the WFD, particularly 
the ones related with the good status of certain water bodies and the relaxation of the environmental requirements 
in river stretches.  
Within the Important Topics Scheme, it is possible to find Extreme Phenomena, among which is drought. The new 
aspects considered include the implementation of new drought indices (SPIm Palmer ad NDVI), and analysing socio-
economic and environmental impacts. Also, governance during drought is considered an important topic. 
He makes a quick review of the current indicators system and the different drought scenarios considered at the CHJ. 
He also revises the way of managing droughts through the Permanent Drought Commission. 
Regarding the current situation, he stated that this is a completely different scenario than the one had in the last 
episode. What was then ok, now it is in danger, and vice-versa. The experience acquired in the previous episodes 
will help CHJ to face the new situation. Now, all the envisaged infrastructures in the last episode are available and 
ready to start working when needed. 
The new adopted measures include: setting up of the drought office; communication of the scenario change to 
reservoir withdrawal commissions, central government, regional governments and municipalities with more than 20k 
inhabitants; drought wells drilling; improvement of connections between systems; water rights transfer. 
Pedro Marco (Technical Director of the CHJ) stated that the current drought is beating all the records of 
Mediterranean droughts. In the CHJ scope, there is the advantage of counting with rainfall coming from the Atlantic 
in the most important rivers, although it is not the same for the rest of the streams, with a more Mediterranean 
behaviour. This is the reason why the Jucar Basin is currently in normality situation while the other basins are in 
alert or emergency. This indicates that much pressure is put on the Jucar basin from the other systems. However, 
it is important to remark that the good situation of the Jucar basin is a result of the efforts of the different users and 
thus, now taking water from the system to other basins would introduce conflict. 
The current hydrologic year is expected to end in a good situation but it is important to start thinking about what it is 
going to be done the next year. Since the current situation is completely different than the one before, new measures 
will be necessary. 
Urban supply in interior regions is almost a non-consumptive demand since they return almost completely to the 
system again through WWTP’s. It happens differently in coastal regions, where the situation is more critical. There 
is a need for water regeneration, and this has high costs. 
Antonio Llopis (Municipality of Valencia) talks about direct and indirect aspects of drought situations in urban supply. 
DWTPs have become critical infrastructures, especially because the dryness of the current year has increased the 
risk of wildfires that might affect the plants and their infrastructures. A recent wildfire made the plant stopped working 
for some hours with flames reaching the area of the plant. They have a lot of risk plans for several aspects but never 
had experienced the risk of fires. 
Vicente Llopis (ARJ) talks about drought perception. He has experienced that when there is a lot of water entering 
the reservoirs in spring, there is an increase of the irrigation water demands from the users for that campaign. If this 
additional water is released for other uses, there is a risk that summer is drier and then there is less water for 
everybody. He almost prefers that there is no rainfall during the irrigation campaign. He also considers that if CHJ 
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says that there is drought, people do not seed crops. He also talks about the reservoir of Tous from where it is 
possible to withdraw a lot of water useful for the campaign. 
José Polo (President of Irrigators Community of Cullera) states that they are the last users in the system and thus 
they are normally the most affected ones both during drought episodes and floods. They have a long history of 
facing the drought with irrigation turns, pumps and improving their infrastructures. If all the users did their 
“homework”, droughts would have less “impacts”. The biggest problem he considers is the concession of huge water 
rights to new users that reduces the guarantees. Drought episodes have caused internal conflicts between the very 
irrigators with water stealing, destruction of infrastructures, among others. 
Ernesto Serra (CJT users community) presents the Canal and its characteristics. He acknowledges that the longer 
it takes to the drought to occur, the less is the perception of users of the risk. They use a mixed irrigation strategy. 
They are facing an increasing problem with vandalism towards infrastructures (copper robbery). He considers that 
it is interesting to include a catalogue of drought basic infrastructures that would improve the global common good. 
They are not considered traditional irrigation and thus they are always the first to suffer restrictions. Decrease of 
water increases water pollution. The existence of an operation commission of the CJT has improved the exploitation 
of the resources with a decrease of the number of negative situations. The problem of this improvement is the minor 
perception of drought risk to the users. 
Fernando Moreno (Iberdrola, hydropower production) considers that drought affects them in the production of 
electricity. This affects also the system since the lack of hydropower requires the introduction of more expensive 
energy sources. They adapt their infrastructures to be capable of generating energy from a wide rank of flows. This 
allows maintaining production during low flow periods. They require high investments and time to carry out the 
adaptation works. With their production reservoirs they help facing the drought with the maintenance of 
environmental flows, water for wildfire extinction, urban supply support as well as to other uses such as recreational 
activities related to water. 
The session ends with a summary of the points of view of the different users: 
 Huge efforts of users to face drought episodes 
 Interest of the use of hydropower generation facilities to support other uses 
 Necessity to maintain in good shape the infrastructures created during the previous episodes so the 

investments are not in vain 
 Need revise the indicators of drought. 

 
12:00 Session 2: Future scenarios in drought situations 
Juan Carlos Cuevas (Agroseguro, insurance company) explains the origins of agriculture insurance in Spain and 
acknowledges that droughts have caused some of the most important loses in the last times. However, there are 
huge difficulties to calculate the compensations for loss due to the complexity of the different cases. It is necessary 
to differentiate between crops, because they have different productivities. Also, each user has different crops in 
different terrains that are affected differently. There are also difficulties in defining the risk, especially for irrigated 
agriculture. Plus, each actor is going to have a different vision on what is this definition. It is also very difficult to 
define also the economic losses due to drought in irrigated agriculture. Drought is a complex risk and requires 
prudent management. It is necessary to study what is going to happen in the future or, at least, advancing the 
possible effects. It is also necessary to have an environment of trust and transparency so everybody knows their 
position. 
José Ángel Núñez (AEMET) talks about climatic and meteorological forecasts for management and planning of 
droughts. He differentiates between short and long term predictions. Atmospheric forecasts are very reliable in two 
or three days but do not have enough reliability for seasonal forecasts. Seasonal climatic predictions give deviations 
from normality (1980-2010) but do not say if there will be rain or not. Since climatic predictions do not provide 
appropriate results for the region we can look at statistic models, although they are not very reliable either. The last 
possibility is the use of dynamic models but they do not show very promising results. He arises a few questions: 
What is the use of seasonal prediction in our latitudes? (It is a kind of new science and there have been important 
advances but there are still many uncertainties) What impact do these predictions have had in Europe and how were 
they solved? (Wrong predictions have had important effects around Europe). 
Maria Carmona (HZG) talks about governance indicators. They base their analysis in the “capital approach”. 
Different factor are associated to each capital and, these factors, are also linked to different indicators with which to 
evaluate the governance of a MSP (Multisectorial Partnership). The stakeholders present in the room discuss some 
factors and indicators. 
 
13:30 Round table: Assessment of potential actions and recommendable measures to reduce vulnerability and 
increasing resilience for future drought 
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There is a debate on several aspects summarized under “Main discussion points – Results and 
recommendations“ 
 
14:00 Closure of the session 

Main discussion points – Results and recommendations 
 Need for revision of the drought plans on a regular basis with the things that are already known from previous 

experiences. However, some concerns are arisen relevant to the solution of problems only when the problems 
occur. In the current economic crisis environment, the costs of operating the drought infrastructures are very 
difficult to assume. Additionally, there are some costs associated to vandalism in the region that are especially 
serious when in drought. 

 Difficulties of introducing sustainability in the measures taken to combat drought. Problem associated to the 
organisation of the 3rd CSDF meeting in time of drought and economic crisis. 

 Operation rules and economic rules for appropriate water distribution. 
 What should Insurance companies insure? Interest of insuring the extra costs associated to drought instead 

of production, since production will probably occur with increased price. Difficulty to define when drought starts 
being a problem for farmers so it can be an insurable aspect. 

 Interest in reducing the time step of the operation rules and the meetings of withdrawal commissions. 
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Annex C: The Parma Workshop 

Table C.1: Agenda of the 3rd CSDF workshop for the Po River Basin, Italy. 

9:30 Introduction by the representatives of the Po River Basin Authority (Alessio Picarelli, Po River Basin Authority) 
Presentation of the agenda and the objectives of the workshop (Alessandro de Carli & Dario Musolino, 
CERTeT – Bocconi) 

Session 1: Evaluation of policy options 
9:45 Open discussion about the evaluation of the policy options 
11:30 Coffee Break 
Session 2: Conclusions 
11:45 Open discussion about the evaluation of the policy options 

12:45 Synthesis of the main points emerged from the discussion (CERTeT – Bocconi) 

13:15 Closure  

 

Table C.2: List of stakeholders participating in 3rd CSDF workshop for the Po River Basin, Italy. 

Name Agency/ Organisation  

Marco Benati Confagricoltura (farmers’ association) 

Fulvio Bollini Consorzio Est Sesia  

Sergio De Campo A2A (hydropower company) 

Carlo Enrico Cassani Lombardy Regional government 

Alessandro Ghetti  Coldiretti Emilia-Romagna (farmers’ association) 

Sarah Magrini Coldiretti Emilia-Romagna (farmers’ association) 

Marco Ligabue Centro Ricerche Produzioni Animali (research centre on livestock) 

Chiara Mazzocchi University of Milan - Agricultural and Environmental Sciences - Production, Landscape, 
Agroenergy Dpt. 

Piero Peri CIA Emilia-Romagna (farmers’ association) 

Franco Zambelli Emilia-Romagna Regional government  

Giacomo Zanni  University of Ferrara – ENDIF (Engineering Dpt.) 

Renzo Valloni University of Parma - Department of Civil and Environmental Engineering and Architecture 

Alessio Picarelli Po river basin Authority 

Claudia Vezzani Po river basin Authority 

 



 

Technical Report No. 29 - 90 - 

Table C.3: Minutes of the 3rd CSDF workshop for the Po River Basin, Italy. 
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DATE: 6th June 2014 

VENUE: Autorità di Bacino del fiume Po (Po river basin Authority), Parma 

ORGANISERS: CERTeT – Bocconi, (Alessandro de Carli, Antonio Massarutto, Dario Musolino), in 
cooperation with the Po River Basin Authority 

Brief minutes 
Differently from the CSDF organised about future scenarios (13 May 2014), this Workshop was realized joining the 
representatives of the two main sectors in the Po River Basin (agriculture and energy). Stakeholders and experts in 
the agricultural and energy sector were sitting together in order to discuss, openly and narratively, about the policy 
options. It was assumed that each policy option, although defined for a specific sector, can have inter-sectoral 
effects.  
The CSDF started with an introduction by one of the representatives of the Po River Basin Authority, Alessio Picarelli, 
who explained the role of his institution in the DROUGHT-R&SPI project. He also illustrated the common interests, 
in the research and planning agenda about Po basin, with CERTeT-Bocconi. There was then a short introduction of 
the project, and in particular of the objectives of the current activities, by Alessandro de Carli and Dario Musolino.  
Afterwards, the open discussion started making basis on the draft list of policy options previously sent by e-mail to 
the participants. In a first round table each of the participants was asked to express his/her opinion on the policy 
options regarding the energy sector. Each participant was given about five minutes. Each of them gave a broad 
evaluation of the policy options belonging to this group; they commented broadly and synthetically on their 
effectiveness, feasibility and acceptability. The policy options for the energy sector were few, so each participant 
could discuss about all of them. As mentioned above, both stakeholders and experts in agriculture and energy sector 
were asked to express their opinion. 
The second round concerned the supply management policy options for agriculture. Again, five minutes were 
approximately given to each participant to evaluate/comment each of these policy options. The third round again 
concerned agriculture, in particular the third group of policy options (demand management). Lastly, the fourth round 
was about the last two groups (Recovery options and monitoring, information).  
At the end of the round tables, some conclusive remarks were drawn by Antonio Massarutto, Alessandro de Carli 
and Dario Musolino. 
The time scheduled was basically respected. However, given the intensity of the discussion, at the end the coffee 
break was not held.  
At the end of the CSDF, participants were asked to rate each policy option on an ordinal scale from 1 to 5, for a set 
of criteria, coherently with what they said about them in the open discussion. These data were then used for the 
qualitative/quantitative analyses. Many of them filled the table / questionnaire on the place, while others did that 
successively. 
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Main discussion points – Results and recommendations 
The objectives of the CSDF were to: 
 Share a definite list of policy options;  
 Discuss and evaluate the feasibility and the effectiveness of the policy options, making basis on the qualitative 

scenario for the future defined in the previous CSDF. 
The participants in general terms agreed with the list of policy options proposed, and they only suggested some 
additional policy options (in particular, in the case of the supply management options for agriculture, where they 
suggested to add one more option).  
Regarding the evaluation of the policy options about the energy sector, participants appreciated in particular the 
feasibility and the effectiveness of the monitoring and information, and recovery measures. Moreover, with regards 
to the supply management, they considered that improving management of the water available is a strategy 
preferable to building new infrastructures (for example, reservoirs). 
The evaluation of the supply management options for agriculture was quite heterogeneous. For example, in the case 
of the construction of water storage reservoirs for irrigation (by building dams, for instance), stakeholders appear 
quite convinced that they can be effective in mitigating drought risk, but they also suppose that they require 
considerable financial resources, not easy to find at this time in Italy, and their environmental effects would not be 
easily accepted by the people, and it is even not easy to approve and decide about these works at institutional level. 
On the other side, as regards the option of improving the efficiency of the irrigation network (for example, by 
technological upgrades), stakeholders think that it is more feasible, less expensive, and less negative in 
environmental terms.  
As regards the demand management measures for agriculture, again the broad evaluation expressed by the 
participants is quite varied. On the one hand, options like water pricing and trading, and the reform of the right of the 
water withdrawal permits, resulted to be scarcely appreciated. The same can be said for the change of the crops 
mix. On the other hand, the improvement of the controls on illegal water withdrawals is considered as a very effective, 
feasible and socially acceptable measure. 
Finally, the recovery options are scarcely appreciated, while the monitoring and information measures were very 
appreciated, as they are assumed to be easily feasible, and they can be very effective in reducing drought risk. 
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Annex D: The Lisbon Workshop 

Table D.1: Agenda of the 3rd CSDF workshop for Portugal. 

14:00 Welcome - Workshop objectives (Francisco Rego, ISA-CEABN, and Dionysis Assimacopoulos, NTUA) 

Session 1: Preparedness for future drought 
14:10 Preparing for future droughts: The Blueprint options (Wouter Wolters, Alterra) 
14:30 Plans for improving drought preparedness in Portugal ‐ two visions, two interventions (Invited stakeholders: 

Carina Arranja, FENAREG, and Luis Simas, ERSAR) 

Session 2: Options and management approaches for drought risk mitigation 
15:00 Two perspectives on assessing options for long‐term drought risk mitigation (invited stakeholders: Lucio do 

Rosário, CNCD/ICNF, and Rui Cortes ,UTAD) 
15:30 Outcomes of the 2nd CSDF in Portugal – Views for the future (Carlo Bifulco, ISA-CEABN) 
15:45 Coffee Break 
16:15 Facilitated discussion on assessing options for long‐term drought risk mitigation (D. Assimacopoulos, 

NTUA, Susana Dias, ISA-CEABN, and Lúcia de Stefano, UCM) 
Questions for group discussion: 
1. Do you agree with the policy strategies and underlying measures for future drought mitigation? 
2. Which combination of options (measures) are more suitable and should be implemented? 

17:45 Wrapping up and conclusions 

18:00 Closure 

FENAREG (National Federation of Irrigation Farmers of Portugal) 
ERSAR (Regulatory Entity for Water and Waste, Ministry of Environment, Spatial Planning and Energy) 
CNCD‐ AFN/ICNF (National Commission of the UN Program to Combat Desertification –  Institute for Nature 
Conservation and Forests) 
UTAD (University of Trás‐os‐Montes and Alto Douro) 

 

Table D.2: List of stakeholders participating in 3rd CSDF workshop for Portugal. 

Name Agency/ organisation  

Ana Paula Mesquita EDP, Energies of Portugal 

Basílio Martins EPAL, Portuguese Water Company 

Carina Arranja FENAREG, National Federation of Irrigation Farmers of Portugal 

Emília Novo LNEC, National Laboratory of Civil Engineering, Ministry of Economy 

Gonçalo Leal DGADR, General Directorate of Agriculture and Rural Development, Ministry of Agriculture and 
Sea 

Lúcio do Rosário CNCD ‐ AFN/ICNB, National Commission of the United Nations Program to Combat 
Desertification ‐ Institute for Nature Conservation and Forests, Ministry of Environment, Spatial 
Planning and Energy and Ministry of Agriculture and Sea 

Luís Simas ERSAR, Regulatory Entity for Water and Waste services, Ministry of Environment, Spatial 
Planning and Energy 

José Luís Faustino ICNF, Institute for Nature Conservation and Forests, Ministry of Environment, Spatial Planning 
and Energy and Ministry of Agriculture and Sea 

Mariana Bernardino IPMA, The Portuguese Sea and Atmosphere Institute, Ministry of Agriculture and Sea 

Pedro Teiga LPN, Union for Nature Protection / UP, Oporto University 

Rui Cortes UTAD, University of Trás‐os‐Montes and Alto Douro 

Vanda Pires IPMA, The Portuguese Sea and Atmosphere Institute, Ministry of Agriculture and Sea 
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Table D.3: Minutes of Minutes of the 3rd CSDF workshop for Portugal. 

DATE: 8/10/2013 

VENUE: Salao Nobre, Instituto Superior de Agronomia, Tapada da Ajuda, Lisbon, Portugal 

ORGANISERS: ISA-CEABN 

Brief minutes 
The workshop was structured in two sessions. The first involved presentations (i) by stakeholders, about plans for 
improving drought preparedness in Portugal and perspectives on assessing options for long-term drought risk 
mitigation, and (ii) by members of the DROUGHT-R&SPI team, about the Blueprint options, and a summary of the 
2nd Portuguese CSDF outcomes. After the coffee-break, the second session was dedicated to the discussion and 
assessment of the options for long-term drought risk mitigation in Portugal. 
In the first session the representative of the consortium of the collective irrigation systems in Portugal (FENAREG) 
presented results of on-going experiences towards drought preparedness in the agriculture sector regarding: (i) 
Development of Drought Management Plans; (ii) Monitoring & early warning; and (iii) Improvement of water 
productivity (do more with less). 
The representative of the authority responsible for public water supply (ERSAR) focused his presentation on drought 
preparedness of urban supply systems in: 
 Improving performance through benchmarking; 
 Developing water safety plans, focusing on water quality; 
 Establishing alert systems; 
 Developing a national plan for the efficient use of water in the different sectors. 

The representative of Portuguese UNCCD office focused his presentation on the areas susceptible to desertification 
in the country. He pointed out that mitigation of drought effects involves activities for forecasting drought and 
reducing the vulnerability of society and natural systems, namely soil conditions. 
A final presentation about river regulation and climate change in Portugal focused on the challenges to preserve 
aquatic ecosystems and their biodiversity. 
After the presentation of the Blueprint options, the DROUGHT-R&SPI team provided an overview of the findings for 
the Case Study of Portugal. 
The second session dealt with the discussion and assessment of the options for long-term drought risk mitigation in 
Portugal. Stakeholders were asked to rank a set of long-term options to mitigate drought impacts, according to 
different criteria. 

Main discussion points – Results and recommendations 
A preliminary analysis of the evaluation results was presented and discussed with the stakeholders. 
 The options with the highest scores for drought impact mitigation were those aiming at efficiency increase in 

water use and storage, namely: 
o More efficient use of water for irrigation; 
o Reuse of irrigated water; 
o Maintenance of current dams and construction of new ones.  

 The options that could be easily used in combination with others were: awareness campaigns and water 
pricing (even though water pricing was low scored with regard to contribution to drought impact mitigation). 

 Options for increasing water efficiency attained the best results in general.  
 The option of constructing new dams was highly scored in terms of impact mitigation but received low scores 

regarding economic viability and environmental implications. 
During the discussion stakeholders highlighted the following: 
 Dams may be a “false mitigation measure” as reservoirs may not be filled in case of hydrological droughts; 

furthermore, the water stored can be used for expanding irrigation networks and thus increasing dependency 
from irrigation water of the agriculture sector. 

 The experience so far indicates that an increase of water use efficiency in irrigation will result in an increase 
in the area that could be potential irrigated, leading to an extension of the potential agricultural area to be 
affected by future droughts. 

 Water leakages in irrigation networks are significantly contributing to groundwater recharge. 
 Increase in water prices during drought may contribute to more efficient use of water by the farmers. 
 Dams, as an option for drought mitigation, should be designed for multiple uses. 
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Annex E: The Zollikofen Workshop 

Table E.1: Agenda of the 3rd CSDF workshop for Switzerland. 

13:00 Welcome by Sonia Seneviratne and Juerg Fuhrer 

Session 1: Project results 
13:05 Drought risks in Switzerland – today and future, S. Seneviratne - ETH 

13:15 ww.drought.ch – Information regarding droughts in Switzerland, M. Stähli - WSL 

13.30 Needs and requests of fruit farmers regarding droughts (survey results), S. Kruse - WSL 

13.45 Possibilities and limits to withdrawal of water, A. Holzkämper - Agroscope 

Session 2: Basics of activities 

14.00 Information regarding droughts by MeteoSuisse: Today and in future, C. Appenzeller - MeteoSuisse 

14.15 Field of action ‚Drought‘ – Climate strategy of BLW (=Federal Office for Agriculture), D. Felder - BLW 

14.30 Handling of droughts in training and practice, A. Keiser - HAFL 
14:45 Coffee Break 
Session 3: Perspectives for handling droughts in agriculture 
15.30 Introduction 

15.35 General Discussion 

16.50 Conclusion and Closure 

17:00 End and aperitif 
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Table E.2: List of stakeholders participating in 3rd CSDF workshop for Switzerland. 

 
Name Agency/ Organisation  

Michel Fischler AGRIDEA – Developing agricultural and rural areas 

Nadine Degen  SBV (Swiss farmer association) 

Andreas Schild  BLW (Federal Office for Agriculture) 

Lukas Barth  BLW (Federal Office for Agriculture) 

Jean Béguin  BLW (Federal Office for Agriculture) 

Hugo Aschwanden  BAFU (Federal Office for Environment) 

Martin Pfaundler  BAFU (Federal Office for Environment) 

Frédéric Brand  KOLAS (Swiss conference of agricultural offices of the cantons) 

Michel Fischler AGRIDEA – Developing agricultural and rural areas 

Christoph Böbner  KOLAS (Swiss conference of agricultural offices of the cantons) 

Urs Zaugg  KOLAS (Swiss conference of agricultural offices of the cantons) 

Peter Thomet  PAC Seeland/HAFL (School for agricultural, forest and food sciences, University Berne) 

Jan Grenz  HAFL (School for agricultural, forest and food sciences, University Berne) 

Urs Guyer  Inforama/Gemüse (Inforama vegetables) 

Richard Zurwerra  Amt für Strukturverbesserung, VS (Office for structural improvements, canton Vaud) 

Hans-Anton Rubin  Amt für Strukturverbesserung, VS (Office for structural improvements, Canton Vaud) 

Bernard Bloesch  Agrometeo 

Ruedi Fischer  Kartoffelproduzenten (producer association potatos) 

Thomas Herren  Obstproduzenten (producer association fruits) 

Urs Widmer  Zuckerrübenproduzenten (produce association sugar beets) 

Marco Baumann  Wasserwirtschaft, TG (Water policy, Canon Thurgau) 

Jean Kuhnen  Landwirtschaftsamt, FR (Agricultural office, Canton Fribourg) 

Timon Stucki  AWA, BE (Office for water and waste, Canton Berne) 

Jürg Fuhrer  Agroscope – Developing agricultural and rural areas 

Annelie Holzkämper  Agroscope – Developing agricultural and rural areas 

Daniel Felder  BLW (Federal Office for Agriculture) 

Andreas Keiser  HAFL (School for agricultural, forest and food sciences, University Berne) 

Mark Liniger  MeteoSuisse 

Patricia Fry  NFP61 (Swiss research program Sustainable water use) 
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Table E.3: Minutes of the 3rd CSDF workshop for Switzerland. 

DATE: 12/06/ 2014 

VENUE: Inforama Rütti, Zollikofen 

ORGANISERS: Jürg Fuhrer, Lukas Gudmundsson, Annelie Holzkämpe, René Orth, Sonia Seneviratne, 
Irmi Seidl 

Brief minutes 
The Workshop was organized in a way to discuss five topics/questions: 
 Question 1: How can agricultural practice respond to drought periods in the short and long term? 
 Question 2: What is the importance of forecasts (day, week, month) for handling of droughts? 
 Question 3: Does the platform drought.ch conform with the needs of practice and administration? What 

information would be required additionally?  
 Question 4: Would an operational observational network for soil moisture be useful for Switzerland? Where 

and how should data be available to be optimally used? 
 Question 5: What would be the effects (advantages, disadvantages) of an introduction of quantitative limits for 

water withdrawal for irrigation (farm specific quotas)? 

Main discussion points – Results and recommendations 
Question 1: A wide range of possible measures was evoked. Helpful data is missing (e.g. soil moisture at the level 
of the parcel of land) and the coordination of the cantons and with the national administration has to be improved. 
There is a risk that uncoordinated investments to prevent drought damages are realized. 
Question 2: Importance depends on existence of a system of irrigation and if there is such a system on the kind of 
system. In some cases, forecasts may even worsen the situation: if prolonged drought is forecasted, more water 
may be used immediately. Finally, in cantons with widespread irrigation forecasts are not important. 
Question 3: The pilot version of this platform is useful for administration but not for farmers. A clear decision is 
needed whether platform addresses experts or farmers/practitioners. 
Question 4: Such a network would be useful, however needs of research and practitioners are different; so far, 
problem is that soil moisture is not measured enough and measurement has to be calibrated, be of good quality and 
country-wide. 
Question 5: The term “quota” bears negative connotation and would have to be changed. Different systems of quotes 
are thinkable. 
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Annex F: The Utrecht Workshop 

Within the Delta Programme Fresh Water, DROUGHT-R&SPI participated in and contributed to one of a 
series of Workshops that all focused on how to deal with drought in the future. 

More specifically, the workshop(s) focused on ‘service levels’: the availability of fresh water in normal and 
drought conditions in an area. Governments and users jointly specify, in the form of region-specific 
agreements, which responsibilities and obligations the government has and what are the responsibilities 
and remaining risks for the users. This concerns in as far as relevant surface and groundwater, as well 
as quality and quantity. 

Users and sectors more often take up their role actively to contribute to a more robust system. By working 
on ‘service levels’ the coming years will be used to observe which risks for water shortage there will be, 
in a dialogue between the system managers and the users. This will eventually clarify on which basis the 
users will be able to make technological or entrepreneurial adjustments. 

The Agenda of the concerning Workshop started with a movie (about cooperation) and consisted further 
of a few introductions, followed by discussions on how to establish the ‘service levels’: 

• Introductions: 

o Francien van Luijn. Welcome and Introduction to the Workshop 

o Maarten van der Vlist. Comparison of Service levels for different kinds of infrastructural work 

o Ebbing van Tuinen. Experiences with various methodologies in earlier phases. 

o Dirk van Hoorn. Experiences at the Volkerak and Bernisse 

• Group discussions (4 groups) 
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Table F.1: List of stakeholders participating in Delta Programme Fresh Water workshop. 

Name Agency/ Organisation  

A. Jaskula RWS-ZN 

S. de Goederen RWS-WNZ 

D. van Hoorn WVL 

T. Kroon WVL 

D. Dunsbergen WVL 

N. Kielen WVL 

R. Vos WVL 

H. Korving Witteveen en Bos Company 

M. Spijker Hydrologic Company 

M. Busnelli Royal Haskoning-DHV Company 

R. Versteeg HKV Company 

E. van Beek Deltares 

J. Rook VEWIN 

F. Diermanse Deltares 

M. van der Vat Deltares 

F. Clemens Deltares 

P Willems KU Leuven Belgium 

P. van Gelder Delft University of Technology 

J. Beersma Royal Meteorological Institute 

K. Douben Water Board Brabantse Delta 

P. Schaper Water Board Wetterskip Fryslan 

S. van Vuren HKV Compan 

E. van Tuinen Witteveen en Bos Company 

R. Teunissen Ministry of Infrastructure and Environment 

H. van Breen Alliander Company 

F. de Haan MVC Company 

V. Beijk WVL 

E. van Mulligen WVL 

B. de Jong WVL 

M. van der Vlist WVL 

J. Eulen WVL 

H. Berger WVL (organiser) 

F. van Luijn WVL (organiser) 
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Table F.2: Minutes of of the Delta Programme Fresh Water workshop. 

DATE: 4/03/ 2014 

VENUE: LEF Future Centre (Ministry of Infrastructure and Environment) 

ORGANISERS: WVL ( Water, Verkeer en Leefomgeving/ Water, Transport and Living Environment) 

Brief minutes 
The main question was about the ‘Service-levels’ and more specifically about how to quantify these levels, and with 
which methodology. Various issues were discussed in detail: 
 Which service levels are there for the various categories in the drought water supply priority ranking? 
 Can the service levels be linked to the discharges of the Rhine and Meuse (up to now belonging to the main 

indicator for drought in The Netherlands)? 
 (Longer) Time-series are required (in the currently used series there is only one major drought (1976). 
 The present model-system (National Hydrological Instrument) is not always capable of simulating current 

conditions, so how accurate are the model results and can they be used for describing the future? Are the 
models presenting a virtual reality? 

 Science-policy is developed to translate scientific results. Models are useful to look into the future but what do 
the model results mean in practice? 

 The islands (like Texel, Terschelling) are missing in the analysis. 
 The Volkerak is a fresh water reservoir but the only way to improve the quality is to restore its salinity levels. 

This is only possible if water supply issue has been resolved. 
Many issues more were dealt with. 

Main discussion points – Results and recommendations 
The results and recommendations of the entire series of Workshops concern the approach of how to deal with the 
establishment of ‘service levels’. 
Rijkswaterstaat (the part of the Ministry of Infrastructure and Environment responsible for managing the Main Water 
System of The Netherlands) will, in the next three to five years and together with all ‘water users’, quantify the service 
levels for the Main Water System and will then be able to present the agreed water supply in terms of when, where 
and with which frequency. This will be beneficial for both the water users as well as the water managers. 
Issues in the “Plan of Approach”: 
 Define boundary conditions (start simple, refine on the way) 
 Define users (individual- organised, etc.) and governance 
 Define the level of detail (which information is important for the ‘users’ e.g. in terms of quality?) 
 Define the methodology (base info, models, time series, etc.) 
 Process (how to ensure that what is being done is really acceptable for the regions) 
 Budget and planning (i.e. budget, capacity to be made available, and phasing) 
 Risk management (will the process lead to the required outcome) 
 Communication 

o How to reach target groups?: prevent information overload and taking too much time from co-operators; 
create a sense of urgency with the stakeholders 

o Two reasons for inviting parties: for content and for governance 
o Communication plan  interaction plan (i.e. implementation plan is part of the communication plan) 

 Other issues requiring attention: Trans-boundary conditions; Start from existing agreements; Visualise actual 
situation; Keep track of the link with on-going processes as ‘National Water Agreement’; Drought awareness 
is required; What can be the impacts of others (e.g. industry?) on the service levels and vice versa; Make 
known what is not part of the process; Make results publicly available, preferably through the web; Consider 
the legitimacy: the results will be part of decisions in the future concerning who will get what and why! Choices 
have to be clear and defendable. 
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Annex G: List of options included in EC policy documents 

Table G.1: List of options included in the Blueprint to Safeguard Europe’s water resources (COM(2012)673). 

Blueprint proposals for action Relevant option/measure for drought management 

Efficiency incentive water pricing (Emergency) water pricing 

Water metering Water consumption metering & regulation 
Transfer of water rights/ Re-allocation among users 

Water use reduction in agriculture Water reuse for irrigation 
Improvement of irrigation efficiency 
Alternative crop patterns 

Reduction of illegal abstraction/impoundments Development of strategic reserves 

Awareness of water consumption  Water saving campaigns 

Maximisation of the use of Natural Water Retention 
Measures (Green Infrastructure) 

 

Efficient water appliances in buildings Water saving campaigns 

Reduction of leakages Improvement of existing water systems efficiency 

Maximisation of water reuse Water reuse for irrigation 
Water recycling 

Improvement of governance Drought monitoring & Early Warning Systems 
Drought Management Plans 
Rehabilitation programs 
Insurance schemes 

Implementation of water accounts Transfer of water rights/ Re-allocation among users 

Implementation of ecological flow Restrictions to pollutants release 

Application of target setting Determination of minimum water demand requirements 
Water use restrictions 

Reduction of flood risk  

Reduction of drought risk Drought monitoring & Early Warning Systems 
Drought Management Plans 

Better calculation of costs and benefits  

Better knowledge base Drought monitoring & Early Warning Systems 

Support to developing countries  

Tackling pollution Restrictions to pollutants release 
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Table G.2: List of drought mitigation measures proposed by EU Water Scarcity Group, 2006 (Rossi et al., 2007). 

Category Drought mitigation measures 

Water demand management Voluntary or mandatory rationing 
Allocation of priorities 
Pricing changes 
Educational public campaigns 
Incentives for municipal water saving 
Incentives for agricultural water saving 
Incentives for industrial water recycle 
Alternatives to water consuming activities 

Changes in water resources management Water conjunctive use 
Exchanges among water agencies (water banking) 
Long–term changes in reservoir release rules 
Changes in reservoir operational rules under drought conditions 
Institutional changes 
Legal changes 
Operational coordination between water systems 

Water resources increase Use of groundwater as strategic reserve for drought 
Reuse of treated wastewater 
Desalination 
Reallocation of resources 
Water importation by barge 
Use of lower quality water for specific use 
Groundwater overexploitation 
New reservoirs in the water supply systems 
New water supplies interconnection 
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Table G.3: Measures applied in the agricultural sector in support of drought management (EC, 2007a). 

Category Measures 

Putting the right price tag on water  Instruments for measuring and controlling water consumption (demand-side) 
 Recalibration of tax/contribution systems (supply side) 
 Measurement of water withdrawals from groundwater (demand side) 
 Organization of systems for determination of contribution for irrigation (supply 

side)  
 Improvement of the management and monitoring of irrigation systems (supply 

side) 

Allocating water and water-related 
funding more efficiently 

 

Improving drought risk management  Adoption of systems to forecast requirements for irrigation (supply side) 

Considering additional water supply 
infrastructures 

 Rain-water harvesting (supply-side) 
 Conservation of water of good quality (e.g.: groundwater) (demand-side) 
 Wastewater reuse for irrigation (supply-side) 
 Small systems for electric power production, tanks for accumulation (demand 

side) 
 Development of dams for supplying water to irrigation areas once all water 

demand measures have been exhausted (supply-side) 

Fostering water efficient 
technologies and practices 

 Sealing of canals for irrigation (supply-side) 
 Adoption of techniques oriented to water saving (demand-side) 
 Water balance calculation at farm scale (demand-side) 
 Increase of the efficiency and optimization of the management of dams (supply-

side) 
 Improvement of the functionality of irrigation net systems to reduce water losses 

(demand-side) 
 Increase of efficiency of water distribution methods for agriculture (demand-

side) 
 Water management techniques during cultivation able to limit water losses 

(demand-side) 
 Promotion of agriculture practices compatible with agro-ecosystem (demand-

side) 
 Maintenance or development of extensive agriculture production (demand-side) 
 Application of the techniques of integrated production (demand-side) 
 Restoring of the natural state of water bodies (demand-side) 
 Biodiversity preservation (demand-side) 
 Use of techniques to control point-source and diffuse pollution and able to 

increase water availability (demand side)  
 Adaptation of the amounts of supplied water for irrigation: planning irrigation 

from an irrigation balance, estimation of the existing cultivations needs, 
irrigation register, etc. (demand side) 

 Maintenance (ordinary or extraordinary) of infrastructures for irrigation (demand 
side) 

 Increase of technological level of irrigation systems (demand side) 
 Changes in cultivation: less consuming or differently distributed in time (winter 

cultivations instead of spring ones) (demand side) 
 Regulation of water consumptions (supply side) 
 Substitution of the conventional ploughing practices conserving the soil 

(demand side) 
 Reforestations (demand side) 
 Naturalistic engineering for landslip surfaces (demand side) 
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Category Measures 

 Maintenance of the vegetation along rivers/canals (supply side) 
 Use of buffer zones along channels and rivers 
 To increment the management of collective e irrigation systems (demand side) 
 To give general and technical support to competent administrations (supply 

side) 
 Information of public administration involved in the performance of measures 

(supply side) 

Fostering the emergence of a water-
saving culture in Europe  

 Recreated and didactic uses 
 Increase the capability of involvement of stakeholders to coordinate the 

management of critical oncoming situations (supply side) 

Improve knowledge and data 
collection 

 Introduction of new models for management of water resources (supply side) 
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Annex H: Questionnaire for the for the assessment of options for 
drought risk mitigation 

Please complete your name and affiliation 
Full Name: …………………………………………………………………………………… 
Affiliation (Institution and position):…………………………………………… 
 
PART A: Ranking of evaluation criteria 
Question 1: If the criteria used for the evaluation of options are those given in the table below, please rank those in 
terms of importance (1: the most important criterion, 7: the least important criterion) 

Criterion Rank 
Contribution to impact mitigation  
Benefit-cost ratio  
Social acceptance  
Feasibility of option implementation – Institutional constraints  
Feasibility of option implementation – Technical constraints  
Feasibility of option implementation – Economic constraints  
Environmental protection/ improvement   

 
PART B: Option evaluation 
With the following questions, we would like to have your view on the options proposed and the anticipated contribution to 
drought mitigation. 

Option 1: <please write here the option> 
Question 2: Please evaluate the option of <please write here the option> by assigning a score (1: 
infeasible/ineffective, 5: feasible/very effective) to each criterion separately  

 1 2 3 4 5 
Contribution to impact mitigation      
Benefit-cost ratio      
Social acceptance      
Feasibility of option implementation – Institutional 
constraints 

     

Feasibility of option implementation – Technical 
constraints 

     

Feasibility of option implementation – Economic 
constraints 

     

Environmental protection/ improvement      
 
Question 3: Which constraints do you consider more important for the implementation of this option? 

 Not 
important 

Somehow 
important 

Important Very 
important 

Constraint 1     
Constraint 2     
Constraint 3     
Constraint 4     
Other (please specify)     
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Option 2: <please write here the option> 
Question 4: Please evaluate the option of <please write here the option> by assigning a score (1: 
infeasible/ineffective, 5: feasible/very effective) to each criterion separately  

 1 2 3 4 5 
Contribution to impact mitigation      
Benefit-cost ratio      
Social acceptance      
Feasibility of option implementation – Institutional 
constraints 

     

Feasibility of option implementation – Technical 
constraints 

     

Feasibility of option implementation – Economic 
constraints 

     

Environmental protection/ improvement      
 
Question 5: Which constraints do you consider more important for the implementation of this option? 

 Not 
important 

Somehow 
important 

Important Very 
important 

Constraint 1     
Constraint 2     
Constraint 3     
Constraint 4     
Other (please specify)     

Option 3: <please write here the option> 
Question 6: Please evaluate the option of <please write here the option> by assigning a score (1: 
infeasible/ineffective, 5: feasible/very effective) to each criterion separately  

 1 2 3 4 5 
Contribution to impact mitigation      
Benefit-cost ratio      
Social acceptance      
Feasibility of option implementation – Institutional 
constraints 

     

Feasibility of option implementation – Technical 
constraints 

     

Feasibility of option implementation – Economic 
constraints 

     

Environmental protection/ improvement      
 
Question 7: Which constraints do you consider more important for the implementation of this option? 

 Not 
important 

Somehow 
important 

Important Very 
important 

Constraint 1     
Constraint 2     
Constraint 3     
Constraint 4     
Other (please specify)     
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Option 4: <please write here the option> 
Question 8: Please evaluate the option of <please write here the option> by assigning a score (1: 
infeasible/ineffective, 5: feasible/very effective) to each criterion separately  

 1 2 3 4 5 
Contribution to impact mitigation      
Benefit-cost ratio      
Social acceptance      
Feasibility of option implementation – Institutional 
constraints 

     

Feasibility of option implementation – Technical 
constraints 

     

Feasibility of option implementation – Economic 
constraints 

     

Environmental protection/ improvement      
 
Question 9: Which constraints do you consider more important for the implementation of this option? 

 Not 
important 

Somehow 
important 

Important Very 
important 

Constraint 1     
Constraint 2     
Constraint 3     
Constraint 4     
Other (please specify)     

Option 5: <please write here the option> 
Question 10: Please evaluate the option of <please write here the option> by assigning a score (1: 
infeasible/ineffective, 5: feasible/very effective) to each criterion separately  

 1 2 3 4 5 
Contribution to impact mitigation      
Benefit-cost ratio      
Social acceptance      
Feasibility of option implementation – Institutional 
constraints 

     

Feasibility of option implementation – Technical 
constraints 

     

Feasibility of option implementation – Economic 
constraints 

     

Environmental protection/ improvement      
 
Question 11: Which constraints do you consider more important for the implementation of this option? 

 Not 
important 

Somehow 
important 

Important Very 
important 

Constraint 1     
Constraint 2     
Constraint 3     
Constraint 4     
Other (please specify)     
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PART C: COMBINATION OF OPTIONS 
Question 12: Taking into account possible synergies and interactions among the analysed options; as well as 
possible resources/time constraints in their execution, please define the best combination of three (or more if 
needed) options? 

 Best combination 
Option 1  
Option 2  
Option 3  
Option 4  
Option 5  

 
PART D: COMMENTS 
Please give us your comments and suggestions in relation to improving preparedness to drought in the Case Study. 
…………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………… 
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Annex I: Indicative assessment results of policy options for the Po 
River Basin 

I.1 Spider graphs presenting the average rating of each policy option for 
agriculture, by evaluation criteria 

 

Figure I.1: Average rates of the option “Increase of surface water storage”. 

 

 

Figure I.2: Average rates of the option “Increase of groundwater storage”. 
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Figure I.3: Average rates of the option “Extension of irrigation network”. 

 

Figure I.4: Average rates of the option “Improvement of irrigation network”. 

 

Figure I.5: Average rates of the option “Technological upgrade of irrigation techniques”. 
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Figure I.6: Average rates of the option “Direct wastewater reuse”. 

 

Figure I.7: Average rates of the option “Improvement of the water retention capability of agricultural land”. 

 

Figure I.8: Average rates of the option “Desalination”. 
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Figure I.9: Average rates of the option “Rainwater harvesting”. 

 

Figure I.10: Average rates of the option “Hydrogeological invariance”. 

 

Figure I.11: Average rates of the option “Changes of cultivation mix”. 
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Figure I.12: Average rates of the option “Optimized management of lakes and basins”. 

 

Figure I.13: Average rates of the option “Improvement of controls on illegal withdrawals and wells”. 

 

Figure I.14: Average rates of the option “Introduction of water use measurement systems /technologies”. 
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Figure I.15: Average rates of the option “Reform of withdrawal rights system”. 

 

Figure I.16: Average rates of the option “Water pricing and trading”. 

 

 

Figure I.17: Average rates of the option “Insurance schemes for farmers”. 
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Figure I.18: Average rates of the option “Mutualistic funds”. 

 

Figure I.19: Average rates of the option “Subsidies for farmers”. 

 

Figure I.20: Average rates of the option “Monitoring and forecasting systems”. 
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Figure I.21: Average rates of the option “Early warning systems”. 

 

Figure I.22: Average rates of the option “Monitoring water stress effects on crops (heat stress on livestock)”. 

 

Figure I.23: Average rates of the option “Improvement of models for surface water and groundwater”. 
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Figure I.24: Average rates of the option “Awareness and information campaigns on agricultural water consumption”.  

 
I.2 Spider graphs presenting the average rating of each policy option for 
energy, by evaluation criteria  

 

Figure I.25: Average rates of the option “Increasing reservoir capacity (modification of dams)”.  
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Figure I.26: Average rates of the option “Increasing reservoir capacity (Management plans for emptying reservoirs)”.  

 

Figure I.27: Average rates of the option “Cooling systems “zero water” for thermoelectric plants”. 

 

Figure I.28: Average rates of the option “Improvement of plant efficiency / productivity”. 
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Figure I.29: Average rates of the option “Production optimization at the basin level in order to reduce environmental 
impacts”. 

 

Figure I.30: Average rates of the option “Compensation systems for production not realized (or not optimal production) for 
achieving environmental objectives”. 
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Figure I.31: Average rates of the option “Monitoring and forecasting systems”. 

 

 

Figure I.32: Average rates of the option “Early warning systems”. 
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